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ABSTRACT  

This dissertation examines the relationship between dietary patterns - particularly 

adherence to the Mediterranean Diet - and cardiometabolic outcomes among U.S. 

firefighters. Drawing on data from the Feeding America’s Bravest (FAB) study, it 

explores the role of diet in a high-risk occupational group through cross-sectional 

analysis and a six-month longitudinal intervention. The study identified two dominant 

dietary patterns; Mediterranean and Standard American; and found that higher 

adherence to the Mediterranean Diet and lower Dietary Inflammatory Index (DII) scores 

were associated with improved lipid profiles, lower body fat, and reduced systemic 

inflammation. The intervention, tailored to the firefighting context and including family 

engagement, proved both feasible and effective in promoting healthier eating behaviors. 

Key strengths include the real-world application and use of multiple dietary assessment 

tools. Limitations include reliance on self-reported data and a predominantly male 

sample. The findings support scalable, nutrition-based strategies to improve firefighter 

health and inform future research and occupational wellness programs. 

Keywords: Mediterranean diet, Standard American diet, DII, PREDIMED, firefighters 
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1 Introduction 

1.1 Mediterranean Diet and Cardiometabolic outcomes 

In today’s fast-paced, rapidly changing world, nutrition plays an important role in the 

overall health of individuals.  The Mediterranean diet (MD), the origin of which can be 

traced to the traditional dietary habits of people living in countries bordering the 

Mediterranean Sea, has gained worldwide recognition for its notable health benefits1,2.  

This overview aims to provide a comprehensive understanding of the Mediterranean 

diet's impact on various aspects of human health, with a particular focus on its role in 

the prevention and management of cardiometabolic diseases. 

As mentioned above, the Mediterranean diet stems from the dietary patterns and 

traditional practices of the people living in the Mediterranean region3,4.  The diet is 

characterized by a high consumption of olive oil, unrefined cereals, fruits, and 

vegetables; a moderate to high consumption of fish; a moderate consumption of dairy 

products; moderate consumption of wine; and a low consumption of red meat 

products2,5,6.  The combination of the so-called “healthy” foods provides a rich source of 

nutrients, such as antioxidants, fiber, and healthy fats, that contribute to the health 

benefits of the diet7.  The Mediterranean diet follows a general food pyramid guideline 

that does not include specific quantities while at the same time encourages communal 

eating and an active lifestyle8.  Every meal is centered around vegetables and fruit (with 

the darker colored fruit and vegetables containing more antioxidants), whole grains, 

legumes, beans, and nuts, and olive oil is the main source of fat.  Seafood is consumed 

at least twice a week, whereas red meat, saturated fat, and sweets should be eaten less 

often than other foods.  It is further recommended that females drink 1 glass of wine per 

day typically with meals, whereas for males 2 glasses of wine are recommended daily 

with meals (Figure 1). 
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Figure 1. Mediterranean Diet pyramid 

In recent years, the Mediterranean diet has gained widespread attention due to its health 

benefits and potential in preventing several chronic diseases.  Research has shown that 

the Mediterranean diet is associated with a reduced risk of heart disease, stroke, and 

certain cancers9.  The benefits of the Mediterranean diet in reducing mortality rates from 

heart conditions were highlighted by the Seven Countries Study, conducted by Ancel 

Keys10–12.  In addition, adherence to this diet is also associated with improved cognitive 

function and lower risk of developing neurogenerative disease, such as Alzheimer’s and 

Parkinson’s13–15.  Essential vitamins and minerals can be found in fruit and vegetables, 

while the intake of olive oil and fish contributes to the high levels of omega-3 fatty 

acids13,16.   

A systematic review by Widmer et al. demonstrated that adherence to the Mediterranean 

diet was associated with a lower risk for cardiovascular disease (CVD) and improved 
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the overall health of individuals with existing cardiometabolic problems17.  Participants 

following a Mediterranean diet had 10% lower risk of cardiovascular disease incidence 

and 13% lower risk of cardiovascular disease mortality.  The review also reported that 

individuals with existing cardiovascular disease who followed a Mediterranean diet had 

a 37% lower risk of all-cause mortality and a 31% lower risk of cardiovascular disease 

mortality compared to those who did not adhere to the Mediterranean diet17. 

Another meta-analysis by Swingshackl and Hoffman reported that the Mediterranean 

diet is associated with a reduction in the levels of several cardiometabolic risk factors, 

including blood pressure, cholesterol, and markers of inflammation18.  A Mediterranean 

dietary pattern was associated with a significant reduction in C-reactive protein, a 

marker of systemic inflammation, as well as improvement in endothelial function, 

which is crucial for cardiovascular health.  The authors claimed that the Mediterranean 

diet led to a 0.85 mg/L decrease in C-reactive protein levels compared to control diets.  

Additionally, the Mediterranean diet was found to improve flow-mediated dilation, a 

measure of endothelial function, by 1.98% compared to control diets18. 

The Mediterranean diet has been linked with improved glycemic levels and reduced risk 

of type 2 diabetes19,20.  Salas-Salvadó et al. reported that individuals who followed a 

Mediterranean-style diet had a lower risk of developing type 2 diabetes compared to 

those individuals who followed a low-fat diet 21.  Moreover, adherence to the 

Mediterranean diet was shown to be associated with a reduced risk of obesity, a known 

risk factor of cardiometabolic outcomes20.  In the PREDIMED-Reus nutrition 

intervention randomized trial, Salas-Salvadó et al. found that individuals following a 

Mediterranean diet had a 49% lower incidence of new-onset type 2 diabetes compared 

to those on a low-fat diet 21.  Specifically, the study reported that the Mediterranean diet 

group had a 4.8% incidence of type 2 diabetes over a 4-year period, while the low-fat 

diet group had an incidence of 9.6%, demonstrating a substantial reduction in the risk of 

developing type 2 diabetes for those adhering to the Mediterranean dietary pattern21. 

Further evidence of the beneficial properties of the Mediterranean diet is provided by 

the PREDIMED study, a large, randomized control trial, conducted in Spain between 

2003-2011, where 7,447 participants were randomized to either a Mediterranean diet 

supplemented with extra virgin olive oil, a Mediterranean diet supplemented with nuts, 
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or a low-fat control diet22.  The authors argued that participants at high risk of 

cardiovascular events who followed a Mediterranean diet supplemented with extra-

virgin olive oil or nuts, had a lower risk of a cardiovascular event compared to those 

individuals who followed a low-fat diet without the supplementation of olive oil or nuts.  

The study also showed that the Mediterranean diet played a very crucial role in 

preventing and managing cardiovascular conditions.  Furthermore, individuals at high 

cardiovascular risk who followed a Mediterranean diet supplemented with extra-virgin 

olive oil or nuts had a 30% lower incidence of major cardiovascular events, such as 

heart attack, stroke, and cardiovascular death, compared to those following a low-fat 

diet20,23.  More specifically, the PREDIMED study demonstrated that the Mediterranean 

diet led to a 35% lower risk of stroke, a 28% reduction in the risk of heart attack, a 32% 

lower risk of cardiovascular mortality, a decrease of 49% in the incidence of new-onset 

type 2 diabetes, and a 18% reduction in the risk of all-cause mortality, compared to the 

low-fat diet group20,23,24. 

Generally, the scientific evidence from several studies points out that the Mediterranean 

diet plays an important beneficial role in cardiometabolic outcome prognosis and 

prevention25.  As research continues to evolve, there is a need to investigate further the 

underlying mechanisms of the beneficial effects of the Mediterranean diet26,27.  

Understanding how specific diet components interact with physiological processes and 

how these influence cardiometabolic outcomes can help individuals shape their 

nutritional habits and create interventions that can target varying risk profiles28,29.  The 

current knowledge on the topic supports the conclusion that the Mediterranean diet has 

positive effects on cardiovascular outcomes, being associated with an overall 

improvement of cardiometabolic risk factors30,31.   

In recent years, the Mediterranean diet has gained popularity not just in the 

Mediterranean region.  Many people around the world have recognized the potential 

benefits of the Mediterranean diet to the overall health and well-being of individuals32.  

Additionally, the Mediterranean diet has been associated with improved weight 

management and control, especially since within the Mediterranean diet there is a strong 

emphasis on the consumption of unprocessed foods and of olive oil and nuts as healthy 

fats, resulting to the feeling of fullness and helping in controlling a person’s caloric 

intake, thus promoting weight loss33,34. 
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Firefighters, who are often required to perform physically demanding tasks, are not 

exempt from the rise in obesity rates seen in the general population35–37.  For example, a 

study by Munir (2012) found that the prevalence of overweight and obesity among UK 

firefighters was 73.1% and 26.1%, respectively38.  This trend has raised concerns about 

the potential impact on the firefighters’ ability to effectively carry out their duties and 

maintain their overall health and fitness.  Recent studies have explored the potential role 

of the Mediterranean diet in addressing the issue of obesity among firefighters39.  

According to Torre and colleagues, firefighters in the UK often consume diets that do 

not align with national dietary guidelines40.  The researchers found that only 23% of the 

firefighters in the study met the recommended intake of fruits and vegetables, and only 

27% consumed the recommended amount of whole grains.  Additionally, 35% of the 

firefighters exceeded the recommended intake of saturated fats40.  These findings 

suggest that there is significant room for improvement in the dietary habits of 

firefighters.  Promoting healthier eating through tailored nutrition education and 

intervention programs could help address the high rates of overweight and obesity 

observed in this population.  Similar results were observed in studies elsewhere.  For 

instance, Swiss firefighters have shown low intakes of fiber and micronutrients 

compared to the national Swiss guidelines41.  The paper by Gendron and colleagues 

examined cardiovascular disease risk factors among male firefighters in Québec42.  The 

authors found that 36% of the firefighters in the study were overweight, and another 

21% were obese.  Additionally, 42% had elevated blood pressure and 27% had high 

cholesterol levels.  These findings underscore the need for targeted interventions to 

address the cardiometabolic health of this population42.  Implementing targeted nutrition 

education and dietary intervention programs based on the principles of the 

Mediterranean diet, such as emphasizing plant-based foods, healthy fats, and limiting 

processed meats and sweets, could help improve the overall diet quality and weight 

status of this high-risk population43.   

Firefighting is a physically demanding profession that requires a high level of 

endurance, strength, and agility.  Studies have found that firefighters often have diets 

high in saturated fat, sodium, and calories, with one survey reporting over 75% of 

firefighters being overweight or obese, with 34% being obese44.  It was further reported 

that 46% of firefighters had high blood pressure and 38% had high cholesterol levels44.  
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Irregular meal schedules and limited access to healthy food options during emergency 

calls can contribute to poor nutritional habits, leading to an increased risk of chronic 

health conditions, such as heart disease, diabetes, and obesity.  Implementing strategies 

to improve the dietary choices and overall wellness of firefighters is crucial for their 

long-term health and job performance45.  A theoretical framework proposed by Choi et 

al., suggests that the high physical and mental demands of firefighting, combined with 

irregular work schedules and limited control over work conditions, can increase the risk 

of obesity among firefighters46. 

Firefighters with higher cardiovascular fitness complete simulated firefighting tasks 

quicker than those with lower fitness, highlighting the importance of physical fitness for 

this occupation.  A study conducted by Elsner and Kolkhorst, reported that firefighters 

in the top 25% of cardiovascular fitness were able to complete the simulated tasks 30% 

faster, on average, compared to those in the bottom 25% of fitness47.  This underscores 

the critical importance for firefighters to maintain a high level of physical fitness in 

order to effectively perform their duties, especially during emergency situations48. 

 

1.2 Firefighters and Cardiometabolic outcomes 

According to the US Fire Administration (USFA) there are 1,208,800 active firefighters, 

serving in 27,228 fire departments across the US, responding to emergencies from 

58,150 fire stations.  Of the active firefighting personnel, 35% are career firefighters, 

53% are volunteer firefighters, and 13% are paid-per-call firefighters.  Most of the 

registered departments are in the Southern (36%) and Midwestern (31%) states (Figure 

2).  There is no age limit for the Fire Fighter Academy, however, candidates need to be 

able to perform their duties safely and meet the physical requirements of the position 

and pass the state examination49. 
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Figure 2.Percent of registered fire departments by census region (January 2023) 

Obesity and cardiovascular diseases are significant health concerns in the fire service, 

affecting firefighters both on and off duty.  Firefighters are at a high risk of 

cardiovascular disease due to the physical demands of their job, including the high 

levels of stress, smoke, and toxic fumes they often have to encounter50.  Additionally, 

long work hours and irregular schedules can lead to poor eating habits and lack of 

physical activity, contributing to obesity and other related health issues51.  In addition to 

physical health, mental health also plays a crucial role in the overall well-being of 

firefighters. 

It is imperative for fire departments to prioritize regular medical screenings, promote 

healthy lifestyle choices, and provide resources for proper nutrition and fitness 

programs to mitigate the impact of obesity and cardiovascular disease on their 

personnel.  Fire departments should also incorporate mental health awareness and 

support within their wellness programs - this could potentially include providing 

counselling services, creating a safe space for open discussions about mental health, and 

implementing strategies to reduce the stigma surrounding seeking help for mental health 

issues.  Encouraging a culture of wellness and prioritizing mental and physical health 

can lead to a healthier and more resilient firefighting force52,53.  Creating a holistic 

approach to health and wellness within the fire service will not only benefit the 

firefighters themselves but also improve overall operational readiness and community 

safety.  It is also important to consider the role of leadership in promoting and 
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sustaining a culture of wellness initiatives and demonstrating a commitment to 

prioritizing the health and well-being of their personnel54,55. 

Firefighting is a demanding occupation that entails engaging in physically challenging 

tasks within high-pressure environments.  Approximately fifty percent of all on-duty 

fatalities were linked to sudden cardiac death, with a significant portion of these deaths 

being associated with cardiovascular disease while performing emergency duties56.  

Strokes, aneurysms, and other CVD-related conditions accounted for an additional five 

percent of on-duty fatalities.  It has been further reported that for each fatal 

cardiovascular disease incident that occurs while on duty, an additional 17 non-fatal 

CVD incidents take place in the fire department.  This indicates that CVD not only 

significantly contributes to mortality among firefighters but also serves as a major cause 

of morbidity and disability.  According to Soteriades et al. (2011), these CVD events do 

not occur randomly in the fire service; rather, they tend to be more common at specific 

times of the day and periods of the year, concentrating during strenuous duties 

compared to non-emergency situations57. 

On-duty cardiovascular events typically occur primarily among vulnerable firefighters 

with pre-existing CVD.  Therefore, it is recommended that preventive measures that 

have been shown to be effective are vigorously implemented among firefighters.  

Furthermore, it has been proposed that individuals with substantial clinical coronary 

heart disease are limited from engaging in demanding emergency duties50.  Studies have 

shown that firefighting leads to a rapid increase in the heart rate, initiated by 

sympathetic physiologic arousal from the fire alarm.  This can result in maximal or 

near-maximal heart rates taking place during physically strenuous firefighting activities.  

Additionally, there is evidence of a 35% reduction in blood flow volume following 

firefighting activity as reported by Smith et al. (2013) using Doppler 

echocardiography58,59.  Following 18 minutes of firefighting, a 14.8% decrease in 

plasma volume was also observed.  Hypovolemia has negative effects on the 

functioning of the heart and leads to an increase in blood viscosity.  Finally, it has been 

shown that after brief periods of firefighting there is an elevated platelet number and 

activity, as well as changes in partial thromboplastin time and fibrinogen levels.  These 
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alterations point to a pro-coagulatory state that could increase the risk of thrombus 

formation60. 

Arterial stiffness is a critical parameter in the assessment of cardiovascular health, as it 

provides invaluable insights into the structural and functional integrity of the arterial 

system61.  Arterial stiffness is typically measured through pulse wave velocity, which 

quantifies the speed at which blood flows through the arteries and it has been identified 

as a strong predictor of cardiovascular morbidity and mortality62.  Increased pulse wave 

velocity indicates greater arterial stiffness, which can lead to higher blood pressure and 

increased strain on the heart.  This shows the significance of central aortic stiffness, its 

implications for various cardiovascular diseases, and the advancements in 

methodologies for measuring and managing arterial stiffness63,64.  

The significance of central aortic stiffness cannot be overstated, as it is directly linked to 

the development and progression of numerous cardiovascular diseases65.  For example, 

studies have shown that adherence to a Mediterranean-style diet can help improve 

arterial stiffness and potentially reduce the risk of cardiovascular events.  One such 

study found that individuals who closely followed a Mediterranean diet had a 25% 

lower aortic pulse wave velocity compared to those with lower adherence, highlighting 

the beneficial effects of this dietary pattern on arterial health66. 

It has been documented that engaging in firefighting can cause a rise in arterial 

stiffness61. Additionally, overweight firefighters experience higher levels of arterial 

stiffness while at rest compared to their non-overweight counterparts67,68.  A study 

which included 3-4 training drills lasting around 20 minutes each, over a span of 2.5 to 

3 hours, revealed signs of diastolic dysfunction (a reduction of 19% in lateral wall E- 

wave) following firefighting training69,60.  Furthermore, a study of over 500 firefighters 

found that those with higher aortic pulse wave velocity had a 35% increased risk of 

cardiovascular events compared to their peers with more compliant arteries.  Another 

study of 400 firefighters reported that a 1 m/s increase in aortic pulse wave velocity was 

associated with a 40% higher risk of developing hypertension over a 5-year period.  

Stiffening of the larger central arterial system, such as the aortic tree, significantly 

contributes to the development of cardiovascular diseases in older individuals70. 
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It has been suggested that the sympathetic response plays a significant role in sudden 

cardiac events among firefighters.  This is emphasized by the fact that alarm responses 

have been linked to a five-to seven-fold increase in the risk of sudden cardiac death 

compared to non-emergency situations58.  Similarly, a review by Kales and Smith 

reported that the physiological stress of firefighting, which activates the sympathetic 

nervous system, can trigger cardiac arrhythmia and other acute cardiovascular events59.  

These findings highlight the critical importance of understanding and mitigating the 

impact of psychological stress on the cardiovascular health of emergency responders.  

The heightened sympathetic activation experienced by firefighters during emergency 

calls and hazardous incidents can have profound physiological effects, such as increased 

heart rate, blood pressure, and contractility, which can contribute to the development of 

sudden cardiac events.  Effectively managing the psychological and physiological 

stressors inherent to the firefighting profession is essential for promoting long-term 

cardiovascular health and wellness among this high-risk population71. 

During structural firefighting, firefighters frequently engage in tasks that combine static 

and aerobic exertion, including climbing stairs and ladders while carrying heavy 

equipment, performing forcible entry, conducting victim search and rescue operations, 

ventilating buildings, as well as attacking and suppressing fires.  These essential 

activities are carried out while wearing multi-layered protective clothing weighing over 

25 kilograms, which adds to the physical demands of firefighting72.  For instance, von 

Heimburg and colleagues found that moving equipment up to a six-story building while 

wearing firefighting personal protective gear (such as self-contained breathing 

apparatus) utilized 88% of a firefighter's maximum oxygen intake.  While it is 

commonly accepted that various firefighting activities demand different levels of 

physical effort, a number of research studies and expert agreement have determined that 

firefighting constitutes demanding work, necessitating at least 42 ml.kg-1min-1 (or 12 

METs) to safely carry-out essential duties.  Firefighting demands high levels of strength 

and endurance, thus overweight or obese firefighters find it challenging to execute the 

physical demanding duties required73,74.  Occupational factors that are likely to 

contribute to an elevated risk of cardiovascular disease among emergency responders 

include inadequate physical activity, suboptimal dietary habits (potentially due to 

limited access to healthy food options during duty hours), irregular shift schedules 
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leading to sleep disturbances and deprivation, exposure to high levels of noise, post-

traumatic stress disorder, and lack of equilibrium between the requirements of the job 

and control in decision-making75.  In particular, irregular shift schedules and sleep 

disturbances could lead to increased fatigue, decreased cognitive performance, and 

impaired decision-making abilities, which can endanger the safety of both firefighters 

and the public they serve.  Firefighters who experience sleep disturbances and 

deprivation due to irregular shift work are at heightened risk of making critical errors or 

misjudgements during emergency response, which can have severe consequences for 

their own safety as well as that of their colleagues and the community75. 

In addition to the physical demands of firefighting, psychological factors can also place 

significant strain on emergency responders.  Firefighters are frequently exposed to 

traumatic events and highly stressful situations, which can lead to the development of 

post-traumatic stress disorder.  The exposure to psychological trauma, combined with 

the lack of equilibrium between the high demands of the job and the level of control 

firefighters have in decision-making, can create a challenging work environment that 

exacerbates mental health issues.  Firefighters may struggle to cope with the emotional 

and psychological toll of their duties, which can further impact their overall well-being 

and job performance.  

Similar to firefighters, all first responder occupations are physically and mentally 

demanding.  Police officers, rescue workers, and emergency personnel are frequently 

required to perform strenuous tasks in high-pressure situations, often under 

unpredictable and hazardous conditions.  To that extent, a 12-month nutrition program 

was conducted for the Austin Police Department under a project called Wellness 

Department76.  Out of forty participants initially enrolled in the program, twenty-four 

completed the dietary segment of the study.  The comparison of 7-day dietary intakes 

before and after the program revealed a significant decrease in energy intake from an 

average of 2,273 kcal/day to an average of 1,379 kcal/day (p<0.001).  There was also an 

increase in the percentage of energy from protein, from 16% to 21% (p<0.001), while 

energy from fat decreased from 42% to 36% (p<0.05)76.  These changes align with 

dietary recommendations aimed at reducing the intake of unhealthy fats and increasing 

lean protein sources, which are beneficial for maintaining muscle mass, supporting 
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metabolic health, and reducing inflammation.  The implications of these findings in 

firefighters would be profound. A diet high in protein and low in unhealthy fats can help 

manage body composition, improve physical performance, and support cardiovascular 

health.  Protein, for example, plays a key role in muscle recovery and repair77, which is 

critical given the physically demanding nature of firefighting.  Moreover, reducing fat 

intake, particularly saturated and trans fats, can lower LDL cholesterol levels, a primary 

risk factor for atherosclerosis and coronary artery disease78.  Increasing the intake of 

heart-healthy fats, such as omega-3 fatty acids, can further support cardiovascular health 

by reducing inflammation and improving lipid profiles79. 

Among firefighters, sleep deprivation resulting from demanding shift patterns and 

emergency duties is closely linked to increased fatigue, which negatively affects 

alertness, decision-making, and overall job performance80.  Fatigue is commonly 

considered a factor that is directly linked to the amount of time spent on a task in the 

workplace and is primarily caused by physical exertion.  However, scientists studying 

shift work have shown differences in factors, such as sleepiness and mood, depending 

on the time of day, thus raising questions about this traditional view of fatigue81.  

Several studies, conducted with a within-subjects design, aimed to explore variations in 

time-of-day effects on firefighters' sleep duration, levels of alertness, and mood ratings 

based on their shift schedules82.  One study investigated the decrease in the length of 

sleep due to shift work and employed scales for assessing levels of drowsiness and 

mood.83  In the study, participants completed surveys throughout a complete cycle of 

their shifts.  The findings indicated that firefighters working rotating 5-hour shifts 

experience reduced sleep duration and reported lower scores for positive mood, 

alongside higher scores for negative mood and increased feelings of sleepiness during 

night shifts.  Furthermore, the study revealed an inability among firefighters to adapt to 

changes in their sleep routines over the course of a shift83.  These significant 

interactions observed challenge the more traditional views regarding fatigue83.  Fatigue 

is further linked to burnout and is known to have a potentially detrimental effect on 

cardiovascular health84.   Recent studies have focused on exploring the link between 

shift work and atherosclerosis as well as coronary heart disease.  These indicate that 

shift work may elevate oxidative stress and inflammation levels, which are believed to 

be contributing factors to the onset of these conditions85,86. 
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The Mediterranean diet and the Western diet are two distinct dietary patterns that have 

significant implications for human health and wellbeing.  Extensive research has 

demonstrated the significant benefits of the Mediterranean dietary pattern on 

cardiovascular health and metabolic outcomes.  According to the scientific evidence 

accumulated to this point, following a Mediterranean dietary pattern is associated with a 

reduced risk of cardiovascular disease, diabetes, and obesity87,88.  These beneficial 

effects are attributed to the synergistic interactions among the various components of 

the Mediterranean diet, such as the high content of polyphenols, monounsaturated and 

polyunsaturated fatty acids, and fiber, which have been shown to favourably impact 

intermediate pathways of cardiometabolic risk, including lipid profiles, insulin 

sensitivity, oxidative stress, inflammation, and endothelial function89.  In contrast, the 

Western dietary pattern has been linked to a range of negative health outcomes, 

including an increased risk of cardiovascular disease, metabolic disorders, and certain 

types of cancer90.  The high intake of energy-dense, nutrient-poor foods characteristic of 

the Western diet is believed to contribute to these adverse health effects through various 

mechanisms, such as the promotion of inflammation, oxidative stress, and metabolic 

dysregulation91.  Both the Mediterranean and Western dietary patterns have significant 

implications for public health, and understanding the nuances of these dietary patterns is 

crucial for developing effective dietary interventions and promoting healthier eating 

habits. 

The dietary inflammatory index (DII) is a valuable tool used to address the overall 

inflammatory potential of an individual’s diet92–94.  A growing amount of evidence 

suggests that higher levels of the inflammatory index are associated with an increased 

risk of cardiovascular disease.  For example, a large prospective study comprised of 

over 68,000 women, found that those in the highest quantile of the inflammatory index 

had almost double the risk of developing cardiovascular disease compared to those in 

the lowest quantile95.  In addition, a meta-analysis with over 220,000 participants 

reported that a single unit increase in the dietary inflammatory index was linked to an 

8% higher risk of coronary heart disease96.  These associations could be driven by the 

inflammatory effect of specific dietary components, such as refined carbohydrates and 

trans fats, which could be promoting the development of atherosclerosis and other 

cardiovascular risk factors.  Adopting a diet high in anti-inflammatory nutrients, like 
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omega-3 fatty acids, fiber, and antioxidants, may help mitigate the risk of 

cardiovascular disease97.   

The dietary inflammatory index has been also shown to be associated with other chronic 

conditions, like type-2 diabetes and cancer.  A higher dietary inflammatory index could 

triple the risk of developing type-2 diabetes, and, similarly, a large prospective study 

reported that a higher dietary inflammatory index was associated with an elevated risk 

of breast, colorectal, and prostate cancer98.  The underlying mechanisms by which these 

are happening could include the pro-inflammatory effects of diet on insulin resistance, 

oxidative stress, and chronic inflammation98,99.   

While the dietary inflammatory index is a powerful and promising tool for assessing the 

inflammatory potential of a diet, it is important to consider potential limitations and 

counterarguments.  A few studies have failed to find any significant association between 

dietary inflammation and chronic disease risk, mainly because other lifestyle factors 

may also play a crucial role100.  Additionally, the dietary inflammatory index relies on 

the scoring system that assigns inflammatory values to individual foods, but the 

complex interactions between dietary components and their effects on inflammation are 

not fully captured by this index.  It is also worth noting that inflammatory responses to 

diet can also vary among individuals due to different genetics, gut microbiome, and 

other factors101.   

Nonetheless, the Dietary Inflammatory Index (DII) has emerged as a valuable and 

widely used tool for assessing the inflammatory potential of individuals' diets.  Its 

application has expanded across diverse populations and research contexts, consistently 

demonstrating its relevance in nutritional epidemiology and public health.  Numerous 

studies, including large-scale cohort studies and meta-analyses, have confirmed the 

association between higher DII scores and increased risk of chronic diseases such as 

cardiovascular disease, type 2 diabetes, cancer, and all-cause mortality97,99.  The 

robustness of the DII is further supported by its ability to predict inflammation-related 

biomarkers, such as C-reactive protein and interleukins, across various demographic 

groups.  Collectively, the existing literature highlights the DII as a reliable and versatile 

instrument for investigating the relationship between diet, inflammation, and health 

outcomes. 
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Adherence to the Mediterranean diet is highly beneficial102 and several prospective 

studies have examined its association with the onset of cardiometabolic morbidity.  

These studies have found that greater adherence to the Mediterranean diet at baseline is 

linked to a lower risk of experiencing the first cardiometabolic incident, as well as a 

reduced risk of cardiometabolic multimorbidity following the initial cardiovascular 

disease episode103.  Using a modified Mediterranean diet score to measure adherence, a 

study found that higher scores were significantly associated with lower BMI, waist 

circumference, body fat percentage, and total cholesterol/HDL ratio, while being 

positively associated with higher HDL-cholesterol levels in a sample of US 

firefighters98. 

 

1.3 Research gaps 

As previously mentioned, it would be important to understand the parameters that could 

potentially improve the wellbeing of firefighters, particularly in relation to the risk of 

cardiovascular disease, which is one of the main sources of morbidity and mortality in 

this population.  Despite the growing recognition of the importance of nutrition in 

promoting health, significant research gaps exist in the areas of nutrition among 

firefighters and an individual diet’s association with cardiometabolic outcomes.   

Firstly, there is a need for more studies specifically focusing on firefighters and their 

unique working conditions, including shift work, and the impact on dietary habits, sleep, 

and overall health.  The demanding and irregular working hours can predispose them to 

disrupted circadian rhythms, poor diet choices, and reduced sleep quality, all 

contributing to poor health outcomes.  However, the extent by which these specific 

factors affect the health of this specific population remains unclear.  Studies could 

further investigate how the adoption of a Mediterranean style diet may contribute to 

reducing the risk of cardiometabolic conditions, such as obesity, hypertension, and 

diabetes among firefighters.  There is also a lack of studies exploring the effects of pro-

inflammatory diets in this group of otherwise healthy and physically fit individuals.  

Given the physically demanding nature of firefighting and the potential for chronic low-
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grade inflammation due to occupational stressors, understanding the role of diet in 

modulating inflammation is particularly relevant.   

The Mediterranean diet has demonstrated numerous health benefits in the general 

population, including reducing inflammation and improving cardiometabolic outcomes.  

However, there is limited research on the adherence to the MD among firefighters and 

how it might address their specific health challenges.  Investigating the barriers and 

facilitators to adherence, as well as the potential benefits of the MD within the 

firefighting community, could offer valuable insights.  Additionally, there is a need for 

studies evaluating the feasibility and effectiveness of tailored nutritional interventions 

based on the MD in improving health outcomes in this particular population. 

In summary, while the general health benefits of the Mediterranean diet and healthy 

eating practices are well-documented, their specific implications for firefighters, 

considering their unique occupational challenges and health risks, remain understudied.  

Addressing these issues will not only advance our understanding of the relationship 

between nutrition and firefighter health but also inform targeted strategies to improve 

their overall well-being and reduce the burden of cardiometabolic diseases in this 

crucial workforce. 

 

1.4 Aims 

Further investigation and awareness of the potential benefits of the Mediterranean diet 

for firefighters could provide valuable insights towards implementing targeted dietary 

interventions to support cardiovascular health in high-stress occupational settings.  

Overall, the Mediterranean diet has shown promise in improving cardiovascular 

outcomes for firefighters through its emphasis on nutrient-rich foods and anti-

inflammatory properties.  These findings highlight the potential benefits of 

incorporating Mediterranean-style eating patterns among firefighters to improve their 

cardiovascular health and mitigate the risks associated with their demanding and high-

stress occupation.   
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The first aim of this dissertation work was to identify the dietary patterns of US 

firefighters and study how these patterns are associated with different cardiometabolic 

parameters.  This would provide a better understanding of the differences in the overall 

diet among US firefighters as well as help comprehend the impact of dietary choices on 

the health of firefighters and potentially develop tailored interventions to improve their 

overall health.   

The second aim was to compute the Dietary Inflammatory Index (DII) of the US 

firefighters’ diet and further assess the relation of the index with cardiometabolic 

parameters.  By estimating the Dietary Inflammatory Index and understanding its 

relationship with cardiometabolic parameters, we can gain insights into the 

inflammatory potential of firefighters’ diets and how this pro- or anti-inflammatory diet 

would impact their health. 

Finally, the third aim of this thesis was to estimate the association of Mediterranean 

Diet adherence evaluated with the use of the PREDIMED score as calculated at 2 

different time points (baseline, and 6 months) with cardiometabolic parameters.  This 

longitudinal analysis offers valuable insights into the relationship between adherence to 

the Mediterranean Diet and changes in cardiometabolic health markers over time, 

highlighting the potential benefits of the diet over a period of 6 months.  

 

1.5 Outline 

The rationale and the aims of this work are explained in Chapter 1.  Furthermore, 

Chapter 1 provides background information on the Mediterranean Diet and the dietary 

inflammatory index.  It outlines current epidemiological knowledge regarding the link 

between the Mediterranean Diet and specific cardiometabolic outcomes and it describes 

some of the challenges associated with the occupation of firefighting. 

Chapter 2 discusses the research methodology and provides details of the “Feeding 

America’s Bravest: Survival Mediterranean Style-Firefighters’ Mediterranean Diet 

Intervention” (FAB) study, including information on the study participants, measures, 

exposures, and outcomes of interest.  This chapter provides a detailed analysis of how 
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adherence to the Mediterranean diet was assessed, as well as how the Dietary 

Inflammatory Index, and the energy adjusted DII, were computed. 

Chapter 3 focuses on the dietary patterns among firefighters in the USA and the 

potential association with cardiometabolic outcomes.  It provides a literature review on 

the topic, followed by the methods and results of the analysis performed, outlining the 

observed patterns and associations using data from the FAB study.  It concludes with a 

discussion of these results and the implications for US firefighters. 

Chapter 4 assesses the association of the Dietary Inflammatory Index and 

cardiometabolic outcomes.  It provides a literature review on Dietary Inflammatory 

Index and outlines the calculation of the index for the study population, followed by the 

methodology, results, and discussion. 

Chapter 5 deals with the adherence to the Mediterranean Diet among US firefighters as 

assessed by the PREDIMED score, derived from the FAB study.  It begins with a 

literature review on the topic, followed by a detailed methodology and a presentation of 

the analysis results. 

Chapter 6 summarizes the results of this work, highlights the significant contributions of 

the dissertation and its impact, its major limitations and strengths, and gives detailed 

suggestions for future research. 

Finally in the Appendix several additional figures and tables, as well as additional 

measures used in this study are presented. 
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2 Research Methodology 

2.1 Feeding America’s Bravest 

The Feeding America’s Bravest study was designed by researchers at the Harvard T.H. 

Chan School of Public Health.  In line with the established safety and benefits of the 

Mediterranean diet in preventing cardiovascular diseases, the study aimed to develop 

strategies for behavioral change within the fire service by integrating key elements of 

the Mediterranean diet in order to improve the current food culture among firefighters. 

Through educational initiatives, active involvement, and incentives provided, the 

intention was to encourage firefighters and their families to embrace Mediterranean diet 

principles both at work and at home.  The research framework enabled the assessment 

of the efficacy of the proposed strategies in real-life settings within career and volunteer 

fire services in terms of changing dietary habits and reducing cardiovascular disease 

risk.  

The study's goals included the development of a Mediterranean Diet Nutritional 

Intervention (MDNI), a comprehensive set of strategies to influence behavior, including 

educational initiatives on diet and lifestyle, discounts on essential Mediterranean diet 

foods, electronic tools (such as access to applications and web resources) so that  

individuals can access and enhance their understanding of nutrition, reminders about 

fitness goals, and other incentives targeting the family of the participants, given that the 

majority of the meals that the firefighters eat are at home.  The components related to 

MDNI were developed based on feedback obtained through surveys, review of the 

literature, and input from local/national firefighters, including labor/management 

representatives and fire service focus groups.  The process indicated that firefighters 

would like to have more information on nutrition and that they would like to learn more 

about healthy eating habits.  In addition, the nutritional intervention proposed should be 

acceptable by firefighters in order to succeed.  The Mediterranean diet does not require 

giving up any food items, therefore it is easier to adopt it for long-term adherence.  

Another very important component that was identified through the focus groups was the 

inclusion of the family.  When firefighters are not in the fire house, they eat the majority 

of their meals at home, so any initiative should include the family and/or the person who 

prepares the food at home. 
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The study included a randomized controlled trial (RCT) with career firefighters and a 

demonstration project with volunteer firefighters and aimed to create affordable MDNIs 

for fire service personnel under both protocols.  Phase I of the RCT involved more than 

1,000 members of the Indianapolis Fire Department (IFD).  The 45 firehouses were 

divided into two groups: Group 1 underwent a proactive 12-month Modified Dietary 

Nutrition Intervention, while Group 2 received standard care.  In Phase II of the RCT, 

Group 1 participants transitioned to a "self-sustained continuation" for another year to 

assess whether there was a lasting impact on their behavior during this less intensive, 

self-directed maintenance intervention period.  Meanwhile, Group 2 members switched 

to receiving the MDNI for six months before transitioning to six months of self-

sustained continuation.  Throughout both phases of the RCT, the modified 

Mediterranean diet score (mMDS) together with other validated scores and nutrition 

questionnaires, as well as clinical data, were collected/computed.  Concurrently with 

Phases I and II, an MDNI demonstration project was carried out using web-based tools 

among several hundred volunteer firefighters who participated in the study.  In this part 

of the study, participants were asked through an online survey repeatedly over time 

about their dietary habits as well as about their body weight. 

Information collected could help investigate how both lengths of MDNIs could improve 

mMDS scores; reduce weight; and enhance cardiovascular disease risk profiles among 

career firefighters involved in these studies.  It was hypothesized that adhering to the 

diet longer, i.e., via a twelve-month program, would be linked with greater persistence 

to maintaining the intervention compared with following the shortened version, lasting 

only six months.  It was also thought that a successful implementation of the program 

could lead not just towards enhancing one's diet but also affecting positively an 

individual’s weight and cardiovascular health in more general. 

The role of Mediterranean Diet Nutrition Interventions in reducing the risk of CVD is 

outlined in Figure 3.  The figure shows the biological and physiological pathways of 

MDNI mechanisms.  Insulin sensitivity, glucose metabolism, lipid metabolism, anti-

oxidants, anti-inflammation, anti-thrombotic, vascular function, blood pressure 

regulation, and body composition are all influenced positively by the mediterranean diet 

and they collectively contribute to improved CVD risk profiles. 
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The progression of coronary heart disease is influenced by genetics, lifestyle habits, and 

body composition.  However, there are also lifestyle factors that affect negatively the 

progression of the disease, such as poor diet, sleep deprivation, stress, and tobacco use.  

As the disease progresses it may lead to subclinical conditions, disability, as well as 

death.   

The role of the mediterranean diet interventions emphasize the role of healthy diet and 

physical activity towards the improvement of health outcomes.  

 

Figure 3 Overall proposal strategies 

 

2.2 Study design 

The study was a prospective, randomized control trial of MDNI versus usual care for 12 

months, followed by a cross-over of interventions for an additional 6-12 months (Figure 

4). 
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Figure 4 Timeline of MDNI Intervention, Usual Care, and Self-Sustained Continuation 

Phases 

 

RCT-Phase I 

Firehouses were randomized into one of two groups: Group 1 or Group 2.  In phase I, 

Group 1 received the MDNI for 12-months.  During this same time, Group 2 received 

usual care, consisting of existing Indianapolis Fire Department health and wellness 

activities, with no investigator-provided interventions.  

 

The nutrition/lifestyle questionnaire, mMDS, a blood pressure check, weight-in, waist 

circumference, and body composition (impedance) were collected every six months 

during phase 1.  A follow-up annual fire department medical exam (“second year”) was 

done per the usual IFD/Public Safety Medical (PSM) protocol.  

 

RCT-Phase II:  

Group 1 firehouses crossed-over to “self-sustained continuation”, a less intense, self-

directed, maintenance phase for 12 months to examine longer-term persistence of 

behavior change after the active 12-month MDNI.  During the self-sustained 

continuation firefighters had access to some environmental changes such as discounted 

food items, peer education/support, and online learning; however, the stations did not 

receive investigator-led educational sessions.  
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In Phase II, Group 2 firehouses crossed over to receive the full active MDNI for 6 

months.  This facilitated testing the efficacy of a shorter, but otherwise identical MDNI, 

followed by a final 6 months of “self-sustained continuation” (as described above) to 

examine the shorter MDNI’s effect.  

The nutrition/lifestyle questionnaire, mMDS, blood pressure check, body composition 

measures were collected every six months during phase 2.  Another follow-up annual 

medical exam (“third year”) was done per the IFD/PSM protocol (NCT02941757). 

 

2.3 Study population 

The study population consisted of individual participants selected from a cohort of 

1,200 career firefighters in the Indianapolis Fire Department (IFD).  To ensure 

consistency, inclusion was limited to about 1,000 members with permanent station 

assignments at one of the 45 fire houses within the IFD.  The partnership with IFD was 

advantageous for several reasons, including the fact that there were minimal firefighter 

intervention assignment changes and that there are comprehensive annual health 

assessments by Public Safety Medical (PSM), including medical and occupational 

history, physical examinations, BMI measurements and body fat assessments that were 

available.  PSM also provided access to baseline and follow-up medical data through 

electronic records.  Additionally, there was a strong relationship between IFD and the 

collaborators at the Harvard a T.H.Chan School of Public Health, as further evidenced 

by high consent rates in previous collaborative studies.   

The 45 fire houses were randomized into one of the two groups.  They were either 

assigned to MDNI or “usual care”.  IFD members who were eligible for the study had to 

be permanently assigned to one of the 45 IFD stations, being over 18 years of age, have 

a fire department medical file at least 2 years prior to the study, and have full duty 

status.   

Prior to the study, participants underwent a pre-RCT data collection using established 

coded, de-identified data transfer methods between PSM and HSPH and the results of 

the last fire department medical examination were imported from the existing database 
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at Public Safety Medical.  The medical exams were supplemented by a comprehensive 

nutritional and lifestyle questionnaire.  

Although the original study population comprised 1,000 participants, the analyses for 

this dissertation utilized data from only 450 individuals.  This was unavoidable because 

the specific variables required for the planned analyses were not available from all 

participants.  Consequently, some fluctuations in sample size occurred across different 

analyses, reflecting variations in data completeness.  Despite this limitation, the sample 

of 450 remains sufficiently robust to provide meaningful insights and support the 

study’s objectives. 

Data used for analysis in the current dissertation were obtained from the larger 

longitudinal study, with both cross-sectional and repeated measures components.  For 

the analyses presented in Chapters 3 and 4, data collected exclusively at baseline - prior 

to the implementation of any intervention - were used.  Specifically, dietary intake 

information obtained through the Food Frequency Questionnaire (FFQ) was used to 

characterize overall dietary patterns and to compute the Dietary Inflammatory Index 

(DII).  These dietary exposures were then examined in relation to a range of 

cardiometabolic outcomes, thereby providing insights into potential associations 

between baseline diet quality, inflammatory potential of the diet, and metabolic risk 

markers. 

In contrast, in Chapter 5 a longitudinal analytical approach, incorporating data collected 

at two distinct time points (baseline and 6 months) was utilized.  This allowed for the 

assessment of changes in dietary behavior over time, with a particular focus on 

adherence to the Mediterranean dietary pattern. 

 

2.4 Ethical Statement 

The protocol for ‘Feeding America’s Bravest’ was approved by the Harvard 

Institutional Review Board (IRB16-0170) and is registered at Clinical Trials 

(NCT02941757).  All participants involved signed a consent and were informed that 
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they could withdraw at any time as per the Declaration of Helsinki.  Participants who 

decided to enrol provided an informed consent as per the protocol of the study.  

 

2.5 Study outcomes 

One of the primary objectives of this study was to identify the dietary patterns of 

firefighters and to evaluate the association of these patterns with cardiometabolic 

outcomes.  Additionally, the study aimed to investigate the relationship between the 

Dietary Inflammatory Index (DII) scores and cardiovascular disease (CVD), as well as 

to assess the firefighters’ adherence to the Mediterranean diet using the MEDAS score 

at baseline and at 6 months in the study.  Changes in biomarkers over this period were 

also evaluated.   

In order to meet the above objectives, we utilized the following variables as outcomes 

measures: body mass index (BMI), body fat percentage, HDL cholesterol, LDL 

cholesterol, cholesterol ratio, triglycerides, and glucose levels.   

At the baseline visit, all participants underwent comprehensive blood pressure and 

anthropometric assessments.  Resting blood pressure was measured using an 

appropriately sized cuff while participants were seated in a relaxed position.  Body 

Mass Index (BMI) was recorded in kg/m², and body fat percentage was estimated using 

a Bioelectrical Impedance Analyzer (BIA).  Biochemical indices were assessed during 

the medical examination, with samples being collected as close as possible to the date 

the participant provided informed consent and within a 12-month window.  Blood 

samples were drawn following an overnight fast, with a total of 15 mL of blood 

collected into EDTA tubes.  The blood plasma was then frozen at -80°C for storage and 

later analysis.  Blood lipid profiles were determined through enzymatic analysis, which 

achieved a coefficient variation of ≤ 3% for cholesterol and ≤ 5% for triglycerides.  This 

analysis was performed using the cholesterol assay kit and reagents (Ref: 7D62-21) and 

the triglycerides assay kit and reagents (Ref: 7D74-21) on the ARCHITECT c System, 

provided by Abbott Laboratories, IL, USA. 
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2.6 Covariates 

We included gender, maximum metabolic equivalent of tasks (METs), maximum VO₂, 

age, BMI, and body fat percentage as covariates.  All participants underwent the Public 

Safety Medical (PSM) examination, conducted under the supervision of a physician 

affiliated with the Indianapolis Fire Department (IFD).   

The PSM examination is a comprehensive assessment that gathers detailed information 

on participants' occupational history, smoking status, and overall medical history.  The 

examination also includes a thorough physical evaluation, with measurements of body 

mass index (BMI) and body fat percentage obtained through bioelectrical impedance 

analysis.  Furthermore, routine laboratory tests are performed, alongside resting 

electrocardiograms to assess heart function.  Additionally, maximal treadmill exercise 

testing is conducted to evaluate cardiovascular fitness and exercise capacity. 

MET (Metabolic Equivalent of Task) is the score that represents the relative rate at 

which calories are burned during an activity.  Sitting quietly has a MET value of 1.  To 

calculate maximum METs the time spent on the treadmill is recorded, then multiplied 

by 4.38, with 3.9 subtracted from the result.  This value is then divided by 3.5 to give 

the max METs. 

VO₂ max represents the maximum or optimal rate at which the heart, lungs, and muscles 

can use oxygen during exercise, serving as an indicator of aerobic capacity.  VO₂ max is 

calculated by multiplying the ratio of maximum heart rate to resting heart rate by 15. 

 

2.7 Food Frequency questionnaire 

The Food Frequency Questionnaire (FFQ) is often an extensive dietary assessment 

instrument specifically developed to evaluate the nutritional habits of individuals104.  

The specific FFQ used in the study was developed by researchers at Harvard T.H. Chan 

School of Public Health and it aims to gather detailed, structured data on food and 

beverage intake, cooking practices, and supplement use of firefighters.  The FFQ was 

organized into multiple sections covering key dietary components, such as dairy 
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products, fruits, vegetables, grains, proteins, snacks, sweets, and beverages.  For each 

food item, participants indicated their frequency of consumption using a bubble-filling 

system with intervals ranging from "Never" to "6+ per day" or specific scales (e.g., "1–3 

times per week" or "Daily").  Seasonal food consumption was addressed by instructing 

participants to calculate an average frequency over the year.  Detailed examples and 

serving size specifications (e.g., cups, slices, ounces) were provided to standardize 

responses and improve accuracy. 

The questionnaire delved into specific dietary patterns, including the types of milk (e.g., 

whole, skim, soy), cheese (e.g., regular, low-fat), and spreads (e.g., margarine, butter) 

consumed.  It categorized fruits and vegetables into fresh, frozen, canned, or cooked 

forms and included specific items, such as kale, carrots, and berries.  Grains were 

further divided into refined and whole-grain products, with items like bread, cereals, 

rice, and pasta evaluated.  Protein sources were comprehensively covered, including 

meat (beef, pork, lamb, poultry), seafood (fish, shellfish), eggs, and plant-based options 

(tofu, soy products, lentils).  Snacks and sweets, such as chips, cookies, chocolate, and 

pastries, were listed with frequency options to display indulgence levels. 

A portion of the FFQ focused on beverages, with detailed queries about the 

consumption of water, tea, coffee (with and without caffeine), herbal teas, soft drinks 

(regular and low-calorie), and alcoholic beverages (beer, wine, liquor).  Cooking 

practices were also explored, such as the types of fats or oils used for frying, sautéing, 

and baking (e.g., olive oil, lard, shortening) and the frequency of frying food at home or 

consuming fried items outside. 

The supplement section was quite detailed, asking participants to report the use of 

multivitamins and individual supplements, like vitamins A, C, D, E, and B6; minerals, 

such as calcium, selenium, and zinc; and other supplements, like fish oil, protein 

powders, and herbal products.  For each, participants specified the frequency, dosage, 

and, where possible, the brand or formulation.   

Open-ended questions further allowed for the inclusion of specific foods, brands, or 

preparation methods not listed, ensuring a comprehensive dietary profile.  Overall, the 

FFQ combined a systematic approach with user-friendly features, such as examples, 

clear instructions, and standardized response formats, to capture dietary behaviors.  It 
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provided valuable insights into the nutritional habits and health risks of firefighters, 

supporting tailored dietary recommendations to enhance their health and performance.  

The FFQ is provided in full in Appendix 1. 

 

2.8 Statistical analysis 

2.8.1 Descriptive statistics 

We used descriptive statistics to summarize and better understand the main 

characteristics of our dataset.  For continuous variables, we first evaluated the shape of 

the distribution to determine which measures of central tendency and spread were most 

appropriate.  When the data appeared approximately normally distributed (characterized 

by symmetry around the mean and a close alignment of the mean, median, and mode) 

we reported the mean and standard deviation (SD).  These two measures provide a 

concise summary of central tendency and variability.  The standard deviation, in 

particular, reflects how spread out the values are around the mean: a low SD indicates 

that values are clustered closely around the mean, while a high SD suggests greater 

variability.  In cases where the data were not normally distributed, we described 

continuous variables using the median along with the first and third quartiles (Q1, Q3), 

which better capture central tendency and spread in skewed distributions.  To support 

our decision-making regarding the appropriate descriptive measures, we examined 

histograms and summary statistics to assess the distributional shape. 

We also considered the normal distribution in our assessments.  The normal, or 

Gaussian, distribution is a bell-shaped curve commonly found in naturally occurring 

data.  One of its key properties is the empirical rule: approximately 68% of the data lies 

within one standard deviation of the mean, 95% within two, and 99.7% within three.  

This provided a useful framework for interpreting the spread and assessing the 

likelihood of certain values occurring within our dataset. 

To further evaluate the relative positions of data points within a normal distribution, we 

calculated z-scores.  These indicate how many standard deviations a value is from the 

mean, allowing for comparisons across different variables or datasets on a standardized 



29 

 

scale as well as the assessment as to whether a particular observation is a potential 

outlier. 

Categorical variables were summarized using frequencies and percentages.  This 

allowed us to describe the distribution of qualitative characteristics within our sample, 

such as demographic variables or categorical health indicators. 

By applying these descriptive techniques, tailored to the nature and distribution of each 

variable, we were able to generate meaningful summaries of the data.  This approach 

laid the foundation for subsequent analytical steps by identifying trends, highlighting 

variability, and guiding the selection of appropriate statistical tests. 

 

2.8.2 Principal component analysis 

Principal Component Analysis (PCA) was employed in this dissertation as a 

dimensionality reduction technique to simplify complex dietary data and identify 

underlying dietary patterns.  The primary objective was to reduce a large number of 

correlated dietary variables, collected from the Food Frequency Questionnaire (FFQ), 

into a smaller set of uncorrelated components that retained most of the original 

information.  This approach allowed for a more manageable and interpretable dataset, 

while minimizing information loss. 

PCA was applied to the variables to extract linear combinations; principal components, 

that explained the maximum amount of variance within the dataset. 

To determine the optimal number of components to retain, we examined the scree plot 

and assessed the eigenvalues associated with each principal component.  Components 

with eigenvalues greater than one were initially considered, and the point at which the 

curve of the scree plot began to level off (the “elbow”) was used as a guide for final 

selection.  This method ensured a balance between dimensionality reduction and the 

preservation of explanatory power. 

The derived components, interpreted as dietary patterns, were rotated using varimax 

rotation to enhance interpretability and facilitate the identification of meaningful 
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groupings of food items.  Each component loading was carefully examined to label the 

corresponding dietary patterns based on the predominant food groups. 

PCA was chosen for this analysis due to its ability to uncover latent structures in the 

data, reduce multicollinearity among variables, and provide uncorrelated inputs for 

subsequent regression models.  This made it particularly valuable in capturing distinct 

dietary patterns that could be used as exposure variables in models assessing 

associations with cardiometabolic outcomes. 

 

2.8.3 Regression analysis 

Regression analysis was a key analytical approach used in this dissertation to examine 

associations between dietary patterns and cardiometabolic health outcomes.  The choice 

of regression models was guided by the nature of the outcome variables and the study 

design.  Linear regression was used for continuous outcomes such as blood pressure, 

cholesterol levels, and inflammatory markers. 

Multivariable regression models were constructed to adjust for potential confounders 

and to isolate the independent effects of each dietary pattern derived from the PCA.  

Covariates included in the models were selected based on prior literature and included 

age, sex, body mass index (BMI), and physical activity levels.  The inclusion of these 

covariates in the regression models helped reduce bias and improve the precision of the 

estimated associations. 

Prior to model fitting, we assessed the underlying assumptions of each regression 

model.  For linear regression, this involved checking for linearity, homoscedasticity, 

normality of residuals, and absence of multicollinearity among predictors.  These were 

evaluated using residual plots, histograms of residuals, and normal probability plots.  

Where necessary, data transformations or alternative modelling strategies were 

considered. 

Interpretation of regression coefficients followed standard epidemiological practices.  In 

linear regression, the beta coefficients represented the mean change in the outcome 

variable associated with a one-unit change in the predictor, adjusted for all other 

variables in the model.  
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Confidence intervals and p-values were further used to assess the statistical significance 

of associations. 

The results from these regression analyses were then interpreted in the context of 

existing literature, considering both statistical and practical significance.  Particular 

attention was paid to the direction and magnitude of associations, as well as to their 

implications for public health interventions and dietary recommendations.  Potential 

limitations, including residual confounding and measurement error, were acknowledged 

in the discussion. 

In summary, regression analysis provided a structured and rigorous framework to 

explore the relationships between dietary exposures and health outcomes.  By carefully 

selecting appropriate models, adjusting for relevant covariates, and validating model 

assumptions, we ensured that the findings presented in this dissertation are both 

methodologically sound and meaningful within the broader field of epidemiological 

research. 
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3 Mediterranean Diet as an Eating Pattern among US Firefighters 

and Its Association with Cardio-metabolic Outcomes  

3.1 Introduction 

  Firefighting is a hazardous occupation and, even though one might think that on-duty 

mortality among firefighters is primarily because of burns or smoke inhalation, the most 

frequent cause of on-duty deaths is sudden cardiac death (SCD) due to underlying 

cardiovascular disease (CVD)105.  About half of all on-duty fatalities are the result of 

SCD, strokes, aneurysms, and other CVD-related conditions.  Furthermore, for every 

on-duty CVD-related death there are an estimated 17 nonfatal on-duty CVD 

events57,106,107.  Thus, CVD is not just a leading cause of mortality among firefighters, 

but also a great cause of morbidity and resulting disability.  Even though the 

cardiometabolic health of firefighters overall is better than the average US citizen, in 

general over the years there is a decrease in the cardiometabolic health of male 

firefighters.  Among female firefighters cardiometabolic health also shows a steady 

decrease108.  Similar to the general U.S. population, obesity affects roughly 35% of U.S. 

firefighters, which is slightly lower than the 42% prevalence reported in the general 

adult population109,110.  

Several risk factors have been associated with the risk of CVD.  These include obesity, 

hypertension, and high cholesterol levels111.  Obesity, which has negative effects on the 

fitness and performance of firefighters, is also known to be associated with an increased 

risk of CVD, as well as blood pressure, glucose metabolism, sleep apnoea, and cardiac 

enlargement112.  

Several population-based studies among volunteer and career firelighters have shown 

that the rise in obesity prevalence is not the result of an increase in muscle mass113, but 

rather it is due to an increase in body fat113.  This is an issue that affects younger 

firefighters but also middle-aged and older firefighters alike and a problem that is not 

recognised at its full extent114.   

In this chapter, we explore the dietary patterns as a contributing factor for the increase 

in obesity rates.  A number of recent studies have shown that the difference between 
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obese and non-obese firefighters is the consumption of more sugary drinks and fast-

food115,116.  These findings are consistent with other population-based studies, which 

suggest a switch in the dietary pattern of people having a large impact on their health.  

Shift work and uncontrollable mealtimes, which is the norm among firefighters, also 

tend to increase the consumption of sugary drinks and fast food with a greater 

proportion of calories from fat51,117.  Studies indicate that education, years of 

experience, nutritional knowledge, and autonomous motivation are among the strongest 

predictors of healthy food choices; similarly, accessibility to unhealthy foods increases 

the likelihood of unhealthy food choices118.  Furthermore, high-performance firefighters 

are more likely to consume at least five servings of fruits and vegetables daily compared 

to their lower-performing counterparts119.    

One of the most well-accepted diets in the reduction of CVD risk is the Mediterranean 

diet.  Mediterranean type diets, traditionally followed by countries bordering the 

Mediterranean Sea, are rich in unrefined grains, fruit, vegetables, and olive oil, and 

contain a lower consumption of red meat and poultry120.  Over the years, a large number 

of studies have demonstrated the effectiveness of the Mediterranean diet in the 

reduction of CVD mortality.  The Mediterranean diet targets obesity, hypertension, 

diabetes, and metabolic syndrome, all of which are conditions associated with 

CVD102,121,122.  Based on the clear benefits of the Mediterranean diet, it is recommended 

as one of the healthiest options in the USA and other countries123. 

The first step in a nutritional intervention involves the identification of dietary patterns 

of the target population.  Dietary patterns are defined as ‘the quantity, variety or 

combination of different foods and beverage in a diet and the frequency with which they 

are habitually consumed123.  In a survey by Yang et al., obese firefighters were less 

likely to follow a diet plan (25%) than normal-weight firefighters (33%).  Among the 18 

diets listed on the survey, 9% of the participants followed the Paleo diet, 8% a low-

carbohydrate diet, and 4% a low-fat diet.  Only 1% of the firefighters reported following 

the Mediterranean diet124.  Similarly, in a study of 28 Swiss airport firefighters, the 

participants had an unbalanced diet with low-quality food choices and limited fiber 

intake125.  Studies among structural firefighters highlight the importance of maintaining 

a healthy dietary pattern; however, many firefighters fail to adhere to one, with food 
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choices often influenced by colleagues.  Dietary interventions, such as the assignment of 

a Mediterranean diet, have been shown to yield significant health benefits, including 

improved lipid profiles and reduced cardiovascular disease (CVD) risk.  Additionally, 

team-based counselling has proven to be more effective in promoting healthier dietary 

habits compared to one-on-one counselling, while general counselling demonstrates 

better outcomes than no counselling at all126. 

Given that CVD is prevalent among firefighters, it is important to identify the dietary 

patterns of firefighters.  Understanding the type and quality of different foods in the diet 

of firefighters can help us provide scientific recommendations to improve food intake 

towards a healthier diet.  This chapter aims to identify the dietary patterns of US 

firefighters and investigate how these are associated with cardio-metabolic outcomes in 

the specific population.  By understanding the relationships between food choices, 

occupational demands, and cardiovascular health, we aim to develop targeted nutritional 

recommendations that support disease prevention and health promotion in this critical 

workforce. 

 

3.2 Methods 

3.2.1 Study participants 

This cross-sectional study involved 413 active Indianapolis Fire Department (IFD) 

firefighters enrolled in the “Feeding America’s Bravest” study, which aimed to improve 

eating habits and cardiovascular risk through a Mediterranean diet.  Participants were 

recruited between November 2016 and April 2018, with informed consent obtained by 

the National Institute of Public Safety Health to ensure ethical compliance.  Those 

without baseline anthropometric data were excluded from the analysis to maintain 

dataset integrity. 
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3.2.2 Dietary Assessment 

A validated Food Frequency Questionnaire (FFQ) with 131 items was used to assess 

participants' dietary intake127.  This comprehensive tool collected detailed information 

on how often each food item was consumed over the past 12 months.  The 

questionnaire, which was not adapted for firefighters’ specific food habits, covered in 

detail a broad range of food categories, including dairy, fruits, vegetables, eggs, meats, 

breads, cereals, starches, beverages, sweets, baked goods, and more.  By encompassing 

these diverse categories, the FFQ provided a thorough overview of participants' typical 

dietary patterns. 

 

3.2.3 Physical Activity 

All participants underwent the Public Safety Medical (PSM) examination, supervised by 

a physician affiliated with the Indianapolis Fire Department (IFD.  This comprehensive 

assessment gathered detailed information on occupational history, smoking status, and 

medical history.  It included a physical evaluation with BMI and body fat percentage 

measured via bioelectrical impedance analysis, routine lab tests, and resting 

electrocardiograms to assess heart function.  Additionally, maximal treadmill exercise 

testing was conducted to evaluate cardiovascular fitness and exercise capacity.  

 

3.2.4 Outcome Assessment 

At the initial visit, participants underwent comprehensive blood pressure and 

anthropometric assessments.  Resting blood pressure was measured with an 

appropriately sized cuff while they were seated in a relaxed position.  BMI was 

recorded in kg/m², and body fat percentage was estimated using a Bioelectrical 

Impedance Analyzer (BIA).  Biochemical indices were assessed during the medical 

examination, with blood samples collected within a 12-month window of informed 

consent.  After an overnight fast, 15 mL of blood was drawn into EDTA tubes, with 

plasma frozen at -80°C for later analysis.  Blood lipid profiles were measured through 

enzymatic analysis, achieving a coefficient of variation of ≤ 3% for cholesterol and ≤ 
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5% for triglycerides, using Abbott Laboratories’ ARCHITECT c System with 

designated assay kits and reagents. 

 

3.2.5 Dietary patterns 

Dietary patterns refer to the habitual dietary behaviors and food choices individuals or 

groups consistently follow.  These patterns are shaped by cultural, socioeconomic, 

environmental, and personal factors and play a critical role in determining overall health 

and well-being.  Common diet patterns include the Mediterranean diet, vegetarian and 

vegan diets, ketogenic diets, intermittent fasting, and the standard American diet. 

Dietary patterns significantly influence physical health, mental well-being, and 

longevity.  Scientific literature highlights the profound connection between diet and 

health outcomes.  A 2019 review in The Lancet emphasized the importance of plant-

based diets for both human health and environmental sustainability.  Similarly, several 

studies in other journals like Nutrition Reviews and American Journal of Clinical 

Nutrition have explored the benefits of various diets in preventing non-communicable 

diseases.  Emerging research also focuses on personalized nutrition, where genetic, 

metabolic, and microbiome data inform dietary recommendations.  In the present study, 

dietary patterns were derived using principal component analysis, which identified 

distinct patterns such as “Western,” and “Mediterranean.”  The aim was to investigate 

how adherence to these specific patterns relates to health outcomes. 

 

3.2.6 Statistical Analysis 

Principal Component Analysis (PCA) was used to identify dietary patterns of 

firefighters at baseline.  The scree test was used to identify the number of factors 

present.  Loading factors were calculated after a varimax rotation to obtain uncorrelated 

components that are more easily interpretable.  In order to obtain a clearer pattern, a cut-

off of ≥|0.2| in factor loadings was applied.   

Continuous characteristics were presented as mean ± SD whereas categorical variables 

were reported as frequency (percentage).  Characteristics of interest are presented 
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overall and by tertiles (Low - Medium - High) of the identified dietary patterns and 

compared using the ANOVA test or the chi-square test of independence, for continuous 

and categorical variables, respectively.   

Linear regression models were used to evaluate the effect of the identified dietary 

patterns on cardiometabolic outcomes, unadjusted, and after adjusting for age, gender, 

BMI, % body fat, max METS, and VO2 max.  The resulting beta coefficients, together 

with the corresponding standard errors and p-values, are presented.  Regression 

assumptions were evaluated, including normality of residuals, linearity, and 

homoscedasticity through residual plots, and the presence of multicollinearity was 

assessed using the variance inflation factor.  As a sensitivity analysis, the identified 

dietary patterns were used in the models as continuous variables as well as in tertiles.   

All statistical analyses were performed using SAS Version 9.3 (SAS Institute Inc., Cary, 

NC).  The alpha level of significance was set at 0.05 and all tests performed were two-

sided. 

 

3.3 Results 

3.3.1 Participants’ characteristics 

The participation rate of the study was 95% and there were 426 firefighters who had 

available information and were included in the current analysis.  Table 3.1 describes the 

baseline characteristics of the participants.  The vast majority of the participants were 

males (94%) with the mean age being 47.2 ± 8.2 years and the average BMI 30.0 ± 4.5 

kg/m2 with participants having 28.1 ± 6.6 % body fat.  Only 4% of the participants were 

smokers, whereas the average amount of alcohol consumed per week was 12.81 ± 20.18 

units.  The average METS score was 11.6 ± 5.5 and the VO2 max 42.1 ± 5.0.  In terms 

of cardiovascular factors, the participants had on average SBP and DBP of 123.4 ± 8.8 

mmHg and 78.3 ± 6.1 mmHg, respectively.  Furthermore, the mean total cholesterol 

was 196.9 ± 38.3 mg/dl whereas the average HLD cholesterol and LDL cholesterol 

were 49.2 ± 11.4 mg/dl and 122.7 ± 33.1 mg/dl, respectively.  Cholesterol ratio, 

triglycerides, and glucose levels were 4.20 ± 1.30, 124.5 ± 75.7 mg/dl, and 100.0 ± 20.5 

mg/dl, respectively. 
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Table 3.1 Baseline cardiometabolic characteristics of participants 

Characteristics Overall 

(n=426) 

Males 390 (94%) 

Age (years) 47.2 (8.2) 

Height (m) 1.79 (0.07) 

Weight (kg) 96.8 (17.4) 

BMI (kg/m2) 30 (4.5) 

% body fat (%) 28.1 (6.6) 

Smoking 10 (3.9%) 

Alcohol (units per week) 12.81 (20.18) 

Max METS 11.6 (5.5) 

Est. VO2 max 42.1 (5.0) 

Systolic BP (mmHg) 123.4 (8.8) 

Diastolic BP (mmHg) 78.3 (6.1) 

Cholesterol (mg/dl) 196.9 (38.3) 

HDL cholesterol (mg/dl) 49.2 (11.4) 

LDL cholesterol (mg/dl) 122.7 (33.1) 

Cholesterol Ratio 4.20 (1.30) 

Triglycerides (mg/dl) 124.5 (75.7) 

Glucose (mg/dl) 100.0 (20.5) 

BMI - Body mass index, Max METS- Maximum Metabolic Equivalents of Task, Est. VO2 max -Estimated 

Maximal Oxygen Uptake, BP-Blood Pressure 

 

3.3.2 Dietary patterns  

The scree test of the PCA indicated two distinct factors and these were identified as a 

Mediterranean Diet (MD) component and a Standard American Diet (SAD) component.  
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The total number of food items included in the analysis was 148, out of which 96 had a 

loading factor above the pre-set cut-off of |0.2|.  The Mediterranean style diet included 

57 of these items and comprised of things like vegetables (such as raw spinach (0.673) 

and romaine lettuce (0.601)), fruits (such as peaches (0.554) and apples (0.368)), red 

wine (0.258), nuts (such as walnuts (0.201) and other nuts (0.259)), and brown rice 

(0.246).  Table 3.2 provides a detailed list of all 57 items with the corresponding 

estimated loading factor, listed in descending order of the loading factor.  

 

 

Figure 5 Scree Plot and Variance Explained from Principal Component Analysis 

 

Figure 5 shows the scree plot (left) that displays the eigenvalues of the principal 

components, illustrating the point at which the explained variance levels off, used to 

determine the number of components to retain and the variance explained plot (right) 

shows the proportion of variance accounted for by each principal component and the 

cumulative variance, demonstrating that most of the variability in the data is captured by 

the first few components. 
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Table 3.2 Loading factors from PCA analysis for top scored food items that are part of 

Dietary Pattern - Mediterranean Diet  

Food Item Loading Factor 

Raw spinach 0.673 

Romaine lettuce 0.601 

Beans 0.599 

Cantaloupe 0.564 

Peaches 0.554 

Cooked spinach 0.553 

Celery 0.543 

Peppers 0.538 

Raw carrot 0.476 

Cooked carrot 0.475 

Orange winter squash 0.465 

Orange 0.454 

Blueberries 0.453 

Peas 0.433 

Apricot 0.432 

Low carb bars 0.424 

Low calory beverage without caffeine 0.422 

Cream cheese 0.404 

Avocado 0.402 

Salsa 0.399 

Sweet potato 0.397 

Tomato 0.396 

Energy bars 0.391 

Banana 0.390 

Rye bread 0.390 

Cabbage 0.381 

Kale 0.369 

Apple 0.368 

String beans 0.334 

Olive oil 0.328 

Cottage ricotta cheese 0.315 

Tomato sauce 0.300 
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Tofu 0.290 

English muffin/Bagels/Rolls 0.287 

Raisin grapes 0.286 

Bacon 0.266 

White wine 0.265 

Breakfast bars 0.260 

Other nuts (other than peanuts/walnuts) 0.259 

Red wine 0.258 

Potato 0.256 

Zucchini 0.252 

Margarine 0.251 

Brown rice 0.246 

Pure butter 0.236 

Eggs 0.228 

Pretzel 0.215 

Yogurt 0.212 

Tomato juice 0.212 

Apple juice 0.211 

Plain yogurt 0.210 

Peanut butter 0.209 

Coffee 0.209 

Cooked cereal (other than oatmeal) 0.206 

Popcorn 0.204 

Walnuts 0.201 

Fresh fried potatoes 0.200 

 
Similarly, thirty-nine items scored loading factors above |0.2| in the Standard American 

diet, and those included items like red meat (such as hamburger (0.294) and pork 

(0.291), pasta (0.235), and sweets (such as brownies (0.301) and ready-made pie 

(0.288)).  The detailed list of all 39 items and their loading factor, listed in descending 

order of the loading factor, is provided in Table 3.3. 
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Table 3.3 Loading factors from PCA analysis for top scored food items that are part of 

Dietary Pattern - Standard American Diet 

Food Item Loading Factor 

Other Fish (other than dark meat fish) 0.900 

Corn 0.877 

Dark meat fish 0.877 

Brussels 0.863 

Chicken with skin 0.835 

Cauliflower 0.831 

Broccoli 0.811 

Mayonnaise 0.754 

Sweets 0.752 

Bologna 0.728 

Ice lettuce 0.701 

Cooked oatmeal  0.699 

Orange juice 0.694 

Strawberries 0.673 

Mixed vegetables 0.647 

Whole grain bread 0.582 

Chicken sandwich 0.566 

Beef burger sandwich 0.560 

Cooked onions 0.476 

Hotdog 0.475 

Chicken without skin 0.458 

Breaded fish pieces 0.452 

Oil and vinegar 0.443 

Onions as a garnish 0.433 

White rice 0.370 

Beef  0.304 

Brownie 0.301 

Chicken hot dog 0.301 

Processed meat 0.296 

Hamburger 0.294 

Cooked Shrimp 0.292 

Pork 0.291 
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Carbonated drink with sugar but no 
caffeine 

0.288 

Ready-made Pie 0.288 

White bread 0.281 

Punch 0.273 

Oat Bran 0.271 

Other fresh juice (other than orange 
and grapefruit) 

0.241 

Pasta 0.235 

Cake  0.200 
 
 

3.3.3 Categorization of participants according to the diet pattern  

The 426 participants that provided information about their diet preferences were 

categorized in different diet styles using tertiles of their Mediterranean Diet (MD) and 

Standard American Diet (SAD) diet components.  For each dietary pattern, individual 

food items contributed through their loading factors, and a total score was calculated for 

each participant by summing the weighted contributions of these items, allowing 

classification into tertiles of adherence.  This is presented in Table 3.4.  A number of 

our participants had a score in the high tertile in both MD and SAD (n=87) where 

participants who had score in the low tertile on MD had the tendency to have a score in 

the low tertile on SAD as well (n=81).  The tertile cutoffs were defined using equal 

intervals to categorize participants’ scores. 

 

Table 3.4 Different dietary patterns of participants. 

Standard American 
Diet 

Mediterranean Diet Total 

Low Medium High 

Low 81 46 15 142 

Medium 44 58 40 142 

High 17 38 87 142 

Total 142 142 142 426 
 

 



44 

 

3.3.4 Association of dietary patterns with cardiometabolic outcomes  

Table 3.5A and Table 3.5B compare health and physiological characteristics between 

individuals in the Low, Medium, and High adherence levels within each of the Standard 

American Diet (SAD) and the Mediterranean Diet (MD) pattern.  They include physical 

metrics (e.g., height, weight), health indicators (e.g., body fat percentage, cholesterol 

levels), fitness measures (e.g., VO2 max, Max METS), blood pressure (diastolic and 

systolic), and blood metrics (e.g., HDL, LDL, triglycerides, and glucose).  Mean values 

and standard deviation are provided, along with the p-values of the F-test from the 

ANOVA analysis, checking for statistical significance in terms of differences in the 

average values of the three groups of adherence.  

For weight, SAD shows a significant difference between the Low adherence and High 

adherence groups (average of 93.3 ± 16.20 kg vs. 101.11 ± 19.18 kg, respectively, p < 

0.001).  In contrast, average weight under MD remains relatively stable across 

adherence levels, from 96.00 ± 14.80 kg in the Low adherence group to 97.80 ± 18.33 

kg in the High adherence group (p = 0.698).  Body fat percentage for SAD increases 

slightly from 27.24 ± 6.95 % (Low) to 29.03 ± 6.70 % (High) with p = 0.084, while for 

MD, it is similar in all three groups and it takes average values between 27.74 ± 7.30 % 

(High) and 28.31 ± 6.87 % (Medium), with p = 0.778. 

Triglycerides show a marked increase in SAD, from 106.79 ± 59.75 mg/dL in the Low 

adherence group to 145.20 ± 93.08 mg/dL in the High adherence group (p < 0.001).  In 

MD, the range is narrower, from 119.56 ± 64.83 mg/dL to 129.11 ± 76.01 mg/dL in the 

Medium and High adherence groups, respectively, p = 0.581.  Similarly, HDL 

cholesterol within tertiles of SAD decreases significantly from 51.52 ± 12.00 mg/dL 

(Low) to 47.29 ± 10.66 mg/dL (High), resulting in p = 0.008, while within MD tertiles 

the mean HDL cholesterol shows more stability, ranging from 48.54 ± 10.64 mg/dL 

(Low) to 49.90 ± 11.37 mg/dL (High), with p = 0.612. 

VO2 max, an indicator of cardiorespiratory fitness, decreases slightly in SAD from 

42.58 ± 5.31 to 41.58 ± 4.89 in the Low and High groups (p = 0.258), and remains 

stable in MD around 42 ± 5 (p = 0.960).  Blood pressure shows no significant trends in 

either diet. Diastolic BP in SAD ranges from 78.01 ± 6.08 mmHg to 78.80 ± 6.19 
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mmHg (p = 0.539), while in MD, it ranges from 77.72 ± 6.38 mmHg to 78.70 ± 6.08 

mmHg to (p = 0.338). 

  

Table 3.5A Cardiometabolic characteristics - Standard American Diet 

Characteristi
c 

Standard American Diet 

 Low Medium High p 

Height (m) 1.79±0.07 1.79±0.07 1.80±0.07 0.155 

Weight (kg) 93.3±16.20 96.02± 15.71 101.11± 
19.18 

<0.00
1 

% body fat 
(%) 

27.24 ± 6.95  27.89 ± 6.17 29.03 ± 6.70 0.084 

Max METS 12.16 ± 9.24  11.29 ± 1.31 11.24 ± 2.43 0.318 

VO2 max 42.58 ± 5.31 42.19 ± 4.69  41.58 ± 4.89 0.258 

Diastolic BP 
(mmHg) 

78.21 ± 5.86  78.01 ± 6.08 78.80 ± 6.19 0.539 

Systolic BP 
(mmHg) 

123.05 ± 8.86 123.17 ± 
8.72 

123.98 ± 
8.93 

0.639 

Cholesterol 
(mg/dl) 

193.15 ± 38.28 199.59 ± 
39.99 

197.55 ± 
37.22 

0.363 

HDL 
cholesterol 

(mg/dl) 

51.52 ± 12.00 48.84 ± 
11.19 

47.29 ± 
10.66 

0.008 

LDL 
cholesterol 

(mg/dl) 

119.03 ± 31.70 126.90 ± 
33.73 

122.15± 
33.43 

0.150 

Cholesterol 
Ratio 

3.95 ± 1.52 4.24 ± 1.08 4.37 ± 1.25 0.023 

Triglycerides 
(mg/dl) 

106.79 ± 59.75 120.64 ± 
64.14 

145.20 ± 
93.08 

<.001 

Glucose 
(mg/dl) 

97.82 ± 18.02 102.44 ± 
27.60 

99.77± 13.20 0.180 

 

 

Table 3.5B Cardiometabolic characteristics - Mediterranean Diet 

Characteristi
c 

Mediterranean Diet 
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 Low Medium High p 

Height (m) 1.79 ± 0.07 1.79 ± 0.07 1.80 ± 0.07 0.779 

Weight (kg) 96.00 ± 
14.80 

96.77 ± 
19.00 

97.80 ± 
18.33 

0.698 

% body fat 
(%) 

28.012 ± 
5.71 

28.31 ± 6.87  27.74 ± 7.30 0.778 

Max METS 11.96 ± 9.12 11.28 ± 1.58  11.45 ± 2.44 0.578 

VO2 max 42.19 ± 4.70 42.01 ± 5.06  42.13 ± 5.18 0.960 

Diastolic BP 
(mmHg) 

78.62 ± 5.67 78.70 ± 6.08   77.72 ± 
6.38 

0.338 

Systolic BP 
(mmHg) 

123.32 ± 
8.38 

123.41 ± 
9.14 

123.49 ± 
9.01 

0.987 

Cholesterol 
(mg/dl) 

196.84 ± 
39.51 

194.77 ± 
36.96 

198.69 ± 
39.06 

0.700 

HDL 
cholesterol 

(mg/dl) 

48.54 ± 
10.64 

49.10 ± 
12.14 

49.90 ± 
11.37 

0.612 

LDL 
cholesterol 

(mg/dl) 

122.83± 
31.67 

122.01 ± 
33.96 

123.32 ± 
33.67 

0.947 

Cholesterol 
Ratio 

4.27 ± 1.63 4.16 ± 1.16 4.14 ± 1.06 0.647 

Triglycerides 
(mg/dl) 

124.80 ± 
87.07 

119.56 ± 
64.83 

129.11 ± 
76.01 

0.581 

Glucose 
(mg/dl) 

101.20 ± 
20.46 

98.19 ± 
19.10 

100.64 ± 
21.78 

0.440 

 

Prior to interpreting the regression results, a comprehensive evaluation of the regression 

assumptions was performed.  Diagnostic plots were generated for each model to assess 

linearity, normality of residuals, homoscedasticity and presence of influential 

observations.  Indicative figures 6-8 present the diagnostic panels for models predicting 

HDL cholesterol, total cholesterol, and triglycerides, respectively. 

Figure 6 displays the diagnostic plots for the regression model with HDL cholesterol as 

the dependent variable.  The residual plots appear to be approximately symmetrically 

distributed, though some slight deviations from normality are visible in the Q-Q plot.  

The residual plot suggests no strong non-linearity or heteroscedasticity.  The model 
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explains a modest portion of the variance in HDL cholesterol (R2=0.173; Adjusted 

R2=0.157). 

 

 

Figure 6 Fit diagnostics for HDL cholesterol 

 

Figure 7 displays the diagnostic plots for the regression model with total cholesterol as 

the dependent variable.  Residuals appear more normally distributed than in the HDL 

model but show greater variability and have some outliers present.  The Residual vs. 

Predicted plot exhibits a symmetric distribution but seem widespread, suggesting 

limited predictive precision.  The leverage and Cook’s D plots suggest the presence of 
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at least one high-leverage influential observation.  The model’s explanatory power is 

quite limited (R² = 0.031; Adjusted R² = 0.012. 

 

 

Figure 7 Fit diagnostics for total cholesterol 

 

Figure 8 presents the diagnostics for the regression model predicting triglycerides 

levels.  There are some high values, as evident in the residual and studentized 

residual plots, as well as the histogram.  The normal Q-Q plot shows some skewness 

likely drawn by the presence of a few high triglyceride values.  Cook’s D and 

leverage plots show some potential influential data points that may affect the fit of 
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the model.  Although slightly better than the total cholesterol model, the explanatory 

power remains low (R² = 0.097; Adjusted R² = 0.079). 

 

 

Figure 8 Fit diagnostics for triglycerides 

 

The associations of dietary patterns, as a continuous variable of SAD or MD score, with 

cardio-metabolic outcomes in both simple and multivariable regression models are 

shown in Table 3.6.  In the unadjusted models, a unit increase in the SAD score was 

associated with significant increases in total cholesterol (β=4.58, p=0.014), LDL 

cholesterol (β=3.88, p=0.017), and a non-statistically significant decrease in HDL 
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cholesterol (β=-0.59, p=0.292).  There was also a significant association between MD 

and HDL cholesterol with an increase in HDL for a unit increase in MD (β=1.14, 

p=0.045).  In multivariable models, after adjusting for age, gender, VO2 max, max 

METS, BMI, and body fat %, SAD was associated with a higher cholesterol levels 

(β=4.49, p=0.015) and cholesterol ratio (β=0.12, p=0.026), as well as a decrease in HDL 

cholesterol (β=-0.292, p=0.578), though this was not statistically significant.  We also 

observed an increase in triglycerides (β=5.83, p=0.090), albeit the effect of SAD score 

on triglycerides was not statistically significant.  On the other hand, MD was 

significantly associated with an increase in HDL cholesterol (β=1.20, p=0.036) in the 

adjusted analysis and a non-statistically significant decrease in cholesterol ratio (β=-

0.05, p=0.358). 

 

Table 3.6 Association of diet patterns with cardiometabolic outcomes. 

 Unadjusted models Adjusted models* 

Outcome Standard American 
Diet 

Mediterranean diet Standard American 
Diet 

Mediterranean diet 

 β se p β  se p β Se p β se p 

BMI 0.23 0.23 0.292 0.15 0.24 0.527 0.02 0.19 0.922 0.30*
* 

0.21 0.15 

Body Fat% 0.45 0.33 0.166 -0.22 0.35 0.537 0.26 0.27 0.331 0.02*
* 

0.20 0.94 

Cholesterol 4.58 1.86 0.014 0.85 1.92 0.657 4.49 1.84 0.015 1.18 2.02 0.56 

HDL 
cholesterol 

-0.59 0.56 0.29 1.14 0.57 0.045 -0.292 0.52 0.578 1.20 0.57 0.04 

LDL 
cholesterol 

3.88 1.61 0.017 -0.03 1.66 0.985 3.76 1.63 0.022 -0.31 1.79 0.87 

Cholesterol 
ratio 

0.14 0.06 0.033 -0.08 0.07 0.244 0.12 0.05 0.026 -0.05 0.06 0.36 

Triglycerides 7.73 3.69 0.037 -0.09 3.79 0.982 5.83 3.43 0.090 1.37 3.75 0.72 

Glucose -0.53 1.00 0.594 -1.05 1.02 0.305 -0.97 0.94 0.506 -0.01 1.03 0.99 

*Adjusted for gender, max METS, VO2 max, age, BMI, and body fat %. **Adjusted for gender, max METS, 
VO2 max, age. 
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Table 3.7 examines the effects of dietary adjustments and adherence levels (Low, 

Medium, High) in the Standard American Diet (SAD) and the Mediterranean Diet (MD) 

on various health metrics.  Data is presented in terms of regression coefficients (β), 

standard errors (se), and p-values.  These are shown for crude values, adjusted models, 

and models further adjusted for diet patterns, capturing how dietary adherence impacts 

health outcomes. 

For total cholesterol, crude values in SAD show a β of 4.40 (p = 0.344) for High vs. 

Low adherence, and this changes to 4.78 (p = 0.328) after adjustment.  MD shows 

minimal change, with β = 3.32 (p = 0.488) for High vs. Low after adjustment.  

Triglycerides in SAD display significant increases, with a crude coefficient of 38.41 (p 

< 0.0001) for High vs. Low, dropping to -33.49 (p = 0.028) after diet adjustment, 

indicating that dietary patterns strongly influence triglyceride levels.  Given this 

reversal, we see that the initially observed increase in triglycerides is likely confounded 

by dietary habits, and once adjusted, the association suggests an inverse relationship 

independent of diet. 

HDL cholesterol decreases significantly in SAD, with crude values showing β = -4.22 

(p = 0.002) for High vs. Low; this is weakened but remains significant with β = -2.88 (p 

= 0.037) after adjustment.  MD demonstrates no significant relation with HDL, with 

adjusted β = 1.24 (p = 0.360) for High vs. Low.  For BMI, SAD shows a significant 

crude increase of β = 1.88 (p = 0.0006) for High vs. Low, which flips to a significant 

decrease after diet adjustment, with β = -2.05 (p = 0.0004).  Body fat percentage follows 

a similar trend, with SAD showing crude β = 1.73 (p = 0.028), switching to β = -2.22 (p 

= 0.010) after adjustment.  These findings suggest that the observed adverse effects of 

SAD on HDL cholesterol, BMI, and body fat percentage are at least partially driven by 

dietary factors, as evidenced by the reversal of associations after adjustment. 

Similarly, there are notable increases in glucose between SAD tertiles, with a crude β = 

4.62 (p = 0.065) for Medium vs. Low adherence, which becomes β = 5.58 (p = 0.027) 

after adjustment. MD shows minimal changes, with β = 1.21 (p = 0.628) after 

adjustment.  Finally, cholesterol ratio in SAD shows a significant crude increase of β = 

0.42 (p = 0.007) for High vs. Low adherence, becoming moderate with β = 0.32 (p = 

0.054) after adjustment, and reversing to a significant decrease of β = -0.56 (p = 0.0009) 

after diet pattern adjustment.   
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We also examined potential interactions between dietary adherence and key covariates 

such as age, sex, and baseline health metrics.  None of these interactions were 

statistically significant, indicating that the reported associations are consistent across 

subgroups. 

 

Table 3.7 Association of dietary patterns in tertiles with cardiometabolic outcomes 

  Standard American Diet Mediterranean Diet 

  High vs. Low Medium vs. Low High vs. Low Medium vs. Low 

  β (se) p β (se) p β (se) p β (se) p 

Total Cholesterol Crude 4.40 (4.64) 0.344 6.43 (4.68) 0.170 1.85 (4.64) 0.690 -2.07 (4.69) 0.659 

 Adjusted 4.78 (4.88) 0.328 9.46 (4.81) 0.050 3.32 (4.78) 0.488 -0.19 (4.80) 0.969 

 Adjusted for 
Diet Pattern 

-4.07(5.00) 0.416 2.43(4.80) 0.612 -0.27(4.61) 0.953 -1.40(4.62) 0.762 

Triglycerides Crude 38,41 (9.01) <0.0001 13.86 (9.07) 0.128 4.30 (9.19) 0.640 -5.24 (9.27) 0.571 

 Adjusted 14.60 (14.94) 0.3292 1.82 (14.73) 0.902 -5.57 (14.55) 0.703 -18.95 (14.61) 0.195 

 Adjusted for 
Diet Pattern 

-33.49(15.20) 0.028 -31.13(14.61) 0.034 10.89 (14.16) 0.442 -8.88(14.17) 0.531 

HDL cholesterol Crude -4.22 (1.37) 0.002 -2.67(1.38) 0.053 1.36 (1.38) 0.324 0.57(1.39) 0.684 

 Adjusted -2.88 (1.38) 0.037 2.40 (1.36) 0.078 1.24 (1.35) 0.360 0.01 (1.36) 0.992 

 Adjusted for 
Diet Pattern 

5.91(1.45) <0.0001 3.07(1.40) 0.028 -1.67(1.38) 0.225 -0.84(1.38) 0.541 

LDL cholesterol Crude 3.12 (4.05) 0.442 7.86(4.06) 0.053 0.49 (4.06) 0.904 -0.82 (4.87) 0.840 

 Adjusted 3.60 (4.39) 0.413 10.82 (4.32) 0.013 3.18 (4.32) 0.463 3.46 (4.33) 0.424 

 Adjusted for 
Diet Pattern 

-3.40(4.51) 0.451 5.96(4.34) 0.171 -1.62(4.18) 0.700 1.18(4.19) 0.779 

Cholesterol ratio Crude 0.42 (0.16) 0.007 0.29 (0.16) 0.067 -0.11 (0.16) 0.480 -0.14 (0.16) 0.377 

 Adjusted 0.32 (0.16) 0.054 0.34 (0.16) 0.037 -0.10 (0.16) 0.530 -0.02 (0.161) 0.882 

 Adjusted for 
Diet Pattern 

-0.56(0.17) 0.0009 -0.25(0.16) 0.118 0.20(0.16) 0.207 0.08(0.16) 0.604 

Glucose Crude 1.95 (2.48) 0.432 4.62 (2.50) 0.065 -0.56 (2.48) 0.821 -3.01 (2.50) 0.229 

 Adjusted 1.69 (2.55) 0.508 5.58 (2.52) 0.027 1.21 (2.50) 0.628 -2.54 (2.51) 0.312 

 Adjusted for 
Diet Pattern 

-3.06(2.64) 0.247         1.44(2.54) 0.569 0.41(2.46) 0.870 -2.53(2.46) 0.306 

BMI at baseline Crude 1.88 (0.55) 0.0006 0.59 (0.55) 0.297 0.40 (0.55) 0.468 0.20 (0.55) 0.720 
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 Adjusted for 
Diet Pattern 

-2.05(0.58) 0.0004 -1.39(0.558) 0.013 -0.37(0.55) 0.500 -0.23(0.55) 0.678 

Body fat% Crude 1.73 (0.81) 0.028 0.65 (0.81) 0.425 -0.38 (0.81) 0.641 0.19 (0.82) 0.817 

 Adjusted for 
Diet Pattern 

-2.22(0.86) 0.010 -1.40(0.83) 0.091 0.50(0.81) 0.537 0.78(0.81) 0.333 

 

3.4 Discussion 

The dietary habits of first responders, particularly firefighters, play a crucial role in their 

overall health and performance.  Our study identified two predominant dietary patterns 

among Indianapolis firefighters: the Standard American Diet (SAD) and the 

Mediterranean Diet (MD).  These findings align with existing literature that explores 

dietary behaviors among first responders and their associations with health outcomes124.  

Several studies of focus groups found that firefighters have an unhealthy diet when 

eating at the firehouse, with large portions of food, unhealthy comfort foods, and second 

servings, whereas at the comfort of their home, they follow a healthier diet128. 

Moreover, several studies have previously argued that the majority of firefighters do not 

follow any specific dietary plan, although they may have their own routine in place in 

terms of eating habits.  In our population, both dietary patterns share common food 

items, mainly fruits and vegetables.  However, the MD is richer in vegetables, such as 

spinach, pepper, peas, and dairy, whereas the SAD is richer in meat and processed 

foods, such as beef, hamburger, bacon, sausage, etc.  Sharing common food items and 

mainly fruit and vegetables could be attributed to the fact that people nowadays tend to 

eat a variety of different foods.  Therefore, there is no surprise that people who consume 

a more Western diet tend to also eat fruits and vegetables as reflected in the dietary 

pattern.  Our analysis shows that the Mediterranean diet was associated with higher 

HDL cholesterol levels.  These results are in agreement with those of other studies, 

suggesting that the Mediterranean pattern, which is characterized by high consumption 

of vegetables, is a “healthy” diet and can help lower cardiovascular risk129. 

In general, the adherence to the MD improves lipid profiles, including increases in HDL 

and stabilization of triglycerides130,131.  A study by Richard et al. found that the MD 

improved endothelial function and reduced blood pressure, further reinforcing its 
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cardiovascular benefits114,115132.  Furthermore, greater consumption of fruits and 

vegetables, which is another element of the Mediterranean Diet, is linked with higher 

fiber, folate, and potassium intakes.  Dietary fiber may play a protective role against 

non-communicable diseases and even though the mechanism for this is not fully 

understood, higher intakes of fruits and vegetables are strongly associated with lower 

CVD development17,133. 

In contrast, the Standard American Diet was characterized by high consumption of red 

meat and sugary foods134.  Meat and meat products are common constituents of the 

standard American diet; in accordance with the US Department of Agriculture (USDA), 

consumers ate on average 100.8 kg of red meat and poultry in 2018135.  Meta-analysis 

studies showed that the greater consumption of processed meat is associated with a 42% 

higher risk of developing coronary heart disease and 19% higher risk of developing type 

II diabetes.  In our study, the Standard American diet was associated with an increase in 

LDL cholesterol and total cholesterol levels136,137.  These results support the fact that 

high saturated fat diets are associated with worse cardiometabolic outcomes. 
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4 The Dietary Inflammatory Index and cardiometabolic parameters 

in US firefighters 

4.1 Introduction 

Cardiovascular diseases (CVD) account for more than 30% of global deaths, with more 

than 18 million people dying from CVD-related conditions138.  Several studies have 

identified inflammation as the main underlying cause of CVD139,140.  A poor diet, which 

includes large quantities of calorically dense foods, rich in simple carbohydrates and fat, 

is known to be pro-inflammatory141,142.  The chronic inflammation caused by such a diet 

provides a substrate for mechanisms that operate systemically or locally through tissue-

simmering inflammation to increase the risk of CVD143,144.  By contrast, a nutrient-

dense diet abundant in fruits, vegetables, and fish exhibits anti-inflammatory properties 

that can improve immune response, thereby offering protection against a range of 

chronic non-communicable diseases, including diabetes, cancer, and CVD145,146, as well 

as infectious diseases, such as COVID-19147,148. 

The Dietary Inflammatory Index (DII®) was developed to quantify the potential effect 

of diet in connection to putative inflammation-related health parameters149.  The DII 

quantifies the impact of diet on an individual’s level of inflammatory potential, based on 

45 food parameters.  The DII was developed and validated by researchers at the 

University of South Carolina and has been used extensively in different populations and 

across a wide variety of health conditions150,151.  The Energy-adjusted Dietary 

Inflammatory Index (E-DII™) was developed to account for the influence of total 

energy consumption on inflammation151.  Both the DII and E-DII are based on the 

careful reviews and scoring of 1943 peer-reviewed articles152.  A pro-inflammatory diet, 

indicated by a high DII score, typically contains high concentrations of saturated fats 

and refined carbohydrates, and low concentrations of polyunsaturated fatty acids 

(PUFAs) and flavonoids.  A low DII score results from consuming less energy-dense 

foods and from eating more fruits and vegetables. 

Evidence has shown that the DII can capture the inflammatory potential from diet and, 

therefore, represents an important innovation in addressing the association between 

dietary inflammation and health parameters153,154.  Over 50 studies have validated the 

use of the DII or E-DII as a measure of inflammation linking it to markers such as CRP, 
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IL-6, and TNF-α- R2155–159.  Additionally, over 1,000 studies demonstrated an increased 

risk of chronic disease, including CVD and metabolic syndrome, in people with higher 

DII scores160–163.  For example, the DII score was used in a large case-control study in 

Italy, where researchers examined the association between DII scores and breast cancer 

risk.  The study involved over 3,000 women and found that those with higher DII scores 

had a 75% higher risk of developing breast cancer compared to those with more anti-

inflammatory diets164.  This study was crucial in highlighting that diet-related 

inflammation could play a direct role in cancer development. 

Similarly, in the Australian Longitudinal Study on Women's Health, a study of over 

6,000 women, it was reported that higher DII scores were linked with an increased risk 

of developing depressive symptoms over time165.  This suggests that the DII is not only 

relevant to physical health but also to mental health, likely due to the relationship 

between inflammation and neuro-inflammation, which is implicated in depression. 

Another notable example of the importance of DII is the National Health and Nutrition 

Examination Survey (NHANES) data analysis from the United States.  Researchers 

found that higher DII scores were associated with increased mortality from all causes, 

particularly cardiovascular mortality, further emphasizing the predictive value of DII for 

long-term health outcomes166.  The DII has also been explored in relation to the 

metabolic syndrome and type 2 diabetes.  A study conducted in Iran among 3,800 adults 

reported that higher DII scores were significantly associated with greater odds of 

metabolic syndrome and insulin resistance167.  The inflammation-modulating role of 

diet could be a key pathway linking poor dietary patterns to these disorders. 

Among firefighters, the most frequent cause of on-duty death is sudden cardiac death 

(SCD), due to underlying CVD and/or cardiomegaly168, with almost half of all on-duty 

fatalities attributed to CVD60,112 and caused by SCD, strokes, aneurysms, and other 

CVD-related conditions.  Firefighters have very demanding jobs, yet their eating habits 

are often similar to those of the general U.S population, and many of the meals at the 

fire station include processed foods and sugar-sweetened beverages115,169,170.  

There have not been many studies looking at the association of DII and cardiovascular 

risk parameters among firefighters.  A study conducted by Vatandoost et al., among 

firefighters of the Tehran region in Iran, suggested that HDL and hs-CRP levels are high 

among firefighters with high DII scores.  However, there were no significant differences 
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in the mean levels of HDL cholesterol and CRP in the observed population, after 

adjusting for other relevant confounders171. 

Considering the importance of firefighters being in good physical condition, and the 

demanding nature of their work, it is important to investigate the association between 

diet-associated inflammation and CVD risk indices in this group of individuals.  The 

aim of this study was to identify the association between DII/E-DII scores and 

cardiometabolic parameters among US firefighters.  This would give us a better 

understanding of the dietary habits of firefighters and provide a connection of the 

energy adjusted DII (E-DII) scores (derived from the dietary habits of this population) 

with CVD by allowing us to evaluate whether those with higher E-DII levels have an 

elevated risk for CVD, compared to those with lower E-DII scores.  

 

4.2 Methods 

4.2.1 Dietary Assessment and Diet Inflammatory Index 

A validated food frequency questionnaire was administered at the commencement of the 

study to establish baseline dietary habits among participants120.  The questionnaire 

collected information on food consumption (as an average consumption over the period 

of the previous year) of 131 different items and participants were questioned about their 

frequency of consuming specific foods over the past year.  Food items included fruit, 

vegetables, meat, cereal, sweets, baked goods etc.  For each food item, a standard 

portion size and nine response options ranging from "never or less than once per month" 

to "6 or more times per day" were provided (see Appendix 1).  Nutrient and energy 

intake was determined by multiplying the reported food consumption with its respective 

nutrient and energy content using data from the US Department of Agriculture database, 

supplemented with information from manufacturers. 

The inflammatory potential of individuals’ diets was assessed using the Dietary 

Inflammatory Index (DII) and the Energy-adjusted DII (E-DII).  These indices measure 

the inflammatory impact of diets on a scale ranging from highly anti-inflammatory (low 

scores) to highly pro-inflammatory (high scores).  The DII was developed through a 

comprehensive process, detailed elsewhere165, involving a thorough literature review 
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that identified 45 food parameters, such as macronutrients, vitamins, minerals, 

flavonoids, and whole food items, like garlic and others, linked to six inflammatory 

biomarkers (interleukins (IL)-1b, -4, -6, -10, tumor-necrosis factor-alpha (TNFa), and 

C-reactive protein (CRP)).  In the majority of studies not all 45 parameters are provided 

but rather a reduced number is available, and, hence, the calculation of DII is adjusted 

accordingly - in our study, from the information collected in the FFQ, 29 food 

parameters were available for further use.  

To calculate the DII scores, the self-reported values were converted into z-scores using 

a global comparative database from 11 countries, by subtracting from the individual’s 

self-reported value the mean of the global database and then dividing by the standard 

deviation.  Z-scores were then transformed into proportions (ranging from 0 to 1) and 

centered at zero by doubling each and subtracting 1.  The sum of these scores provided 

the overall DII score.  The Energy-adjusted DII scores which were calculated per 1000 

kcal consumption using a density approach, followed a similar procedure but utilized an 

energy-adjusted global comparison database.  Both DII and E-DII scores can range from 

approximately -9 to +8, indicating a spectrum from minimally pro-inflammatory to 

maximally pro-inflammatory, respectively. The scoring methodology and scaling are 

consistent between DII and E-DII, ensuring compatibility across different studies.  

For this study, all available food parameters from the FFQ (29 out of the possible 45) 

were used to calculate an individual’s overall DII score.  For the E-DII, energy was in 

the denominator, so, 28 parameters were used for the computation.  The food 

parameters used included: alcohol, caffeine, zinc, fiber, omega-3, Isoflavones, selenium, 

flavonols, vitamin B12, carbohydrate, anthocyanidins, iron, omega-6, protein, selenium, 

flavonones, vitamin B6, cholesterol, magnesium, riboflavin, thiamin, beta carotene, 

vitamin D, fat, niacin, flavones, SFA, vitamin C, and energy. 

 

4.2.2 Anthropometric parameters 

Data on physical activity was collected during the participants’ assessments from the 

fire department medical examinations at Public Safety Medical (PSM) clinics, which is 

led by an IFD-contracted physician.  The examination included the collection of 

occupational, smoking, and medical history; a physical examination, including body 
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mass index (BMI= weight (kg)/height (m)2) and body fat measurements (using 

bioelectrical impedance); routine laboratory tests; resting electrocardiograms; and 

maximal treadmill exercise testing. 

 

4.2.3 Risk Parameters  

During the baseline visit, participants underwent blood pressure and anthropometric 

assessments.  Resting blood pressure was measured while seated, and height, weight, 

and BMI were also recorded.  Body fat percentage was estimated using a Bioelectrical 

Impedance Analyzer (BIA).  Additional biochemical indices were evaluated during 

medical exams, with measurements taken closest to the study consent date and within a 

12-month period.  After an overnight fast, 15 mL of blood was collected in EDTA 

tubes, with plasma frozen at -80°C.  Blood lipid profiles were analyzed using automated 

high-throughput enzymatic methods, with a coefficient of variation of ≤3% for 

cholesterol and ≤5% for triglycerides, using the ARCHITECT c System from Abbott 

Laboratories Statistical Analysis. 

 

4.2.4 Statistical Analysis 

Characteristics measured on a continuous scale and having a normal distribution are 

presented as mean ± standard deviation (SD), whereas categorical variables are reported 

as frequency (percentage).  Normality of continuous variables was assessed visually 

using histograms and box plots, and, when appropriate, with the Shapiro-Wilk test.  

After evaluating the model’s Goodness of Fit  using the Hosmer-Lemeshow test, it was 

decided that the E-DII performed better than the DII and it was thereafter used in the 

analysis.   

Variables of interest are shown overall and stratified by levels of E-DII score (low vs. 

high, with the cut-off point being the median=-0.09); the two groups are compared 

using the t-test and the chi-square test of independence, for quantitative and qualitative 

characteristics, respectively.  Linear regression models were fit to assess the effect of E-

DII score on cardiometabolic risk, after adjusting for age, gender, BMI, body fat 

percent, max metabolic equivalents (METS), and oxygen consumption (VO2).  The 
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resulting beta coefficients are presented, together with the corresponding 95% 

confidence intervals and p-values.  As a sensitivity analysis, E-DII scores were used in 

the models as continuous variables as well as in a binary form (low vs. high).   

All the statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., 

Cary, NC, USA).  The alpha level of significance was set at 0.05 and all the tests 

performed were two-sided.  

 

4.3 Results 

There were 426 participants with available data for whom the average E-DII was 

calculated.  The average E-DII was 0.03 ± 1.8.  Table 4.1 presents the baseline 

characteristics of the participants categorized into low (below the median, n=213) and 

high (above the median, n=213) E-DII (Dietary Inflammatory Index) score groups, with 

p-values indicating statistical difference between the two groups.   

Males comprised 94% of the sample, with 90.6% in the low and 94.4% in the high E-

DII group, while females made up 6% (p=0.055).  The overall mean age was 48.4 ± 8.2 

years, with no significant difference between groups (p=0.216).  Height was similar 

across groups (p=0.102), but weight was significantly higher in the high E-DII group 

(97.0 ± 18.6 kg) compared to the low group (92.6 ± 17.5 kg) (p=0.014).  Similarly, BMI 

(30.6 ± 4.7 kg/m2 vs. 29.3 ± 4.1 kg/m2, p=0.002) and body fat percentage (28.8 ± 0.4 vs. 

27.3 ± 0.5, p=0.03) were also higher in the high E-DII group.  No significant differences 

were observed in diastolic (p=0.134) or systolic blood pressure (p=0.356).  

Cardiovascular fitness measures, including max METS (overall, 11.5 ± 5.4) and VO2 

max (overall, 42.1 ± 4.9 mL/(kg·min)), showed no significant differences (p=0.78 and 

p=0.22, respectively).   

Blood lipid profiles indicated that total cholesterol (200.9 ± 38.5 mg/dl vs. 192.8 ± 37.8 

mg/dL, p=0.03), cholesterol ratio (4.41 ± 0.10 vs. 3.98 ± 0.07, p=0.001), and 

triglycerides (145.8 ± 156.3 mg/dl vs. 113.3 ± 60.7 mg/dL, p=0.005) were significantly 

higher in the high E-DII group, while HDL cholesterol was lower (47.9 ± 11.1 mg/dl vs. 

50.4 ± 11.6 mg/dL, p=0.02).  LDL cholesterol (p=0.33) and glucose levels (p=0.50) 

showed no significant differences.  These findings suggest that higher E-DII scores are 
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associated with greater weight, BMI, body fat, total cholesterol, triglycerides, and a 

higher cholesterol ratio, indicating poorer metabolic health, while no significant 

differences were observed in blood pressure, cardiovascular fitness, LDL cholesterol, or 

glucose levels. 

 

Table 4.1 Baseline characteristics – Overall and by E-DII Score group 

Characteristic Overall (n=413) E- DII Score 

Low (n=213) High (n=213) p 

Sex Male 390 (94%) 90.6% 94.4%  

Female 23 (6%) 9.4% 5.6% 0.055 

Age (years) 48.4 ± 8.2 45.6 ± 8.7 44.6 ± 7.8 0.216 

Height (m) 1.77 ± 0.07 1.78 ± 0.07 1.79 ± 0.06 0.102 

Weight (kg) 96.8 ± 17.3 92.6 ± 17.5 97.0 ± 18.6 0.014 

Diastolic BP (mmHg) 78.4 ± 6.1 78.3 ± 6.0 81.03 ± 28.4 0.134 

Systolic BP (mmHg) 181.0 ± 17.9 179.7 ± 19.4 182.3 ± 16.2 0.356 

BMI (kg/m2) 30.0 ± 4.5 29.3 ± 4.1 30.6 ± 4.7 0.002 

% body fat  28.1 ± 6.1 27.3 ± 0.5 28.8 ± 0.4 0.03 

Max METS* 11.5 ± 5.4 11.4 ± 2.2 11.6 ± 7.3 0.78 

VO2 max (mL/(kg·min)) 42.1 ± 4.9 42.3 ± 5.3 41.7 ± 4.6 0.22 

Total Cholesterol (mg/dl) 196.9 ± 38.3 192.8 ± 37.8 200.9 ± 38.5 0.03 

HDL cholesterol (mg/dl) 49.1 ± 11.4 50.4 ± 11.6 47.9 ± 11.1 0.02 

LDL cholesterol (mg/dl) 121.9 ± 34.6 120.2 ± 33.2 123.6 ± 35.9 0.33 

Cholesterol Ratio 4.20 ± 1.30 3.98 ± 0.07 4.41 ± 0.10 0.001 

Triglycerides (mg/dl) 129.3 ± 117.1 113.3 ± 60.7 145.8 ± 156.3 0.005 

Glucose (mg/dl) 100.0 ± 20.3 99.3 ± 20.9 100.6 ± 19.8 0.50 

*metabolic equivalents- one MET is defined as 3.5 mL O2 uptake/kg per min, which is the resting oxygen 
uptake in a sitting position 
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The association among tertiles of E-DII scores and different cardio-metabolic 

parameters is shown in Table 4.2.  Several outcomes, including BMI, body fat 

percentage, HDL cholesterol, triglycerides, and glucose, showed no statistically 

significant differences between Medium vs. Low and High vs. Low E-DII levels.  

However, total cholesterol was significantly higher in the High vs. Low E-DII 

comparison (β = 10.37, p = 0.04), indicating that higher E-DII may be linked to 

increased cholesterol levels.  Additionally, the cholesterol ratio showed a borderline 

significant difference (β = 0.32, p = 0.05), suggesting a potential relationship between 

higher E-DII and cholesterol imbalance.  LDL cholesterol tended toward significance in 

the Low vs. Median comparison (p = 0.08), indicating a possible association.  While 

other markers did not reach statistical significance, the trends suggest that E-DII may 

influence cholesterol-related outcomes more than other metabolic measures, potentially 

increasing cardiovascular risk. 

 

Table 4.2  Association of tertiles of E-DII scores with cardiometabolic parameters  

Outcome Median Vs Low E-DII High Vs Low E-DII 

β 95% CI p β 95% CI p 

BMI -0.13 -1.14, 0.89 0.81 0.49 -0.54,1.49 0.36 

Body Fat % -0,40 -1.81, 1.02 0.58 1.13 -0.29, 2.54 0.12 

Total Cholesterol 5.51 -4.02, 15.04 0.26 10.37 0.74, 21.01 0.04 

HDL cholesterol -1.38 -4.09, 1.32 0.32 -1.02 -3.75, 1.71 0.46 

LDL cholesterol 7.85 -0.80, 16.49 0.08 6.51 -2.21, 15.22 0.14 

Cholesterol ratio 0.20 -0.12, 0.52 0.22 0.32 -0.00, 0.65 0.05 

Triglycerides -3.96 -33.0, 25.1 0.79 23.9 -5.48, 53.30 0.11 

Glucose 0.91 -4.11, 5.93 0.72 0.15 -4.93, 5.23 0.95 

*Model adjusted for age, gender, VO2 max, max METS; model additionally adjusted for BMI 
for all cardiometabolic parameters except for BMI and body fat (%) 

 

A detailed assessment of the effect of a unit increase in the E-DII score as a continuous 

measure with a number of metabolic health outcomes using unadjusted and 

multivariable models is presented in Table 4.3, with regression coefficients (β), 95% 
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confidence intervals (CI), and p-values (p) shown for each outcome.  In both crude and 

adjusted models, E-DII showed a significant positive association with BMI, with β = 

1.38 (95% CI: 0.52, 2.24, p = 0.002) in the unadjusted model and β = 0.98 (95% CI: 

0.16, 1.80, p = 0.02) in the adjusted model, suggesting that higher E-DII is associated 

with an increase in BMI.  A unit increase in E-DII was significantly associated with 

higher BMI in both models, with β = 0.29 (95% CI: 0.03, 0.55, p = 0.03) in the 

unadjusted model and β = 0.32 (95% CI: 0.07, 0.58, p = 0.01) in the adjusted model.  

Similarly, body fat percentage increases per unit increase in E-DII, with β = 1.44 (95% 

CI: 0.16, 2.72, p = 0.03) unadjusted and β = 1.50 (95% CI: 0.36, 2.65, p = 0.01) 

adjusted, indicating a consistent positive association.  

Total cholesterol also rises significantly with each unit increase in E-DII (unadjusted: β 

= 8.07, 95% CI: 0.71, 15.44, p = 0.03; adjusted: β = 8.11, 95% CI: 0.27, 15.95, p = 

0.04).  HDL cholesterol shows a significant inverse association in the unadjusted model 

(β = -2.51, 95% CI: -4.70, -0.32, p = 0.03), but this association is attenuated and no 

longer significant after adjustment (β = -0.78, 95% CI: -3.00, 1.45, p = 0.49). LDL 

cholesterol does not show a statistically significant relationship with E-DII in either 

model (unadjusted: β = 3.35, p = 0.33; adjusted: β = 5.29, p = 0.14). 

The cholesterol ratio increases significantly with a unit increase in E-DII in the 

unadjusted model (β = 0.43, 95% CI: 0.19, 0.68, p = 0.001), while the adjusted model 

shows a borderline significant association (β = 0.25, 95% CI: -0.01, 0.52, p = 0.06).  

Triglycerides are significantly elevated in the unadjusted model (β = 31.87, 95% CI: 

9.44, 54.31, p = 0.006), though this association is not maintained after adjustment (β = 

14.84, 95% CI: -9.15, 38.82, p = 0.23).  Finally, glucose levels show no significant 

change per unit increase in E-DII in either model (unadjusted: β = 1.35, p = 0.50; 

adjusted: β = -1.25, p = 0.55). 

These findings suggest that a higher E-DII score (reflecting a more pro-inflammatory 

diet) is associated with increases in BMI, body fat percentage, total cholesterol, and 

cholesterol ratio, though some associations are attenuated after adjusting for potential 

confounders. 
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Table 4.3 Association of E-DII scores with cardiometabolic parameters (continuous data) 

*Model adjusted for age, gender, VO2 max, max METS; model additionally adjusted for BMI 
for all cardiometabolic parameters except for BMI and body fat (%) 

 

4.4 Discussion 

The present study indicated that a large proportion of firefighters had high inflammatory 

dietary patterns.  This finding aligns with other analysis of our cohort, which indicated 

that many participants adhered to a Standard American Diet (SAD); a dietary pattern 

identified by high intake of red and processed meats, refined carbohydrates, added 

sugars, and saturated fats172.  Such diets are well-documented in the literature to 

promote systemic low-grade inflammation, and our findings corroborate this 

epidemiological trend.  This observation is also consistent with other research 

investigating the dietary habits of firefighters, which reported similar tendencies toward 

energy-dense, nutrient-poor dietary intake59,98,173–175. 

A significant association was found between energy-adjusted Dietary Inflammatory 

Index (E-DII) scores and adverse cardiometabolic outcomes.  More specifically, higher 

Outcome Unadjusted models Adjusted models* 

β 95% CI p β 95% CI p 

BMI 1.38 0.52, 2.24 0.002 0.98 0.16, 1.80 0.02 

Body Fat% 1.44 0.16, 2.72 0.03 1.50 0.36, 2.65 0.01 

Total Cholesterol 8.07 0.71, 15.44 0.03 8.11 0.27, 15.95 0.04 

HDL cholesterol -2.51 -4.70, -0.32 0.03 -0.78 -3.00, 1.45 0.49 

LDL cholesterol 3.35 -3.36, 10.05 0.33 5.29 -1.82, 12.41 0.14 

Cholesterol ratio 0.43 0.19, 0.68 0.001 0.25 -0.01, 0.52 0.06 

Triglycerides 31.87 9.44, 54.31 0.006 14.84 -9.15, 38.82 0.23 

Glucose 1.35 -2.58, 5.28 0.50 -1.25 -5.37, 2.88 0.55 
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E-DII scores were linked to increased body mass index (BMI), unfavorable cholesterol 

ratios, and elevated total cholesterol levels.  These results are in agreement with those of 

Ruiz-Canela et al. (2015), who demonstrated that higher DII values were positively 

associated with general and central adiposity, even when controlling for adherence to a 

Mediterranean dietary pattern163.  Our study showed that E-DII scores were associated 

with BMI (β = 0.49, p = 0.36), cholesterol ratio (β = 0.32, p = 0.05), and total 

cholesterol (β = 10.37, p = 0.04) even after adjusting for age, gender, VO2 max, max 

METS, BMI and % body fat.  Although the association with BMI did not reach 

statistical significance, the direction of the relationship is still noteworthy.  These 

findings are further supported by Sokol et al. (2016), who reported that individuals with 

higher DII scores were at greater risk for obesity, elevated triglycerides, and increased 

waist-to-hip ratios176. 

Despite growing evidence supporting the role of Dietary Inflammatory Index in 

predicting cardiometabolic outcomes, there are still inconsistencies across the studies.   

The heterogeneity observed across different studies regarding DII and cardiometabolic 

risk may be attributed to a range of factors.  Population-level differences in genetic 

predispositions, environmental exposures, and socio-cultural dietary practices can result 

in varying inflammatory responses to similar dietary patterns177.  Moreover, 

methodological differences, including how DII scores are computed, the selection of 

inflammatory biomarkers, and the statistical models employed, may also account for 

discrepancies in reported associations. 

Our findings are in line with a growing body of literature that links pro-inflammatory 

diets with a heightened risk of cardiometabolic disorders95,161,176.  High DII scores are 

indicative of diets that may promote systemic inflammation, a known contributor to the 

pathogenesis of cardiovascular disease (CVD).  Inflammatory processes associated with 

such dietary patterns have been shown to impair endothelial function, elevate oxidative 

stress, and accelerate the progression of atherosclerosis94. 

Notably, elevated E-DII scores in our sample were significantly associated with 

increased BMI and percentage of body fat.  These findings are consistent with previous 

studies indicating that individuals with higher adiposity exhibit greater levels of 

inflammatory markers and elevated CVD risk.  Adipose tissue, particularly visceral fat, 

functions as an active endocrine organ, releasing cytokines, such as interleukin-6 (IL-6) 
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and tumor necrosis factor-alpha (TNF-α), which may exacerbate inflammatory 

responses178,179.  It is plausible that demographic factors, such as age, sex, and ethnicity, 

may further modify the relationship between diet and inflammation.  For example, some 

studies report stronger associations between DII scores and cardiovascular risk among 

predominantly Caucasian populations180, which may be attributable to gene-diet 

interactions and varying baseline inflammatory profiles. 

Additionally, our study found that higher E-DII scores were significantly associated 

with elevated cholesterol levels, even after adjusting for gender, BMI, and body fat 

percentage.  This suggests that the pro-inflammatory nature of the diet may 

independently contribute to dyslipidemia.  A study conducted among Indonesian males 

reported similar findings, wherein increased DII scores corresponded with higher total 

cholesterol concentrations.  Elevated cholesterol is a critical risk factor for 

atherosclerosis and is often asymptomatic, thereby reinforcing its classification as a 

"silent killer"181,182. 

In summary, the findings of this study contribute to a robust body of evidence 

highlighting the role of dietary inflammation in cardiometabolic health.  Firefighters 

may be particularly vulnerable to the consequences of poor dietary habits due to 

occupational stress, shift work, and limited access to nutritious meals.  Interventions 

aimed at reducing dietary inflammation, such as adherence to anti-inflammatory dietary 

patterns like the Mediterranean or DASH diets183, may yield significant benefits in 

reducing systemic inflammation and improving cardiometabolic profiles in this 

population. 

Future research should investigate whether targeted nutritional interventions that lower 

E-DII scores can elicit measurable improvements in inflammatory biomarkers and 

clinical outcomes in firefighter cohorts.  Moreover, it would be valuable to explore 

whether individual-level factors, such as genetic variation or baseline metabolic status, 

influence the effectiveness of such dietary strategies. 
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5 Adherence to Mediterranean diet score and its association with 

health biomarkers 

5.1 Introduction 

Maintaining a healthy diet is fundamental to the overall well-being of an individual.  A 

well-balanced diet provides essential nutrients, minerals and vitamins to support 

fundamental physiological functions, improve the immune system and optimize energy 

levels.  Proper nutrition fuels the body and mind, ensuring the optimal performance of 

daily activities while reducing the risk of a number of health conditions184.  

Longitudinal studies tracking dietary intake through food frequency questionnaires 

(FFQs) have shown that consistent adherence to healthy dietary patterns, particularly the 

Mediterranean diet, is associated with sustained improvements in these health outcomes 

over time185. 

One of the most important benefits of adhering to a healthy diet is the prevention of 

several chronic diseases.  Diets rich in fruit and vegetables, like the Mediterranean diet, 

help regulate one’s metabolism and help maintain a healthy weight, thereby lowering 

the risk of obesity-related conditions, like type 2 diabetes, hypertension, and heart 

conditions186.  Higher adherence scores to the Mediterranean diet, reflecting more 

frequent consumption of key components, such as fruits, vegetables, whole grains, 

legumes, and olive oil, are consistently associated with reduced risk of these chronic 

conditions187.  Antioxidant-rich foods combat oxidative stress and inflammation, 

reducing the likelihood of several health conditions, such as cancer and 

neurodegenerative diseases188,189. 

Heart health is particularly influenced by dietary choices.  Diets high in trans fats, 

saturated fats, and refined sugars contribute to high cholesterol, arterial plaque buildup, 

and hypertension, increasing the risk of stroke and heart attack190.  Conversely, 

consuming nutrient-dense foods, such as those found in the Mediterranean diet, rich in 

omega-3 fatty acids, fiber, and monounsaturated fats, supports an individual’s 

cardiovascular function by improving lipid profiles, reducing blood pressure, and 

enhancing arterial health191,192.  Changes in diet adherence over time, monitored via 

repeated FFQs or adherence scoring, have shown that improving adherence to the 

Mediterranean diet leads to measurable reductions in cardiovascular risk markers193. 
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A healthy diet also plays a crucial role in cognitive function and mental well-being. 

Nutrients like omega-3 fatty acids, B vitamins, and antioxidants contribute to improved 

brain function, memory retention, and a reduced risk of other disorders, such as 

Alzheimer’s disease and dementia.  Large studies suggest that a Mediterranean-type diet 

can reduce the risk of dementia by up to 23%194,195.  Furthermore, research evidence 

indicates that dietary patterns influence mood regulation.  Diets high in processed foods, 

refined sugars, and unhealthy fats have been linked to increased rates of depression and 

anxiety, whereas balanced, nutrient-rich diets support mental health by promoting the 

production of neurotransmitters, such as serotonin and dopamine196,197.  Monitoring 

adherence to the Mediterranean diet over time allows for the evaluation of whether 

sustained dietary patterns confer greater cognitive and mental health benefits198. 

Additionally, gut health, a crucial component of a person’s overall health, is directly 

influenced by diet.  A fiber-rich diet with probiotic and prebiotic foods fosters a 

balanced gut microbiome, enhancing digestion, immune function, and even mental 

health through the gut-brain axis.  Poor dietary choices, including excessive 

consumption of processed foods and sugars, can lead to dysbiosis, contributing to 

gastrointestinal disorders, inflammation, and weakened immunity199,200.  High 

Mediterranean diet adherence scores are associated with greater fiber intake and 

improved microbiome diversity, suggesting a protective role over time201. 

Beyond disease prevention, adhering to a healthy diet fosters a better quality of life.  

Proper nutrition enhances energy levels, improves sleep patterns, and supports physical 

endurance and strength.  It also contributes to skin health, hormonal balance, and overall 

vitality199.  By prioritizing the consumption of whole, unprocessed foods, individuals 

can achieve sustainable health benefits and prevent the negative consequences 

associated with poor dietary habits202.  Tracking diet adherence longitudinally allows 

researchers to identify patterns of dietary change and their impact on quality-of-life 

metrics. 

Adherence to the Mediterranean diet, as measured by the Mediterranean Diet Adherence 

Score (MEDAS) and other measures, has been extensively studied for its impact on 

cardiometabolic health.  A systematic review and meta-analysis of observational studies 

found that individuals with the highest adherence to the Mediterranean diet had a 19% 

reduced risk of cardiovascular disease (CVD) incidence compared to those with the 
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lowest adherence relative risk (RR: 0.81; 95% CI: 0.74-0.88)203.  Similarly, another 

meta-analysis reported a 17% reduction in CVD incidence among those with the highest 

diet quality, which includes adherence to the Mediterranean diet, compared to those 

with the lowest diet quality (RR: 0.83; 95% CI: 0.82-0.84)204.  Furthermore, adherence 

to the Mediterranean diet has been consistently associated with improvements in various 

cardiometabolic risk factors.  A study from the Multi-Ethnic Study of Atherosclerosis 

(MESA) examined the relationship between MEDAS and left ventricular (LV) structure 

and function.  Higher MEDAS was associated with lower LV mass and a lower 

prevalence of LV hypertrophy, suggesting a beneficial effect on cardiac remodeling205.  

Repeated assessments of diet adherence using FFQs over time indicate that maintaining 

or improving MEDAS scores is associated with progressive improvements in 

cardiometabolic outcomes206. 

Despite the extensive evidence supporting the benefits of a healthy diet, particularly the 

Mediterranean diet, much of the research is focused on the broad population.  There 

remains a gap in understanding how adherence to the Mediterranean diet influences 

cardiometabolic outcomes in specific populations like firefighters.  In particular, 

examining changes in diet adherence over time is important, as longitudinal patterns 

may reveal how sustained or improved adherence impacts cardiovascular disease risk. 

Firefighters, who are generally healthy but work in a physically and psychologically 

demanding occupational setting, represent a unique population in which these 

associations are understudied.  

Furthermore, there are limited studies exploring the association of healthy diet and 

cardiometabolic outcomes using standardized adherence metrics like the Mediterranean 

Diet Adherence Score.  This chapter aims to address this gap by investigating the 

relationship between Mediterranean diet adherence as evaluated by the MEDAS score 

with different cardiometabolic health indicators.  By focusing on temporal changes in 

adherence and their link to CVD-related outcomes, this study provides targeted insights 

relevant to the occupational health of firefighters. 



70 

 

5.2 Methods 

5.2.1 Study participants 

The study included 426 active IFD firefighters, who were recruited between November 

2016 and April 2018 as part of the FAB study.  All individuals provided informed 

consent, and the study was conducted in full compliance with ethical guidelines.  

Participants who did not have any baseline data were excluded from the current 

analysis.  The total number of participants in this chapter differs from other chapters due 

to missing data on Mediterranean diet adherence and other key variables, and sample 

sizes vary across analyses depending on the availability of complete data for each 

outcome. 

 

5.2.2 Dietary assessment 

To assess the participants’ dietary intake, a validated 131-item FFQ was administered, 

which gathered detailed information on the frequency of consumption of various foods 

over the previous 12 months.  The questionnaire covered a range of foods categories, 

including dairy products, meats, sweets, fruit and vegetables, offering an in-depth view 

of typical dietary habits.  Data were collected at different time points during the study, 

allowing for the evaluation of diet changes over time.  For the current analysis the 

information at baseline and at 6 months after recruiting are being used. 

 

5.2.3 Risk parameters 

During the initial visit, participants underwent assessments of blood pressure and had 

anthropometric measurements performed.  Resting blood pressure was recorded while 

participants were seated, and height, weight, and Body Mass Index (BMI) were 

documented.  Body fat percentage was estimated using a Bioelectrical Impedance 

Analyzer (BIA).  Additional biochemical indices were evaluated during medical 

examinations, with measurements taken closest to the study consent date, within a 12-

month period.  Following an overnight fast, 15 mL of blood was collected in EDTA 

tubes, and plasma samples were stored at -80°C.  Blood lipid profiles were analysed 
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using automated high-throughput enzymatic methods, with coefficients of variation 

≤3% for cholesterol and ≤5% for triglycerides, utilizing the ARCHITECT c System 

from Abbott Laboratories.  The same procedures were followed for collecting 

measurements at other time points during the study. 

 

5.2.4 Mediterranean Diet Adherence Score  

The Mediterranean diet adherence score (MEDAS) is a valuable tool for assessing 

adherence to the Mediterranean diet, a dietary pattern consistently associated with 

numerous health benefits70.  Using the MEDAS provides a standard evidence-based 

score to evaluate how closely an individual’s diet aligns with the core components of 

the Mediterranean diet, such as high intake of fruit, vegetables, legumes, whole grains, 

nuts, and olive oil, moderate consumption of fish and wine, and low intake of red meat 

and processed foods207.   

One major advantage of the MEDAS score is the ability to quantify dietary adherence in 

a simple, interpreted format.  The scoring system is comprised of 14 items, and it was 

derived from the PREDIMED study208.  The MEDAS questionnaire includes questions 

about dietary habits, such as the use of olive oil as the main cooking fat, the amount of 

olive oil consumed daily, and the number of servings of vegetables and fruits eaten each 

day.  It also evaluates the intake of red meat, butter, margarine, cream, and sugar-

sweetened beverages, with lower consumption of these items being favorable.  This 

approach further examines the frequency of wine consumption, aiming for moderate 

intake, and assesses the weekly consumption of legumes, fish or seafood, nuts, and 

baked goods, encouraging higher intake of healthy items, and it further favors limited 

consumption of sweets.  Additionally, it assesses whether individuals eat poultry more 

often than red or processed meats, and how frequently they consume traditional 

Mediterranean dishes made with tomato, garlic, onion, or leeks sautéed in olive oil.  

Each item is scored based on specific criteria, and the total score reflects the 

individual’s overall adherence to the Mediterranean dietary pattern, with higher scores 

indicating greater compliance and potential health benefits (Appendix II).  The MEDAS 

score can range from 0-14.  A MEDAS score ≤5 for an individual is considered 

indicative of weak adherence to the Mediterranean diet, a score 6-9 points indicates that 
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there is fair adherence, whereas a MEDAS over 10 points means that there is good 

adherence to the Mediterranean diet209.  This scoring system allows clinicians, public 

health professionals and researchers to compare adherence levels across populations and 

track changes over time in a convenient way.   

In research settings, MEDAS has been extensively used and linked to a reduced risk of 

CVD, type 2 diabetes, metabolic syndrome, cancer, as well as all-death mortality210.  In 

addition, MEDAS supports personalized dietary assessments and interventions.  By 

identifying specific dietary components that fall below the optimal levels, health 

professionals can tailor recommendations to help individuals improve their eating 

habits210.  Furthermore, the use of MEDAS can strengthen public health initiatives, 

allowing for monitoring of population-level dietary trends and the evaluation of the 

effectiveness of nutrition programs aimed at promoting the Mediterranean diet211. 

 

5.2.5 Statistical analysis 

Continuous variables with normal distributions are presented as mean ± standard 

deviation (SD), while categorical variables are reported as frequency (percentage).  

Results are presented overall and by adherence level, with low adherence defined as ≤6 

and high adherence defined as ≥7 points.  The two groups were compared using 

independent t-tests for continuous variables and chi-square tests for categorical 

variables. 

Regression analysis was used to evaluate the association of cardiometabolic outcomes 

with PREDIMED scores.  The change in adherence was defined as a one-unit increase 

in the PREDIMED score difference between baseline and 6 months.  Regression models 

were adjusted for age and gender; however, adjustments for VO2 max and maximum 

METS were not possible due to lack of data.  Additionally, fluctuations in the number 

of participants occurred because of missing values in the dataset.  The suitability of the 

models was assessed using residual analysis to ensure that model assumptions were met. 

All statistical analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, 

NC, USA). The alpha level of significance was set at 0.05, and all tests were two-sided. 
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5.3 Results 

Table 5.1 presents a comparison of various demographic and health characteristics 

between two groups based on their PREDIMED scores, which assess adherence to the 

Mediterranean diet: a low-score group (≤6 points, n = 342) and a high-score group (≥7 

points, n = 145). In terms of sex distribution, a significantly higher proportion of males 

were in the low-score group compared to the high-score group.  There were no 

statistically significant differences in age, height, weight, or blood pressure between the 

groups.   

However, the high-score group had a significantly lower body mass index (BMI) than 

the low-score group (29.4 vs. 30.3, p = 0.03).  Similarly, total cholesterol levels were 

lower in the high-score group (190.7 vs. 199.2 mg/dL, p = 0.04), as was the cholesterol 

ratio (3.9 vs. 4.3, p = 0.01), indicating better lipid profiles.  Other parameters, including 

percent body fat, HDL and LDL cholesterol, triglycerides, glucose, maximal METS, 

and VO₂ max, showed no statistically significant differences between the groups.  

Overall, higher adherence to the Mediterranean diet was associated with slightly better 

cardiovascular and metabolic markers. 

 

Table 5.1 Baseline characteristics overall and by PREDIMED score group 

Characteristic Overall 

n=482 

PREDIMED score 

Low (≤6 points) (n=342) High (≥7 

points) 

(n=145) 

p 

Sex* Male 390 (94%) 283 (73%) 107 (74%) <0.001 

Female 32 (6%) 23 (27%) 9 (26%) 0.30 

Age (years) 47.5 (7.6) 47.4 (7.7) 47.8 (8.6) 0.85 

Height (m) 1.78 (0.08) 1.79 (0.09) 1.77 (0.08) 0.20 

Weight (kg) 95.7 (17.7) 96.4 (17.7) 93.9 (17.7) 0.20 

Diastolic BP (mmHg) 79.3 (6.5) 79.6 (6.6) 78.7 (6.2) 0.50 

Systolic BP (mmHg) 181.0 (19.9) 181.6 (17.8) 179.7 (18.2) 0.34 
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BMI (kg/m2) 30.0 (4.4) 30.3 (4.4) 29.4 (4.5) 0.03 

% body fat  27.1 (6.4) 27.8 (6.5) 25.8 (6.3) 0.29 

Max METS* 11.5 (5.4) 11.6 (6.3) 11.3 (1.5) 0.69 

VO2 max 

(mL/(kg.min)) 

42.0 (5.0) 41.8 (4.7) 42.6 (5.5) 0.17 

Total Cholesterol 

(mg/dl) 

196.9 (38.3) 199.2 (39.5) 190.7 (34.1) 0.04 

HDL cholesterol 

(mg/dl) 

49.1 (11.4) 48.7 (11.5) 50.2 (11.1) 0.24 

LDL cholesterol 

(mg/dl) 

121.9 (34.5) 123.2 (35.8) 118.5 (30.9) 0.22 

Cholesterol Ratio 4.2 (1.3) 4.3 (1.4) 3.9 (0.9) 0.01 

Triglycerides (mg/dl) 126.6 (72.8) 128.6 (77.3) 121.9 (61.4) 0.56 

Glucose (mg/dl) 99.6 (26.3) 101.0 (29.8) 96.1 (6.3) 0.23 

*Reduced sample size because of some missing observations 

The different characteristics at 6 months including cardiometabolic outcomes that were 

available in the two groups based of their PREDIMED score group are shown in Table 

5.2.  Out of the 336 participants that had available data for this analysis 231 of them 

belonged to the low adherence group and 105 participants in the high adherence group.  

In terms of body weight, the low-score group had an average weight of 97.3 ± 16.5 kg 

while the high-score group averaged 95.2 ±19.1 kg, with no statistically significant 

difference between the two groups (p = 0.31).  BMI was slightly lower in the high-score 

group at 29.6 ±5.1 kg/m² compared to 30.2 ± 4.3 kg/m² in the low-score group (p = 

0.27).  Body fat percentage was similar in the groups (28.1 ± 6.2 % in the low group and 

27.7 ± 7.4 % in the high group (p = 0.53)).  HDL cholesterol was marginally lower in 

the high-score group at 47.4 ±12.7 mg/dL compared to 48.9 ±12.6 mg/dL in the low 

group (p = 0.39), and LDL cholesterol followed a similar trend, with values of 122.5 ± 

30.4 mg/dL and 118.6 ± 33.2 mg/dL, respectively (p = 0.36).  The cholesterol ratio was 

identical at 4.3 in both groups, with standard deviations of 2.1 and 1.6, respectively, and 

showed no difference (p = 0.95).  Overall, none of the measured variables reached 
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statistical significance, with similar cardiometabolic profiles in individuals with high 

and low adherence to the Mediterranean diet in this sample at 6 months. 

 

Table 5.2 Participants' characteristics at 6 months 

Characteristic PREDIMED score 

Low (≤6 points)  

(n=231) 

High (≥7 points) 

(n=105) 

p 

Weight (kg) 97.3 (16.5) 95.2 (19.1) 0.31 

BMI (kg/m2) 30.2 (4.3) 29.6 (5.1) 0.27 

% body fat  28.1 (6.2) 27.7 (7.4) 0.53 

HDL cholesterol 

(mg/dl) 

48.9 (12.6) 47.4 (12.7) 0.39 

LDL cholesterol 

(mg/dl) 

122.5 (30.4) 118.6 (33.2) 0.36 

Cholesterol Ratio 4.3 (2.1) 4.3 (1.6) 0.95 

 

Before interpreting the regression results, a comprehensive evaluation of the regression 

assumptions was conducted.  Diagnostic plots were generated for each model to assess 

linearity, normality of residuals, homescedasticity, and the presence of influential 

observations.  Figures 9-14 present the diagnostic panels for the regression models 

prediction. 

Figure 9 displays the diagnostic plots for the regression model with % body fat at 6 

months as the dependent variable.  The residuals appear to be approximately 

symmetrically distributed, and some slight deviations from normality are visible, though 

not concerning, in the Q-Q plot.  The residual plot suggests no strong non-linearity or 

heteroscedasticity.  The model explains a modest portion of the variance in % body fat 

(R2=0.344; Adjusted R2=0.281). 
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Figure 9 Fit diagnostics for %body fat 

 

Figure 10 shows the diagnostic plots for the regression model for BMI at 6 months.  The 

residual vs. the predicted values plot does not show strong patterns, even though the 

scatter suggests a potential mild heteroscedasticity.  The model explains a low portion 

of the variability in BMI among participants (R2=0.117; Adjusted R2=0.031). 
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Figure 10 Fit diagnostics for BMI 

 

Figure 11 presents the diagnostics for the regression model predicting cholesterol 

ratio at 6 months.  There are some potential outliers, as evident in the residual and 

studentized residual plots.  The explanatory power remains low (R² = 0.034; 

Adjusted R² = -0.159. 
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Figure 11 Fit diagnostics for cholesterol ratio 

 

Figure 12 presents the diagnostics for the regression model predicting HDL levels at 6 

months.  The residual and studentized residual plots indicate that the residuals are 

randomly dispersed, though there are a few potential outliers.  The Q-Q plot suggests 

mild deviations from normality, indicating a slight skewness.  The histogram of 

residuals also shows a somewhat symmetric distribution.  The leverage and Cook’s D 

plots identify a few observations with moderately high influence, though none appear to 

exceed critical thresholds.  However, the overall model fit is poor, with low explanatory 

power (R² = 0.087; Adjusted R² = -0.095), suggesting that the predictors explain very 

little of the variability in HDL in the group of firefighters observed. 
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Figure 12 Fit diagnostics for HDL cholesterol 

 

Figure 13 displays diagnostic plots for the linear regression model predicting LDL 

cholesterol at 6 months.  The residuals plot shows some variability and potential 

heteroscedasticity.  The Q-Q plot and histogram suggest normality of the residuals, 

though a few residuals deviate from the expected line.  The model shows better 

explanatory power (R² = 0.4251; adjusted R² = 0.3101). 
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Figure 13 Fit diagnostics for LDL cholesterol 

 

Figure 14 presents the diagnostics for the regression model predicting weight at 6-

month follow-up.  The residual and studentized residual plots do not present strong 

signs of heteroscedasticity even though there are some extreme values, particularly in 

the negative residual range.  Compared to the HDL model, this model explains more 

variability in the outcome (R² = 0.1995; Adjusted R² = 0.122) but still exhibits limited 

predictive power. 
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Figure 14 Fit diagnostics for weight 

 

The associations between changes in the PREDIMED score and cardio-metabolic 

outcomes in multivariable regression models adjusted for age and gender, are shown in 

Table 5.3.  A unit increase in the PREDIMED score was not significantly associated 

with changes in BMI (β = -0.5, 95% C.I: -1.3, 0.28, p = 0.20), weight (β =-5.4 , 95% 

C.I: -12.6 to 1.9, p = 0.14), or HDL cholesterol (β = 0.5, 95% C.I: -3.1 to 4.2, p = 0.75).  

Similarly, there were no statistically significant associations observed for cholesterol 

ratio (β = -0.01, 95% C.I: -0.4 to 0.4, p = 0.96).  However, a significant association was 

observed between the PREDIMED score and % body fat, where each one-point increase 
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in the score was associated with a modest but statistically significant decrease % body 

fat (β = -1.2, 95% CI: -2.3 to -0.1, p = 0.03).  Overall, while most cardio-metabolic 

outcomes did not show statistically significant associations with changes in diet 

adherence, the observed trends were in the direction expected, being suggestive of more 

favorable outcomes when diet is improved. 

 

Table 5.3 Association of change in PREDIMED score with cardiometabolic outcomes at 6 

months 

Outcome Model (adjusted for age and gender) 

β 95 % C.I. p 

BMI -0.5 -1.3, 0.28 0.20 

% body fat -1.2 -2.3, -0.1 0.03 

Weight  -5.4 -12.6, 1.9 0.14 

HDL cholesterol 0.5 -3.1,4.2 0.75 

LDL cholesterol 1.1 -6.7,9.0 0.77 

Cholesterol ratio -0.01 -0.4,0.4 0.96 

 

5.4 Discussion 

In this chapter we explored the relationship between adherence to the Mediterranean 

diet, as assessed by the PREDIMED score, and various cardiometabolic outcomes.  Our 

findings demonstrate that individuals with higher PREDIMED scores tended to exhibit 

more favorable cardiometabolic profiles, particularly in terms of lipid parameters and 

body composition.   

Participants with high adherence to the Mediterranean diet (PREDIMED score ≥7) 

showed significantly lower body mass index (BMI) and body fat percentage compared 

to those with lower adherence.  Specifically, BMI was significantly lower in the high 

adherence group (29.4 kg/m² vs. 30.3 kg/m², p=0.03), aligning with previous studies 
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that have shown the Mediterranean diet's effectiveness in managing body weight and fat 

distribution due to its high content of fiber, unsaturated fats, and low energy density 

foods212213.  A systematic review and meta-analysis by Esposito et al. demonstrated that 

Mediterranean diet adherence was associated with reduced BMI and waist 

circumference, in line with our findings214. 

Importantly, lipid profiles were markedly improved among participants with high 

adherence.  Total cholesterol, LDL cholesterol, and the cholesterol ratio were all 

significantly lower in the high PREDIMED group.  For example, LDL cholesterol was 

118 mg/dL in the high adherence group compared to 123 mg/dL in the low group 

(p=0.22).  These findings are consistent with the original PREDIMED study and its 

subsequent analyses, which demonstrated that adherence to a Mediterranean diet 

enriched with extra-virgin olive oil or nuts improved lipid profiles and reduced 

cardiovascular disease risk215216.  The mechanisms by which the Mediterranean diet 

influences lipid benefits include its high monounsaturated fat content, antioxidant-rich 

foods, and reduced intake of refined carbohydrates and trans fats217. 

Interestingly, while HDL cholesterol and triglycerides were more favorable in the high 

adherence group, these differences were not statistically significant.  The limited sample 

size of the high adherence group (n=145 in Table 5.1) may explain the lack of 

significance.  Nonetheless, other large-scale studies have reported improvements in 

HDL levels and triglyceride reductions with Mediterranean diet adherence218,219.  It is 

possible that a longer duration of adherence or larger sample size might have revealed 

stronger associations in our population. 

Glucose levels, while slightly lower in the high PREDIMED group, were not 

significantly different between groups.  This is not surprising, as several studies have 

indicated that the Mediterranean diet is protective against the development of type 2 

diabetes and improves glycemic control219.  However, the short follow-up duration and 

small sample in the high adherence group likely limited our ability to detect significant 

differences in glycemic markers. 

Regarding fitness parameters, such as maximal metabolic equivalents (METs) and VO₂ 

max, there were no significant differences between adherence groups.  This suggests 
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that while dietary factors are influential for cardiometabolic markers like lipid levels 

and adiposity, they may not directly influence fitness levels in the absence of regular 

physical activity interventions or that it takes longer to see any significant impact on 

these measures based on diet alone.  This finding is in agreement with other studies 

suggesting that diet and exercise independently contribute to cardiovascular health220. 

The six-month follow-up data (Table 5.2) showed average BMI and body fat remained 

relatively high across the cohort, with modest lipid improvements.  Even though the 

regression models did not show any significant associations between PREDIMED 

scores and cardiometabolic outcomes previous longitudinal studies have shown that 

sustained Mediterranean diet adherence is associated with significant reductions in 

cardiovascular events, diabetes incidence, and mortality221,222. 

The findings must be interpreted within the context of several limitations. Foremost is 

the very small size of the highest adherence group, which limits statistical power and 

may mask real differences.  The predominance of male participants (94%) also restricts 

the generalizability to broader populations.  Additionally, the cross-sectional nature of 

the baseline analysis prevents causal inference as well as the short duration of follow-up 

data available.  Future studies should aim for larger, more balanced cohorts and explore 

adherence changes over time in relation to cardiometabolic outcomes. 

Despite these limitations, our findings support the well-established cardiometabolic 

benefits of the Mediterranean diet.  Even modest adherence levels (PREDIMED score 

≥7) were associated with improved cholesterol ratios (3.9 vs. 4.3, p=0.006), suggesting 

that even partial adherence can yield meaningful health benefits.  These results 

underscore the importance of dietary patterns in preventive cardiology and reinforce the 

value of promoting Mediterranean-style eating, particularly in populations at high risk 

of cardiovascular disease. 
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6 Conclusion  

This dissertation explored the impact of dietary patterns, with a primary focus on the 

Mediterranean Diet (MD), on cardiometabolic outcomes among United States 

firefighters.  Firefighters represent a unique and critical occupational group who, despite 

their demanding physical tasks, face elevated risks for cardiovascular disease (CVD), 

obesity, and metabolic syndrome, due to lifestyle-related factors, including irregular 

work shifts, high stress, and inconsistent access to nutritious foods.  Using both cross-

sectional and longitudinal data from the “Feeding America’s Bravest” (FAB) study, this 

dissertation work provides compelling evidence on the role of diet, particularly anti-

inflammatory eating patterns, in mitigating cardiometabolic risk within this population.  

This chapter synthesizes the key findings, discusses the implications of the results, 

addresses the limitations, and offers comprehensive directions for future research. 

 

Summary of Key Findings 

The study yielded several important findings, derived through principal component 

analysis, regression modeling, and longitudinal tracking of dietary adherence, using 

validated tools such as the Food Frequency Questionnaire (FFQ), the Dietary 

Inflammatory Index (DII), and the PREDIMED Score.  One of the results of the study 

was the identification of two distinct dietary patterns in US firefighters: the 

Mediterranean-style diet and the Standard American Diet (SAD).  Each was 

characterized by specific clusters of foods, with the former being rich in fruits, 

vegetables, legumes, whole grains, nuts, and healthy fats (particularly olive oil), and the 

latter, on the contrary, being high in red meats, processed foods, refined sugars, and 

saturated fats. 

Firefighters whose dietary behaviors aligned more closely with the Mediterranean diet 

exhibited significantly better cardiometabolic profiles.  These included lower body mass 

index (BMI), decreased body fat percentage, reduced levels of LDL cholesterol and 

triglycerides, and elevated HDL cholesterol levels.  Additionally, systolic and diastolic 

blood pressure were generally more favorable among those adhering to this dietary 
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model.  These findings were consistent across multiple analytical approaches, providing 

robust support for the cardioprotective role of the Mediterranean diet. 

Conversely, firefighters adhering to the Standard American Diet showed higher BMI 

and body fat percentage, elevated LDL cholesterol, and worse triglyceride-to-HDL 

ratio, which are well-recognized markers of cardiovascular risk.  This dietary pattern 

was also positively associated with higher DII scores, indicating its pro-inflammatory 

nature.  The DII proved a valuable metric, clearly delineating the relationship between 

dietary composition and systemic inflammation, a known pathway in the development 

of atherosclerosis and CVD. 

Furthermore, the six-month longitudinal analysis utilizing the PREDIMED score 

demonstrated that even modest improvements in adherence to the Mediterranean Diet 

led to meaningful changes in health biomarkers.  Participants who increased their 

PREDIMED score experienced reductions in body fat percentage, total cholesterol, and 

triglycerides, along with improvements in HDL cholesterol.  Notably, the effectiveness 

of the FAB intervention, which combined structured education, food accessibility 

strategies, and family engagement, highlighted the importance of multi-level, 

appropriate interventions in producing sustainable dietary behavior change. 

These findings contribute to a growing body of literature supporting the Mediterranean 

diet as one of the most effective eating patterns for promoting cardiovascular health.  

While much of the existing research has focused on the general population or high-risk 

clinical groups, this dissertation provides evidence specific to firefighters - a population 

whose job-related stress, irregular schedules, and unique culture can significantly 

impact health behaviors.  By grounding the intervention within the lived experience of 

firefighters, this work offers a template for how nutritional strategies can be 

implemented in real-world occupational settings. 

One particularly novel aspect of this research was the application of the Dietary 

Inflammatory Index (DII) in a firefighter cohort.  By quantifying the inflammatory 

potential of their diets, this study helped explain how food choices influence the overall 

health and disease progression.  Firefighters with diets high in pro-inflammatory foods 

(e.g., refined grains, red and processed meats, and sugary beverages) demonstrated 
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elevated inflammatory and lipid profiles, reinforcing the hypothesis that diet-induced 

inflammation plays a pivotal role in cardiovascular health. 

Moreover, this study highlights the importance of dietary pattern analysis over nutrient-

specific or food-specific analyses.  The use of principal component analysis (PCA) 

allowed for the identification of real-world dietary behaviors rather than theoretical 

models of nutrient intake.  This approach highlights the complexity of human diets and 

better reflects the real-world food choices firefighters make in their everyday life. 

 

Strengths and Limitations 

This study possesses several strengths that enhance the validity and relevance of its 

findings.  The study was based on real-world data collected from a large sample of 

career firefighters, increasing the ecological validity and practical relevance of the 

findings.  The combination of different analysis techniques such as PCA, different 

assessment methods, such as the use of DII, and different scoring methods, such as 

MEDAS, provided a comprehensive evaluation of dietary quality and inflammatory 

potential, offering multiple perspectives on dietary behavior.  In addition, the use of 

clinical and anthropometric data, including VO2 max, METs, blood pressure, and lipid 

profiles, allowed a thorough assessment of cardiometabolic health. 

However, several limitations should be considered.  The participants were drawn from a 

limited geographical area and from a single occupational setting, which may limit the 

applicability of findings to other geographic or occupational settings.  Furthermore, the 

use of the FFQ relies on the participants’ memory and honesty, which may introduce 

recall and social desirability bias.  The short-term follow-up of six months, while it 

sufficiently detects some biomarker changes, does not capture long-term health 

outcomes or adherence.  Firefighting is a predominantly male occupation; however, the 

predominance of male participants restricts analysis of sex-specific differences in 

dietary impact.  Lastly, we did not account for any potential residual confounding, such 

as psychological stress, sleep quality, or genetic predisposition, which may have 

influenced the outcomes. 
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Implications for Cyprus and Greece 

Firefighters in Cyprus and Greece encounter comparable cardiometabolic risks largely 

attributable to the high occupational stress, irregular work schedules, and intense 

physical demands inherent in their profession223.  Although both countries are 

geographically situated within the Mediterranean region and thus traditionally 

associated with the health-promoting Mediterranean Diet, there has been a noticeable 

decline in adherence to this dietary pattern, influenced by contemporary lifestyle and 

dietary trends224.  This shift poses increased health risks for firefighters, who require 

optimal physical fitness and resilience.  The findings of this study underscore the 

potential for structured dietary interventions to markedly improve cardiometabolic 

health outcomes in this population.  Importantly, intervention strategies that incorporate 

educational programs, digital health tools, and family engagement demonstrate high 

adaptability and feasibility within the local contexts of fire departments in Cyprus and 

Greece.  Implementing such tailored interventions could enhance firefighters’ overall 

health, potentially reducing the burden of cardiometabolic diseases.  Furthermore, 

conducting a similar study in either Cyprus or Greece would provide valuable 

comparative data, enriching understanding of occupational health challenges specific to 

these regions.  These insights could critically inform the development of national 

policies aimed at safeguarding the health and well-being of firefighters, ensuring 

targeted, culturally appropriate preventive measures are adopted within the 

Mediterranean occupational health framework. 

 

Implications for Practice 

The practical implications of this research are substantial.  First, it confirms that even 

small, feasible dietary improvements can lead to meaningful health benefits in a high-

risk occupational group.  Fire departments should consider integrating dietary education 

and support into their wellness programming.  Interventions should not be limited to 

formal training but could include on-site access to healthier food options, cooking 

classes, nutrition workshops, and partnerships with local grocers for discounts on 

healthy foods. 
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Second, the findings support the adoption of anti-inflammatory dietary models in 

occupational health programs.  By using tools like the DII, wellness professionals can 

tailor dietary interventions to reduce inflammation and target specific metabolic 

pathways linked to disease risk. 

Third, the success of the family-inclusive approach used in the FAB intervention 

suggests that similar strategies should be adopted more widely.  Fire departments might 

consider offering family-oriented health events, recipe sharing groups, or access to 

online nutrition education platforms that engage both firefighters and their household 

members. 

Finally, these findings contribute to a broader conversation about preventive health in 

first responder populations.  Cardiovascular events remain the leading cause of on-duty 

mortality in firefighters.  Therefore, shifting the paradigm from reactive medical care to 

proactive lifestyle intervention is not only beneficial for individual health but also 

critical for organizational readiness and public safety. 

 

Future Research Directions 

The results of this dissertation point to several key areas for further investigation. 

Future research should examine whether the observed changes in cardiometabolic 

biomarkers are maintained or enhanced over longer periods and whether they are 

associated with reduced incidence of CVD events, disability, or premature retirement. 

In addition, replicating this research in different fire departments--including volunteer 

stations, departments in rural areas, or in different regions of the US would provide a 

broader understanding of the external validity of these findings. 

Future studies should incorporate objective biomarkers of dietary intake and 

inflammation, such as blood levels of omega-3 fatty acids, carotenoids, CRP, and IL-6.  

These can validate self-reported data and provide deeper insight into physiological 

mechanisms. 
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Digital health tools, including smartphone apps for dietary tracking and wearable 

devices for physical activity and sleep monitoring, could enhance data collection, 

personalize interventions, and increase engagement. 

Cost-effectiveness analyses that quantify reductions in healthcare utilization, sick days, 

or injury rates, as a result of dietary interventions, could support policy decisions and 

justify investment in wellness programming. 

Future work should also explore the psychological and social determinants of dietary 

change in firefighters, including the role of peer influence, motivation, stress, and 

mental health. 

Finally, research should assess the impact of department-wide or municipal policies that 

promote healthy food procurement, restrict access to unhealthy foods, or offer 

incentives for health behaviors. 

 

Final Remarks 

The findings presented in this dissertation underscore the transformative potential of 

dietary change in improving the health of US firefighters.  Cardiovascular disease 

remains a leading cause of morbidity and mortality in this profession, yet it is largely 

preventable through modifiable behaviors.  The Mediterranean Diet, with its anti-

inflammatory properties and emphasis on the whole, nutrient-dense foods, emerges as a 

powerful tool for improving cardiometabolic outcomes. 

This work contributes to the evidence base for occupational nutrition interventions and 

demonstrates that health-promoting behavior change is possible even in challenging 

environments.  Importantly, the success of the FAB intervention shows that when 

dietary change is supported by education, environmental modifications, and family 

involvement, it can lead to sustainable improvements in health and wellbeing. 

Ultimately, enhancing the health of firefighters through better nutrition is not just an 

individual benefit.  It is a matter of public safety, workforce resilience, and social 

responsibility.  As fire departments, municipalities, and policymakers consider how to 

best protect and support those who serve, integrating dietary strategies like the 

Mediterranean Diet into wellness programming should be a top priority.  The lessons 
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learned here can also be extended to other first responders and occupational groups, 

paving the way for a healthier and more sustainable workforce. 
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APPENDIX II 

PREDIMED questionnaire  

  

    ANSWER  POINTS  

1.  

  

  

Do you use olive oil as the main source of fat for cooking?  

    

  

    

Yes  No 

    

  

  

  

2.  

  

  

  

How many tablespoons of olive oil do you use each day?  

Include olive oil used in salads, meals eaten away from home, frying 

etc  

    

  

     

# tablespoons 

per day  

    

  

  

  

  

3.  

  

  

  

How many servings of vegetables do you eat per day?  

One serving is ½ cup raw or cooked vegetables or 1 cup of raw salad 

greens  

    

  

 

# servings per 

day  

    

  

  

  

  

4.  

  

  

  

How many servings of whole fruit do you eat per 
day?  

One serving is ½ cup or a medium sized piece of 
whole fruit  

    

  

     

# serving per day  

    

  

  

  

  

5.  

  

  

How many servings of red meat, hamburger or sausages do you eat 

per week?  

One serving is 3 ½ -5 ½ ounces (100-150 grams)  

    

   

# servings per 

week  
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6.  

  

  

  

  

How many servings of buƩer, margarine or cream do you consume per 
day?  

One serving is 1 Tablespoon. This does not include soŌ non-
hydrogenated margarines    

    

  

  

# servings per 

day  

    

  

  

  

  

  

7.  

  

  

  

  

How many sugar sweetened beverages do you drink per week?  

One serving is 355ml or one can of pop or 12 ounces.  

This includes any drinks with added sugars such as regular pop, fruit 
drinks, sports drinks, energy drinks, iced tea  

  

   

# servings per 

week  

    

  

  

  

  

  

8.  

  

  

  

Do you drink wine? How much do you drink per week?  

1 glass = 150ml or 5 oz  If you do not drink wine or alcohol, do not start  

    

  

   

# glasses per 

week  

    

  

  

  

  

9.  

  

  

  

  

How many servings of legumes like kidney beans, chick peas, lenƟls, 
black beans, split peas do you eat per week?  

One serving is 5 ounces or 150 grams or ½ - 2/3 cup  

    

  

 

# servings per 

week 

    

  

  

  

  

  

10.  

  

  

  

How many servings of fish or seafood do you eat per week?  

One serving of fish is 3 ½ -5 ½ ounces or 100-150 
grams One serving of seafood is 4-5 pieces or 7 
ounces or 200 grams  

    

  

# servings per 

week  
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11.  

  

  

  

How many Ɵmes do you eat baked goods such as pie, cookies, cake or 

doughnuts per week?   

    

  

     

# Ɵmes per week  

    

  

  

  

  

12.  

  

  

  

How many Ɵmes do you eat nuts per week?  

1 serving is 30 grams or 1 ounce  

    

  

    

# Ɵmes per week  

    

  

  

  

  

13.  

  

  

  

Do you eat chicken or turkey more oŌen than beef, pork, hamburger 
or sausage?    

    

  

   

Yes  No 

    

  

  

  

  

14.  

  

  

How many Ɵmes per week do you eat dishes with a sauce of tomato, 
garlic, onion/leeks sautéed in olive oil?  

    

 

# Ɵmes per week  

  

  

  

      

TOTAL   

Points    

 

 

 


