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ABSTRACT

Objective: Despite the physical demands of their job, firefighters often experience declining
health, a trend that has worsened with coronavirus infection. We investigated the correlation
between physical activity (PA) and metabolic syndrome (MS) risk factors in male firefighters
following COVID-19 recovery.

Subject and Methods: Pre- and post-COVID-19 MS risk factors were analyzed in 31 male
firefighters. Pearson correlation was used to determine the relationship between PA and MS risk
factors following recovery.

Results: Post-recovery PA showed a moderate negative correlation with low-density lipoprotein
— LDL (r=-0.39, p = 0.04). Statistically significant reductions were observed in weight, BMI,
cholesterol, and waist-hip ratio (all p < 0.05). In contrast, glucose, triglycerides, and LDL showed
statistically non-significant increases.

Conclusions: Clinicians should monitor cardiovascular risks in firefighters, as subtle changes

post-recovery may indicate increased heart disease risk.
Keywords: Male, Exercise, Occupational health, Coronavirus, Pharmaceutical Preparations

LEARNING OUTCOMES

e Lower physical activity was linked to higher LDL cholesterol in firefighters after COVID-19.

o Firefighters showed significant reductions in weight, BMI, cholesterol, and waist-hip ratio
after COVID-19.

e Blood sugar, triglycerides, and LDL cholesterol increased one month after recovery.
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1. INTRODUCTION

The COVID-19 pandemic was a global catastrophe, devastating many families and
fundamentally altering life as we know it. The SARS-CoV-2 virus primarily enters the body
through the lungs, causing severe respiratory symptoms and acute respiratory distress
syndrome (1, 2). Additionally, the pandemic imposed sudden changes in lifestyle and social
isolation, resulting in significant cardiometabolic sequelae.

Firefighting is among physically demanding jobs within emergency services. Structural
firefighters provide crucial public safety services, including firefighting and emergency medical
care, despite the challenges posed by COVID-19. It is widely recognized that firefighters must
maintain strong physical fithness, encompassing aerobic capacity, flexibility, muscular endurance,
strength, and power (3). Due to their work environment, long shifts, and close contact with the
public, firefighters are at heightened risk of infection. The National Fire Incident Reporting
System's COVID-19 Special Study found that 63.5% of possible COVID-19 exposures occurred
during rescue and EMS incidents, with 4.9% occurring during fires (4).

In addition to occupational risks, firefighters face an increased risk of obesity-related
conditions, as the physical demands of their job can put them under additional stress trigger
cardiac events (1, 5). Several studies have reported an alarmingly high prevalence of
overweight and obesity (body mass index — BMI = 25) among career fighters, with rates ranging
from 73% to 88% (6-11). In Iran, nearly half of firefighters are classified as overweight, with
about 25% categorized as obese (12-14).

Although COVID-19 was first described as a respiratory disease, being overweight and
obese has been emerged as the leading factor contributing to infection and exacerbation of the
SARS-CoV-2 compared to healthy individuals (15). It is also increasingly clear that the presence
of cardiovascular disease (CVD) or CVD risk factors significantly increases the likelihood of
severe COVID-19 complications (16, 17). These risk factors include both non-modifiable factors
(such as gender, age, and family medical history) and modifiable factors (such as total
cholesterol, triglycerides, blood pressure, diabetes, and obesity) (18-20). Furthermore, reduced
cardiorespiratory fithess and metabolic syndrome (MS) risk factors can persist following COVID-
19 infection (21-25).

Despite the demanding physical fitness required, firefighters often experience declining
health, including increased body fat and elevated blood lipid levels like cholesterol and low-
density lipoprotein (LDL) cholesterol (18, 20, 26). The high prevalence of obesity, combined with
the short- and long-term effects of COVID-19, could significantly challenge their ability to
perform their duties safely (18, 20, 27). Studies on physical activity (PA) and MS risk factors in
firefighters are limited, as these criteria are not routinely included in occupational readiness
programs. Most research compares post-COVID-19 recovery outcomes to unrelated control
groups or population norms. A better understanding of changes in PA and MS risk factors

following COVID-19 recovery is particularly relevant given the specific demands of firefighting.



In this study, we monitored the MS risk factors of firefighters within three months before
contracting COVID-19 and reassessed these parameters after they recovered, following a
period of rest and medication. This study aims to 1) explore the correlation between PA levels
and MS risk factors following COVID-19 infection, and 2) assess changes in MS risk factors
before and after COVID-19 recovery. Understanding these changes is crucial for assessing the
immediate impact of COVID-19 on cardiovascular health and for developing strategies to

protect firefighters' long-term health, ensuring they can safely perform their duties.

2. METHODS

2.1. Design

This study was conducted in accordance with the Declaration of Helsinki and received prior
approval from the Research Institute of Movement Science at Kharazmi University (Process
Number: IR-KHU.KRC.1000.174). All participants provided informed consent after being fully
informed of the potential benefits and risks of the investigation.

We designed a within-participant, longitudinal cohort study to assess the correlations
between PA levels and MS risk factors after COVID-19 recovery. Additionally, we compared the
changes in MS risk factors before and after recovery. Pre-COVID-19 data were obtained from
2021 occupational medical evaluations, taken within three months before infection. Post-
infection data were collected one month after a two-week recovery period in a cohort of

firefighters. Figure 1 illustrates the diagram of study design.
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Figure 1. Diagram of the study design.

2.2. Participants
A total of 705 firefighters from 24 fire departments reported experiencing COVID-19 between
2021 and 2022 at the occupational health clinic. Due to the absence of female firefighters, and
the resulting inability to examine gender effects, only male firefighters were included. Records
were excluded if MS data were not available for both before and after COVID-19 recovery. The
final sample consisted of 31 firefighters from 15 Shiraz fire departments in Iran, randomly
selected using a one-stage, randomized cluster-sampling approach. These firefighters undergo
regular occupational medical evaluations at a single healthcare clinic that measures MS risk
factors. The first author enrolled participants and assigned them to interventions.

Inclusion criteria were as follows: 1) Firefighters of the fire departments; 2) History of
COVID-19 infection with at least one month since recovery; 3) Non-smokers; 4) Similar
medication use during COVID-19 infection; and 5) At risk for MS. According to the International



Diabetes Federation — IDF (28), MS is diagnosed if a person meets at least three of the
following five criteria: 1) Serum triglycerides = 150 mg/dL; 2) Systolic blood pressure = 130
mmHg; 3) Diastolic blood pressure = 85 mmHg; 4) Fasting blood glucose = 100 mg/dL; and 5)
High-density lipoprotein (HDL) cholesterol < 40 mg/dL. Hypertension was also defined as

systolic blood pressure 2130 mmHg and diastolic blood pressure 285 mmHg (29).

2.3. Processes
The medical evaluation was performed by a single occupational health clinic. The following
measures were recorded by a single experienced cardiologist before and after COVID-19

recovery.

2.4. Measures

Personal characteristics and medication use: We collected information on participants’ work
history, activity level, family history of chronic diseases, history of COVID-19 infection, and their
daily medication use. The medications included Montelukast (tablet form, once every 8 hours),
Dexamethasone (injection form, once every 24 hours, 5 cc), Amoxicillin (tablet form, once every
8 hours), Diphenhydramine (tablet form, once every 8 hours), Alprazolam (tablet form, once

every 24 hours), and Codeine/Paracetamol (tablet form, once every 8 hours).

Body composition — weight, BMI, and waist circumference: Waist circumference was measured
at the end of a normal expiration at the narrowest point between the last rib and the iliac crest,
measured in centimeters and recorded (30). Hip circumference was measured at the most
prominent part of the gluteal muscles, with the participant standing straight without contracting
the buttocks muscles. The examiner measured hip circumference from the side and recorded

the measurement in centimeters (30).

Self-report of PA: We used the Bone-specific Physical Activity Questionnaire — BPAQ to
measure individuals' daily PA based on their occupation (31). The BPAQ has three subscales,
which assess individuals' PA under occupational activity, sports activities, and leisure-time
activities. Each 16 item was rated on a five-point Likert scale, ranging from 1 (never) to 5

(always). Higher scores on this questionnaire indicate higher levels of PA (31).

MS risk factors — blood pressure and cholesterol: Blood pressure was assessed three times with
a one-minute interval, using a sphygmomanometer on the left upper arm at heart level after 5 to
10 minutes of sitting. The first blood pressure was discarded, and the last two were averaged to
obtain each participant’s blood pressure. After 12 to 14 hours of fasting, 10 milliliters of blood
were drawn to measure glucose, total cholesterol (TC), HDL, LDL, and serum triglycerides using
the CardioChek® Professional Analyzer (Polymer Technology Systems, Inc., USA). We

estimated LDL based on the Friedewald’s formula (32):



LDL=TC —HDL - TG/5

2.5. Statistics

To assess the correlation between PA levels and MS risk factors after COVID-19 recovery, we
used Pearson correlation tests. Normality of the data and linearity of the relationship were
checked and in the case of non-linearity, alternative statistics was used. To compare MS risk
factors including triglycerides, TC, HDL, LDL, systolic and diastolic blood pressure, fasting blood
glucose, and waist-hip ratio before and after COVID-19 recovery, we used paired t-test. All
analyses were performed using IBM SPSS Statistics (version 28, Chicago, USA) with a
significance level of 0.05. The thresholds for effect size statistics were as follows: 0.0-0.19
(trivial); 0.20-0.49 (small); 0.50-1.19 (moderate); 1.2-1.9 (large); = 2.0 (very large) (33). To
reflect the variability in the different values between before and after COVID-19 recovery, we

used the standard deviation of the differences (standardizer) value.

3. RESULTS

A total of 31 career male firefighters who reported that they had COVID-19 between 2021 and
2022 volunteered to participate in this study. Table 1 shows demographic and health
characteristics of the participants. When controlling for age and BMI, there were moderate
correlations between PA levels and LDL (r = -0.39, p = 0.04) after COVID-19 recovery. The
correlations between PA and other MS risk factors were not statistically significant (p > 0.05)
and relatively week (|r] = 0.005 to 0.1). There was a statistically significant difference in weight
(#(30) = 2.06, p = 0.04, d = 2.08), BMI (£#(30) = 2.104, p = 0.04, d = 0.66), cholesterol ({30) =
2.879, p = 0.01, d = 0.90), and the waist-hip ratio ({(30) = 2.257, p = 0.03, d = 0.04), before and
after COVID-19 recovery. Other MS risk factors were not statistically significantly different (p >
0.05).



Table 1. Participants’ personal characteristics and MS risk factors before and after COVID-19

recovery.

Parameter

Age (years)
Years in the fire
service

Height (cm)

Weight (kg)

BMI (kg/m?)
Waist-hip ratio
PA

Fasting blood
glucose (mg/dL)
Triglycerides
(mg/dL)

Total cholesterol
(mg/dL)

HDL (mg/dL)
LDL (mg/dL)
Systolic blood
pressure (mmHg)
Diastolic blood

pressure (mmHg)

44.77+6.65
11.03£1.30
177.55+7.18
Before COVID-19 After recovery Difference Cohen’s d
(before — after)
87.51+£12.69 86.74+13.44 0.77+2.08* 2.08
27.83+4.80 27.58+5.03 0.25+0.66* 0.66
0.96+0.05 0.94+0.03 0.02+0.04* 0.04
- 8.35+0.98 - -
121.25+43.88 121.31+43.89 -0.07+0.74 0.74
235.41+155.74 235.45+155.93 -0.05+1.31 1.30
163.95+37.08 163.48+36.98 0.46+0.90* 0.90
40.7615.79 40.5116.04 0.25+0.97 0.97
90.71+28.60 90.91+28.64 -0.21+1.34 1.33
119.74+10.26 119.58+10.69 0.16+1.31 1.32
76.83+4.23 76.35+4.75 0.48+1.77 1.77

BMI: Body mass index; PA: Physical activity; HDL: High-density lipoprotein cholesterol; LDL:

Low-density lipoprotein cholesterol; *: p < 0.05. Data are presented as MeantSD.



4. DISCUSSION

The aims of the current study were to explore the correlation between PA and MS risk factors
after COVID-19 infection, and to assess the changes in these risk factors before and after
recovery in male firefighters. We found a moderate negative correlation between PA levels and
LDL cholesterol following COVID-19 recovery. Additionally, weight, BMI, waist-hip ratio and TC
decreased statistically significantly after recovery. However, fasting blood glucose, triglycerides
and LDL cholesterol increased, while HDL cholesterol and blood pressure components
decreased, though these changes were not statistically significant.

Our results suggest that increased PA is associated with lower LDL cholesterol levels,
which is generally beneficial for cardiovascular health and aligns with previous research (34).
This finding is particularly relevant for firefighters, who face a higher risk of cardiovascular
disease and significant emotional stress on the job. However, our results contrast with other
studies indicating that improvements in VO2 through exercise did not lead to LDL reduction (35).
One possible explanation for the observed increase in lipid levels among firefighters could be
related to behavioral changes during the COVID-19 pandemics (36). Additionally, reducing LDL
cholesterol may require longer durations and higher intensities of aerobic exercise (37-39).

Reductions in BMI, waist-hip, and TC were consistent with longitudinal studies in non-
COVID participants (5). Notably, a reduction in BMI accompanied by an increase in LDL
cholesterol can signal a persistent cardiovascular risk factor (40). Other research suggests that
firefighters with higher inflammatory diet tend to have greater BMI, fasting blood glucose, and
TC levels (35). This suggests that while PA may influence MS risk factors, it should be
combined with dietary adjustments. In our study, the lack of correlation between PAand TC
further suggests that TC reductions may be more influenced by dietary factors.

The increase in triglycerides and LDL cholesterol observed in our study, with large effect
sizes, aligns with findings from a long-term (5 years) study of heathy firefighters, which linked
these changes to reduced VO2 (41). This study also noted that improvements in VO: did not
lead to improvements in these parameters, potentially underscoring the need for better nutrition.
In contrast, our findings on fasting blood glucose differ from previous research (42), which
showed improved (decreased) glucose levels with enhancements in exercise, sleep, and
nutrition. The average increase in LDL cholesterol post-recovery is also concerning, as LDL
levels of 100 mg/dL or higher are an independent predictor of heart disease (43). This increase
in LDL despite weight loss further highlights the critical role of PA, alongside nutrition and diet, in
managing cardiovascular risk.

There was a reduction in HDL cholesterol, and no correlation between PA and HDL,
contrary to previous research that showed improved HDL with increase VO2 (41). Other studies
have shown that maintaining both VO2 and BMI is necessary for HDL improvements (41). Thus,
it is reasonable to consider managing both weight and PA simultaneously. Similar to previous
research, BP decreased (44). These reductions could be attributed to lifestyle changes,

including balanced nutrition, regular PA, restorative sleep, positive social and family connections



with resiliency strategies, and the avoidance of tobacco and other toxic substances (5, 44, 45).
Additionally, while none of the medication used had antihypertensive properties, some, like
Alprazolam, may have calming effects that could help reduce stress-related BP (5).

Our findings are consistent with research on chronic obstructive pulmonary disease
(COPD), which shows similarities with respiratory diseases like COVID-19 (46). While no
differences in sedentary behavior and PA levels were found between those with COPD alone
and those with COPD plus MS, it was observed that individuals who engage in PA (even light-
intensity) had a lower prevalence of MS. Moreover, waist circumference and glucose levels
showed significant associations with the amount of time spent engaging in low- to high-intensity
PA (46).

4.1. Clinical relevance

Our findings are particularly relevant for occupational cohorts in public safety professions,
where physical health and fitness are critical. The large effect sizes, despite non-significant p-
value for triglycerides and LDL, suggest that these changes could be clinically important given
their direct relation to cardiovascular risk. Similarly, changes in blood pressure components
might indicate an increased risk of heart disease or stroke. Overall, PA appears to influence
certain MS parameters, including weight and subsequently BMI and waist-hip ratio, and
cholesterol. However, comprehensive improvement in all MS risk factors likely requires a
combination of exercise, nutrition, sleep and stress reduction. A larger sample size could also
enhance the study’s power and generalizability of the findings. Clinicians might still consider
these changes when managing patient care, such as adjusting treatment plans for
cardiovascular risk or assessing return-to-work for firefighters. Healthcare providers, particularly
those working with firefighters, should closely monitor these parameters, as significant changes
in cardiovascular risk factors might not be apparent to individuals. Additionally, training
instructors and incident commanders should be aware of potential declines in physical
performance following COVID-19, as pre-illness levels of work output may no longer be
achievable.

4.2. Limitations

Our findings should be considered in light of several limitations. COVID-19 diagnosis and
symptom onset were self-reported, which may introduce recall bias. We were not able to control
the severity of COVID-19 illness. Data for this study were collected during the later part of
COVID-19 pandemic, after vaccines were available in Iran, which might affect the
generalizability to other time periods. Due to the very low number of female volunteers, we did
not include this gender, limiting the generalizability of our findings to women. Additionally, to
capture realistic nutritional patterns during COVID-19 without influencing participants' usual

habits, we did not collect detailed information on participants' dietary habits, as relying on
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participant recall may not have provided accurate data; this omission may also influence
metabolic syndrome risk factors.

A particular strength of this study was access to occupationally active, middle-aged
firefighters who underwent biannual medical exams including MS risk factors before and after
COVID-19 recovery, allowing for longitudinal assessment. The changes observed reflect those
of firefighters in a natural setting rather than as a result of a research intervention. In our study,
all pre-assessments were conducted within six months prior to COVID-19 infection, and post-
assessments were done at a specific time after recovery. This approach allowed us to examine
the impact of time since COVID-19 on MS risk factors, a design not commonly used by other
studies that measure physiological measurements at specific post-COVID-19 time points.

Future research could also incorporate nutrition and sleep as potential modifiers of MS.

5. CONCLUSIONS

We observed reductions in BMI, waist-hip ratio, and cholesterol in occupationally active
firefighters following COVID-19 infection. Fasting blood glucose, triglycerides, and LDL
cholesterol increased, while HDL and blood pressure components decreased. It remains
unclear whether these changes are solely due to viral infection or if altered activity levels also
contributed to the increased MS risk factors. In general, higher MS risk is concerning for
firefighters (and potentially other public safety professionals) who may need to perform
strenuous work. Further research is needed to understand how MS risk factors change in
different groups, such as those with mild, moderate, or severe COVID-19 infections, those who
have been vaccinated, those who have experienced multiple COVID-19 infections, or those
dealing with Long COVID. Additionally, exploring the mechanisms behind impaired exercise
tolerance (e.g., mitochondrial dysfunction, endothelial dysfunction and autonomic nervous
system imbalances) and evaluating whether targeted interventions could help restore pre-

COVID-19 health and fitness more rapidly would be beneficial.

10



11

6. REFERENCES
1. Graham EL, Khaja S, Caban-Martinez AJ, Smith DL. Firefighters and COVID-19: An
occupational health perspective. J Occup Environ Med. 2021;63:€556-e563.

2. Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of Coronavirus disease 2019 in
China. N Engl J Med. 2020;382:1708-1720.

3. The fire service joint labor management wellness-fitness initiative. Washington, DC:
International Association of Fire Fighters (IAFF); 2008.

4. NFIRS COVID-19 special study dashboard USFA — US Fire Administration; 2020.

5. Mathias KC, Bode ED, Stewart DF, Smith DL. Changes in firefighter weight and
cardiovascular disease risk factors over five years. Med Sci Sports Exerc. 2020;52:2476-2482.
6. Barry AM, Lyman KJ, Dicks ND, Landin KD, McGeorge CR, Hackney KJ, Walch TJ.

Firefighters’ physical activity and waist circumference as predictors of VO2max. J Occup
Environ Med. 2019;61:849-853.

7. Clark S, Rene A, Theurer WM, Marshall M. Association of body mass index and health
status in firefighters. J Occup Environ Med. 2002;44:940-946.

8. Donovan R, Nelson T, Peel J, Lipsey T, Voyles W, Israel RG. Cardiorespiratory fitness
and the metabolic syndrome in firefighters. Occup Med (Lond). 2009;59:487-492.

9. Kales SN, Polyhronopoulos GN, Aldrich JM, Leitao EO, Christiani DC. Correlates of
body mass index in hazardous materials firefighters. J Occup Environ Med. 1999;41:589-595.
10. Soteriades ES, Hauser R, Kawachi I, Christiani DC, Kales SN. Obesity and risk of job
disability in male firefighters. Occup Med (Lond). 2008;58:245-250.

11. Tsismenakis AJ, Christophi CA, Burress JW, Kinney AM, Kim M, Kales SN. The obesity
epidemic and future emergency responders. Obesity. 2009;17:1648-1650.

12. Azabdaftari N, Amani R, Taha Jalali M. Biochemical and nutritional indices as
cardiovascular risk factors among Iranian firefighters. Ann Clin Biochem. 2009;46:385-389.

13. Ebrahimi-Mameghani M, Naimi ARF, Nourmohammadi M, Azabdaftari N. Prevalence of
Metabolic syndrome in Tabriz city firefighters. Journal of Kermanshah University of Medical
Sciences. 2011;15:€79310.

14. Montazerifar F, Karajibani M, Hosseini R, Tafazzoli A, Bolouri A. The prevalence of
metabolic syndrome in Iranian firefighters. Annals of Military and Health Sciences Research.
2020;18:e101972.

15. Booth CM, Matukas LM, Tomlinson GA, et al. Clinical features and short-term outcomes
of 144 patients with SARS in the greater Toronto area. JAMA. 2003;289:2801-2809.

16. Clerkin KJ, Fried JA, Raikhelkar J, et al. COVID-19 and cardiovascular disease.
Circulation. 2020;141:1648-1655.

17. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult inpatients
with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet. 2020;395:1054-1062.
18. Byczek L, Walton SM, Conrad KM, Reichelt PA, Samo DG. Cardiovascular risks in
firefighters: Implications for occupational health nurse practice. AAOHN J. 2004;52:66-76.

11



12

19. Mansouri J, Fathei M, Attarzadeh Hosseini SR. The effect of ageing and overweight on
biological movement indexes and cardiovascular risk factors firefighters of Mashhad.
Occupational Medicine Quarterly Journal. 2017;9:70-82.

20. Rosales AM, Dodds PS, Hailes WS, Sol JA, Coker RH, Quindry JC, Ruby BC.
Deterioration of lipid metabolism despite fitness improvements in wildland firefighters. J Occup
Environ Med. 2022;64:385-389.

21. Cassar MP, Tunnicliffe EM, Petousi N, et al. Symptom persistence despite improvement
in cardiopulmonary health—insights from longitudinal CMR, CPET and lung function testing post-
COVID-19. EClinicalMedicine. 2021;41:101159.

22. Kimmig LM, Rako ZA, Ziegler S, et al. Long-term comprehensive cardiopulmonary
phenotyping of COVID-19. Respir Res. 2022;23:263.

23. Singh I, Joseph P, Heerdt PM, et al. Persistent exertional intolerance after COVID-19:
Insights from invasive cardiopulmonary exercise testing. Chest. 2022;161:54-63.

24, Stepanek L, Nakladalova M, Sovova E, et al. COVID-19 reduces cardiorespiratory
fitness even months after a mild to moderate acute phase: A retrospective cohort study. Infect
Dis (Lond). 2023;55:684-693.

25. Vonbank K, Lehmann A, Bernitzky D, et al. Predictors of prolonged cardiopulmonary
exercise impairment after COVID-19 infection: A prospective observational study. Front Med
(Lausanne). 2021;8:773788.

26. Poston WS, Haddock CK, Jahnke SA, Jitnarin N, Tuley BC, Kales SN. The prevalence
of overweight, obesity, and substandard fitness in a population-based firefighter cohort. J Occup
Environ Med. 2011;53:266-273.

27. Green JS, Crouse SF. Mandatory exercise and heart disease risk in fire fighters: A
longitudinal study. Int Arch Occup Environ Health. 1991;63:51-55.
28. Zimmet P, Mm Alberti KG, Serrano Rios M. A new International Diabetes Federation

(IDF) worldwide definition of the metabolic syndrome: The rationale and the results. Revista
Espariola de Cardiologia (English Edition). 2005;58:1371-1494.

29. Lee S, Bacha F, Arslanian SA. Waist circumference, blood pressure, and lipid
components of the metabolic syndrome. J Pediatr. 2006;149:809-816.
30. Norton KI. Standards for anthropometry assessment. In: Norton Kl, Eston R, eds.

Kinanthropometry and exercise physiology: Routledge; 2019:68-137.

31. Weeks BK, Beck BR. The BPAQ: A bone-specific physical activity assessment
instrument. Osteoporos Int. 2008;19:1567-1577.

32. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem.
1972;18:499-502.

33. Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive statistics for studies in

sports medicine and exercise science. Med Sci Sports Exerc. 2009;41:3-13.

12



13

34. McAllister MJ, Gonzalez DE, Leonard M, Martaindale MH, Bloomer RJ, Pence J, Martin
SE. Firefighters with higher cardiorespiratory fitness demonstrate lower markers of
cardiovascular disease risk. J Occup Environ Med. 2022;64:1036-1040.

35. Christodoulou A, Christophi CA, Sotos-Prieto M, Moffatt S, Zhao L, Kales SN, Hebert
JR. The dietary inflammatory index and cardiometabolic parameters in US firefighters. Front
Nutr. 2024;11:1382306.

36. Wang Y, Beydoun MA. The obesity epidemic in the United States--gender, age,
socioeconomic, racial/ethnic, and geographic characteristics: A systematic review and meta-
regression analysis. Epidemiol Rev. 2007;29:6-28.

37. Buzdagli Y, Tekin A, Eyipinar CD, Oget F, Siktar E. The effect of different types of
exercise on blood lipid profiles: A meta-analysis of randomized controlled studies. Science &
Sports. 2022;37:675-687.

38. Mosteoru S, Gaita L, Gaita D. Sport as Medicine for Dyslipidemia (and Other Risk
Factors). Curr Atheroscler Rep. 2023;25:613-617.

39. Mousavi SM, Heidarianpour A, Tavassoli H. Aerobic exercise training effects on
Omentin-1, insulin resistance, and lipid profile among male smokers. Res Q Exerc Sport.
2023;94:880-885.

40. Ras J, Leach L. Firefighters’ health knowledge, cardiovascular disease risk factors, and
sociodemographic characteristics as predictors of firefighters’ attitudes toward health. J Occup
Environ Med. 2022;64:€705-e713.

41. Ravinuthala RP. Examining the relationship between VO2 and blood lipids in Denton
firefighters. Department of Nutrition and Food Sciences. Denton, TX: Texas Woman'’s
University; 2024.

42. Saint-Martin DRF, Barreto KA, Soares E, et al. A 7-month multi-disciplinary healthy
lifestyle intervention effectively improved cardiometabolic risk profile of firefighters. J Occup
Environ Med. 2024,;66:605-614.

43. Burgess JL, Kurzius-Spencer M, Gerkin RD, Fleming JL, Peate WF, Allison M. Risk
factors for subclinical atherosclerosis in firefighters. J Occup Environ Med. 2012;54:328-335.
44, Lan FY, Scheibler C, Hershey MS, et al. Effects of a healthy lifestyle intervention and
COVID-19-adjusted training curriculum on firefighter recruits. Sci Rep. 2022;12:10607.

45, Feairheller DL, Smith M, Carty M, Reeve EH. Blood pressure surge with alarm is
reduced after exercise and diet intervention in firefighters. Blood Press Monit. 2023;28:134-143.
46. Park SK, Larson JL. The relationship between physical activity and metabolic syndrome

in people with chronic obstructive pulmonary disease. J Cardiovasc Nurs. 2014;29:499-507.

13



