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Abstract 

Cardiovascular disease is the leading cause of death in the United States; firefighters are 

at a greater risk for both the disease and death. Their exposure to stress, toxic fumes and 

smoke, unhealthy eating habits, excessive weight, and low levels of physical activity are 

all contributing risk factors to this disease. The purpose of this quantitative study was to 

determine the effectiveness of a multi-faceted program of exercise and nutritional 

counseling to decrease body fat composition and increase fitness levels nine months after 

initial implementation among a sample of 202 firefighters. Social learning theory was the 

theoretical foundation for the study, as the firefighting population utilizes strong social 

networks which aid in the ability to observe, model, and imitate new learned healthier 

behaviors. Statistical analysis showed no significant difference between pre- and post- 

body composition. There were significant differences seen between pretest- and posttest 

fitness scores. The implication for positive social change lies in the fact that these study 

findings indicate that voluntary exercise and nutrition programs may not be adequate to 

address the issue of obesity among the firefighter population. Results can be used to 

inform better nutrition and exercise interventions for firefighters, thus helping them attain 

their goal of becoming a healthier workforce.  
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Chapter 1: Introduction to the Study  

Background of the Study 

Cardiovascular disease is the leading cause of death in the United States (Byczek, 

Walton, Conrad, Reichelt, & Samo, 2004). Firefighters are one occupational group in the 

United States at a greater risk for cardiovascular disease (Kales, Soteriades, Christophi, & 

Christiani, 2007). The emergency nature of their job, their exposure to toxic fumes, and 

their personal individual health risks all contribute to their increased risk for 

cardiovascular disease. 

 Some of the cardiovascular disease risks that are modifiable are high cholesterol, 

high triglycerides, high blood pressure, over weight, and obesity (AHA, 2008). Some 

nonmodifiable cardiovascular risks are age, gender, and familiar genetic history (AHA, 

2008). The modifiable and nonmodifiable cardiovascular risks are seen in the general 

populations and are not specific to just the firefighter population (Byczek et al., 2004). 

The prevalence of cardiovascular disease in the general population is 37.8% in Caucasian 

males, 33.3% in Caucasian females, 45.9% in both African American males and females, 

26.1% in Hispanic males, and 32.5% in Hispanic females (AHA, 2009). African 

Americans have a higher prevalence for the risks associated with cardiovascular disease 

such as hypertension and obesity (AHA, 2009). 

As the general population is being adversely affected by cardiovascular disease, 

firefighters are also being affected by this disease. In an analysis conducted by Kales, 

Soteriades, Christophi, and Christiani (2007), it was determined that 45% of on-duty 

deaths in firefighters occurred as a result of heart attacks. In 2007, the United States Fire 
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Administration (USFA) released firefighter fatality statistics and 118 deaths were 

reported (USFA, 2007). Out of the 118 deaths, 52 (44.1%) were caused by on-duty heart 

attacks (USFA, 2007). This fatality data can help direct focus on modifiable risk factors 

through diet and exercise, factors which may have been previously neglected when 

firefighters entered into the profession. These factors could guide worksite programs 

addressing better health.  

Even though initial high performance physical fitness levels are needed to enter 

the firefighting profession, maintaining these levels is not required by many departments 

(Byczek et al., 2004). The nature of a firefighter’s job is based on episodic emergency 

calls that need strength and endurance to put out a fire in full gear, which weighs 70 lbs 

(Bycezk et al., 2004). In between these emergency calls, poor eating habits, coupled with 

no physical activity, can increase their risks for cardiovascular disease and finally an 

avoidable death by heart attack (Rosenstock & Olsen, 2007). Due to the down times in 

between calls, many firefighters eat poorly and do not exercise, and subsequently tend to 

adopt poor health behaviors and weight gains. The prevalence of obesity within the 

firefighter population is 39% which is more than double the Healthy People 2010 obesity 

target of being less than 15% for adults (NCHS, 2008). Bycezk et al. (2004) found that 

the obesity rates in the firefighter population were doubled compared to that found in the 

general population. 

Regular exercise is associated with healthier, longer life, and decreased risk of 

heart disease, high blood pressure, and obesity (Community Guide, 2004). The Task 

Force on Community Preventive Services has determined that multi-component 
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intervention programs, focusing on nutrition and exercise to control overweight and 

obesity in work site settings, are deemed more effective than a single component program 

focusing just on exercise and or nutrition alone (CDC, 2005). The two ways of increasing 

physical activity by influencing behavioral change are through informational and 

environmental approaches ( Kahn et al., 2002). The informational approach is providing 

information necessary to motivate and empower people to change their behavior from no 

activity to becoming active and maintaining it over time (Kahn et al., 2002). This 

information will increase awareness of risks that is associated with inactivity and what is 

needed to become active. Many individuals do not know where to start regarding 

exercise; this knowledge will guide their nutritional choices by teaching them about 

proper food choices that would aid in reduction of weight. 

The environmental approach is designed to provide environmental opportunities 

to develop healthier behaviors (Kahn et al., 2002). To increase physical activity, a safe 

environment that supports physical activity, whether its outdoor activities or access to 

recreational facilities, is needed to help develop these healthier behaviors (Kahn et al., 

2002). Soteriades et al. (2005) found that, over a five-year period, normal weight gain for 

firefighters was 1.1 pounds per year of active duty, whereas obese firefighters (BMI > or 

= 35) gained 1.9 pounds per year and had a higher prevalence of hypertension and 

elevated cholesterol. These figures are similar to the weight gain and cholesterol levels in 

the general population; nevertheless, they put firefighters at a greater risk of heart attacks 

due to their occupation. Soteriades et al. (2005) determined that periodic medical 
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evaluations, coupled with exercise and dietary guidelines, were needed to reduce the 

factors which threaten firefighters’ health and ensure public safety. 

Pioneer exercise programs geared towards firefighters, such as those seen in 

California, Virginia, and Texas, have evaluated their existing department needs to 

promote a worksite exercise program. Exercise equipment, place of training, and exercise 

schedules have been set up by the departments to stress the three areas of fitness (Kahn et 

al., 2002; Moulson-Litchfield & Freedson, 1986). The three areas of fitness are 

cardiovascular training, strength training, and flexibility (Moulson-Litchfield & 

Freedson, 1986). Fitness equipment is available at all fire stations and time allots for 

workouts, called protected time. Through surveillance, a reduction was found in risk 

factors associated with obesity, along with blood cholesterol levels on average by 

0.5mg/dl and an increase in fitness scores by 8% over a 5 year period (Moulson-

Litchfield & Freedson, 1986).  

Statement of the Problem 

Heart disease is the leading cause of on-duty deaths of firefighters. One of the 

major risk factors for cardiovascular disease is obesity/ overweight. There is a high 

prevalence of overweight/obesity among firefighters, which increases significantly over 

the career span (Davis et al., 2002; Soteriades et al., 2005). Being overweight and obese 

is associated with increased risk for coronary heart disease, hypertension, diabetes, 

arthritis, and certain forms of cancer (CDC, 2005). Studies have not been done to 

compare the fitness levels of those fire fighters belonging to jurisdictions which do not 

require exercise as a job function during their tour of duty. Even though the job itself 
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requires some exercise, exercise outside of job duties requires proper conditioning to 

reduce workplace injuries and increase productivity. 

   The lack of exercise is a major problem for the safety of both the firefighter and 

public as the ability to perform his or her job becomes impaired.   

Purpose of the Study 

The purpose of this study was to examine the change in fitness levels and body 

composition in DC firefighters with their access to a protected time for exercise and 

nutritional counseling program. Many studies support the greatest success in intervention 

programs by increasing energy expenditure through exercise and other daily activities, 

energy intake reduction, nutrition education, lifestyle changes, environmental changes, 

and psychological support (Naghii, 2006). By examining the relationship of this program 

to fitness levels and body composition, this study may help further the argument to 

establish a protected time for firefighters to engage in such programs to reverse the 

overweight and cardiovascular disease trend in this population. 

Nature of the Study 

This study was a quantitative study analyzing archival data. The data were 

obtained from individual medical charts which were coded to maintain confidentiality. 

All participants had data from their fitness assessment, blood pressure, height, weight, 

body composition, flexibility, and step test, which was a part of their wellness program. 

Their personalized exercise prescription was included in their record. The analysis 

included the initial assessment and the 9-month follow-up assessment. Further 

explanation of procedures and data will be described fully in chapter 3. My hypothesis 



 

 

6

was that the implementation of a physical activity and nutrition program would help 

reduce body composition and increase fitness levels within DC department firefighters.  

Theoretical Framework 

The data from the programs were viewed through the lens of social learning 

theory (SLT). SLT is a behavioral learning theory which defines a behavioral determinant 

and the process by which individuals adapt another behavior (Bartholomew, Parcel, Kok, 

& Gottlieb, 2006). SLT states that people learn from one another by observation, 

modeling, and imitation (Bandura, 1986). The three modes of learning are all affected by 

self efficacy, expected outcomes, behavior of others, and the environment (Bartholomew 

et al., 2006). The behavioral capability lies in knowing what to change, having the self 

efficacy to change it, and knowing what incentives are present to welcome this change. 

For modeling to take place, one has to observe the behavior, learn how to produce this 

behavior, and watch the consequences or benefits of performing this behavior. If a 

subject sees the advantage in performing this behavior, the behavior will be imitated. The 

key factor affecting modeling is self efficacy. If a person does not believe that he or she 

has the capability to imitate and model the behavior, then behavior change will likely not 

occur. Self efficacy can be bolstered by providing training opportunities and clear 

instructions to perform the modeled behavior (Bartholomew et al., 2006; Berkman, 

1995).   

The environment also plays a large role in SLT. The physical and social 

environment help shape behavioral responses of individuals. The social environment in 

this study is that of colleagues, other firefighters. Strong social environments and 
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networks are related to the health of individuals within this same network (Berkman, 

1995). For this network to be health promoting, this social network must provide a sense 

of self efficacy and competency to perform the new behavior (Berkman, 1995). The 

physical environment in this study was the foods available, exercise equipment, and the 

designated location to exercise. As more individuals within this network begin using 

exercise equipment and or eating healthy foods, it was believed that others would begin 

to observe, adopt, and maintain the new behavior. Elliot et al. (2004) discovered that 

through the SLT, many firefighters changed eating and exercise behavior through a 

supportive and modeling environment. In this study, I used SLT in a similar way, to 

guide my analysis on the role of modeling in the changed fitness and body composition 

among the firefighters. 

Research Questions and Hypotheses 

Two research questions were asked in this study: 

RQ1. Will the exercise and nutritional counseling program decrease body 

composition in DC firefighters nine months after initial implementation? 

H01. After implementation of an exercise and nutritional counseling program 

there would be no statistically significant difference in body composition as measured by 

the skin fold caliper in DC firefighters nine months later. 

HA1. After implementation of an exercise and nutritional counseling program, 

there would be a statistically significant reduction in body composition as measured by 

the skin fold caliper in DC firefighters nine months later. 
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RQ2. Will an exercise and nutritional counseling program increase fitness levels 

in DC firefighters nine months after initial implementation? 

H02. After implementation of an exercise and nutritional counseling program 

there would be no statistically significant difference in fitness levels in DC firefighters as 

measured by the sub maximal 3-minute step test nine months later. 

HA2. After implementation of an exercise and nutritional counseling program, 

there would be a statistically significant increase in fitness levels as measured by the sub 

maximal 3-minute step test in DC firefighters nine months later.  

 The independent variables were exercise and nutritional counseling programs. 

The dependent variables were body composition and fitness levels. 

Operational Definitions 

Beta blocker: defined as a blood pressure medication that is used to slow the heart 

rate and reduces the force of the heart contraction (Nieman, 2003, p 387.)  

Body composition: defined as body fat percentage and weight. The body fat is 

assessed by the use of a skin fold caliper (Naghii, 2006). The measurements are then 

taken and entered into an equation, the results of which are accurate within (+/-) 4%. The 

seven-site formula skin fold equation for men is bone density = 1.112-0.00043499(sum 

of seven skin folds) + 0.00000055 (sum of seven skin folds)²-0.00028826(age) (ACSM, 

2006). The seven-site formula skin fold equation for women is bone density = 1.097-

0.00046971(sum of seven skin folds)+0.00000056 (sum of seven skin folds)²-

0.00012828(age) (ACSM, 2006). This is more accurate than using body mass index 

(BMI) as a body fat indicator, as BMI does not take into account muscular and ethnic 
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differences, thus rendering unusually high numbers and potentially placing the participant 

erroneously in the obese/overweight category (Naghii, 2006).  

Body mass index (BMI): a measure used to assess weight as it relates to height. 

The general definition is body weight in kg divided by height in meters squared ( ACSM, 

2006, p 58.). Individuals who have a BMI of 25-29 are considered overweight, those with 

a BMI of 30-35 are obese, and those with a BMI of 35+ are considered morbidly obese 

(ACSM, 2006, p 58.).  

Fitness levels: defined as the ability to complete a sub maximal 3-minute step test 

based on acceptable ranges. These ranges will be no more than 148 for males and 172 for 

females (USACHPPM, n.d.). The 3-minute step test is used to determine cardiovascular 

fitness in which the heart rate in the recovery period is assessed after 3 minutes of 

stepping up and down on a 12 inch bench/step (UACHPPM,nd). The 3-minute step test is 

most appropriate in mass screening environments (Santo, 2003; Watkins, 1984). This sub 

maximal test is very reliable and valid as long as the post test heart rate is taken 

accurately (Watkins, 1984). Watkins (1984) reported greatest reliability of this test as 

long as the recovery heart rate is taken within the first 20 seconds post test while standing 

(r=0.94) (Santo, 2003). 

 Protected time: defined as time that is used while on duty to exercise. 

Research Methodology 

The study used a quantitative design to identify any differences in the 

measurements pre- and post- program intervention. The target population was District of 

Columbia (DC) Firefighters. They are composed of both males and females, ranging in 



 

 

10

age from 18-62. The sampling frame was 7 Battalions encompassing all 4 (24hr) shifts. 

Individuals from one Battalion all 4 shifts with pre- and post-data were pulled from the 

data set, thus comprising a convenience sample.  

 The archival data that were analyzed were sent via electronic format without any 

personal identifying information such as participants’ names. Participants were assigned 

codes to maintain confidentiality. The variables that were included are age, gender, pre- 

and post- intervention resting blood pressure, pre- and post-intervention resting pulse, 

pre- and post- intervention fitness measurements, and pre- and post-intervention body fat 

percentage. Blood pressure medication use was also disclosed. A beta blocker is a blood 

pressure medication used to slow heart rate and reduces the force of the heart contraction 

(Nieman, 2003, p 387.).Those taking beta blockers were excluded from the sample, as 

this drug prevents the heart rate from increasing with physical activity, and thus affects 

the objectivity of the fitness assessment. A more detailed description of the data being 

used and any excluded will be discussed further in chapter 3. 

 A repeated measure analysis was used to examine if pre- and post- program 

results showed any differences in body composition and fitness levels after controlling 

for potential confounders. More detail will be given in chapter 3.   

Assumptions, Limitations, and Delimitations 

The instrumentation used in this study could be a limitation. Because the medical 

metrics used for this study were collected by different nurses, there may be variance in 

those scores due to poor inter-nurse reliability. For example, the skin caliper test for body 

fat, if done incorrectly, can yield incorrect numbers. Each person may grab the various 
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skin folds differently than others if he or she is not trained properly to take these 

measurements. Also, if the wrong size blood pressure cuffs are used, an abnormally low 

or high blood pressure may be obtained. No safeguards were in place to exclude this 

possibility. Additional limitations stemmed from the lack of data on compliance to the 

personalized exercise program, the unmeasured (but certainly significant) effects of 

maturation on the post program scores, and the lack of assessments on firefighter stress.  

Stress has been noted as a contributing risk for cardiac arrest in many coronary event 

survivors (Dittmar, 2006). The occupational stressors of firefighting place these 

individuals who are at high risk for cardiovascular disease at a greater incidence of 

experiencing a cardiac event. Due to this effect, it is recommended to employ 

interventions to reduce the risk for cardiovascular disease thus reducing the likelihood of 

work related stress to increase the risk for a coronary event (Davis, Jankovitz, & Rein, 

2002). In this study, stress was not being measured but would be an area to develop 

further research to examine stress reduction in addition to increase physical activity. 

 The assumptions for this study were that all participants attended the nutritional 

counseling program and did not participate in any other exercise or nutritional programs.   

 The delimitation of this study is that these results are representative of an urban 

fire department comprised largely of African Americans. The results may not be 

generalized to a fire department in a less urban area and with a different ethnic and age 

population make-up. 
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Significance of the Study 

The findings from this study could influence public policy. In Washington, DC 

the administrative offices of the District of Columbia Fire and Emergency Medical 

Services are not in full support of allowing fire fighters to have protected time to 

participate in physical activity due to the pressures that reside on the fire department. 

With other surrounding jurisdictions, such as Alexandra Virginia, protected time was 

used to allow their firefighters to exercise. The findings from this study may give 

firefighters the knowledge and support to help encourage them to exercise when they can 

in between fire calls. This study can also help support the argument for the necessity to 

enforce protected time to achieve optimal fitness levels, which, in turn, could help reduce 

overweight fire fighters and increase their overall conditioning. 

Conclusion 

The issue of overweight and obesity is adversely affecting American firefighters. 

The lack of physical activity between their emergency calls, and poor nutritional habits, 

can increase their risk for being overweight, obese, and cardiovascular disease. This 

study analyzed the effectiveness of a multifaceted program in the reduction of body 

composition and to increase fitness levels in this population. The implication for positive 

social change is the ability for the DC fire department to initiate a policy change, based 

on the results of this study, to allow protected time to be used for exercise to help control 

the weight gain seen in firefighters. This policy change will protect the firefighters as 

well as increase public safety. Firefighters with increased physical conditioning will be 
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able to perform their job at an optimal state. This increased physical conditioning would 

also help decrease the risk factors for cardiovascular disease. 

In this chapter, I reviewed the pertinent background information on the 

overweight issues, cardiovascular disease, and its implications for firefighters. In the next 

chapter, I review the role of various programs in exercise and nutrition within this 

population, and the ways in which similar structured populations have worked to address 

this issue. The theoretical framework of this study is also discussed in this chapter. In 

chapter 3, I discuss and justify the quantitative design to address my research questions 

and hypotheses, along with the sample size used, the data collected, and type of data 

analysis performed. The ethical considerations of the study are also disclosed in this 

chapter. In chapter 4, I discuss data analysis; in chapter 5, I discuss further implications 

for social change, and present a call to action and implications for further studies. 
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Chapter 2: Literature Review 

Cardiovascular disease is the leading cause of on-duty deaths of fire fighters in 

the United States (Soteriades et al., 2005). The episodic nature of their job, unhealthy 

eating habits, familiar/genetic histories, excessive weight, and low levels of physical 

activity are all contributing risk factors for cardiovascular disease (Bycezk et al., 2004). 

The purpose of this study was to determine the effectiveness of a multi-faceted program 

of exercise and nutritional counseling to decrease body composition and increase fitness 

levels among firefighters of the District of Columbia (DC) Fire department. This 

literature review establishes the need for continued study to determine the best 

interventions needed to reduce this risk in firefighters. Even though firefighters have to 

pass a physical fitness test to enter the department, many departments do not continue to 

assess their firefighters for annual physical conditioning (Davis et al., 2002). In addition, 

many fire departments do not offer nutritional and exercise programs to help reduce these 

risk factors (Soteriades et al., 2005). 

  The search strategy used for this literature review was to search multiple 

databases including EBSCO, ProQuest, PUBMED, Academic Premier, and ERIC for 

peer reviewed scholarly articles. Books providing some theoretical basis for measurement 

on exercise prescription and testing were obtained from the University of Nevada- Las 

Vegas. The key words used for this search were firefighter, conditioning, exercise, 

cardiac risk factor, nutritional counseling, and cardiovascular disease. The publication 

years included in this search are 1984- 2009. References used in 1984 were consistently 
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cited in more recent references as a continuation of the previous study and served as the 

foundation of many studies seen in the more recent years. 

 This chapter provides a review of traditional fitness programs and nutritional 

programs in both groups and individuals in the firefighter and police populations. In 

addition, a more detailed discussion of the social learning theory and its relationship to 

the proposed research questions is analyzed. This chapter includes a discussion of results 

that differ based on voluntary and mandatory participation.  

The literature review results are grouped in two categories: fitness programs and 

intervention programs. Fitness programs are those that took the approach solely focused 

on exercise and reduction of body weight and increasing physical activity levels. The 

intervention programming approach focuses on not only reducing body weight and 

increasing physical activity, but also on the nutritional counseling and the behavioral 

components needed to sustain and keep the change. The intervention programming also 

focuses on the behavioral component of sustainability to maintain the adapted behavior to 

continue to decrease the risk of cardiovascular disease over time. 

Fitness Programs 

 In a 16-week training program, Roberts, O’Dea, Boyce, and Mannix (2002) 

studied the fitness levels of firefighter recruits. The initial pre-intervention measurements 

of a sample of 115 recruits showed that the entire group was not cardiovascularly fit to 

perform essential firefighting duties. A one hour, 3 times a week fitness program that 

focused on cardio, muscular strength, and flexibility was implemented for 16 weeks. This 

program did significantly increase fitness levels by 28% and decreased fat weight from 
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14.6 ± 8.0 to 13.0 ± 7.1 kg and increased lean muscle mass from 68.8 ± 9.9 to 69.9 ± 9.5 

kg.  

 In addition to cardiovascular disease risks, increased weight and fat percentages 

can also predict job performance. Williford and Scharf-Olson (1998) wanted to evaluate 

the job performance of 100 firefighters in their ability to stair climb, hose hoisting, 

forcible entry, hose advance, and victim rescue and their body percent versus lean body 

mass. There was a statistically significant relationship between body fat percentage and 

the time to perform job tasks. Those with less body fat took less time to complete their 

tasks. Positive relationships between better cardiovascular fitness and muscle strength 

were predictors of task performance. 

 Fitness programs that have worked to reduce fat and increase physical activity 

have been enhanced to include the offering of nutritional counseling. Cady, Thomas, and 

Karwasky (1985) added nutritional counseling to their exercise program for the Los 

Angeles County fire department. After initial assessment, nutritional counseling and 

exercise prescriptions were given to each firefighter. This was a longitudinal study 

starting in 1970 through 1983 with a sample size of 1725. These programs were 

personalized, as each member had unique characteristics to consider. The fitness program 

was successful in detecting unknown diseases as a result of the medical examination. 

Twenty-two percent of the firefighters were found to have hypertension or borderline 

hypertension, as well as other musculoskeletal problems such as back and knee. After 

completion of the 14-year program, an increase in physical activity by 16% was seen as 

well as healthier eating habits and a reduction in fat percentages. 
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 Because fire suppression is taxing on the body, it is essential that firefighters have 

good upper body muscular strength and aerobic/endurance to perform the tasks (Rhea, 

Alvar & Gray, 2004). Rhea et al. (2004) studied a sample of 20 firefighters to examine 

the correlations between fitness tests and job performance tests. Job performance tasks 

are hose pull, victim drag, equipment hoist and stair climbing which are tasks completed 

in a given time. Rhea et al. found job performance to be significantly correlated to 

muscular strength, muscular endurance, and anaerobic endurance. The emphasis of their 

research was to change focus of firefighter programs from just cardiovascular fitness to 

more of physical conditioning program focusing on all 3 fitness components. The 3 

fitness components are frequency, intensity, and duration of the activity (ACSM, 2006). 

 Frequency details how many days of the week exercise should be performed. The 

American College of Sports Medicine (ACSM) recommends exercise 3 to 5 days per 

week to increase cardiovascular fitness (ACSM, 2006). To improve cardiovascular 

fitness, intensity at low to moderate levels is needed. Nieman (2003) recommended that 

low to moderate intensity exercise prescription will decrease cardiovascular risks, 

increase fitness, and aid in adherence/compliance of the exercise program. Duration 

details how long the exercise routine should be to achieve optimal goals. The CDC and 

ACSM recommend that moderate level intensity exercise for 30 minutes most days is 

essential in reducing cardiovascular risks and increase fitness levels (Nieman, 2003). The 

Promoting Healthy Lifestyles Alternative Models Effects (PHLAME) program used this 

recommendation of at least 30 minutes of moderate exercise to produce favorable fitness 

levels among a prospective sample of 599 firefighters (Elliott et al., 2007). There was 
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significantly less weight gain seen in both group-taught and individual counseling session 

interventions in the exercise component of the program (Elliott et al., 2004; Elliott et al., 

2007). 

 To test the cardiovascular fitness and body composition in the firefighter 

population, many studies have employed the 3-minute step test more commonly known 

as the YMCA step test and body fat analysis (Byczek et al., 2004; Henderson, Berry & 

Matic, 2007). The descriptions which follow describe the analyses of the intervention. 

 Body mass index (BMI) is a measure used to assess weight as it relates to height. 

The general definition is body weight in kg divided by height in meters squared (ACSM, 

2006, p 58.). Individuals who have a BMI of 25-29 are considered overweight, those with 

a BMI of 30-35 are obese, and those with a BMI of 35+ are considered morbidly obese 

(ACSM, 2006, p 58). Despite the general usage of BMI calculations in clinical settings, 

BMI has a large standard of error and other measurements to measure body composition 

should be used (Lothran, Houtkooper, & Going, 1997). When addressing various body 

types such as those with large muscular composition, BMI is contraindicated. Soteriades 

et al. (2005) studied 332 firefighters over a 5 year period and found that mean BMI 

increased from 29 at time 1 to 30 at the follow-up exam. Soteriades et al. noted that BMI 

can overestimate overweight among muscular firefighters versus using a body fat 

percentage measure such as skin fold and or hydrostatic weighing.  

 Hydrostatic weighing is a technique to measure body composition by submerging 

the participant under water. This technique measures body volume as it relates to the 

amount of water displaced due to the weight of the body. This technique is most accurate, 
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although expensive and impractical for mass screening purposes such as multiple 

firehouse workplace settings. Green and Crouse (1991) used hydrostatic weighing with a 

small sample size of 24 firefighters measuring body composition for 5 years. There was a 

significant decrease in mean fat percentage of 1.43% across 5 years with the greatest 

difference of 2.48% occurring after year one of the mandated exercise program (Green & 

Crouse, 1991). Davis, Jankowitz, and Rein (2002) also used hydrostatic weighing in 

combination with skin fold measurements. A sample of 71 firefighters from 1983-1996 

were studied to determine how body fat percentage changed with age. A significant 

increase of body fat was found as it related to age by 0.3% per year on average. These 

findings suggest that skin fold measurements may be an effective approach to weight loss 

measurement. Indeed, due to the cost effectiveness of administering such a test in a large 

setting, skin fold measurements have been suggested as the best approach in a workplace 

setting (Moulson-Litchfield & Freedson, 1986). Many participants are not willing to be 

submerged under water for the purpose of body composition measurements which is done 

in the hydrostatic weighing method. 

 Skin fold measurements through the use of calipers is a widely used, less 

expensive, and more convenient method to assess body fat. The calipers are used to 

measure subcutaneous fat at the various test sites on the body (McArdle, Katch, & Katch, 

2001, p. 772). Due to the ease of this body fat measurement tool, many researchers have 

found participants to be more at ease to participate in getting their fat percentages 

assessed (Garver, Jankowitz, & Danks, 2005). Roberts et al. (2002) studied 115 

firefighter recruits in a 16-week supervised exercise training program. To assess body fat 
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measurements in this program, Roberts et al. (2002) utilized a seven site skin fold caliper 

measurement. Roberts et al. (2002) reported using the Lange apparatus with the test-retest 

reliability coefficient of r = 0.85. Roberts et al. (2002) took all skin fold measurements on 

the right side of the body with duplicate measurements taken at each site. Retests were 

taken if a duplicate measurement was not within 1-2 mm of the first measure. The 16-

week training program of the firefighter recruits did increase fitness levels by 28% and 

decrease fat mass by 14.6 ± 8.0 to 13.0 ± 7.1 kg. 

Another assessment tool is the submaximal test, 3-minute step test such as the 

YMCA step test. The step test is used to determine fitness levels by measuring the heart’s 

recovery response to stepping at a fixed stair height therefore examining post exercise 

heart rates (Armstrong et al., 2006). This test is most suitable for mass testing and 

participants should be properly educated on how the test is performed (Watkins, 1984). 

The 3-minute step test entails stepping on a bench to the beat of a metronome that is set 

for 96 beats per minute (bpm) (Nieman, 2003, p. 92-93). After the completion of the 3-

minute step test, a standing pulse is taken for 15 seconds. Santo (2002) administered a 3-

minute step test to 60 participants to measure maximal oxygen consumption (VO2max) and 

heart beat counts at 15 s and 1 mm. Santo found significant correlations between VO2max 

and 15s and 1mm heart beat counts. A high recovery heart rate will dictate a low fitness 

level (Pollock & Wilmore, 1990, p. 276).  

In reviewing the literature, there is a mixture of tests used to determine fitness 

levels with firefighters. Studies using small sample sizes have used Bruce protocol 

treadmill tests and cycle ergometers (Green & Crouse, 1991; Roberts et al., 2002). Green 
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and Crouse (1991) used the Bruce protocol treadmill tests to 24 firefighters to determine 

their maximal oxygen consumption, VO2max. This treadmill test consisted of placing 12-

lead electrocardiogram to measure heart rates during the test, and the firefighter ran on 

the treadmill for each graded 3 minute stage till maximal muscle fatigue or 80-100% VO 

2max. VO2max was also estimated for the entire total time each firefighter was on the 

treadmill. This study was conducted annually for 5 years to determine the progress and 

success of the prescribed exercise programs. There was a significant difference in VO2max 

across 5 years with the greatest improvements seen in 1st year with a mean of 40.69 ml O2 

kg or 11.63 METS. 

With cycle ergometers, Roberts et al. (2002) tested rookies in firefighting 

recruitment classes for over 4 years for a total of 115 recruits. After a 2-3 minute warm 

up and attaching a heart rate monitor to each participant, the participant used an upright 

posture with 5 degree knee bend at leg extension. Roberts et al. used 3- 3 minute staged 

protocol starting the first stage at 150 kg·min¯¹. Each stage would progress higher in the 

attempt to increase the steady state heart rate. Blood pressure was measured manually to 

monitor both hypotensive and hypertensive responses to the testing in each stage. Roberts 

et al., (2002) terminated the tests when the subjects reached 85% of their age-predicated 

maximum heart rates. After the institution of a 16-week mandatory exercise training 

program, these recruits aerobic capacity increased by 28% percent. 

 Pynes (2001) and Henderson, Berry, and Matic (2007) used the step test in a 

mass testing setting to measure fitness levels in the firefighter population. Financial 

constraints as well as willingness to participate in the program will dictate also which 
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fitness test is best suited for this work environment. Using a less invasive and easily 

administered fitness testing program will ensure lower subject mortality (drop-out rates) 

in the program. 

As researchers are studying the fitness levels of firefighters, they are faced with 

determining the appropriate methodology for answering the research questions and 

selecting their sample size based on this population. This population operates on peer to 

peer influences and social networking which will further be discussed below. Roberts et 

al. (2002) used a convenience sample of 115 firefighter recruits to study the fitness levels 

before and after a 16-week training program. The pre-intervention evaluation showed that 

the entire group of firefighters was not cardiovascularly fit to perform routine firefighting 

duties (Roberts et al., 2002).  

Garver et al. (2005) used a similar approach in using a convenience sample like 

Roberts et al. (2002) but with one variation of using 2 comparison groups instead of one. 

Garver et al. used the convenience sample by selecting 17 industrial firefighters and 51 

municipal firefighters to undergo medical evaluations and fitness testing. Both groups 

showed no significant differences in fitness testing. The industrial firefighters had 

significantly higher grip strength and significantly lower total blood cholesterol levels 

than municipal firefighters.  

Green and Crouse (1991) also used a convenience sample however in a 

longitudinal study, over a 5 year period, to determine the effects of a mandated fitness 

program on firefighters. There was a significant decrease in mean fat percentage of 
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1.43% across the 5 years with the greatest difference of 2.48% after the 1st year of the 

mandated program (Green & Crouse, 1991).  

In addition to using convenience samples, archival data have been used to 

determine the health and focus areas of intervention needs for firefighters. Kales, 

Soteriades, Christophi and Christianti (2007) examined archival data of on duty deaths of 

US firefighters from 1994 to 2004. These researchers examined specifically deaths that 

were due to coronary heart diseases. Four hundred and forty-nine deaths were attributed 

to coronary heart disease 39%, 32% during fire suppression, 31% during alarm 

response/return and 37% during other activities (Kales et al., 2007). Kales et al. (2007) 

believed the firefighters risk of coronary heart disease during fire suppression increased 

because of the cardiovascular demand of the job, the lack of physical fitness, poor 

nutritional habits, and underlying cardiovascular risk factors.  

As these different methodologies are used to answer the various research 

questions of the previous researchers, this study was focused on archival pre-post data. 

This methodology is similar to Roberts et al. (2002) and Kales et al. (2007). The archival 

data detailed pre-post data to be able to examine the effectiveness of the nutrition and 

fitness programs that was given to the convenience sample population. As Kales et al. 

(2007) studied archival data to analyze trends and gave recommendations on how to 

address these trends; this study looked to examine the archival data and give 

recommendations as to next steps. A review of different methodologies of research aided 

in choosing the appropriate methods for this study. The method chosen was based on the 

research question as well as the population being examined. 
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Intervention Programs 

 In addition to taking the measurements as described in fitness programs, the 

intervention program to be implemented must be effective in changing health risks. 

Promoting healthy lifestyles Alternative Models’ Effects (PHLAME) in the study by Moe 

et al. (2002) used a team and one-on-one approach to change health behaviors in 600 

participating firefighters. Moe et al. (2002) provided nutritional counseling and exercise 

testing and prescription in a two mode approach. The researchers were able to elicit 

weight loss and improved eating habits by both modes of delivery. Cady et al. (1985) also 

used a group nutritional education approach with individualized exercise testing with 

prescription. Cady et al. (1985) improved physical fitness of the 1725 firefighter 

participants by 16% with this approach. Supportive exercise counseling on type, duration 

and mode of exercises has been determined to be most successful in compliance and 

success in weight loss (Byczek et al., 2004; Cady et al., 1985). The data used in this study 

was derived from a program that shares its foundation with the PHLAME study. This 

program used a group nutritional aspect with a one-on-one approach for the exercise 

testing and prescription segments. The group approach helps facilitate greater learning 

while the one-on-one approach to exercise allows for greater personalization. This 

personalization is needed as each firefighter will have different fitness 

needs/requirements and or restrictions due to prior sustained injuries. This type of 

exercise training will help keep members motivated to participate thus yielding the 

desired results and maintain these results over time (Roberts et al., 2002). 
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 The theoretical foundation for many of the weight reduction programs referenced 

here are social learning theory (SLT) and the Transtheoretical Model/Stages of Change 

(TTM). The PHLAME program utilized both the SLT and TTM. For one-on-one 

interaction and counseling of exercise and nutrition, TTM was deemed most appropriate 

to help center the interaction around just the individual (Elliot et al., 2004; Elliott et al., 

2007; Moe et al., 2002). This allowed the researcher to perform motivational 

interviewing to determine which stage the firefighter resided in and the approach needed 

to motivate them to adopt a healthier behavior (Elliot et al., 2004). For a group setting, 

SLT was considered the basis for behavioral change. The SLT proposes that experiences 

along with peer influence affect individual behaviors (Moe et al., 2002). This group 

approach allows for team building activities which through the PHLAME study found 

physical activity and nutritional behavior were significant (Elliott et al., 2004; Elliott et 

al., 2007). The team approach yielded more changes in nutritional habits than the one-on-

one approach. The team approach was found to be more effective and more economically 

feasible for work site health promotion (Elliott et al., 2007). This team approach is also 

supported largely by the strong social support networks that are formed in this work 

setting. These firefighters spend large amounts of time together in close quarters and 

build strong peer bonds and team unity not seen in many other occupations. Berkman 

(1995) has documented that strong supportive relationships within a social support 

network is related to the health of the individuals who reside in these networks. If one 

individual adopts a new behavior, the others in the network will begin to also adopt that 

same behavior as it will be deemed socially acceptable by this group (Berkman, 1995). 
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This study uses the social learning theory as the theoretical framework due to the nature 

of the population. This population utilizes strong social networks which aids in the ability 

to observe, model, and imitate new learned healthier behaviors.  

 Another first responder that is very similar to the firefighter population in their 

social network structure, the police population, has also experienced how diet and 

exercise can help the group achieve better health behaviors. Pavlou, Krey, and Steffee 

(1989) and Moore (2006) have found that when officers exercise in conjunction with 

nutritional counseling, the police officers were able to lose weight and keep the weight 

off. Those individuals just dieting alone or exercising alone were not able to keep the 

weight off. Pavlou, Krey, and Steffee (1989) initially ran a pilot study with 24 police 

officers to determine the effects of exercise and diet of weight loss. Pavlou et al. (1989) 

were able to show after 6 and 18 month follow up from the initial assessment that 

significant weight loss was maintained in the groups who had nutritional counseling in 

conjunction with exercise. 

 As with the police population, positive effects have been shown with programs 

focusing on diet and exercise. Shifting the focus from the police population back to the 

fire population there are studies showing the negative effects of inactivity. Studies by 

Soteriades et al. (2005) have shown that without increased physical activity, obesity 

increased over a 5 year period. Soteriades et al. (2005) studied BMI of 332 firefighters 

over a 5 year period to study weight gain and obesity increased significantly by the 5th 

year by 39.7% compared to the first year of 34.9%. Soteriades et al. (2005) also found 

that extreme obesity increased by the 5th year to 2.4%. Davis et al. (2002) and Moulson-
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Litchfield and Freedson (1986) both stated that mandated physical fitness programs illicit 

the necessary weight loss compared to a non-mandatory program. Moulson-Litchfield 

and Freedson (1986) discovered that voluntary programs are not as effective in weight 

loss as a mandatory program. Further emphasis, such as allotted time to exercise in a 

mandated program, showed the needed weight reduction, which in turn reduced the 

prevalence of cardiovascular disease risk factors (Kales et al., 2003; Moulson-Litchfield 

& Freedson, 1986; Pynes, 2001).  

 The aforementioned studies presented here have shown a positive and direct 

correlation between physical conditioning and a decrease in weight which can ultimately 

reduce the risk of modifiable on duty fatalities due to cardiovascular disease. Roberts et 

al. (2002) have shown that firefighters tend to become overweight over a 5 year period 

since the beginning of employment if no intervention is implemented. While studies have 

shown a relationship between mandated programs and reduction of cardiovascular 

disease risks factors, there is little evidence to show a voluntary program will be effective 

in reducing cardiovascular disease risks through weight reduction. In addition, all the 

studies found here used a sample population of firefighters that are Caucasian males. 

Very little data has not been presented on a largely African American population 

including females where the cardiovascular risk factors are significantly higher than the 

Caucasian males.  

 African Americans have a higher prevalence for cardiovascular disease (CVD) 

and hypertension than do Caucasians (Somers et al., 2002).  Somers et al. (2002) and 

Mensah et al. (2005) have determined that African Americans living in the South Eastern 



 

 

28

sections of the US have a higher prevalence and risk for hypertension than those living in 

other parts of the country. This was found largely due to economic status, education 

levels and the environment. This same CVD disparity is also seen in the Hispanic 

population (Mensah et al., 2005). More aggressive prevention and control programs for 

CVD need to be implemented to change the disparities seen in the African American and 

Hispanic population. 

 All studies that have been examined here looked at CVD risks within fire 

departments. All the samples examined CVD and interventions with Caucasian males and 

only one study included Caucasian women. This may be largely explained because of the 

ethnic and gender make-up of those fire departments being studied. In 2007 the US Fire 

Service reported a total of 304,000 career firefighters, full time (NFPA, 2007). Of those 

304,000 firefighters, 16,000 (5.3%) were women; 32,000 (10.5%) were African 

American and 19,000 (3.6%) were Hispanic (NFPA, 2007). In 2007, the fire department 

in Washington, DC was comprised of 2,072 fire fighters (NFPA, 2007). Of those 2,072, 

949 (45.3%) were Caucasian; 1086 (52.4%) were African American and 29 (1.4%) were 

Hispanic. The fire fighter population of DC clearly shows that African Americans are the 

majority which truly reflects the ethnic make-up of the community it serves. In 2007, the 

total population in Washington, DC was 588,292 (US Census Bureau, 2007). Of this 

population, African Americans make up 55.2% and Hispanics make up 8.3% (US Census 

Bureau, 2007). 

 Even though the evidence presented outlines the increase CVD risks for 

firefighters as a whole, the risks are an even greater concern among African Americans 
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who have a higher prevalence for these risks. A greater emphasis in conducting research 

to determine if a program such as PHLAME will be as successful in a predominately 

African American population compared to a largely Caucasian population which the 

program originated is needed. Cultural concerns such as delay in receiving adequate care, 

institutional racism and gaining provider trust must also be carefully addressed within the 

African American population as to ensure effective outcomes (Treadwell & Ro, 2003; 

Williams, 2003). The previous studies done cannot be generalized to all firefighter 

jurisdictions as ethnicities vary and geographical locations of these departments may also 

affect the outcomes of programs. As Davis et al. (2002) have detailed that their results 

cannot be generalized to other fire districts as other variances in the population may not 

attain the same results as their study. 

 Just as African Americans are at a greater risk for cardiovascular disease and 

hypertension so are they for obesity. Based on data from the National Health and 

Nutrition Examination Survey (NHANES) the prevalence for obesity among African 

Americans was 45%, 36.8% for Hispanics and 30.6% for Caucasians (Pan et al., 2009). 

Pan et al. (2009) had proposed that African Americans and Hispanics are less likely to 

exercise, have difference attitudes/cultural norms of body image and less access to 

affordable foods and areas to exercise. Access to healthy food choices is a limited 

resource in some urban areas compared to some wealthier areas which can greatly affect 

obesity prevalence (Moreland, Diez- Roux, & Wing, 2006). Residents in these urban 

communities are forced to shop in convenience stores or fast food establishments. 
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Healthier food choices tend to be more expensive than higher caloric food choices 

(Moreland, Diez-Roux, & Wing, 2006).  

 In addition to the lack of appropriate healthy food choices available in the urban 

communities, parks and areas promoting physical activity are also non-existent. Physical 

activity is needed to decrease the prevalence of obesity but without the areas in 

communities that promote physical activity such as walking, parks and or outdoor 

activities this becomes difficult. Communities with high percentages of African 

Americans have fewer available parks, public pools, and other places to promote exercise 

(Powell, Slaters, & Chaloupka, 2004). Kieffer et al. (2006) cited lack of exercise 

programs, exercise facilities and social support networks prevented many from achieving 

their goal of weight loss. 

 Flegal, Carroll, Ogden, and Johnson (2002) determined that individual focused 

programs emphasizing lifestyle changes including education, reduced fat and energy 

intake, regular physical activity can produce long term weight loss of 5-10% from their 

starting weight. Kieffer et al. (2006) determined more policy and individual interventions 

should be established to help individuals achieve healthy behaviors for weight loss and 

increase of physical activity.  

 Since literature is lacking as to the effectiveness of fitness programs with a largely 

African American fire fighter population, this study is needed to address this gap. Thus, 

this study looked at the effectiveness of a voluntary intervention in reducing weight thus 

reducing cardiovascular disease risks which are disproportionately higher in the fire 

fighter population. 
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Chapter 3: Research Method 

Methodology 

After reviewing the literature in chapter 2, a gap in the literature was seen in 

studies examining largely African American firefighter populations as well as voluntary 

participation in on-duty exercise/ nutrition programs. In this chapter, I describe in more 

detail the research design, sample, data collection processes, instrumentation used, data 

analysis, and ethical considerations. In addition, included in this chapter is the rationale 

behind why one particular research design was most appropriate for this study.  

 The purpose of this study was to examine the effectiveness of an exercise and 

nutrition program on body fat composition and increase in fitness levels in DC 

firefighters. The sample was comprised of African American, Caucasian and other ethnic 

firefighters. The research design to examine this effectiveness was through quantitative 

research methodology. This was a single group pre-post test design using archival data 

(Dorsten & Hotchkiss, 2005). The archival data were readily available for examination 

and helped direct focus towards areas of fitness and health (Kales et al., 2007). A 

convenience sample was also used and has been used by Roberts et al. (2002) and Garver 

et al. (2005) as this population has strong peer to peer social networking bonds and 

influences each other as a whole. To use simple random sampling for this population 

would introduce a potential for external influences that cannot be controlled and therefore 

using a population from a single battalion was a valid strategy for this research.  

 There are strengths and limitations with this design. The strength is the sample 

size which is be discussed further in this chapter; a limitation exists in interpreting a 
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cause-and-effect relationship, as well as the limited ability to determine if the changes 

that have occurred were due to the intervention or due to another external unknown 

factor. The threats to internal validity such as maturation and history could have 

confounded effects on causal interpretation of results (Singleton & Straits, 2005). 

Singleton and Straits (2005) defined maturation as the physical changes that can take 

place with a subject as time passes regardless of the intervention. Any ordinary change a 

participant would have made to their diet or physical activity naturally as time passed 

could not be totally attributed to the intervention that was being administered to the 

participants. This was an exploratory study to identify significant changes in body fat 

reduction and fitness level increases before and after the intervention.  

Setting and Sample 

 The population that was examined was the District of Columbia Fire department. 

In 2004, the total population of DC fire fighters was 1,867 (NFPA, 2007). Of the total 

population, there were 7 Battalions and 33 firehouses that were geographically divided in 

the city which made up the sampling frame. One battalion can potentially have 5 to 6 

firehouses geographically assigned to it. The sample was one of the 7 battalions with pre- 

and post- body fat and step test measurements for all 264 of its members. This one 

battalion, making up the sample, was comprised of all firefighters who work in those fire 

houses of that battalion all 4 shifts, with pre- and post- body fat and step test 

measurements.  

Participants were men and women, 18-62 years of age, working all shifts (1-4) 

within the chosen battalion during the time period of the calendar year of 2004. The 
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target population was the District of Columbia Fire department. To be included in the 

study, the participants had to have both pre- and post- test body fat, pre- and post- test 

fitness test results and have taken the nutrition class. The participants who did not meet 

these criteria but were in the battalion were excluded. The sample demographics included 

an average age of 37, with 95% of the population being male (NFPA, 2007). 

Race/ethnicity was not an inclusion criterion for the study. Any participant taking blood 

pressure medications, as reported by the participant, such as beta blockers were excluded 

from the study/analysis as this would prohibit achieving maximal heart rate. Firefighters 

with other orthopedic restrictions such as knee and back limitations were also excluded 

from being selected for this study. These limitations were assessed based on their 

occupational medical chart which the onsite nurse would have to verify prior to allowing 

the firefighter to participate in the initial program. 

Sample Size 

The sample size for this study took into account the battalion size and the power 

and effect size needed to detect differences. This study utilized a paired t test for its 

statistical analysis due to its design of a single group pre-post test. Roberts et al. (2002), 

Soteriades et al. (2005) and Rhea et al. (2004) have shown moderate effect sizes all using 

t test and paired t-test analysis examining similar variables used in this study. Roberts et 

al. (2002) set their alpha levels to 0.007 due to the multiple numbers of paired t tests that 

were used which were 7. This study had two outcome variables: body fat percentage and 

fitness assessment. Due to the 2 variables, there were 2 paired t tests used therefore the 

level of significance would be 0.05 for each analysis. A power of at least .811832, which 
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is an 80% percent chance of rejecting a null hypothesis, an effect size of .50, the study 

would require a sample of at least 27 participants which was calculated using the 

G*Power 3.1 program (Faul, Erdfelder, Lang, & Buchner, 2009). However, due to the 

nature of this study having a cluster sample (e.g., body fat measures that are likely to be 

correlated and violate the independent sample assumption of the t test), an intracluster 

correlation coefficient must be determined. In order to detect a true significance, there 

has to be an increase in the number of clusters versus the number of subjects within a 

cluster (Killip, Mahfoud, & Pearce, 2004). Based on this intracluster correlation 

coefficient set at 0.01, a sample size of 185 was needed to detect the significance. This 

study had 264 participants who were eligible to participate, which is the size of a 

battalion. The total sample size after adjusting for exclusions was 202. Sixty-two 

firefighters were excluded due to being on blood pressure medications and medical 

restrictions.  

Intervention 

 In this study, I examined archival data of how effective the treatment that was 

administered was on decreasing body fat and increasing fitness levels in DC firefighters. 

The initial assessment that was administered was a fitness assessment which was 

comprised of a 3 minute step test, body fat composition, resting blood pressure /pulse 

screen accompanied with an exercise prescription. Blood pressures were taken using the 

sphygmomanometer and the head of the stethoscope was placed over the brachial artery 

to hear the first Korotkoff sound (ACSM, 2006). The Korotkoff sound became the 

systolic value and the last sound heard became the diastolic value (ACSM, 2006). The 
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pulse was obtained by palpating the radial artery in the wrist (ACSM, 2006). The exercise 

prescription was personalized based on each person’s pre-test results and the counseling, 

30 minutes in length, informed him or her of their focus areas of concern with the 

emphasis on increasing cardiovascular endurance and muscular strength. Each 

prescription had the 2 standard areas in cardiovascular training of at least 30 minutes of 

training and the same muscular strength training exercises. These were standardized due 

to known weight and treadmill equipment that were available in the firehouses. Each 

individual was given a how-to guide to exercise (see Appendix A) with the foundation of 

how often it was recommended they should exercise. The exercises were performed 

individually and not a part of a protected time activity. Compliance was not measured.  

Six months following this initial exercise screening, a group-taught nutritional 

class was lead by a registered dietitian; the six-month time difference was due to 

logistical scheduling and timing to test the entire fire department. The class was 45 

minutes in length, and an educational booklet developed by the dietitian was distributed 

to all participants (see Appendix B). Basic instruction regarding dietary habits was 

focused on, including eating well balanced meals, portion control, caloric intake 

reduction and increasing physical activity. Box lunches were also provided to each 

participant including a healthy sandwich, fruit, drink, and baked chips. This lunch was an 

effort to show the firefighters how to eat healthy lunches. During the instruction, models 

were provided to show how meal portions should look on the plate and how healthy 

meals should be prepared. This program followed the same guidelines as the PHLAME 

study group intervention used by Elliott et al. (2007). The second round of exercise 
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testing began 3 months after the nutritional classes ended. No compliance was measured 

as to how well the firefighters followed the recommendations of the dietitian. 

Instrumentation 

 The 3-minute step test also known as the YMCA step test was used to measure 

post exercise recovery heart rates (ACSM, 2006). Post exercise recovery heart rates 

decrease with improved fitness levels. The 3-minute step test utilized a 12- inch high 

step, a metronome set at 96 beats per minute (bpm), and a stop watch to time the 3 

minutes and 1 minute recovery period (Nieman, 2003). The test involved stepping up and 

down on the stair step at the rate of 24 steps per minute for 3 minutes. After the 3 

minutes, the participant sat down, and while waiting during the first minute the nurse 

began to palpate the participants’ radial artery (Nieman, 2003). The heart rate was 

recorded within the first minute of recovery and results were compared against 

participants’ age (ACSM, 2006; Nieman, 2003). Recording the heart rate within the first 

minute yields a reliability of r = .94 (Santo, 2003). 

The next value recorded was the body composition which is the body fat 

measurements recorded as skin fold measurements. The skin fold measurements were 

recorded through the use of calipers. This procedure was developed in 1930 to measure 

subcutaneous fat to determine how proportional it is to entire body fat (McArdle, Katch, 

& Katch, 2001). The skin fold measurements used in this study was the 7 site method 

where the sites measurements obtained and then placed in the equation to formulate the 

score were the chest, axillary, triceps, abdomen, suprailiac, thigh, and subscapular region 

(ACSM, 2006). The measurements were taken 3 times in a row and the best number 
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(measurements are within 1 to 2 mm) of the three times for each location were taken and 

plugged into the equation to get the body fat number (ACSM, 2006). The reliability of 

the 7 site skin fold test is the ability to get consistent and accurate measurements each 

repetition and r = .90 (ACSM, 2006).  

Data Collection and Analysis 

 This study employed a repeated measures research design using a paired t-test 

analysis. The instruments used in this study allow for a quantitative approach. The 

hypothesis and research questions are listed below to further support the analysis of a pre-

post test with the same sample and thus using the paired t test for the statistical analysis. 

RQ1. Will the exercise and nutritional counseling program decrease body 

composition in DC firefighters nine months after initial implementation? 

HA1. After implementation of an exercise and nutritional counseling program, 

there would be a statistically significant reduction in body composition as measured by 

the skin fold caliper in DC firefighters nine months later. 

  The data analysis used to test the first hypothesis was a paired t test. The paired t 

test compared the mean pre treatment body fat composition measurements to mean post 

treatment body fat composition measurements to determine if there is a significant 

difference between the two variable summary scores. The significance level of alpha is 

set at p ≤ .05, 

RQ2. Will an exercise and nutritional counseling program increase fitness levels 

in DC firefighters nine months after initial implementation? 
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HA2. After implementation of an exercise and nutritional counseling program, 

there would be a statistically significant increase in fitness levels as measured by the sub 

maximal 3-minute step test in DC firefighters nine months later.  

  The data analysis used to test the second hypothesis was a paired t test. The paired 

t test compared the mean pre treatment fitness levels to mean post treatment fitness levels 

to determine if there is a significant difference between the two variable scores. The 

significance level of alpha is set at p ≤ .05. 

The Statistical Package for Social Sciences (SPSS) version 17.0 was used for data 

analysis. The data from the spreadsheet received from the liaison were imported into the 

SPSS program to run the analysis. Participants were assigned a code, thus removing their 

name and their information was logged in an excel spreadsheet. Their variables such as 

their pre- and post- program body fat, pre- and post- program step test results, pre- and 

post- program resting pulse, height, weight, age, sex and ethnicity was also logged in this 

spreadsheet as well for each coded participant. The variables assigned specific coding 

were gender and ethnicity/race. For gender, which is a nominal variable, female was 

assigned to 1; male was assigned to 2. For ethnicity/race, which is a nominal variable, 

Caucasian was assigned to 1, African American was assigned to 2, Hispanic was assigned 

to 3, Asian/Pacific Islander was assigned to 4, American Indian was assigned to 5, and 

Other was assigned to 6. The variables of pre- post- step test measurements and pre- post- 

body fat measurements are ratio variables. A paired t test was used to determine if there 

are significant differences in mean pre- and post- body fat and fitness assessment scores 
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of firefighters. Descriptive statistics included mean, standard deviations and frequency 

which were used to describe gender, age, and race/ethnicity of the sample being studied.  

Ethical Considerations 

The archival data were from a private source, careful considerations were taken to 

ensure that all personal information would remain confidential. Due to the use of archival 

data from a private source in accordance with Walden University IRB regulations, a letter 

of cooperation and a signed data use agreement was needed to use this data. The data use 

agreement gave access to the limited data set once all personal identifiers were removed 

from the Protected Health Information (PHI). This data use agreement was in accordance 

with all HIPAA requirements. The authorization number 08-02-10-0337244 was given by 

Walden University IRB to begin the archival data analysis. 

The archival data was collected and maintained by the fire department liaison 

from their electronic medical records of their wellness programs and placed in an Excel 

spreadsheet. The fire department liaison removed all person identifiers and assigned 

codes to each individual in the sample. Variables recorded in the spreadsheet were age, 

ethnicity, height, weight, resting pulse, pre- and post- blood pressure, pre- and post- step 

test, pre- and post-body fat measurement; these were made available to me for review. 

The information was sent to me via an encrypted secure e-mail system that was password 

protected. The password was sent in a separate e-mail. Once that was received then the e-

mail file was opened from the secured e-mail system for review and analysis.  

The results of this study will be shared with the liaison, who is the infection control nurse 

of the fire department. The results of this study can potentially help with programming of 
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their future wellness programs.  
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Chapter 4: Results  

Introduction 

The purpose of this study was to examine the effectiveness of an exercise and 

nutrition counseling program on body fat composition and an increase in fitness levels in 

DC firefighters. This chapter includes the research findings to answer the research 

questions and hypothesis discussed in chapter 3. 

Descriptive Statistics 

 The total sample size after adjusting for exclusions was 202. Sixty-two 

firefighters were excluded due to being on blood pressure medications and medical 

restrictions. The power calculation was performed in chapter 3. A power of at least 

.811832 and an effect size of .50 would require a sample of at least 27 participants. Due 

to this study having a cluster sample, the intra cluster correlation coefficient set at .01, a 

sample size of 185 was needed to detect significance. The resulting sample size of 202 

was large enough to detect significant differences. The demographic variables that were 

evaluated were age, ethnicity, and gender. The complete demographic data for the sample 

group are provided in Table 1. Of this group, 94.6 % were male, 5.4 % were female. The 

mean age was 36.77 years with a standard deviation, SD, of 7.4 years. African Americans 

made up 66.3% of the population, Caucasians 32.2%, and Hispanics 1.5%. There were no 

other ethnic populations represented in this sample. 
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Table 1 

Age, Gender, and Ethnicity of Fire Department  

Participants (n=202) 
Demographic Percentage 

 
Mean (SD)  

Male 94.6  

Female 5.4  

African 
American 

66.3  
 
 

Caucasian 32.2  

Hispanic 1.5  

Age (yrs)  36.77 (7.44) 

 

Research Questions & Hypothesis 

 A paired t test was conducted to address the first research question and 

hypothesis. The first research question asked if the exercise and nutritional counseling 

program decreased body fat composition in DC firefighters nine months after initial 

implementation. The first hypothesis stated after implementation of an exercise and 

nutritional counseling program, there will be a statistically significant reduction in body 

composition as measured by skin fold calipers in DC firefighters nine months later. The 

level of significance was set at .05. 

 Table 2 displays the results of the analysis. The mean for pre-body fat 

composition was 14.52 % and post- body fat composition was 14.19 %. There was no 

significant difference (p = .225) between pre-and post- body composition measurements.  
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Table 2 

Pre-Post Body Composition Analysis  

Source n 
 

Mean (SD) t Df Sig. 

Pre-body comp 
(%) 

202 14.52 
(4.41) 

   

Post-body comp 
(%) 

202 14.19 
(4.70) 

   

Pre-post body 
comp (paired 
differences) 

 .3243 
(3.7866) 

1.217 201 .225 

 
 Because there was not any significant difference found between pre- and post- 

body fat composition measurements looking at the general population, another analysis 

was conducted to determine if there were any interactions between body fat composition, 

gender, and race. A repeated measures ANOVA was used to analyze the association 

between body fat composition and gender. The results are displayed in Table 3. The 

Mauchly’s Test of Sphericity was not significant so the univariate results were reported. 

The within subjects effects showed no significant difference between pre- and post- body 

fat composition (p =.299). There was not any significant interaction between body fat 

composition and gender (p =.583). However, there was a statistically significant 

difference between men and women in body composition.  
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Table 3 

Pre-Post Body Composition Analysis Interaction with Gender 

Source n 
 

Mean F df Sig. 

Pre-Post 
Body comp 

(within 
subjects 
effects)  

202  1.085 1.000 .299 

 
Body Comp 
& Gender ( 
interaction) 

 
202 

  
.303 

 
1 

 
.583 

Gender ( 
between 
subject 
effects) 

  47.348 1 .000 

 
Male- pre 

Body comp 
(%) 

  
14.069 

   

Male- post 
Body comp 

(%) 

 13.780    

Female –pre 
Body comp 

(%) 

 22.382    

Female-post 
Body comp 

(%) 

 21.445    

 

 

 

The second repeated measures ANOVA test analyzed race and pre- and post- 

body composition. The results are displayed in Table 4. The Mauchly’s Test of Sphericity 

was not significant so the univariate results were reported. The within subjects effects 
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showed no significant difference between pre- and post- body composition (p =.655). 

There was a significant interaction between race and body composition (p =.025). This 

significant interaction represented looking at within-subject effects. This analyzed the 

significance of individuals within the group. The means for African Americans pre- body 

composition was 14.59% and post body composition was 14.76%. Caucasian pre- body 

composition mean was 14.50% and post- body composition was 13.13%. There were 

only 3 Hispanics represented in the sample and their means are pre-body composition 

11.90% and post-body composition was 12.10%. There was not a significant difference 

between the various race groups and body composition (p =.241). This was the between-

subject effects which looked at the difference of the 3 race groups, group comparisons. 

African Americans and Hispanics body fat compositions went up compared to that of 

their Caucasian counterparts.  
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Table 4 

Pre-Post Body Composition Analysis Interaction with Race 

Source n 
 

Mean F df Sig. 

Pre-Post Body 
comp (within 

subjects 
effects) 

202  .200 1.000 .655 

 
Body Comp 

& Race ( 
interaction) 

 
202 

  
3.738 

 
2 

 
.025 

Race ( 
between 
subject 
effects)  

  1.434 2 .241 

 
African 

American- pre 
Body comp 

(%) 

  
14.590 

   

African 
American - 
post Body 
comp (%) 

 14.760    

Caucasian –
pre Body 
comp (%) 

 14.500    

Caucasian-
post Body 
comp (%) 

 13.132    

Hispanic-pre 
Body Comp 

(%) 

 11.900    

Hispanic-post 
Body Comp 

(%) 

 12.100    
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 For the second research question and hypothesis, a paired t test was used to 

analyze the data. The second research question asked if an exercise and nutritional 

counseling program increased fitness levels in DC firefighters nine months after initial 

implementation. The second hypothesis stated that after implementation of an exercise 

and nutritional counseling program there would be a statistically significant increase in 

fitness levels as measured by the sub-maximal 3-minute step test in DC firefighters.  

Table 5 displays the results of the analysis. The group mean for the pre-fitness testing 

was 94.39 beats/min and the post- fitness testing was 91.08 beats/min. There was a 

significant difference (p = .004) between pre- and post- fitness testing measurements. 

 

Table 5 

Pre- and Post- Fitness Testing Measurement Analysis  

Source n 
 

Mean (SD) t df Sig 

Pre-fitness 
test 

202 94.39 
(13.081) 

   

Post-fitness 
test 

202 91.08 
(11.02) 

   

Pre-post 
fitness test 

(paired 
differences) 

 3.307 
(16.013) 

2.935 201 .004 

 
 

A secondary analysis was done to look at race and fitness testing using a repeated 

measures ANOVA test. The results are displayed in table 6. The Mauchly’s Test of 

Sphericity was not significant so the univariate results were reported. There was not a 

significant interaction between race and fitness testing (p =.501). This interaction 
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represented looking at within-subject effects. This analyzed the significance of 

individuals within the group. There was a significant difference between the various race 

groups (p =.010). This was the between-subject effects which looked at the difference of 

the 3 race groups, group comparisons. The means for African Americans for fitness1 was 

95.36 beats/min and fitness 2 was 92.74 beats/min. This was a decrease of 2.62 

beats/min. The means for Caucasians for fitness1 was 92.43 beats/min and fitness 2 was 

87.43 beats/min. This was a decrease of 5.0 beats/min. The means for Hispanics for 

fitness1 was 93.33 beats/min and fitness 2 was 96.00 beats/min. This showed an increase 

of 2.67 beats/min.  

 

Table 6 

Pre- and Post- Fitness Testing Interaction with Race Analysis  

Source n 
 

Mean  F df Sig 

Fitness Race 
(within subject) 

 

202  .693 2 .501 
 
 

Race (Between 
subjects) 

 

202  4.755 2 .010 
 

African 
American(Fit1) 

 95.358 
  

   

 
African 

American(Fit2) 
 

  
92.739 

   

Caucasian(Fit1)  92.431    

 
Caucasian(Fit2) 

  
87.431 

   

 
Hispanic(Fit1) 

  
93.333 

   

 
Hispanic(Fit2) 

  
96.000 
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For the first hypothesis the null is accepted: after implementation of an exercise 

and nutritional counseling program there was no difference in body composition as 

measured by the skin fold caliper in DC firefighters nine months later.  

 For the second hypothesis the null is rejected: after implementation of an exercise 

and nutritional counseling program there was an increase in fitness levels as measured by 

the sub-maximal 3-minute step test in DC firefighter nine months later. 

Summary 

 Although the primary analysis yielded no significant differences with pre- and 

post- body composition, there were differences seen with pre- and post- fitness test 

measurements. The secondary analysis did yield some significant results. Men and 

women showed significant differences in body compositions. There was a significant 

interaction between race and body composition. There was also a significant difference 

between race groups and fitness test measurements. Chapter 5 will further discuss these 

results and present recommendations. Study limitations will be highlighted further and 

suggestions for future studies will also be discussed. 
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Chapter 5: Discussion, Conclusions, and Recommendations 

Introduction 

The purpose of this study was to examine the effectiveness of an exercise and 

nutrition counseling program on body fat composition and exercise in fitness levels in 

DC firefighters. In this chapter, I will summarize the results, recommendations for social 

change, action, future research, and study limitations.  

Interpretation of the Findings 

This study used archival data from a DC Fire wellness program to analyze 

firefighters’ pre- and post- body fat composition and fitness. The study population was 

202 DC firefighters, including 191 males and 11 females. Because there was a lack of 

literature as to the effectiveness of fitness programs with a predominately African 

American firefighter population, this study’s population addressed that issue by being 

comprised of a majority African American firefighter population (66.3%). Previous 

studies were largely made up of Caucasian firefighter populations (Davis, Jankovitz, & 

Rein, 2002; Roberts et al., 2002).  

A paired t test was employed to analyze pre- and post- body fat composition data. 

There was no significant difference (p = .225) between pre- and post- body fat 

composition measurements in the overall study population. Therefore the null hypothesis 

was not rejected. Statistically, body fat composition was found to have not been reduced 

nine months after implementation of the exercise and nutrition program.  

An additional analysis was done to determine what interaction, if any, existed 

between differences in body composition throughout the program with gender and race. 
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The first analysis looked at the relationship between gender and what changes occurred 

with body fat composition. Male and female gender groups differed significantly between 

pre- and post- body fat composition means. Males decreased their mean post- body fat 

composition measurement by .298%. Females also decreased their post-body fat 

composition measurements by .937%. Clinically, ranges in 2-5% range are deemed a 

successful program. These findings suggest that this voluntary program may not be 

successful at reducing body fat composition. 

The second additional analysis looked at the interaction between pre-post body 

composition and race. There was a significant interaction seen between race and body fat 

composition measurements. This represented the significant changes the individuals 

within the group made towards their body fat composition measurements. There were not 

any significant differences seen between race groups and changes in body fat 

composition. This represented a between-subject comparison of all 3 racial groups, group 

comparison. African Americans experienced an increase of .170% in mean post-body fat 

composition measurements compared to their pre-body fat composition measurements. 

Caucasians experienced a decrease of .368% from pre- to post- body fat composition 

measurements. Hispanics, while only 3 in the sample also experienced an increase of 

.200% from pre- to post body fat composition measurements. African Americans and 

Hispanics both experienced the increase in body fat composition measurements. These 

differences can be attributed to many factors which will be explained further below, and 

in the Limitations section of chapter 1. Clinically, these decreases are not large enough to 
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be deemed successful even though decreases are good for the individual to continue to 

build upon.  

Many contributing factors may lead to the non-significant findings of the body 

composition results. Non-compliance with the prescribed exercise program is one 

contributing factor. Because program compliance was not measure, there was no way to 

determine who truly exercised and who did not. American College of Sports Medicine 

(ACSM) recommends activities that promote cardiovascular endurance and weight 

training that will increase and maintain fat free weight (ACSM, 2006). Exercising at the 

required intensity, in conjunction with the appropriate nutrition, is the additional 

requirement for successful reduction in body fat composition as exercise alone cannot 

reduce body fat composition. 

Nutrition is the next contributing factor that may have led to non-significant 

findings. If participants were not eating nutrient-rich foods but instead eating high caloric 

foods, and not getting enough physical activity, they would be less likely to burn the 

calories being taken in. Because compliance to the nutrition program was not maintained, 

there was no way of interpreting how well the firefighters complied with the program. 

There is no way of documenting if the firefighters prepared healthier meals at the 

firehouses or practiced correct portion sizes after attending the nutrition program. Fried 

foods and fast foods are often the foods of choice for firefighters; these foods tend to be 

high in fat and cholesterol content and will increase body fat composition (Kieffer et al., 

2006). If one takes in more nutrients than what one is able to burn through physical 

activity, the body will convert this excess to fat. High amounts of body fat along with 
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being overweight are contributing risk factors for cardiovascular disease that are 

modifiable. For this population that has a high risk for cardiovascular disease, watching 

their diet and increasing exercise frequency is necessary.  

An additional contributing factor to the non-significant findings of the body fat 

composition measurements was the voluntary basis of participation. Compliance was not 

measured for nutrition and exercise, there was no way to determine if these firefighters 

participated in the program 100% of the time at their maximum ability during the entire 

duration of the program. Voluntary programs often have less-than-optimal participation 

and the results may lead to non-significant findings. Participants could sabotage their 

results by either not fully participating because they do not support the program or the 

administration that is running the program. This non-support may not be detected until 

after the final measurements are taken. Mandatory programs are seen as having more 

productive results relating to body fat composition measurement reduction versus 

voluntary programs. Some mandatory programs have produced some reduction in body 

fat composition measurements by 2.48% after the 1st year of the program compared to 

voluntary programs (Green & Crouse, 1991). Clinically successfully programs strive for 

2-5% decreases in body fat composition reduction. These programs also aim for 

reductions to be maintained for more than one year. 

A paired t test was used to analyze pre- and post- fitness testing measurements. 

There was a significant difference (p = .004) between pre- and post- fitness testing 

measurements therefore the null hypothesis was rejected. A secondary analysis was done 

to determine if an interaction existed between fitness testing measurements and race. 
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There was a significant difference (p = .010) between various race groups. African 

Americans and Caucasians experienced a decrease in recovery heart rates which in turn is 

consistent with an increase in fitness levels. Hispanics were found to have an increase in 

their recovery heart rates, which in turn is consistent with a decrease in fitness levels. 

Previous studies also found similar results of increasing fitness levels within the 

firefighter population. Roberts et al. (2002) found similar results in their study in the 

ability to increase fitness levels in firefighter participants. Roberts et al. found an increase 

of 28% in fitness levels after their 16-week mandatory fitness program. This increase is 

greater compared to this study which only found a 3% increase in fitness levels, but still 

within statistical and clinical parameters as a benchmark. By increasing their 

cardiovascular fitness levels, risk from cardiovascular disease was reduced by remaining 

physically active through exercise. 

Even though this was a voluntary program, the results were significant and similar 

to what has been seen to mandatory programs as it relates to fitness. As stated previously, 

compliance was not monitored; there was no way to determine how clearly the 

firefighters followed their prescribed exercise regimens. The firefighters may have not 

followed their prospective exercise programs, performed alternative physical activities, or 

followed a peer’s regiment instead. 

These results were interesting in that body fat composition results did not 

decrease but fitness levels increased. This population scored in the good range for their 

pre-fitness test measurements which may be attributed to the physical demand of their 

occupation. They also could continue to do their exercises which would help increase 



 

 

55

their cardiovascular response to the fitness test. While on-duty, the firefighters have down 

time and could possibly eat foods that could counterbalance what they are doing from an 

exercise perspective. If an individual takes in more calories than can be burned from 

physical activity, then the body will store this as fat. This increase in body fat 

composition could have occurred with these firefighters. Again, with this group there is 

no way of telling how closely they complied with the nutritional program. 

Other studies have found either reductions in both body fat composition and 

fitness levels, or no change in either, although some of these studies were looking for a 

long term reduction and increase. Green and Crouse (1991) studied 24 firefighters over a 

5-year period to determine how much improvement would be seen in VO2max and body 

fat composition after implementing a mandated program. There was a mean fat 

percentage of 1.43% across 5 years with the greatest difference of 2.48% after the 1st year 

of the program. There was a significant difference in VO2 max across 5 years with the 

greatest improvements seen after the 1st year with a mean of 40.69ml O2kg or 11.63 

METS. From a short term perspective, another study took firefighter recruits and trained 

them during a 16-week mandatory program (Roberts et al., 2002). Roberts et al. were 

able to increase the physical fitness of firefighters by 28 % and decrease their body fat 

composition from 14.6% to 13.0%. Although these aforementioned studies did show 

improvements at various times, this is the first study to have achieved mixed results. 

Theoretical Basis of the Study 

The data analyzed in this study were from programs that were grounded in the 

social learning theory (SLT). This theory was described in greater detail in chapter 1. The 
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environment and social networks play large roles in this theory (Berkman, 1995). As 

more peers in the firefighter network begin adopting healthier behaviors and lifestyles, 

other individuals in the same networks will soon adopt those same behaviors (Elliot et al., 

2004). This behavior can take the form of firefighters mirroring the healthy lifestyles and 

behaviors of their commanding officers and/or supervisors or others that they share very 

close social networks with.  

This theory could help explain why fitness levels increased among firefighters. 

Peers could help each other with exercises.  Elliot et al. (2004), Elliot et al., (2007), and 

Moe et al.,(2002), all utilized the social learning theory. The studies found that greater 

achievements were gained in group settings due to the peer networks and group 

cohesions versus an individual intervention (Elliott et al., 2004; Elliott et al., 2007; Moe 

et al. 2002). Elliott et al. (2007) reported a significant increase in nutritional and fitness 

changes in the group setting. 

 There were observed differences with body fat composition in African American 

and Hispanics. African American and Hispanic groups had higher body fat composition 

compared to their Caucasian counterparts even though they are peers. As for fitness 

testing, African Americans and Caucasians were able to increase their fitness levels 

compared to Hispanics. Hispanics experienced a decrease in fitness levels. Even though 

they are all peers, each racial group has their own social network. This can challenge the 

theory in that the program from its inception has to make sure it addresses all potential 

disparities or cliques that may be present in the firefighter community.  
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Implications for Social Change 

Heart disease is the leading cause of on-duty deaths of firefighters. One of the 

major risk factors for cardiovascular disease is obesity and overweight. The lack of 

exercise and physical conditioning is an area of concern for the safety of both firefighter 

personnel and the public as the ability to perform their job declines significantly. The 

emphasis on continual physical fitness testing and training after becoming a firefighter is 

not stressed or made mandatory in some jurisdictions.  

Allowing and authorizing protected time or mandating time to exercise while on 

duty may help to control weight gain and increase physical conditioning in the 

firefighting population (Moulson-Litchfield & Freedson, 1986). Physical fitness will help 

increase their productivity and help decrease work related injuries. By increasing physical 

conditioning and exercise, firefighters will decrease the cardiovascular disease risk 

factors. The firefighter adopting healthier behaviors at work by exercising will translate 

into a healthier workforce.  

The results of this study revealed an increase in fitness levels and an increase in 

body fat composition. This program was voluntary but the results may have been more 

favorable if the program was made mandatory. With results such as these, firefighters 

could potentially continue to gain more body fat and stop exercising if they know they 

are not held accountable. With a voluntary program, that’s the risk that is taken, however 

with the mandatory program, everyone participates. This program would help the 

firefighters in nutrition and exercise thus helping them attain their goals of being a 

healthier workforce. 
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 Limitations of this Study 

As limitations to this study were initially outlined in chapter 1 specifically relating 

to the nature of the archival data, here more explanation will be given to additional 

limitations and compliance to programs also noticed. Personalized exercise programs and 

nutritional guidance were given to firefighters which in theory would have helped with 

reduction in body composition and improve cardiovascular fitness. However, nothing was 

put in place to measure compliance of this voluntary exercise program with the 

firefighters. 

Due to this missing measure, there is an inability to determine if firefighters 

followed their prescribed exercise programs at the set intensity to get the maximum 

benefit. This measure would also track compliance to the prescribed exercise program 

versus some other exercise program the firefighters may be participating in. This 

compliance measure was essential for the fitness component of the program and the 

nutrition component as well. The nutritional compliance was not measured so therefore 

there was no way to determine how well firefighters were following the program 

recommendations. This nutritional component in conjunction with the exercise 

component was needed to help reduce body composition. As discussed previously, there 

was not a significant reduction in body composition but if compliance was measured 

further recommendations could be made based on those observations. Those 

recommendations could be types of physical activities that were more appropriate, and 

types of foods and nutritional guidance needed to be further addressed based on the 

participation. Even though compliance was not measured here, looking to corporate 
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programs compliance rates seen in corporate wellness programs without incentives 

averaged at 61% while programs with incentives can average above 61% (Carnethon et 

al., 2009).  

 In this program, firefighters were required to complete exercise regimens on their 

own time and during their assigned work shift. Therefore, it would make it difficult to 

determine if the results were due to the program solely. The participants could do other 

activities to increase cardiovascular fitness on their own not following the recommended 

exercises given to them.  

Another limitation to note is the structure of the program itself. The program was 

instituted in parts, fitness test done first with the exercise program then given. Following 

the exercise program which was given to the entire fire department, the nutritional 

component was then administered. These two programs were administered with a 6 

month lapse in time and the final assessment was then administered 9 months later. The 

timing of the intervention could affect participation, results and administration of the 

program. After instituting a program, good analysis of the data cannot effectively be done 

with lapse in time and/or poor administration of the program. Roberts et al. (2002) 

conducted their 16-week program on firefighter recruits while administering both fitness 

and nutritional programs at the same time. They also administered the final assessment to 

attain their results at the end of week 16 (Roberts et al. 2002). Green and Crouse (1991) 

studied firefighters over a 5year period also administered both fitness and nutritional 

programs together but conducted their assessments after each year over the entire 5 year 

period. While the program used in this study did not follow the same program structure as 
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those programs previously cited, the program still relied upon the components of 

nutrition and fitness for potential significant outcomes. The results of this study revealed 

significant increase in fitness levels for the firefighters. 

Recommendation for Action 

Even though there was significant increases seen in fitness levels and no 

significant decreases seen in body composition, exercise and nutrition programs should 

still be stressed in this firefighter population. Exercise programs geared towards physical 

conditioning will help reduce cardiovascular disease risk factors in this population. 

Nutrition programs focused on the basics of food preparation, portion control, and how to 

replace nutrients are also needed for their jobs and energy expenditure while exercising.  

Obesity and overweight are major modifiable risk factors for cardiovascular 

disease (CVD). Firefighters are an occupation at a greater risk for CVD as 45% of on 

duty deaths were a result of heart attacks (Kales et al., 2007). Obesity and overweight are 

a modifiable risk factor that can be addressed through successful exercise and nutrition 

programs. 

To have that successful program in the fire department, there must be top down 

support from the fire chief. The fire chief must fully endorse/support the program as well 

as participate in the program (LACOFD, 2006). Once the fire chief does this, other 

management and support staff will follow with participation. As the results of this study 

indicate that voluntary programs are only slightly successful, the program should be 

made mandatory to exercise while on duty with the support of the fire chief. This 

endorsement from the fire chief will send the message that the department firmly believes 
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in firefighters’ quality of life and it is willing to make the investment and creating a 

healthier workforce. This endorsement will further create a culture of health that 

promotes fitness (Garver et al., 2005).  

The next enhancement is to deploy peer fitness trainers which could further 

participation and compliance. This concept is grounded in the social learning theory by 

using their social networks to increase the awareness of health and wellness in this 

population (USFA, 2009). A peer fitness trainer is a firefighter who has completed a 

fitness trainer certification course through a certifying body such as American Council on 

Exercise (ACE). Peer fitness trainers train and recondition their colleagues. Some are 

used at the firefighter academy levels but others are used at the worksite to schedule on-

duty exercise for current firefighters. By being firefighters and now trained fitness 

trainers, they can give personalized exercise programs to their peers as well as tailor 

programs to the rigors of their job. These trainers can help these firefighters better use 

exercise equipment that is available to them as well as participate in other group activities 

that will enhance fitness.  

In addition to what has been mentioned above, participation and compliance to 

the programs should be monitored for all participating firefighters. If the program 

becomes mandatory, compliance still needs to be maintained for exercise and nutritional 

program enhancements. Without this component, the limitations of this study will be 

repeated. It is imperative to put these programs into effect to get more firefighters 

engaged in promoting healthier lifestyles, training their comrades and preparing the 

workforce to be better conditioned. 
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Recommendation for Future Research 

Future research should be conducted within this population by increasing the 

study timeframe greater than 9 months. With proper compliance measures in place, 

looking at the same variables over a 3 year time span would be interesting to determine 

what significance can be achieved in a mandated versus voluntary program. Looking at a 

longer period of time such as 3 years, using the same variables, would determine whether 

a significant decrease in body composition and continued increased in fitness 

measurements can occur. Occupational stress should also be an additional variable 

studied in conjunction with exercise and body composition. Stress can have negative 

effects on eating habits, weight and exercise intensity. Stress can adversely affect one’s 

ability to effectively lose weight as well as successfully exercise. Stress can also inhibit 

one’s ability to sleep, which added to the work environment can create an unhealthy 

situation. These firefighters have a schedule of 24 hours on duty and 48 hours off duty 

while many may have other responsibilities outside of this career. With the stressors of 

this career compounded with bad eating habits and not regularly exercising at moderate 

levels and not sleeping well can affect their health. Stress should be a definite variable to 

be considered as there are many components that should be looked at in this population. 

Stress affects the ability to sleep, productivity at work, exercise, and eating habits to 

name a few.  
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Conclusion 

Although there was no significant difference found between pre- and post- body 

composition measurements, there was a significant difference with pre- and post- fitness 

testing. Increased levels of exercise and physical conditioning and improved nutritional 

habits can contribute to reduced risks for being overweight and obese. Programs that are 

mandated for this population to exercise, while on duty, substantially will help reduce the 

prevalence of heart attack, weight gain and cardiovascular disease. The fire 

administration needs to consider taking a more active role in mandating programs that 

will improve firefighter's health, wellness and safety. 
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Appendix A: Exercise Educational Booklet 
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Appendix B: Nutritional Educational Booklet 
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