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ABSTRACT

This study examined the energy expenditure and heart rate of structural firefighters.

Subjects included nine (N:9) full-time firefighters from Ithaca, NY, ranging in age from

2l-48 years. All subjects completed four test days. Test day I included measurement

of VOz.r*and anthropometric data. During test days2-4, activity count to estimate

energy expenditure (EE) and heart rate (HR) were measured simultaneously using an

Actiheart Monitor. During each shift (test days 2-4), subjects were required to document

all activity at l5 minute increments. Activities were subsequently classified as

emergency response (ER), simulation training (ST) or other shift activities (SA), and

were synchronized with the activity count and heart rate data from the Actiheart. A3x2

repeated measures ANOVA compared heart rate and activity count between ER and SA

during the three test days. Data during ST was captured on only one firefighter therefore

ST data was not included in the statistical analysis due to small sample size. As

expected, mean HR was significantly higher during ER compared to SA. Surprisingly,

EE during SA was significantly higher than EE during ER. The large difference could be

due to the variety and intensity of tasks completed during SA and the amount of time

during those activities. Accurate exercise prescription is essential to meet the

physiological demands of the profession. Physical demands affect job performance and

ultimately public safety. Shift activities like truck checks and truck washing should be

considered when prescribing exercise to this population.
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PROPOSAL

INTRODUCTION

., Firefighting is a physically demanding job. Physiological stress experienced by

firefighters is a result of many factors, including physical exertion while performing

firefighting tasks, heat from metabolic energy production, insulative protective gear, and

radiant heat of the fire (Smith &Petnyzello, 1998). Consequently, firefighting puts

tremendous strain on the cardiovascular system. Sothman, Saupe, Jasenof, & Blaney

(1992) found that during actual emergencies, firefighters operated at sustained intensities

of 88 +6 oZ maximum heart rate (HR) for duration of l5 +7 min. The cardio-respiratory

stress that firefighters experience, in combination with their high-risk profile for coronary

artery disease, is a major concem. The health and well being of these firefighters directly

. affects their occupational risk, job performance, and ultimately public safety.

Considering the intense nature of their profession, it is essential for firefighters to

hate sufficient aerobic capacity to perform in a safe and efficient manner. Therefore,

improving aerobic capacity is an important aspect of an exercise program, especially for

firefighters. While exercise programs have proven effective for increasing firefighter's

aerobic capacity (Roberts et al., 2002), it has not been clearly established as t6 what level

these firefighters should tain to safely perform job duties.

Moreover, there has been little research on the metabolic cost and energy

expenditure of actual firefighting activities. Studies to date have measured energy

expenditure in firefighters in a laboratory with simulated tasks or graded exercise tests

(Ftaiti et a1.,2001; Malley et al., 1999). Other studies reported metabolic cost of actual

firefighting activities estimated from heart rate response (Richardson & Capra, 2001,
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Sothmann et al., 1992). No studies to date have evaluated energy expenditure during an

active firefighter shift, including actual emergencies and routine duties. To effectively

and safely prescribe exercise for this population, it is essential to understand the energy

expenditure demands during a firefighting shift.

Statement of Purpose

The purposes of this study were to; l) assess energy expenditure and heart rate

during a firefighting shift using the Actiheart monitor (Mini Mitter Co.,lnc., Bend, OR),

to simultaneously quantiff heart rate and physical activity, and2) determine the exercise

intensity that is appropriate to meet the demands of occupationally specific tasks during a

firefighter shift.

Research Ouestions

The research questions for this study were:

l. What is the average energy expenditure during a typical firefighting shift?

2. What is the energy expenditure and heart rate response for actual firefighting

emergencies, shift training and shift activities?

3. What is the net difference in energy expenditure between shift activities and

emergencies?

4. Is shift training energy expenditure and heart rate response comparable to

emergency response energy expenditure and heart rate response?
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Assumptions of the Study

For the purpose of this study, the following assumptions were made at the start of

the investigation:

l. The subjects were representative of professional full-time structural firefighters.

2. The Actiheart monitor is a valid instrument for assessing energy expenditure and

heart rate in adult male firefighters.

3: Most energy expenditure associated with physical activity is best estimated by

tracking the motions of the body's center of mass by wearing the activity monitor

along the waistline.

4. Energy expenditure is a reliable and valid way to determine training intensity for

firefighters.

Definition of Terms

The following terms were operationally defined for the purpose of this

investigation:

1. Emergency Response - time during which the firefighter leaves the firehouse in

response to an emergency call.

2. Shift Training- skills training organized by the fire department.

3. Shift Activities- all other time and activities not accounted for with emergencies

and shift training.

Delimitations

The delimitations of this study were as follows:

l. Firefighters frop the Ithaca Fire Department were used as subjects.
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2. An electronic physical activity monitor was used to estimate energy expeniliture

during a firefighting shift.

Limitations

The limitations of this study were as follows:

l. The results may only apply to firefighters with demographics comparable to the

Ithaca Fire Department.

2. Shift activities varied between firefighters in a normal and characteristic manner.

3. The Actiheart electronic physical activity monitor provided an estimation of

energy expenditure.

4. Results may only apply to fire departments with similar emergency responses that

are characteristic of the Ithaca, New York, area and the Ithaca Fire Department.
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REVIEW OF LITERATURE

Introduction

Firefighting is a physically demanding job as a result of many factors including

the protective equipment, heat from the fire, and the often sudden physical demands of

the job. This puts firefighters at an increased risk for cardiovascular events and other

complications. These factors combined outline the need for exercise training for

firefighters. This review outlines both physiological and external factors affecting the

physical demands of structural firefighting. Another major section is dedicated to

examining cardiovascular disease risk factors and physical fitness in firefighters.

Physiological Factors

Firefighting places considerable strain on the body, especially the cardiovascular

system, because of competing demands for blood flow to the metabolically active

muscles and skin in response to thermoregulatory demands. The duration of the cardio-

respiratory stress that firefighters experience can last up to 25 minutes (Barnard &

Duncan, 1975). The strain placed on the cardiovascular system coupled with the nature

and long duration of the activities places significant demands on both the anaerobic and

aerobic energy systems (Gledhill & Jamnik, 1992).

Energy Expenditure

Gledhill and Jamnik (1992) sought to characterize the physical demands of

firefighting. An initial task analysis of essential hrefighting operations with current

firefighting equipment was followed by an in-depth physical and physiological

characterization of those tasks (Gledhill & Jamnik, 1992). During the most demanding
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the mean oxygen consumption (VOz) was 41.5 ml'kg-r'min-r. Taking into account

restrictions imposed by the use of the self-contained breathing apparatus (SCBA) and the

duration of such operations, Gledhill and Jamnik (1992) recommended a minimum

VOzr.* standard for firefighters of 45 ml'kg-r'min'1.

Dreger & Peterson (2003) compared treadmill graded exercise tests in fire

firefighters wearing gym clothes and full-gear including a breathing tank. Maximum

oxygen consumption and power output were significantly lower in the full gear situation

compared with the gym clothes situation. Also, personal protective equipment including

a self-contained breathing apparatus has a negative impact on VOz-o and power output.

The authors also measured oxygen consumption in firefighters while performing a

physical fitness test during various work rates. Firefighters wearing personal protective

equipment performed two trials of the fitness test: a paced trial approximately 8 minutes

and a hard trial performed as fast as possible. Gas exchange variables were measured

with a portable metabolic measurement system. The paced trial had lower average

oxygen consumption than the hard trial. However, total oxygen consumption during the

tests was the same.

These studies are the first to measure oxygen consumption of firefighters in

simulated tasks. However, the assessments were done with fitness tests and laboratory

testing. There still remains a lack of data regarding oxygen consumption and metabolic

cost with firefighters during typical shifts and emergency response. The results from

these studies also underscore the importance of aerobic fitness for firefighters.



Heart Rate Respnse

Heart rate response to both simulated fire drills and actual emergencies has been

reported to reach maximal or near maximal values (Angerer et al., 2008; Ftaiti et al.,

2001; Richardson & Capra,200l; Smith et al., 1997; Smith et al., 2001 Sothmann et al.,

1992). Studies varied in how maximal heart rate was determined. Some researchers

chose to use age predicted heart rate while others chose treadmill and other exercise tests

to determine maximum heart rates.

Smith et al. (2001) investigated the cardiovascular response of four trials of

standardized tests in firefighter recruits. During short bouts of strenuous firefighting

activity in a building that contained live fires, subjects reached age predicted max heart

rate. This increase in heart rate response also required greater recovery time. Notably,

there was a 30%o reduction in cardiac output from the end of the first trial to the third trial.

An increase in heart rate was not able to compensate for the reduction in stroke volume.

Sothmann and colleagues (1992) investigated heart rate response and oxygen

consumption in experienced firefighters. Oxygen consumption was estimated from heart

rate values using a measured treadmill VOz *"* and HRn,* relationship. Heart rate

response to actual emergencies wuls 88 + 6oh of exercise determined HR,no. Average

estimated VOz for fire suppression activities was 25.6 ml'kg-r'min'r. This represents 60%

of treadmill VOz,.* thus leaving sufficient reserve to meet unexpected metabolic

demands common in actual fire fighting emergencies. The VO2 reported by Sothman et

al. (1992) is remarkably lower than more recent reconunendations reported by Dreger

and Peterson (2003). A possible explanation may be Sothman et al. (1992) used an



estimation of VOz from heart rate while Dreger and Peterson (2003) used measured

values.

More recently, Angerer and colleagues (2008) compared cardiocirculatory and

thermal strain of firefighters during fire suppression exercises to an exercise stress test

and aerobic exercise testing. Forty nine male professional firefighters were studied

during a 30 minute fire operation in a large fire simulation plant. During the fire

operation, maximum heart rates of 177 + 23 bpm were recorded, with 7 subjects

exceeding age predicted maximum heart rates. During the exercise stress test subjects

were limitedto 176 + 3.3 bpm. During the annual aerobic exercise testing subjects

reached 155 + I3 bpm in turnout gear. During the fire operation marimum heart rates

were higher than the stress test and the aerobic testing. Fire suppression causes exteme

cardiovascular strain with high heart rates that were not sufficiently tested in medical

exams. To increase the yield of screening for firefighters at risk of death during fire

suppressions, the exercise should equal requirements in a real emergency (Angerer et al.,

2008).

Heart Rate Estimation of VOz

There is controversy regarding estimation of VO2 from heart rate in firefighting.

Heart rate estimation from controlled exercise tests may not consider uncontrollable

factors in actual firefighting emergencies. A concern with using the HR x VOz

relationship from a treadmill or other exercise tests is tlie error induced by such factors as

heat and upper-body work inherent to structural fires (Sothmann et al., l99l; Sothmann

et a1.,1992) as well as psychological stress. Firefighters performed treadmill tests and a

simulated fire suppression protocol while VOz and heart rate were measured to determine

8
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the relationship. The VOz during the simulated setting was approximately 20% less

than the VOz that would have been predicted by treadmill testing at a corresponding heart

rate. Accurate assessment of VO2 provides important information for determining energy

expenditure requirements of physically demanding tasks of firefighters (Sothmann et al.,

le9l).

External Factors

Thermoregulation is variable and modified by heat transfer interactions between

skin surface area, clothing, and environments (Pascoe et al, 1994). Evaporation of sweat

provides the most important means of cooling the body. When clothing interferes with

evaporation of sweat from the skin, it increases skin and core temperature and lowers

cooling efficiency. As sweat rate increases and vapor gradient decreases, the amount of

evaporation possible will decrease, causing the skin to become wetted. Skin wettedness

above 20%o of the skin surface area becomes uncomfortable (Pascoe et al., 1994). Since

clothing interferes with evaporation, skin wettedness continues to increase and will affect

thermal comfort (Pascoe et al., 1994).

Gear

It has been suggested that changes in firefighting uniforms will affect

physiological demands of firefighting. However, some studies have reported that there is

no significant difference in physiological variables between types of gear (Malley et al.,

1999; Smith &Petruzzello, 1998). In attempts to standardize the protective clothing, the

National Fire Protection Agency required firefighters to wear bunker pants with low

boots to provide greater protection (standard configuration). They also recommended a

heat resistant hood be worn to protect the head and neck region. Standard configuration



l0

I

I

I

I

I

i

Icompared with a hip-boot configuration resulted in similar cardiovascular strain at

maximal to near maximal limits. Also, firefighter's perceptions of effort were greater in

the standard conhguration of gear (Smith &.Petrvzzello, 1998). Most recently,

Petruzzello, Gapin, Snook and Smith (2009) examined perceptual and physiological heat

strain in laboratory and field-based studies. Using recently developed strain indices, The

Physiological Strain Index and The Perceptual Strain Index, it was reported that even

relatively brief bouts of exercise (5-15 minutes) while wearing heavy impermeable

clothing resulted in high levels of heat strain.

In the mid 1990's the New York City Fire Department (FDNY) replaced

traditional over-coats with modern, heavier over-coats. The modern uniforms provide

greater burn protection but also resulted in greater heat retention. New York City

firefighters sought to wear short sleeve shirts and shorts instead of long pants (modified

modern uniform). They found that firefighters reached maximal heart rate during

exercise regardless of uniform type and that exercise time decreased in modern uniforms

compared with a modified modem uniform or traditional uniform (Malley et al., 1999).

Interestingly, Huang and colleagues (2009) found that wearing rubber boots

compared to leather boots was more effective at resisting fatigue. Furthermore, force

production during simulated stair climbing was improved with rubber boots as well.

Punaxaillo, Lusa and Luukkonen (2003) examined the effect of protective

equipment on balance in younger and older firefighters. Wearing fire protective

equipment significantly impaired postural and functional balance. Postural balance with

eyes closed was more negatively affected among older versus younger subjects. These
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findings should be taken into consideration when developing fire protective equipment

and training protocols for firefighter fitness.

Dreger, Jones and Peterson (2006) examined the effects of breathing apparatus

and fire protective clothing on maximal oxygen uptake. Twelve male firefighters

completed two randomly ordered graded exercise treadmill tests. Personal protective

equipment and the self contained breathing apparatus had a negative impact on VO2..*.

These findings underscore the importance of considering gear when evaluating the

physiological demands of fire suppression and fitness levels of firefighters.

Richmond and colleagues (2008) examined the physical demands of firefighter

search and rescue using different configurations of hose length and breathing apparatus.

Replacing a short duration breathing apparatus with extended duration apparatus

eliminated air supply as a limiting factor in performance, however, this increased the

challenge of managing thermal strain due to the long duration spent in hot conditions.

Thermal Stress

Firefighting activities involve strenuous physical work, which is often performed

in hot and hostile environments. Thermal strain results from the extemal stress of heat

radiating from the fire and exercise-induced metabolic heat stress that is trapped due to

the encapsulation provided by protective clothing (Smith et a1.,1997). Smith and

colleagues (1997) sought to examine the relative contributions of activity and extemal

heat stress on the total thermal stress experienced by firefighters. There were significant

increases in HR, tympanic temperature, blood lactate and perceived exertion in both a

neutral (no fire) and hot environment. The increases were much greater following the hot
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condition. The addition of a live fire, a common situation for firefighters, contributed to

increased cardiovascul ar strain.

Limited studies have examined the performance of firefighters in chemical

protective suits during non-fire emergencies such as hazardous materials incidences.

Richardson & Capra (2001) evaluated the physiological responses in a fully encapsulated

chemical protective suit to simulated tasks at varying temperatures. The temperatures

ranged from 30 to 40 degrees Celsius, which represent temperatures normally seen in the

summer months. Increases in air temperature resulted in increased heart rate, recovery

time, body temperature and blood pressure (Richardson & Capra, 2001).

Type of protective clothing also affects the thermal stress of firefighting activities.

Ftaiti et al. (2001) sought to determine heart rate response and thermal stress in various

fireproofjackets. French firefighters exercised atT}yoof VOzr"* for l5 minutes in five

different jacket configurations: one leather and four textile types. Exercise in the leather

jacket resulted in the highest tympanic temperature and heart rate. The physiological

responses induced by textile jackets were correlated to jacket weight. Jackets with

greater weight induced greater increases in tympanic temperature and heart rate. It was

cbncluded that jackets made of textile material and lighter weight created less

physiological stress during treadmill running.

Cardiovascular Disease Risk Factors

Heart disease has long been recognized as a significant health risk for firefighters.

This population is not immune to the effects of aging. Age related changes in firefighters

mirror those of the general population as seen with increases in percent body fat, resting

blood pressure, and total blood cholesterol (Davis et al., 2002). However, the physical
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demands of firefighting remain high no matter what the professional firefighter's age.

The combination of these two factors is why firefighters expeiience more occupational

fatalities due to heart attack than persons in any other profession (Kay et al., 2001).

Being overweight may pose significant health and safety risks to firefighters and

could adversely affect job performance. Kales and colleagues (1999) reviewed medical

examination records of 333 firefighters and found that290 (87%) were overweight

according to Body Mass Index (BMI). There are adverse associations between BMI and

resting blood pressures, serum'cholesterol and vital capacity. Elevated blood pressure

and cholesterol increase both cardiovascular disease risk and occupational risk. More

recently, Kales and colleagues (2007) examined the duty specific risks of death from

coronary heart disease among on-duty firefighters from 1994 through 2004. Certain

emergency firefighting duties were associated with a risk of death from coronary artery

disease that was markedly higher than the risk of non-emergency duties. Fire suppression

was associated with the highest risk (Kales et al., 2007).

Clark and colleagues (2002) evaluated the usefulness of BMI as a screening tool

for general health in firefighters. Body mass index was found to be a useful screening

tool for general health and duty fitness status among firefighters. Screening tools such as

this may be useful in identiffing individual firefighters for health and fitness intervention

measures. Donovan and colleagues (2009) documented the levels of cardiorespiratory

fitness and metabolic syndromein2l4 male firefighters from Colorado. Thirty two

firefighters met the diagnostic criteria for metabolic syndrome and 54 firefighters failed

to achieve generally accepted minimum cardiorespiratory fitness levels. Increased levels
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of fitness were associated with improved metabolic profile in male firefighters (Donovan

et al., 2009).

Soteriades and colleagues (2005) examined the distribution of BMI and its

association with major cardiovascular disease risk factors in Massachusetts firefighters.

Subjects were part of a statewide medical surveillance program over five years. The

mean BMI of 332 firefighters increased from 29 at baseline to 30, and prevalence of

obesity increased from35%oto 40yo. The proportion of firefighters with extreme obesity

increased four-fold from 0.6% to 2.4o . Obese firefighters were more likely to have

hypertension and low HDL cholesterol at follow-up. Firefighters with extreme obesity

had an average of 2.1 cardiovascular disease risk factors in contrast with 1.5 in normal

weight firefighters. Obesity shows worsening trends over time and is a major concern

among firefighters. Periodic medical evaluations coupled with exercise and dietary

guidelines are needed to address this problem (Soteriades et al., 2005). Notably,

Soteriades and colleagues (2008) found that obesity is associated with higher risk ofjob

disability in firefighters.

Additionally, cholesterol screening is an established preventative measure for

cardiovascular disease risk factors. Given the cardiovascular disease risk in firefighters,

lipid profiling of firefighters is an important componenl to consider when evaluating such

risk. Soteriades et al., (2002) investigated the lipid profile of 285 firefighters over a

period of four years. Throughout the four-year period mean total cholesterol decreased

significantly. Likewise, the proportion of firefighters taking lipid-lowering medication

increased from3o/o at baseline to l2o at follow-up. Triglyceride level increased over the
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four-year period. Despite regular examinations, a large number of firefighters had

persistently high cholesterol and only a small number were receiving adequate treatment.

Firefighter's knowledge of modiffing cardiovascular disease risk factors is an

important aspect to consider when evaluating overall risk. Kay et al. (2001) found that a

majority of 90+ firefighters did not think of themselves as overweight even though their

calculated body mass index indicated otherwise. Firefighters recognized reducing caloric

intake as an effective way to decrease body fat. However, making dietary changes was

seen as confusing and not a priority for this population. Most firefighters have heard or

read that food choice can prevent the development of heart disease, obesity, hypertension,

cancer and diabetes. Although firefighters seemed aware of the effects of nutrition and

lifestyle on cardiovascular disease isk,37o/o reported that they enjoyed what they ate and

did not want to change (Kay et a1.,2001).

Summarv

There are many factors that contribute to the physical demands of firefighting

including gear, thermal stress, heart rate response, and energy expenditure. The increased

physiological stress and prevalence ofcardiovascular disease risk factors creates a

potentially fatal combination for this population. This review highlights the importance

of exercise and educational intervention for firefighters. There is no published research

on actual energy expenditure and heart rate response during a typical shift of structural

firefighters. It has also not been established what level of fitness firefighters should

maintain to safely and effectively perform their job duties. This is essential information

to help reduce cardiovascular disease and other risks given the high physical demands of

this profession.
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METHODS

Subjects were nine male firefighters (N:9) from the Ithaca Fire Department in

Ithaca, New York. All subjects completed a graded treadmill test to determine maximum

oxygen consumption (VOz."*). Energy expenditure was estimated with the Actiheart

Monitor (Mini Mitter Co.,lnc., Bend, OR) during the firefighting shift on three sepaiate

occasions. The Actiheart Monitor was also used to record heart rate throughout the shift.

Subjects maintained an activity log to document all emergency and training activities

during the shift. Data regarding energy expenditure, heart rate, and activity

documentation enabled the characterization of physical activity demands and

physiological intensity of actual firefighting duties. Using this information, we aimed to

more accurately determine the energy demand and minimum aerobic capacity for

firefighters, and develop exercise guidelines that are occupationally specific to minimize

the risk of cardiovascular events in firefighters.

This chapter describes in detail the methodology of the study. The methods

section is subdivided as follows; (a) subjects, (b) design, (c) measurement and

procedures, (d) data analysis.

Subjects

After approval of protocol by Ithaca College's Human Subjects Research

Committee, the study commenced. Nine male professional firefighters (N:9) from the

Ithaca Fire Department located in Ithaca, NY, were recruited for the study. Each subject

had a minimum of two years experience as a full-time paid firefighter. AII subjects

completed a health history form to determine cardiovascular risk status. Exclusion

16
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criteria included two or more risk factors for cardiovascular disease, past or present

coronary or pulmonary disease, metabolic disorders, or any orthopedic considerations

that could have limited the subject's participation.

Design

All subjects attended an information session. During this session subjects were

apprised of testing procedures, maintaining the activiry log, and proper use of the

Actiheart Monitor (Mini Mitter Co.,Inc., Bend, OR). Subjects had the opportunity to ask

questions and practice using the equipment. At the conclusion of the informational

meeting, dates and times for testing were scheduled and subjects read and signed an

informed consent form (Appendix A). Health history forms were given to those who

chose to participate (Appendix B).

There were a total of four test days for each subject. Test day I included

measurement of VOz.r* during a graded treadmill test. Test days 2-4 involved

monitoring energy expenditure, heart rate, and physical activities during two lO-hour

firefighter shifts and one l4-hour shift.

The first day of testing was done in the exercise physiology laboratory at Ithaca

College. The subjects performed a maximum graded treadmill test. There was a

miriimum of two days between test days I and2 to allow adequate recovery.

Test days 2-4 were the same design. Subjects wore the Actiheart monitor for the

duration of the firefighting shift. During each shift, subjects were required to document

all activity in an activity log. The shift testing was done on three separate occasions to

account for typical variation among shift activities. Data collection for each subject took

place in a maximum time frame of three weeks.
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MEASUREMENT

Maximum Oxygen Consumption

Maximum oxygen consumption (VOz.u*) was measured during a graded treadmill

test using open circuit spirometry with a Parvomedics (Parvomedics, Sandy, UT)

metabolic measurement system. Subjects wore a two-way breathing valve, nose clip, and

headgear to support the mouthpiece. Subjects wore the Actiheart Monitor to assess heart

rate during the treadmill test. Subjects were given a 2-minute warm-up at a walk. The

test protocol consisted ofjogging at a self-selected pace at 0o/o grade which was increased

2.5Yo every two minutes until volitional exhaustion or fatigue. Heart rate and oxygen

consumption were recorded at the end of each stage and at maximal exertion. The test

was terminated when the subject reached volitional fatigue or showed signs or symptoms

that are not consistent with a normal exercise response (e.g., chest pain, dizziness,

shortness of breath, etc.).

Health History Ouestionnaire

The questionnaire (Appendix B) was used to determine the subject's

cardiovascular disease risk status and to identiff exclusion criteria. Those who were

interested in participating, following the informational meeting, completed the

questionnaire.

Activity Log

The activity log (Appendix C) required subjects to record activity in l5-minute

increments during test days 2-4. Subjects classified activities as emergency response,

simulation training, or other shift activities. This allowed for the investigator to match
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the activity log data with energy expenditure values obtained from the Actiheart

throughout the entire shift.

Actiheart Monitor

The Actiheart Monitor (Mini Mitter Co.,lnc., Bend, OR) was used to estimate and

record energy expenditure and heart rate. It consists of a triaxial accelerometer and ECG

signal processor. Heart rate and activity counts are recorded synchronously at lS-second

intervals. The Actiheart consists of a larger, round main sensor, and a lead to the positive

electrode. The small monitor (10 g) is attached to one of nvo electrodes placed on the

chest and the lead wire is attached to the other. Data from the monitor was downloaded

using an interface and analyzed using the Actiheart software program (Mini Mitter Co.,

Inc., Bend, OR).

Data Analysis

Descriptive statistics including mean and standard deviation were calculated for

physical and physiological characteristics of subjects. Data from each shift was

subdivided into minutes of simulation training (ST), emergency response (ER), and other

shift activities (SA). The relative energy expenditure during a shift was determined as

the ratio of energy expenditure during ST, ER, and SA and maximum energy expenditure

calculated from the VOz.n* test. A 3 x 2 repeated measures ANOVA was used to

compare heart rate and energy expenditure between ST, ER, and SA during the three test

days. Alpha level was set atp < 0.05.
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MANUSCRIPT

INTRODUCTION

Firefighting is a physically demanding job. Physiological stress experienced by

filsfighters is a result of many factors, including physical exertion while performing

firefighting tasks, heat from metabolic energy production, insulative protective gear, and

radiant heat of the fire (Smith &Petruzzello, 1998). Consequently, firefighting puts

tremendous strain on the cardiovascular system. Sothman, Saupe, Jasenof, & Blaney

(1992) found that during actual emergencies, firefighters operated at sustained intensities

of 88+6 oZ maximum heart rate (HR..*) for a duration of l5+7 min. The cardio-

respiratory stress that firefighters experience in combination with their high-risk profile

for coronary artery disease is a major concern. Recent research by Kales and colleagues

(2007) found that fire suppression was associated with the highest risk of death from

cardiovascular disease compared with non-emergency duties. The health and well-being

of these firefighters directly affects their occupational risk, job performance, and

ultimately public safety.

Considering the intense nature of their profession, it is essential for firefighters to

have a sufficient aerobic capacity to perform in a safe and efficient manner. Therefore,

improving aerobic capacity is an important aspect of an exercise program, eSpecially for

firefighters. While exercise programs have proven effective for increasing firefighter's

aerobic capacity (Roberts et al., 2002), it has not been clearly established as to what level

these firefighters should tain to effectively prepare for safe performance ofjob duties.

Moreover, there has been little research on the metabolic cost and energy

expenditure of actual firefighting activities. Studies to date have measured energy
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expenditure in firefighters in a laboratory using simulated firefighting tasks or graded

exercise tests (Ftaiti et al., 2001; Malley et al., 1999). Other studies reported metabolic

cost of actual firefighting activities estimated from heart rate response (Richardson &

Capra, 2001, Sothmann et al., 1992). No studies to date have simultaneously evaluated

heart rate and energy expenditure during an active firefighter shift, including actual

emergencies and routine duties. To effectively and safely prescribe exercise for this

population, it is essential to understand the energy expenditure demands during a

firefighting shift. Therefore, the purposes of this study were, l) to simultaneously assess

energy expenditure and h-eart rate during one l4-hour and two l0-hour firefighting shifts,

and,2) determine the exercise intensity for exercise prescription that is appropriate to

meet the demands of occupationally-specific tasks during a firefighter shift.

METHODS

Subjects

Subjects included nine (N:9) apparently healthy male professional firefighters

from lthaca, a small city in central New York. The Human Subjects Research Board at

Ithaca College approved the research protocol for this investigation. Permission was also

granted from the chief of the Ithaca Fire Departrnent. All subjects attended an

information session. During this session subjects were apprised of testing procedures,

received instructions to maintain an activity log and for proper use of the Actiheart

Monitor (Minl Mitter Co.,lnc., Bend, OR) to measure heart rate and physical activity

simultaneously. Subjects also had the opporhmity to ask questions and practice using the

equipment. All subjects completed informed consent and health history forms.
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Test Schedule

Subjects completed four test sessions on separate days. Test day I included

measurement of VO2rr. during a graded freadmill test using open circuit spirometry.

Expired gases were collected and analyzed using a metabolic measurement system

(Parvomedics, Sandy, UT). During test days2-4 activity count to estimate energy

expenditure and heart rate were measured simultaneously. Physical activities during two

lO-hour firefighter shifts and one l4-hour shift were recorded every 15 minutes in the

activity log.

OUTCOME MEASURES

Heart Rate and Activitv Count

During test days 2-4, subjects wore the Actiheart Monitor for the duration of the

shift to measure activity count and heart rate. The Actiheart is a triaxial accelerometer

and ECG signal processor. Heart rate and activity counts were recorded synchronously at

lS-second intervals. The Actiheart consists of a 33 mm diameter main sensor, connected

by a short lead (120 mm) to a smaller (7 mm) secondary sensor. The small main sensor

(10 g) is attached to one of two electrodes placed on the chest and the secondary sensor is

attached to the other electrode. Data from the monitor was downloaded using an

interface and analyzed using the Actiheart software program (version 2.0).

Activiqv Log

During each shift (test days 2-4), subjects were required to document all activity

on a log sheet at l5 minute increments. Activities were subsequently classified as

emergency response (ER), simulation training (ST), or other shift activities (SA). This
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enabled the activity log data to be synchronized with the activity count and heart rate

from the Actiheart throughout the entire shift.

Statistical Methods

Descriptive statistics including mean and standard deviation were calculated for

anthropometric and physiological characteristics of the subjects. Data from each shift

were categorized into minutes of ST, ER, and SA. A 3 x 2 repeated measures ANOVA

was used to compare heart rate and activity count between ER and SA during the three

test days. Data during ST was captured on only one firefighter, therefore ST data was not

included in the statistical analysis due to the small sample size. Missing data points were

estimated by using the mean of subject scores for test days 2, 3, and 4. When an

interaction was found, a one-way ANOVA was nrn on the main effects to determine

significhnce. Alpha level was p < 0.05.

RESULTS

Nine male professional firefighters from Ithaca, New York completed four test

sessions on separate days. Table I presents anthropometric and physiological data

obtained during test day l.

Table I

characteristics
Mean SD Ran

21.0 - 48.0
168.0 -185.0
63.2 -144.1

22.4 - 40.8

160.0 - 200.0
3.2 - 5.7

38.1 - 62.9

Age (yr)
Height (cm)
Weight (kg)
BMI (kg/m2)
HR,o (bpm)
VOzro (L'min-t)

32:8
179.4
92.2
28.4

186.0
4.4

49.0

(7.4)
(s.8)

(22.e)
(s.s)

(l 1.0)
(0.8)

Vor-,, iml'ke'lmin'l
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Test subjects ranged in age from 2l to 48 years. Mean BMI was 28kg/m2 which

characterized the group as overweight (ACSM,2006).

Table 2 represents HR and energy expenditure (EE) values for shift activities

(SA) and emergency response (ER) compared with total shift (TS) values.

Table 2

Summary of EE (kcalg and HR (bp*) during Shift Activities (SA), Emergency Response
(ER), and Total Shift (TS) corydjtipn;(N:2L

Mean SD 95% CI

HR-SA
HR-ER
HR.TS

EE-SA
EE.ER
EE.TS

81.3^
90.4
79.5

500.9*
62.2

558.0

3.1

2.9
10.1

48.6
ll.4

235.7

Lower
74.1

83.8
75.7

388.7
35.8

469.1

Upper
88.3
97.1
83.3

61 3.1

88.5
647.9

" (p<0.05) Statistically significant difference between HR-SA and HR-ER.
* (p<0.05) Statistically significant difference between EE-SA and EE-ER.

As expected, mean HR was significantly higher during ER compared to SA.

However, the upper confidence interval value of HR-ER was only 97.1 bpm.

Surprisingly, EE during SA was significantly higher than EE during ER. The large

difference in upper and lower confidence intervals for EE-SA could be due to the variety

of tasks completed during SA on different test days.
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Table 3 represents all data collected during test days. Mean EE, EE rate, total

time in activities, HRmax and HR are shown for test days2-4.

Table 3

Summary of variables measured during Shift Activities (SA) and Emergency Response
(ER)

Shift Activities Emergency Response

Mean SD 95% Cl Mean SD 95% Cl p value
Total EE 500.9* 48.7 388.7 613.1 62.2 ll.4 35.8 66.5 0.000

(kcals)
EE Rate 0.9 0.4 0.7 1.0 1.2 1.0 0.8 1.6 0.171

(kcals/min)
Total Time 605.6* 12.6 576.4 634.7 49.5 7.0 33.5 65.6 0.000

(min)
HRmax 148.9* 8.0 130.3 167.4 120.6 6.9 104.8 136.4 0.008

(bpm)
Mean HR 81.3* 3.1 74.1 88.4 90.4 2.9 83.8 97.1 0.000

(bpm)
* (p<0.05) Statistically significant differences between SA and ER.

Mean HR was only 9 bpm higher during ER compared with SA. This could be

due to the limited number of physiologically demanding emergency responses during the

data collection. Surprisingly, H&no was significantly higher during shift activity (148.9

bpm) compared to ER (120.6 bpm). However, firefighters exercised, cleaned trucks, or

performed truck checks during shifts; activities that were categorized as SA time.

Accbrding to the activity logs, a majority of emergency responses were to fire alarms and

not to building fires. Consequently, total time in SA (605 min) was greater than ER (49

min), and total EE was higher during SA compared to ER (p<0.05). The limited time of

ER resulted in a smaller EE Rate (kcal min-'). While EE Rate appears higher during ER

versus SA (1.2 vs 0.9 kcals/min, respectively), the difference was not significant.



3l

DISCUSSION

The present study was conducted to characterize heart rate and energy

expenditure during an actual firefighter work shift. From this inf6rmation we aimed to

determine the appropriate exercise intensity to meet the occupationally specific demands

of the job.

During emergency responses (ER) heart rate was higher than during other shift

activities (SA). The difference in energy expenditure between conditions mirrored the

difference in heart rate. The rate of energy expenditure (EE Rate) was33.3Yo greater in

ER than SA but this difference was not statistically significant. This could be due to the

nature of infrequent ER activities. Emergency responses that were quantified included a

car fire and extrication, fire alarm responses with building walk-through in full thermo-

protective gear, and EMS calls. In other studies heart rate response to both simulated fire

drills and actual emergencies have been reported to reach maximal or neiu maximal

values (Ftaiti et al., 2001; Richardson & Capra, 2001; Smith et al., 1997; Smith et al.,

2001; Sothmann et al., 1992). Given the implication of these results, it is important that

further research be conducted with a larger sample size and within fire departments that

more frequently deal with emergency responses and structural fires to more accurately

characterize the physiological demands of firefighting.

Another important finding relevant to job specific demands is that maximum heart

rate was higher during shift activities. Upon review of individual activity log data, this

difference is largely attributed to strenuous truck washing and truck checks. Once a

week, fire trucks were washed and all equipment was checked. When activity logs were

compared with Actiheart data, peak heart rate during SA was higher than during ER.
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This is an important aspect of a work shift that should be considered when determining

the physical demands of occupationally specific tasks. The higher peak HR during SA

could also be attributed to firefighters who exercised on shift. At all stations firefighters

had access to at least one piece of cardiovascular exercise equipment, and at some

stations strength training equipment was available. When individual activity log

information was matched with Actiheafi data, some peak heart rates occurred during

bouts of exercise.

Individuals should be able to maintain an exercise intensity of 77% HR."* for

extended periods of time (at least 20 minutes) and in situations of physical and emotional

distress according to American College of Sports Medicine (ACSM, 2006). Using data

collected from firefighter shifts and a maximal treadmill test, Table 4 shows the

percentage of firefighters in the present study who achieved ACSM recommended

oZHRro* during SA and ER.

Table 4

Summary of ACSM recommended o%HR^* (77-90%o), for physical activity, and the
percentages of firefighters from this sample who achieved those levels.

AC SM Recommen ded %o HR-.*
77% 85% 90%

% of firefighters with peak HR >
ACSM guidelines during SA

%o of firefighters with peak HR >
ACSM guidelines during ER

% of firefighters with max HR >

ACSM guidelines during maximal
treadmill test

77.8

33.3

100.0

66.7 44.4

I 1.0 0.0

100.0 100.0
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Data in Table 4 indicates that33.3o/o of firefighters reached 77yoHR^u* during ER

and only llo/o rcached 85% or more of HR.u* during ER. No firefighters obtaine d 90%

HRro during ER. During 5A,77.8o of firefighters worked at77o HRr"* and only

44.4% reached 90% of HR..*. According to Barnard and Duncan (1975) and ACSM

guidelines, firefighters should be physically prepared to endure cardio-respiratory stress

for 20-25 minutes. In the current study, some firefighters did not obtain ACSM

recommend ed 77 -90% HR,o during SA and ER nor did they perform for 20-25 minutes

at such intensity. Emergency responses were not as physically demanding as shift

activities. This underscores the idea that the intensity of shift activities, including

washing the fiuck and checking equipment, should be considered when prescribing

exercise to this population. All firefighters reached90%o or above of HR-.* during the

max treadmill test. This indicates that the population in this study was capable of

reaching 90% HR-.* if ER or SA required them to do so, but it is not clear from the data

how many could perform job duties safely for extended periods of time at that intensity.

According to Angerer et al. (2008) firefighters reached higher heart rates during

simulated fire operations compared with a stress test or annual aerobic test. This

underscores the notion that firefighters need to be prepared to endure and perform under

extreme cardiorespiratory strain and that traditional exercise testing may not sufficiently

indicate their ability to do so.

In the current study, there were firefighters who never reached 77%o of HRmax

during either SA or ER. Routine job duties do not prepare firefighters for extreme

conditions they can be faced with during emergency response. According to Kales and

colleagues (2007) fire suppression is associated with the highest risk of death from

i
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cardiovascular disease compared with other non-emergency duties. Given the amount of

time spent in low-intensity shift activities and the infrequency of physically demanding

emergency responses, appropriate exercise programs are essential to maintain the fitness

level of firefighters who will, and do, face intense fire suppression emergencies.

Sotereriades and colleagues (2005) found that obesity rates and caidiovascular

risk factors worsened over time. This indicates that appropriate exercise prescription and

dietary guidelines are needed to address this problem. With regard to exercise

prescription and aerobic capacity, a limitation of this study is the small number of

emergency responses and also the nature of those responses. There were a limited

number of emergency responses. There were no emergency responses to building fires.

Thermal stress due to environment was not well represented in this study. The majority

of emergency responses were to fire alarm calls that occasionally required a building

walk-through, or were cancelled en route. Likewise, ER activities were not of typical

length or intensity compared to those reported by Barnard and Duncan (1975).

Therefore, cardiovascular drift due to dehydration was not a factor in the present study.

The firefighter activities evaluated in this study were real. There was no

simulation of any activity. There were no changes to any equipment or to fire protection

gear. Thus accurate exercise prescription is essential to meet the expected physiological

demands of a true emergency situation for firefighters. Likewise, shift activities such as

truck checks and truck washing should be considered when prescribing exercise to this

population. Physical demands affect job performance and underscore the importance of

firefighter fitness. As explained by Davis et al. (2002), age-related changes in firefighters

mirror those of the general population, however, their job demands remain the same.

I

i



Further research is essential to help reduce the cardiovascular events and other risks

given the high demands of the profession, which ultimately affects public safety.
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APPENDICES

APPENDIX A

Informed Consent Form

l. Purpose ofthe Study
The purpose of this study is to determine the energy expenditure of a typical work Shift

of structural fi refi ghters.

2. Benefits ofthe Study
You may benefit from this study because you will learn what your maximum aerobic

capacity is. Your results may also aid in the development of exercise training guidelines for your
personal benefit as well as other firefighters. You are welcome to have a copy of your results

once the study is completed. (See principal investigators.)

3. What You Will Be Asked To Do
If you agree to participate you will be asked to attend an information session and

complete a health history form. During the info session you will get more details about test

procedures and schedules, maintaining an activity log, and proper use of the Actiheart Monitor.
You will have the opportunity to ask questions and practice using the equipment. At the

commencement of the informational meeting, dates and times for testing will be scheduled.

You will participate in four days of testing. The first day of testing will be done in the

exercise physiology laboratory at Ithaca College. You will perform a maximal exercise test

(VOz,o) using a treadmill. For the treadmill test you will wear gym shorts, tee shirts and

sneakers. You will wear a mouthpiece, nose clip, and headgear to support a breathing valve used

to collect expired gases. You will also wear the Actiheart Monitor to assess heart rate during the
treadmill test. You will be given a 2-minute warrn-up at a walk. The testing protocol will consist

ofjogging at a self-selected pace atlYo grade and will increase by 2.5% every two minutes. The

test will continue until you reach exhaustion or show signs or symptoms that are not consistent
with a normal exercise response.

There will be a minimum of 2 days between test days I and2. The 3 shift testing sessions

will be the same. You will wear the. Actiheart monitor for the duration of the l0-hour
firefighting shift. The Actiheart consists of a small device, wom on the waist, as well as two
ECG pads placed on the chest. The main device is worn over regular clothing but below any
additional equipment or gear you may be required to use for fire protection. During each shift,
you will be required to document all activity in an activity log. At the end of the firefighting
shift, you will remove the monitor. The 10-hour shift testing will be done on three separate
occasions to ensure data collected is representative of a typical firefighting shift. All testing, and
your participation, will be completed in a maximum time period of 3 weeks. Your total
estimated participation will include 3 shifu (10 hours each) and l-2 hours of treadmill testing
and additional data collection like filling out a health history questionnaire.

4. Risks
Potential risks ofparticipation in this type ofstudy are no greater (or even less) than risks

associated with your current job. You could encounter difficulty breathing or shortness of breath,
dizziness, chest pain/discomfort, excessive perspiration, and fatigue. The risk of a cardiac event
in VOz.,,, testing is I event per 187,500 hours of testing. The risk of death from VO2,o testing is

I death per 346,000 hours of testing.'In the case of cardiac event, first-aid will be immediately

39
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administered and additional medical personnel will be summoned. Additional risks could include
physical injuries during testing including but not limited to sprains, strains, abrasions, and

contusions. To minimize risk, adequate warrn-up will be provided. If serious injury occurs,

emergency medical personnel will be summoned by one of the on-site investigators. You may
stop participation or withdraw from the study at anytime without question. [n the case that you

do withdraw, your data will be excluded from the study.

5. Compensation for Injury
In the case of other injuries, you will be referred to your primary care physician. If you suffer

an injury that requires treatment or hospitalization as a direct result of this study, the cost of such

care will be charged to you. You will be responsible to pay all costs not covered by insurance.

Ithaca College will not pay for any care, lost wages, or provide other financial compensation.

6. If You Would Like More Information About the Study
Please contact the principal investigator, Kimberly Affeldt, for more information about

this study or to get a copy ofthe results. She can be reached at607-227-3023 weekdays or at

Kaffeld I @) ithaca.edu.

7. Withdrawal from the Study
I understand that I may stop participating or withdraw from this study at any time without

question. If I withdraw, the data gathered from my testing session will be destroyed and not used

in the study. The investigators would appreciate if you would inform them of your decision not

to continue participation. Your individual data will not be shared with supervisory
personnel. Only aggregate datawill released.

8. How the Data Will Be Kept in Confidence
All data collected will be confidential. All data (paper, computer printouts) will be kept

in a locked cabinet in a secure laboratory or office. Computer files will be maintained on a
computer protected by a password. Your data will be identified with an alphanumeric code. The
key for this code will be accessible only by the investigators and will be kept in a secure location.

I have read the above and I understand its contents. I agree to participate in this study. I
acknowledge that I am20 years of age or older. I have received a copy of this consent form for
my own records.

Name (PRINT):

Signed (SIGN): Date:
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APPENDIX B

Health History Ouestionnaire

Date of Birth Age

MontMYear1. Date of last physical exam

2. Date of last fitness test Month/Year

3. Circle any who have died of heart attack before age of 55:

Father Brother Son

4. Circle any who have died of heart affack before age of 65:

Mother Sister Daughter

5. Circle operations you have had:

Back Heart Kidney Eyes Joint Neck

Ears Hernia Lung Other: (please speciff)

6. Circle any of the following of which you have been diagnosed or treated for

by a physician or health care professional:

Alcoholism Diabetes Kidney Problems Anemia, sickle cell

Emphysema Anemia, other Epilepsy Neck Stain

Asthma Eye Problems Obesity Mental Illness

Back Strain Gout Phlebitis Bleeding trait

Hearing loss Rheumatoid arthritis Bronchitis, chronic heart problem

Stroke Cancer High blood pressure Thyroid Problem

Cirrhosis, liver Hypoglycemia ulcer concussion

Hyperlipidemia congenital defect infectious mononucleosis



-=l
Other

7. List all medications you are presently taking or have take within the past 6

months:

8. Circle any of these symptoms you have had within the previous 6 months:

Cough up blood abdominal pain low-back pain leg pain

Arm/shoulder pain chest pain swollen joints feel faint

Dizziness Palpitations/fast heart beat breathless with slight exertion

Unusual fatigue with normal activity Other Symptoms.

If you circled any of the above symptoms, please list how often they occur:_

9. Are yoir a current smoker or have quit in the previous 6 months? (circle one)

Yes No

10. Do you exercise regularly?

Yes No

11. Ifyes, how often do you exercise?. (days/week)

And, how long do you exercise for?.

12. Can you jog 3 miles continuously at a moderate pace without discomfort?

Yes No

13. Please list any additional information that might cause you problems during

a fitness test
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APPENDIX C

Activitv Log

Name
shift # Date

Shift End Time:

* Activities should be recorded every 15 minutes of the shift

Type of Activity
SA, ST, or ER**

Brief Description

**SA = Shift Activities ST = Simulation Training
ER = Emergency Response
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APPENDIX D

ANOVA Summary Tables

Table A

ANOVA Summary Table for EE Rate (SA vs ER)
Source SS df Mean Square f Sig.

Condition I .l 85 I I .l 85 I .925 .17 |

Error 2.152 8 .616

Table B

ANOVA Summary Table for Total EE (SA vs ER)
Source SS df Mean Square f Sig.

Condition 2598661.407 | 2598661.407 87.444 .000

'Error 237745.259 8 29718.157

Table C

ANOVA Summary Table for Mean HR (SA vs ER)
Source SS df Mean Square f Sie.

Condition 1138.963 I 1138.963 94.549 .000

Error 96.370 8 12.046
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Table D

ANOVA Summary Table for HR-u* (SA vs ER)
Source SS df Mean Square f Sie.

Condition 10780.907 I 10780.907 12.154 .008

Error 7096.259 8 887.032

Table E

ANOVA Summary Table for Total Time (SA vs ER)
Source SS df Mean Square f Sig.

Condition 4173892.019 I 4173892.019 1543.161 .000

Error 21638.148 8 2704.769
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APPENDIX E

Raw Data
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