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Heart Disease in the Fire Service: Cause for Concern

By: Thomas Hales, MD, MPH

A little over a year ago NIOSH published a document titled, “Preventing Fire Fighter
Fatalities due to Heart Attacks and Other Sudden Cardiovascular Events.” The
document presented the “lessons learned” from over 175 on-duty fire fighter fatalities
due to sudden cardiac death. Specifically, the document described the magnitude of the
problem, provided some background on the personal and occupational risk factors for
coronary heart disease (CHD), and provided 35 recommendations to prevent or reduce
these tragic deaths [NIOSH 2007]. This paper summarizes that document and provides
some possible explanation for why, since 1992, the number of on-duty sudden cardiac

deaths has not significantly declined.

Magnitude of the Problem

The umbrella term cardiovascular disease encompasses heart attacks (myocardial
infarctions), cardiac arrest, and CHD. Since the National Fire Protection Association
(NFPA) began collecting fire fighter fatality data in 1977, cardiac arrest and heart
attacks have been the number one cause of on-duty fire fighter fatalities, killing between
40 and 50 fire fighters every year. However, not all sudden cardiovascular events result
in sudden cardiac death. In 2006, an estimated 1000 fire fighters suffered an on-duty
cardiovascular event that did not result in sudden death [Karter 2007]. Therefore,

approximately 1045 fire fighters suffer an on-duty cardiac event every year. This
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number, however, does not include off-duty events, thus underestimating the larger

problem of heart disease in the fire service.

Skeptics question whether the “problem” of heart disease truly exists in the fire service.
These skeptics point to the 25 or so cohort studies that have examined the rates of
heart disease among fire fighters compared to rates of heart disease in the general
population. Results of these studies conflict (i.e., some studies report a higher rate
among fire fighters while others do not). In 1995, Guidotti published a review of the fire
fighter mortality literature. He concluded, “Sudden death, myocardial infarction, or fatal
arrhythmia occurring on or soon after near-maximal stress of the job are likely to be

[work] related...” [Guidotti 1995].

The “healthy worker effect” presents one inherent limitation of cohort studies [Choi
1992]. For example, most fire departments screen candidates for CHD and CHD risk
factors (e.g., diabetes and hypertension). If fire departments cannot accommodate
candidates with these conditions, the candidates would be precluded from employment
as a fire fighter. Without these candidates in the fire service, one would expect the CHD
rates among fire fighters to be lower than the general population, because all of them
are “healthy” (i.e., they have no CHD or CHD risk factors), thus the term healthy worker

effect.

In 2000, Choi reassessed 23 standardized mortality ratio studies addressing the

relationship between fire fighting and heart disease after attempting to control for the
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healthy worker effect. He concluded that, “(1) there is strong evidence of an increased
risk of death overall from heart disease among firefighters; .... (3) there is insufficient
evidence, even after considering the healthy worker effect, for a relationship between
firefighting and any heart disease subtype, such as acute myocardial infarction” [Choi

2000].

Personal and Occupational Factors Associated with CHD

CHD among fire fighters is due to a combination of personal and workplace factors. The
personal factors are well known: age, gender, family history, diabetes mellitus,
hypertension, smoking, high blood cholesterol, obesity, and lack of exercise [AHA 2008].
Not as widely known, however, is that fire fighters have exposures to workplace factors that

are associated with adverse cardiovascular outcomes.

Cardiac and Cardiovascular Effects Associated with Fire Smoke

Fire smoke is a complex mixture of heated gases, vapors, and particulate matter. The
composition of the smoke is determined not only by the fuel source, but also by fire
conditions (oxygen availability, temperature, etc.) [Levin 2005]. While hundreds of
decomposition products are found, two of the more common and well known gases with

cardiovascular effects are carbon monoxide and hydrogen cyanide.

Carbon Monoxide. Carbon monoxide, a byproduct of incomplete combustion, is present

in virtually all fire environments. A number of studies have quantified a fire fighter’s

Heart Disease 3



Reducing Firefighter Deaths and Injuries: Changes in Concept, Policy, and Practice

exposure during various phases of fire suppression [Gold 1978; Brandt-Rauf 1988;
Jankovic 1991]. High levels of carbon monoxide have been documented not only during
knockdown, but also during overhaul when fire fighters frequently remove their self
contained breathing apparatus (SCBA) [Bolstad-Johnson 2000]. If inhaled, carbon
monoxide disrupts the blood’s transport of and intracellular use of oxygen [Ernst 1998].

The resulting hypoxia can cause myocardial injury [Satran 2005].

Hydrogen Cyanide. Hydrogen cyanide forms during the incomplete combustion of
substances containing carbon and nitrogen (paper, cotton, wool, silk, plastics, etc.).
Hydrogen cyanide frequently has been detected in structure fires, and levels have
exceeded established exposure limits [Gold 1978; Brandt-Rauf 1988; Jankovic 1991].
Like carbon monoxide, hydrogen cyanide disrupts the intracellular use of oxygen,

resulting in intracellular hypoxia with cardiac manifestations [Purser 1984].

Particulate Matter. Fire fighters have significant exposure to fire smoke particulate
matter during fire suppression [Treitman 1980; Brandt-Rauf 1988]. Studies in the
general population suggest particulate matter, as a component of air pollution, has
cardiovascular effects [Brook 2004]. For example, long-term repeated exposure to
elevated concentrations of particulate matter has been associated with cardiovascular
mortality and the initiation/progression of atherosclerosis [Dockery 1993; Pope 2002,
2004]. In addition, short-term exposure to fine particulates has been associated with

triggering heart attacks, particularly among people with pre-existing heart disease
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[Peters 2001; Pope 2006]. These findings have implications for the fire service given fire

fighters’ exposure to fire smoke particulate matter.

Cardiac and Cardiovascular Effects Associated with the Work Environment

Increased Heart Rates and Heavy Physical Exertion. A significant portion of the fire
fighters’ work day is spent at rest or doing light work around the fire station. However,
the station’s alarm may sound at any time, and fire fighters are expected to rapidly
deploy to the incident scene. Fire fighters react to these emergency calls with increased
heart rates, probably due to a surge in sympathetic nervous system activity (the flight or
fight response) [Barnard 1975; Kuorinka 1981]. The increase in heart rate frequently
persists through the course of fire suppression activities, a finding not surprising given
the heavy physical demands of structural fire fighting [Smith 2001]. The pattern of
sedentary periods interrupted by catecholamine surges and heavy physical exertion has
been suspected to put fire fighters at increased risk for acute heart attacks.
Epidemiologic studies in the general population report that heavy physical exertion
sometimes immediately precedes and triggers the onset of acute heart attacks and

sudden cardiac death [Willich 1993; Mittleman 1993; Albert 2000].

Heat Stress. Heat stress and heat illnesses are well-recognized hazards of fire fighting.
Fire suppression can increase body temperature, resulting in sweating and fluid loss
that can cause serum electrolyte changes, lower stroke volume (the volume of blood

pushed during each contraction of the heart), or lower cardiac output [Smith 2001; Rossi
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2003]. Heat stroke has been reported to increase the risk of myocardial ischemia,

arrhythmias, and conduction abnormalities [Akhtar 1993].

Noise Exposure. Fire fighters’ noise exposures are obvious: sirens, air horns, diesel
engines, and the roar of a large structure fire itself. Researchers have measured sound
levels exceeding 120 decibels during emergency operations [Tubbs 1995]. Studies of
community and occupational groups have found an association between noise
exposure and hypertension and possibly an association with ischemic heart disease
[Van Kempen 2002; Davies 2005; Willich 2006; McNamee 2006]. Fire fighters’ noise
exposure (short duration, high intensity) differs from noise exposures studied in the
community and in other occupational groups (lower intensity for a longer duration [e.g.,
full-shift]). However, given the extent of the noise-induced hearing loss found in fire
fighters, it is plausible that noise exposure increases the risk of hypertension and

possibly ischemic heart disease among fire fighters [Tubbs 1995].

Shift Work and Overtime. Several studies suggest a modest association between
“rotating” shifts (e.g., a week of days, a week of evenings, a week of nights, with
weekends off) and heart disease [Steenland 2000]. Because most career fire
departments work 24-hour shifts, and volunteer fire fighters do not work shifts at all,
these findings may have limited application to the fire service. A 24-hour shift, however,
is long, stressful, and fatiguing. The literature also suggests long hours can increase
blood pressure and lead to increased heart disease independently of other stressful

conditions at work [Steenland 2000].
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Environmental Tobacco Smoke. In 2006, the Surgeon General confirmed a causal
relationship between exposure to secondhand smoke and increased risks of coronary
heart disease morbidity and mortality [USDHHS 2006]. An estimated 46,000 cardiac
deaths occur each year due to secondhand smoke in the United States [Cal/EPA 2005].
Because not all fire stations are smoke free, involuntary exposure to tobacco smoke

continues to present cardiovascular risks for fire fighters.

Work-relatedness

In 1999, NIOSH presented evidence from its fatality investigations suggesting that fire
fighter CHD fatalities were triggered by work activities [Hales 1999]. The majority of on-duty
fire fighter CHD fatalities occurred in the afternoon or evening hours. This starkly contrasts
with the circadian rhythm of CHD deaths in the general population, where most deaths
occur in the early morning hours [Elliott 2001]. An analysis of fire fighters’ activities
immediately preceding their sudden deaths showed that over 75% of the deaths occurred
while traveling to or from an incident, at an incident, or during training activities. These
activities are known to produce high heart rates and elevated blood pressures, which can

be attributed to alarm response or performing physically demanding tasks.

These findings led to a formal analytic epidemiologic study [Kales 2003]. Using data
from the NIOSH-investigated CVD fatalities, Kales and his colleagues at the Harvard
School of Public Health reported a statistical difference in the temporal pattern of

sudden cardiac deaths in fire fighters compared to the general population. These
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researchers also conducted a case-control study using cases from the NIOSH-
investigated CHD fatalities and two control groups. Compared to non-emergency duties,
fire fighters involved in fire suppression were 64 times more likely to die from an on-duty
CHD event. Fire fighters engaged in physical training were 8 times more likely to die
from CHD. Fire fighters responding to an alarm were 6 times more likely to die from
CHD. A subsequent more extensive study by Kales et al. found similar findings [Kales
2007]. These findings suggest that fatal heart attacks suffered by fire fighters while on-

duty didn’t “just happen” at work, but rather that work activities triggered them.

Recommendations
Fire departments have a responsibility to implement effective prevention programs for not
only workplace risk factors, but also personal risk factors for cardiovascular disease. These

include:

e Providing medical evaluations to ensure that candidates and members are capable

of performing job tasks with minimal risk of sudden incapacitation

e Ensuring that physicians conducting the medical evaluations are knowledgeable

about the physical demands of fire fighting, the essential jobs tasks of fire fighting, and

the consensus guidelines developed by the fire service

Heart Disease 8



Reducing Firefighter Deaths and Injuries: Changes in Concept, Policy, and Practice

Implementing a comprehensive wellness/fitness program for fire fighters to reduce

risk factors for CVD and improve cardiovascular capacity

e Controlling exposure to carbon monoxide and other fire contaminants through

proper management of the fire scene and proper use of respiratory protection

e Ensuring adequate staffing levels for operations to prevent overexertion

e Providing on-scene rehabilitation to monitor vital signs for indication of excessive

cardiovascular strain, and to cool and hydrate the fire fighter

e Implementing a comprehensive hearing conservation program

Trends in On-Duty Fire Fighter Deaths

Since 1977 the NFPA has been tracking the number of fire fighter on-duty
cardiovascular deaths. It reports a 37% reduction in on-duty sudden cardiac death from
the first 5 years (1977-1981) compared to the last 5 years (2003—-2007) [Fahy 2008]. As
in the general population, the reasons for this decline are probably a result of improved
prehospital care, improved medical and surgical interventions, and a reduction in major
CHD risk factors (reduction in cholesterol, blood pressure, etc.) [Ford 2007]. Another
factor relevant for the fire service is the probable reduction in occupational exposures

due to the use of personal protective equipment (e.g., SCBA use) since the late1970s.
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Unfortunately, since 1992 the number of fire fighter on-duty cardiac deaths seems to
resist further decline [Fahy 2008]. The following considerations provide some possible

explanation for this observation.

Fitness and Wellness. Despite efforts by NIOSH and other fire service organizations to
highlight the problem and provide guidance, most fire departments have not
implemented appropriate screening and health promotion programs. In 2005, the U.S.
Fire Administration (USFA) estimates that only 24% of fire departments had a program
to maintain basic fithess and health, an 11% decline from 2001 [USFA 2006, 2008]. In
fire departments where NIOSH investigated an on-duty cardiovascular death, only 57%
conducted periodic medical evaluations. Only 21% required exercise stress tests for fire
fighters at risk for CHD. Only 39% of fire departments had wellness programs such as
smoking cessation and cholesterol and blood pressure checks, and only 9% had
mandatory fitness programs. This occurred despite published guidelines for screening
and prevention programs such as NFPA 1582 and 1583, and the International
Association of Fire Fighters/International Association of Fire Chiefs (IAFF/IAFC)
wellness and fitness program. Implementing these guidelines should make significant

progress in reducing the number of on- and off-duty CHD deaths.

However, even if fire departments implemented health promotion programs and fire

fighters were able to reduce their CHD risk factors it would take a decade for the

number of sudden cardiac deaths to decline. Why? Plaque (atherosclerosis) build-up
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inside the coronary arteries accumulates over decades. Preventing and reducing plague

formation will also take years or even decades.

Occupational Exposures. Although much progress has been made with the use of
SCBA during the knockdown phase of fire suppression, most fire departments do not
have policies regarding respiratory protection during overhaul. Industrial hygiene studies
have documented exposure to a number of cardiotoxins during overhaul including

carbon monoxide, cyanide, and particulates [Bolstad-Johnson 2001].

Finally, the NIOSH fire fighter program has uncovered a small but significant number of
on-duty sudden cardiac deaths that were not related to CHD. Rather, these deaths were
related to arrhythmias associated with an underlying damage to the heart muscle known
as a cardiomyopathy. All three forms of cardiomyopathy (dilated, hypertrophic, and
restrictive) are associated with sudden cardiac death. NIOSH found that over 50% of
the on-duty sudden cardiac death cases among fire fighters under the age of 35 were
due to an arrhythmia associated with a cardiomyopathy. Unfortunately, sudden cardiac
death is often the first clinical indication of a cardiomyopathy, and screening tests (e.g.,
echocardiograms) are not practical to administer to all fire fighters. Therefore, while
much remains to be done to reduce the number of on-duty fire fighter fatalities from
sudden cardiac death, the goal should be to reduce the number of cases rather than to

eliminate all cases.
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To help the fire service reduce the number of on-duty fire fighter deaths from CHD,

additional research is needed on the:

e Effectiveness of health promotion programs to reduce the incidence of heart

disease among fire fighters

e Barriers to implementing health promotion programs (both wellness and fitness)

e Effectiveness of on-scene rehabilitation to reduce cardiovascular strain

e Risk posed to the fire fighter’'s cardiovascular system due to occupational

exposures

Heart Disease 12



Reducing Firefighter Deaths and Injuries: Changes in Concept, Policy, and Practice

References
AHA (American Heart Association) [2008]. Risk factors and coronary artery disease.
[http://www.americanheart.org/presenter.jhtmli?identifier=4726]. Date accessed: August 28,

2008.

Akhtar MJ, al-Nozha M, al-Harthi S, Houh MS [1993]. Electrocardiographic

abnormalities in patients with heat stroke. Chest 104(2):411-414.

Albert CM, Mittleman MA, Chae CU, Lee IM, Hennekens CH, Manson JE [2000].
Triggering of sudden death from cardiac causes by vigorous exertion. N Engl J Med

343(19):1355-1361.

Barnard RJ, Duncan HW [1975]. Heart rate and ECG responses of fire fighters. J Occup

Med 17(4):247—250.

Bolstad-Johnson MD, Burgess JL, Crutchfield CD, Storment S, Gerkin R, Wilson JR

[2000]. Characterization of firefighter exposures during fire overhaul. Am Ind Hyg Assoc

J 61(5):636-641.

Brandt-Rauf PW, Fallon LF Jr, Tarantini T, Idema C, Andrews L [1988]. The health

hazards of fire fighters: exposure assessment. Br J Ind Med 45(9):606—612.

Heart Disease 13


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Brandt%2DRauf+PW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Fallon+LF+Jr%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Tarantini+T%22%5BAuthor%5D

Reducing Firefighter Deaths and Injuries: Changes in Concept, Policy, and Practice

Brook RD, Franklin B, Cascio W, Hong Y, Howard G, Lipsett M, Luepker R, Mittleman
M, Samet J, Smith SC, Tager | [2004]. Air pollution and cardiovascular disease. A
statement for healthcare professionals from the expert panel on population and

prevention science of the American Heart Association. Circulation 109(21):2655-2671.

CA-EPA (Environmental Protection Agency) [2005]. Proposed identification of
environmental tobacco smoke as a toxic air contaminant. Part B: Health effects.
Sacramento (CA): California Environmental Protection Agency, Office of Environmental

Health Hazard Assessment, 2005.

Choi BCK [1992]. Definition, sources, magnitude, effect modifiers, and strategies of

reduction of the healthy worker effect. J Occup Med 34(10):979-988.

Choi BCK [2000]. A technique to re-assess epidemiologic evidence in light of the
healthy worker effect: the case of firefighting and heart disease. J Occup Environ Med

42(10):1021-1034.

Davies HW, Teschke K, Kennedy SM, Hodgson MR, Hertzman C, Demers P [2005].

Occupational exposure to noise and mortality from acute myocardial infarction.

Epidemiology 16(1):25-32.

Heart Disease 14



Reducing Firefighter Deaths and Injuries: Changes in Concept, Policy, and Practice

Dockery DW, Pope DA, Xu X, Spengler JD, Ware JH, Fay ME, Ferris BG, Speizer FE
[1993]. An association between air pollution and mortality in six US cities. N Engl J Med

329:1753-1759.

Elliott WJ [2001]. Cyclic and circadian variations in cardiovascular events. Am J

Hypertens 14(9 Pt 2):291S-295S.

Ernst A, Zibrak JD [1998]. Carbon monoxide poisoning. N Engl J Med 339(22):1603—

1608.

Ford ES, Ajani UA, Croft JB, Critchley JA, Phil D, Labarthe DR, Kottke TE, Giles WH,
Capewell S [2007]. Explaining the decrease in U.S. deaths from coronary disease,

1980-2000. N Engl J Med 356(23):2388-2398.

Fahy R, LeBlanc PR, Molis JL [2008]. What's changed over the past 30 years?
National Fire Protection Association, Quincy MA.
[http://lwww.nfpa.org/assets/files/PDF/whatschanged.pdf]. Date accessed: August 28,

2008.

Guidotti TL [1995]. Occupational mortality among firefighters: assessing the association.

J Occup Environ Med 37(12):1348-1356.

Heart Disease 15



Reducing Firefighter Deaths and Injuries: Changes in Concept, Policy, and Practice

Hales T, Baldwin T, Sexson K, Brown S [1999]. NIOSH Fire Fighter Fatality
Investigation and Prevention Program. Unpublished paper presented at the IAFF

Redmond Symposium, Honolulu, HI, August 26.

Gold A, Burgess WA, Clougherty EV [1978]. Exposure of firefighters to toxic air

contaminants. Am Ind Hyg Assoc 39(7):534-538.

Jankovic J, Jones W, Burkhart J, Noonan G [1991]. Environmental study of firefighters.

Ann Occup Hyg 35(6):581-602.

Kales SN, Soteriades ES, Christoudias SG, Christiani DC [2003]. Firefighters and on-
duty deaths from coronary heart disease: a case control study. Environ health: a global
access science source. [http://www.ehjournal.net/content/2/1/14]. Date accessed:

August 28, 2008.

Kales SN, Soteriades ES, Christophi CA, Christiani DC [2007]. Emergency duties and

deaths from heart disease among fire fighters in the United States. N Engl J Med

356(12):1207-1215.

Karter Jr MJ, Molis JL [2007]. Fire fighter injuries — 2006. Quincy, MA: National Fire

Protection Association.

Heart Disease 16



Reducing Firefighter Deaths and Injuries: Changes in Concept, Policy, and Practice

Kuorinka I, Korhonen O [1981]. Firefighters' reaction to alarm, an ECG and heart rate

study. J Occup Med 23(11):762—766.

Levin BC, Kuli0067owski ED [2005]. Chapter 10. Toxicology of Fire and Smoke.
National Institutes of Standards and Technology, Gaithersburg, MD.

[http://fire.nist.gov/bfrlpubs/fire05/PDF/f05154.pdf]. Date accessed: March 12, 2007.

McNamee R, Burgess G, Dippnall WM, Cherry N [2006]. Occupational noise exposure

and ischaemic heart disease mortality. Occup Environ Med 63(12):813-819.

Mittleman MA, Maclure M, Tofler GH, Sherwood JB, Goldberg RJ, Muller JE [1993].
Triggering of acute myocardial infarction by heavy physical exertion. N Engl J Med

329(23):1677-1683.

NIOSH [2007]. Preventing fire fighter fatalities due to heart attacks and other sudden
cardiovascular events. Cincinnati, OH: U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention, National Institute for Occupational Safety

and Health. Publication No. 2007-133.

Peters A, Dockery DW, Muller JE, Mittleman MA [2001]. Increased patrticulate air

pollution and triggering of myocardial infarction. Circulation 103(23):2810-2815.

Pope CA lll, Burnett RT, Thun MJ, Calle EE, Krewski D, Ito K, Thurston GD [2002]. Lung

Heart Disease 17



Reducing Firefighter Deaths and Injuries: Changes in Concept, Policy, and Practice

cancer, cardiopulmonary mortality, and long-term exposure to fine particulate air pollution.

JAMA 287(9):1132—1141.

Pope CA lll, Burnett RT, Thurston GD, Thun MJ, Calle EE, Krewski D, Godleski JJ
[2004]. Cardiovascular mortality and long-term exposure to particulate air pollution:
epidemiological evidence of general pathophysiological pathways of disease.

Circulation 109(1):71-77.

Pope CA Ill, Muhlestein JB, Heidi TM, Renlund DG, Anderson JL, Horne BD [2006].

Ischemic heart disease events triggered by short-term exposure to fine particulate air

pollution. Circulation 114(23):2443-2448.

Purser DA, Grimshaw P, Berrill KR [1984]. Intoxication by cyanide in fires: a study in

monkeys using polyacrylonitrile. Arch Environ Health 39(6):394-400.

Rossi R [2003]. Fire fighting and its influence on the body. Ergonomics 46(10):1017—

1033.

Satran D, Henry CR, Adkinson C, Nicholson CI, Yiscah B, Henry TD [2005]. Cardiovascular

manifestations of moderate to severe carbon monoxide poisoning. J Am Coll Cardiol

45(9):1513-1516.

Smith DL, Petruzzello SJ, Manning TS [2001]. The effect of strenuous live-fire drills on

Heart Disease 18



Reducing Firefighter Deaths and Injuries: Changes in Concept, Policy, and Practice

cardiovascular and psychological responses of recruit firefighters. Ergonomics

44(3):244-254.

Steenland K [2000]. Shift work, long hours, and SCD: a review. Research finding linking
workplace factors to CVD outcomes. In: Schnall PL, Belkic K, Landsbergis P, Baker D,
eds. The workplace and cardiovascular disease. Occupational Medicine State of the Art

Reviews 15(1):7-17. Philadelphia, PA: Hanley & Belfus, Inc.

Treitman RD, Burgess WA, Gold A [1980]. Air contaminants encountered by fire

fighters. Am Ind Hyg Assoc J 41(11):796-802.

Tubbs RL [1995]. Noise and hearing loss in firefighting. In: Orris P, Melius J, Duffy RM,
eds. Firefighters’ safety and health. Occupational Medicine State of the Art Reviews

10(4)843-856. Philadelphia, PA: Hanley & Belfus, Inc.

USDHHS (U.S. Department of Health and Human Survices) [2006]. The health
consequences of involuntary exposure to tobacco smoke.
[http://lwww.surgeongeneral.gov/library/secondhandsmoke/report/fullreport.pdf]. Date

accessed: August 28, 2008.

USFA [2006]. Four years later — a second needs assessment of the U.S. Fire Service.

U.S. Fire Administration, Department of Homeland Security, FA-303.

Heart Disease 19



Reducing Firefighter Deaths and Injuries: Changes in Concept, Policy, and Practice

[http://lwww.usfa.dhs.gov/downloads/pdf/publications/fa-303-508.pdf]. Date accessed:

August 28, 2008.

USFA [2008]. Fire related firefighter injuries in 2004. U.S. Fire Administration,
Department of Homeland Security.
[http://lwww.usfa.dhs.gov/downloads/pdf/publications/2004_ff_injuries.pdf]. Date

accessed: August 28, 2008.

Van Kempen EE, Kruize H, Boshuizen HC, Ameling CB, Staatsen BAM, DeHollander
AEM [2002]. The association between noise exposure and blood pressure and ischemic

heart disease: a meta-analysis. Environ Health Perspect 110(3):307-310.

Willich SN, Lewis M, Lowel H, Arntz HR, Schubert F, Schroder R [1993]. Physical

exertion as a trigger of acute myocardial infarction. N Engl J Med 329(23):1684—-1690.

Willich SN, Wegscheider K, Stallmann M, Keil T [2006]. Noise burden and the risk of

myocardial infarction. Eur Heart J 27(3):276-282.

About the Author

Thomas Hales MD MPH

Senior Medical Epidemiologist

National Institute For Occupational Safety and Health
Centers for Disease Control

About the Symposium

Heart Disease 20



Reducing Firefighter Deaths and Injuries: Changes in Concept, Policy, and Practice

Reducing Firefighter Deaths and Injuries: Changes in Concept, Policy, and Practice is
presented as a public service of the Public Entity Risk Institute (PERI), 11350 Random
Hills Rd., Suite 210, Fairfax, VA 22030. Web: www.riskinstitute.org.

The Public Entity Risk Institute provides these materials "as is," for educational and
informational purposes only, and without representation, guarantee or warranty of any
kind, express or implied, including any warranty relating to the accuracy, reliability,
completeness, currency or usefulness of the content of this material. Publication and
distribution of this material is not an endorsement by PERI, its officers, directors or
employees of any opinions, conclusions or recommendations contained herein. PERI
will not be liable for any claims for damages of any kind based upon errors, omissions
or other inaccuracies in the information or material contained here.

* K *

Heart Disease 21


http://www.riskinstitute.org/

