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Abstract.

BACKGROUND: In the United States, over 50% of the deaths of on-duty firefighters are classified as sudden cardiac deaths.
A holistic view of the multiple risk factors and their relation to the prevalence of cardiovascular disease (CVD) is necessary to
determine a baseline for prevention.

METHODS: This study surveyed 154 firefighters in a large Midwestern county about their individual exposure to particulates,
noise, heat stress, skin contamination, and physical stress; lifestyle factors such as exercise, diet, smoking, and alcohol consump-
tion; health status; and demographic factors.

RESULTS: Consumption of whole grains and alcohol were associated with a reduction of the risk of heart disease, while higher
Body Mass Index (BMI) scores and increasing age were associated with increased risk of heart disease.

CONCLUSIONS: Although firefighters are exposed to substantial occupational risks, only lifestyle factors were found to sig-
nificantly predict CVD and related health issues. BMI is a modifiable risk factor, which, if controlled, could appreciably improve

health outcomes.
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1. Background

There are approximately 1.1 million firefighters in
the United States; 768,000 (70%) are volunteer fire-
fighters and 335,000 (30%) are career firefighters [29].
The number of injuries and fatalities caused by burns
and smoke inhalation has been greatly reduced due to
advances in the personal protective equipment used by
firefighters [35]. The current leading cause of on-duty
death among firefighters is heart disease or cardiovas-
cular disease (CVD) [14]. Sudden cardiac death is re-
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sponsible for 50% of the on-duty deaths of volunteer
firefighters and 39% of the on-duty deaths of profes-
sional firefighters [15]. Heart disease accounts for 45%
of on-duty firefighter deaths in the United States [27].
Firefighting can put unusually high demands on fire-
fighters’ bodies via physical stress, environmental ex-
posures, and emotional stress [20,41]. High stress lev-
els may contribute to the high incidence of on-duty car-
diac deaths during firefighting activities. The following
symptoms may be experienced due to heavy physical
exertion: increased heart rate and thermal stress caused
by increased ambient temperature combined with de-
hydration. Due to the association between modern fire
protection gear and increased load on the cardiovas-
cular system [32], both governmental and professional
organizations have developed guidelines for improving
the cardiovascular health of firefighters. These guide-
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lines call for medical evaluations to ensure that fire-
fighters have the physical ability and capability to per-
form the essential tasks associated with the job, medi-
cal clearance for respirator use, and training to ensure
that firefighters are aware of the risks of not using per-
sonal protective equipment properly [4,36]. Unfortu-
nately, compliance with these guidelines has not been
universal [36] and evidence suggests, that volunteer
firefighters may be less healthy than the general pop-
ulation regardless of occupation [44]. This is despite
many initiatives to improve health status [38]. The pre-
vention of burn and smoke inhalation injuries [35] has
diminished these injuries as a cause of mortality and
shifted awareness to cardiovascular disease (CVD) as
a cause of firefighter mortality.

Firefighters are also exposed to many environ-
mental issues such as: carbon monoxide, hydrogen
cyanide, environmental tobacco smoke, noise expo-
sure, aerosolized chemicals, and airborne particulate
matter. Previous studies have indicated that exposure
to noise without wearing hearing protection may pose
a threat to a person’s overall cardiovascular health [16,
39]. Firefighters may be exposed to up to 120 decibels
due to siren noise. Huss et al. [24] determined that ex-
posure to aircraft noise was associated with mortality
from heart attack; in fact the relationship indicated a
dose-dependent relationship based on the sound level
and the duration of exposure [24]. High exposure to
particulates and chemicals can occur during the period
following extinguishing a fire, a process commonly re-
ferred to as “overhaul”. Research suggests that most
exposures (50%) occurring during overhaul resulted
from firefighters removing their self-contained breath-
ing apparatus (SCBA) when extremely hot conditions
and intense physical labor [9] can still be experienced.
During overhaul, harmful particulates and vapors may
still exist in the air even though they are not visi-
ble to the naked eye. Some of these toxicants (carbon
monoxide, hydrogen cyanide, particulate matter) are
associated with cardiovascular disease [36]. In addi-
tion to the occupational exposures to particulates and
vapors, firefighters’ bodies are often put under a lot of
stress given the high physical demands during overhaul
which requires movement in a hot and humid environ-
ment while still wearing gear.

Finally, it is important to note that these occu-
pational cardiovascular risk factors are also accom-
panied by personal cardiovascular risk factors such
as family history, lifestyle factors, and hypercholes-
terolemia [36]. High Body Mass Index (BMI) has
shown to be a significant risk factor for CVD in fire-

fighters [40]. Baur et al. [6] studied 968 randomly se-
lected male career firefighters from 11 different sta-
tions in the Midwestern United States [6]. Results indi-
cated that only 12.4% of the firefighters who qualified
for the study were of normal weight, 50.8% were over-
weight (BMI between 25.0 and 29.9) and 36.8% were
obese (BMI greater than 30.0) [6]. Poston et al. [34]
determined that the prevalence of obesity and being
overweight in firefighters exceeded the average for the
general population in the United States [34]. Further-
more, it has been determined that a one unit increase
in the BMI scale is related to a 5% increase in risk
of job disability [28]. While several other factors are
known to contribute to the risk of cardiovascular dis-
ease, it is suspected that physical fitness of the individ-
ual firefighter is one of the greatest contributing factors
for CVD [13].

Sudden cardiovascular death represents the number
one preventable cause of death for on-duty firefight-
ers. Due to the numerous risk factors that contribute
to cardiovascular death, a comprehensive evaluation of
CVD risk factors is necessary to understand which fac-
tors likely to have the greatest impact on CVD in fire-
fighters. Most of the risk factors stem from two distinct
areas: physical and psychological burden and lifestyle
factors. Excellent previous work has provided an initial
understanding of the physical factors that contribute
to cardiovascular disease in firefighters [14,17,27,28].
These studies have been performed in both controlled
and experimental settings [3] as well as large cohorts
and cross-sectional trials [5,21,31,36,41]. Further, pre-
vious work has shown that the weight and bulkiness of
modern fire protection gear may also contribute to car-
diovascular stress [32], making it necessary to address
ergonomic equipment concerns. Studies investigating
the psychological stress in firefighters have demon-
strated that “positive” psychological factors such as co-
herence and social support can be protective and that
“negative” psychological factors, such as work over-
load, ambiguity and conflict, are not [33,37]. In all, the
objective of the current study was to comprehensively
evaluate the occupational exposures (physical and psy-
chological), lifestyle factors and demographic charac-
teristics of firefighters in Midwest fire departments.

2. Methods
2.1. Study design

Information was collected using a survey devel-
oped during the Occupational Health, Hygiene, and
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Safety Workshop at the University of Cincinnati that
focused on three categories: occupational risk fac-
tors, lifestyle risk factors, and demographic charac-
teristics. The survey was comprised of 15 questions
targeting particulates, heat stress, noise, dermal ex-
posure, job stress, exercise, diet, smoking, drinking,
health status, height and weight. The survey was com-
pleted by firefighters online through Survey Monkey
(www.surveymonkey.com); ensuring easy access from
work or home. Though the survey covered a wide
range of risk factors, the questions were designed to be
simple and straightforward. Online completion of the
survey was designed to take no more than 10 to 15 min-
utes and allowed total anonymity. The study protocol,
online survey, and outreach materials were all submit-
ted and approved by the University of Cincinnati Insti-
tutional Review Board with individual participant con-
sent linked to the survey.

2.2. Farticipants

Fire Chiefs from every fire department in Hamilton
County, Ohio, 40 fire departments in all, were con-
tacted to recruit participants. A recruitment poster was
designed to convey information to prospective partici-
pants along with how to access the online survey, this
information was emailed to the fire chiefs with a re-
quest that it be posted in several places at each of the
participating fire stations. Each participating fire de-
partment was given access to the online survey on their
onsite computers as well through email. Information
was disseminated through each fire department via the
fire chief.

Active, full-time, part-time and volunteer firefight-
ers of both sexes were included in the study. Consent
was obtained by each participants reading a one page
form at the start of the online survey and providing
confirmation that they read it prior to beginning the
electronic survey. This allowed consent to be provided
while assuring anonymity.

Participation in the study was voluntary. Interaction
between the Fire Chiefs and the investigator was lim-
ited to questions and clarification via email to avoid
the possibility of influence or breach of confidentiality.
Confidentiality was maintained throughout data collec-
tion and no identifying data was obtained from ques-
tionnaires. Further, data obtained from questionnaires
was linked to a coded identification number.

2.3. Survey

Participants were asked to identify themselves as
full-time, part-time or volunteer and whether they

worked at more than one fire department. On the sub-
ject of personal protective equipment, firefighters were
asked about their use of respiratory and hearing protec-
tion. Several questions focused on the after effects of
fire response, such as dizziness, vomiting, or skin con-
tamination. Firefighters answered questions about their
eating, drinking and smoking habits, and their partici-
pation in exercise and video gaming. Specific questions
about firefighter health addressed whether they had
ever been diagnosed with heart disease, vascular dis-
ease, stroke, hypertension, diabetes or high cholesterol.
Demographic information collected included age, race,
height, weight and gender.

2.4. Data analysis

Survey data were entered into a computer spread-
sheet and categorical data analysis was performed us-
ing the Statistical Analysis System (SAS) version 9.2
(SAS Institute Inc., Cary, NC). For each categorical
(qualitative) variable, a frequency distribution of the
individual cases was computed using a bar chart or a
frequency table. For each quantitative variable (e.g.,
weight, height and BMI) the mean and standard devia-
tion were calculated. Logistic regression analysis was
performed to model the relationship between the out-
come variable (disease outcome) and the potential risk
factors. Backward elimination logistic regression pro-
cedures were used to remove variables one at a time
from the model until all the selected variables remain-
ing were significant (o« = 0.05). A formal statistical
test for the Goodness-of-fit of the logistic regression
models was used to measure how well the models fit
the data, by using the method of an adjusted general-
ized coefficient of determination (R-square).

3. Results

Fifteen fire chiefs provided access to their depart-
ments and allowed the surveys to be administered to
their firefighters. Of the fifteen fire departments, one
was rural, eight suburban, five small urban and one
large urban. The potential pool of participants (1431)
included 1056 full-time, 291 part-time and 84 volun-
teer firefighters. Two fire chiefs did not respond with
the number of firefighters in their departments so the
potential number of participants was actually higher.
However, the overall response rate was low (11%), as
shown in Table 1, with only 117 full-time (11% of
possible participants), 16 part-time (5.5% of possible
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Table 1
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Survey participation rate of full time, part time, and volunteer fire fighters

Number of responses ~ Number of firefighters  Firefighter participation rate (%)
Full time 117 1056 11.1
Part time 16 291 5.5
Volunteer 24 84 28.6
Table 2

Number of participant (frequency) responses based on ethnicity

Ethnicity Number of responses
White/Caucasian American 143 (90.5%)
Black or African American 12 (7.6%)
American Indian or Alaskan Native 1 (0.6%)
Other 2 (1.3%)

participants) and 24 volunteer (28.6% of possible par-
ticipants) firefighters completing the survey. One par-
ticipant neglected to specify his status; that data was
not included in the subsequent analysis. Of the partici-
pants, 40 stated that they worked at more than one fire
department; this included 21% of the full-time, 69%
of the part-time and 17% of the volunteer firefighters.
Data analysis was performed on a total of 157 surveys.

The majority of the participants were white (90%)
and male (91%) (Tables 2 and 3). The mean height was
178 cm (range 160 to 198 cm), the mean weight was
94 kg (range 61.2 to 158.8 kg), and the mean age was
40.8 years (range 19 to 72 years). Results of the BMI
indicated that 0% fell into the underweight category
(BMI < 18.5), 13% were in the normal range (18.5
< BMI <« 24.9), 53% were overweight (25 < BMI <
29.9) and 33% were obese (BMI > 30).

Use of hearing protection varied and seemed de-
pendent upon the activity, as shown in Table 4. Forty-
seven percent of participants stated that they always
wore hearing protection on the way to a fire and 23%
stated that they never wore hearing protection at this
time. In contrast, 95% of respondents stated that they
never wore hearing protection during fire suppression
and 94% never wore hearing protection during over-
haul.

The use of self-contained breathing apparatus
(SCBA) varied as shown in Table 5, with usage being
much more prevalent during fire suppression than dur-
ing overhaul.

Nine percent of respondents indicated no soot or ash
on the skin beneath protective clothing following a fire
response. This indicates that over 90% of the respon-
dents return from fire response with soot under their
protective clothing which may indicate that dermal ex-
posure to any toxic chemicals could be present in this
ash. Thirty three percent of participants indicated that
they had experienced dizziness, vomiting, or fainting

on the job (during fire suppression, overhaul or after re-
turning to the firehouse). The reported symptoms may
indicate that heat stress may have been a contributing
factor.

The survey also included questions regarding the re-
spondent’s medically diagnosis (Table 6). The most
common personal health issues were high choles-
terol and high blood pressure with 55 and 28 posi-
tive responses, respectively. Seven participants indi-
cated having issues with high blood sugar and 5 indi-
cated they had been diagnosed with heart disease. Two
of the participants with heart disease also indicated that
they suffered from high cholesterol. Another partici-
pant who reported having heart disease also reported
having high blood pressure.

In the category of diet, responses varied as indicated
in Table 7. Red meat was most commonly eaten from
1-5 times per week by 83% of participants. Ninety per-
cent of respondents indicated they relied on fast foods
1 to 3 times per week. Fish was eaten less than once per
week by 57% of participants. Vegetables were eaten
most commonly from 1-5 times per week as indicated
by 73% of participants and grains were most com-
monly consumed anywhere from 1-7 times a week by
92% of participants.

Certain lifestyle activities can be beneficial or detri-
mental to cardiovascular health. Exercising was en-
gaged in 1-3 times per week by 46% of participants
and 16% indicated that they exercised less than once
per week (Table 8). There was no opportunity for par-
ticipants to indicate why they did not exercise and it is
possible that some participants did not exercise at all.
Twenty-one percent of respondents indicated that they
played video games either daily or weekly. Therefore,
79% of participants spend time playing video games
less than once a week or never. Of the 152 partici-
pants who responded to questions regarding tobacco
use, only 7% used tobacco products on a daily ba-
sis. Energy drinks most commonly consumed less than
once a week by 87% of participants. Alcohol consump-
tion varied with the most common response being less
than once per week (54%), but 37% of participants in-
dicated they consumed alcohol 1 to 3 times a week. A
small number of respondents (6) chose the response,
“prefer not to answer” as indicated in Table 8. Their re-
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Table 3
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Survey participant average weight, height and body mass index (standard deviation)

Age group Weight (kg) Height (cm) Body mass index (kg/m?)
50+ 91.7 (15.6) 179.6 (9.4) 28.3(3.9)
40-49 98.7 (16.5) 180.1 (6.4) 30.4 (4.6)
30-39 93.5 (19.0) 179.3 (8.1) 29.1(4.9)
Younger than 29 89.0 (12.6) 181.9 9.7) 26.9 (2.7)

Table 4

Use of hearing protection en-route, during fire suppression and overhaul as indicated by survey results

En-route to a fire (n = 156)

During fire suppression (n = 153)

During overhaul (n = 153)

Never 36 (22.8%)
Sometimes 12 (7.8%)

Most of the time 35 (22.2%)
Always 73 (46.2%)

146 (92.4%) 143 (90.5%)
6 (3.8%) 9 (5.7%)
0 (0%) 0 (0%)
1 (0.6%) 1 (0.6%)

Table 5

Number of firefighters indicating use of self-contained breathing apparatus (SCBA) during fire response

During fire suppression (n = 155)

During fire overhaul (n = 154)

Never 3 (1.9%) 12 (7.6%)
Sometimes 6 (3.8%) 63 (39.9%)

Most of the time 25 (15.8%) 64 (40.5%)

Always 121 (76.6%) 15 (9.5%)

Table 6
Survey responses indicating frequency of personal health issues that could contribute to CVD
Yes Prefer not to answer No

Heart disease 5(3.2%) 0 (0%) 151 (96.8%)
Poor circulation 0 (0%) 0 (0%) 157 (100%)
Stroke 0 (0%) 0 (0%) 157 (100%)
High blood pressure 28 (17.8%) 0 (0%) 129 (82.2%)
High blood sugar 7 (4.5%) 2 (1.3%) 148 (94.3%)
High cholesterol 55 (35.0%) 2 (1.3%) 100 (63.7%)

sponses were not included in the percentages reported
above.

Logistic regression analysis was performed to model
the relationship between the health outcomes, such as
high cholesterol, high blood pressure, etc. and the risk
variables, such as occupational exposures and lifestyle
factors. Regression analysis indicated that the occupa-
tional exposure factors, such as use of hearing protec-
tion, respirators, skin exposure to soot, or job stress,
were not significant predictors of health outcomes.

In predicting an increased risk for high blood sugar
(n = 7) and high blood pressure (n = 28), age was
determined to be the only significant contributing fac-
tor. The odds ratio for high blood sugar with increas-
ing age was 1.24 £ 0.17. The odds ratio for high blood
pressure with increasing age was 1.06 = 0.05. With re-
spect to heart disease (n = 5), eating whole grains was
the only factor measured that significantly reduced the
risk. The odds ratio for heart disease with increasing
whole grain consumption was 0.27 £ 0.59.

Many more participants reported high cholesterol
(n = 55) than other health issues. Three factors signif-
icantly contributed to a risk of having high cholesterol:
age, BMI, and alcohol consumption. Participants with
a higher BMI and increasing age had an increased risk
of high cholesterol. The odds ratio for high cholesterol
with increasing BMI was 1.09 + 0.08. The odds ra-
tio for high cholesterol with increasing age was 1.08
=+ 0.04. Increased alcohol consumption was associated
with a decreased risk of high cholesterol (Table 9).
The odds ratio for high cholesterol with increasing fre-
quency of alcohol consumption was 0.52 + 0.41.

4. Discussion

Cardiovascular disease (CVD) was a very significant
issue when it came to the health and safety of partic-
ipating firefighters. These individuals perform physi-
cally, mentally, and environmentally stressful activities
that benefit society without regard for their own per-
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Table 7

Survey responses indicating consumption frequency of red meat, fast food, fish, green vegetables, and grains

Frequency of eating Less than 1 time a week 1-3 times per week 4-5 times per week Daily Prefer not to answer
Red meat 18 (11.4%) 81 (51.3%) 50 (31.6%) 8 (5.1%) 0 (0%)
Fast food 64 (40.5%) 78 (49.4%) 15 (9.5%) 0 (0%) 0 (0%)
Fish 91 (57.6%) 55 (34.8%) 11 (7.0%) 0 (0%) 2 (1.3%)
Green vegetables 10 (6.3%) 52 (32.9%) 62 (39.2%) 33 (20.9%) 0 (0%)
Whole grains 13 (7.6%) 46 (29.1%) 52 (32.9%) 46 (29.1%) 0 (0%)
Table 8
Survey responses indicating frequency of individual lifestyle choices (exercise and video games) and use of tobacco, energy drinks, and alcoholic
beverages
Frequency of activity Less than 1 time a week 1-3 times per week 4-5 times per week  Daily  Prefer not to answer
Exercise 25 (15.8%) 72 (45.9%) 46 (29.3%) 14 (9.0%) 0 (0%)
Play video games 121 (77.1%) 22 (14.0%) 7 (4.4%) 4(2.5%) 3 (1.9%)
Use tobacco 132 (84.0%) 2 (1.3%) 8 (5.1%) 10 (6.3%) 5(3.2%)
Drink energy drinks 133 (84.6%) 7 (4.4%) 8 (5.1%) 5 (3.2%) 4 (2.5%)
Drink more than two alcoholic beverages 83 (52.8%) 57 (36.3%) 14 (9.0%) 1 (0.6%) 2 (1.3%)
Table 9

Logistic regression results for response variables of high cholesterol, high blood sugar, high blood pressure, and heart disease, respectively, using

various independent variables™

BMI Alcohol Age fWhole Grains
p-value  Odds ratio with p-value  Odds ratio with p-value  Odds ratio with p-value  Odds ratio with
95% CI 95% CI 95% CI 95% CI
High cholesterol 0.03* 1.09 £+ 0.08 0.04* 0.52 £ 0.41 < 0.01* 1.08 £ 0.04 -
High blood sugar - — < 0.01* 1.24 £0.17 —
High blood pressure — - < 0.01* 1.06 £ 0.05 -
Heart disease — — — 0.03* 0.27 £ 0.59

*Results indicated are the p-value (Pr > Wald ChiSq) for the Wald Chi-square statistic with 1 df. A value below 0.05 indicates a significant
effect. Values indicating “—"" were not significant. A total of 17 independent variables were initially included in the logistic regression, and only
four (BMI, Alcohol, Age, and Whole Grains) remained following backward elimination.

sonal health and safety. Society has a responsibility to
protect the health of these important public servants.
This starts by understanding the number one killer of
firefighters, cardiovascular disease, which is responsi-
ble for 45% of on-duty firefighter deaths [27].

Despite the inherent risks of firefighting, these pub-
lic servants are also susceptible to the same lifestyle
risk factors as the rest of the population. BMI data for
the participants supported the results of a study by Baur
et al. [6] which determined that 12.4% of firefighters
were of normal weight, 50.8% overweight and 36.8%
were obese [6]. Results of the present study indicated
that 13% of participants were of normal weight, 53%
were overweight and 33% were obese. Some study par-
ticipants expressed concern that, like some athletes,
their high BMI scores may reflect a higher proportion
of muscle mass than fat, and that this result may not re-
flect obesity. However, in a study of firefighters by Pos-
ton et al. [34], 97.1% of participants with a BMI in the
obese range were also obese according to their percent
body fat [34]. In fact, these researchers concluded that,
consistent with earlier studies, rates of overweight and

obesity for career and volunteer firefighters (N = 677)
in their study were higher than those for the general
adult American population.

In the current study, it was not surprising to find
that those in the youngest age group had the low-
est BMIs. However, the average BMI was still in the
“overweight” range. It is noteworthy that the next-best
BMI belonged to the age group, 50+. The age group
with the worst BMI scores was Age 40—-49. The av-
erage BMI of this group placed them in the “obese”
range. These results may indicate a generational differ-
ence where those in 50+ age group were more health
conscious (e.g., with regard to their food choices or ex-
ercise regimes) than the youngest generation. Another
possibility is that, by the time they have reached the
age of 50, those with the highest BMI may have left
the fire service. If the youngest group begins with a
higher than normal BMI, it follows that continuation
of current habits may contribute to falling into an ex-
tremely high BMI after the age of 40. Weker [43] found
that obesity, and therefore a higher BMI, in children
is connected to family and environmental factors [43].
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As children eat what the family provides, this would
indicate that diet and healthy habits are learned at an
early age which may make it difficult for a young adult
to change their habits later in life, thus leading to a po-
tential continual increase in BMI and at added risk of
CVD.

High BMI was associated with increased risk of
higher cholesterol levels. As determined by Gul et al.,
increased BMI in the general population is positively
correlated with an increase in blood sugar and choles-
terol [22]. Factors such as age, sex, exercise, and ex-
isting medical issues may reduce the correlation; sug-
gesting that increasing exercise and addressing current
medical issues can decrease BMI and positively affect
health factors that can contribute to CVD.

It was not surprising to find in the present study
that an increase in age was a risk factor for several
adverse outcomes which followed the pattern seen in
the general population. The present survey did not in-
clude a question about years of service as a firefighter.
Increased age could possibly be confounded with in-
creased years of occupational exposure. This could be
an area for future study.

Eating whole grains is known to be healthy for the
heart, but in this study, eating whole grains was found
to be the only significant variable in predicting a re-
duced risk of heart disease. Diet is a modifiable risk
factor that in recent studies has been associated with
reduction of the risks of CVD [7,26]. Harris and Kris-
Etherton [23] have determined that different types of
grains can affect different risk factors [23]. Oats and
barley can lower both total cholesterol and low-density
lipoproteins (LDL) [2,30] and wheat has been associ-
ated with an improvement in blood sugar control and
decrease in blood pressure [19,25]. The number of par-
ticipants reporting heart disease (n = 5) in the present
survey was very low, and the results may not be signif-
icant, but the amount of overlap between the risk fac-
tors reported and heart disease remains unknown. It is
entirely possible that the individuals with other con-
tributing risk factors, such as high blood sugar, smok-
ing, or high cholesterol, may not yet have been diag-
nosed with CVD. Because no medical examinations
were performed, it is also possible that false reporting
occurred.

It was a surprise to find a decreased risk of high
cholesterol with increased alcohol consumption in this
survey. It was noted that chronic alcohol abuse can
be detrimental to individual health, but studies have
shown that consumption of moderate amounts of al-
cohol or wine may provide protection against high

blood pressure, atherosclerosis, and heart attack [1,42].
Resveratrol is found in wine and is thought to be re-
sponsible for the protective heart effects reported [11].
In addition, it has been determined that the benefits
of moderate wine intake may affect interactions with
fatty acid metabolism in a positive manner that proves
cardio-protective benefits, whereas no positive associ-
ation has been found between fatty acid metabolism
and ingestion of beer or liquor [12]. Results of the cur-
rent study cannot address what types of alcohol was
consumed by participants as that question was not in-
cluded.

For the adverse health outcomes surveyed, none of
the occupational risk factors were found to be statis-
tically significant predictors. This supports the results
presented by Glueck et al. [18], who determined that
many of the risk factors for heart disease faced by fire-
fighters are the same factors affecting members of the
general population [18]. Smoke inhalation alone was
not a predictor of future heart disease. However, the
combination of occupational exposure to physical ex-
ertion, smoke inhalation and heat stress may be impor-
tant in precipitating on-duty cardiac death. Although
participants in other studies spent only 1 to 5% of their
on-duty time in active fire suppression, the exertion re-
quired for active fire suppression activities accounted
for 32 to 43% of on-duty cardiovascular events [6].

It has been determined that firefighters may not con-
tinue to wear respirators after the fire has been extin-
guished due to comfort issues [9]. Therefore, during
the overhaul process, firefighters may be exposed to,
and therefore inhale, toxic particulate and soot. Crouse
et al. [10] in a Canadian cohort study, examined the
effect of long-term exposure to fine particulate matter
(PM3 5) on cardiovascular mortality [10]. In this 10-
year longitudinal study, researchers found a hazard ra-
tio of 1.31 to death from ischemic heart disease for
each 10 microgram per cubic meter increase in PMs 5
concentration. Wearing respiratory protection during
overhaul could help reduce exposure to inhaled par-
ticulate. Contaminants in soot may also be absorbed
through the skin. Therefore, providing appropriate der-
mal protection could decrease dermal exposure. De-
creasing the potential amount of time for either inhala-
tion or dermal exposure are important factors in reduc-
ing risk of detrimental health effects.

5. Limitations and future directions

In the current study, there was no distinction made
between full-time and part-time firefighters, or be-
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tween professional and volunteer firefighters. Future
studies could focus on differentiating between the risks
associated with membership in each of these groups.
In addition, it would be beneficial to determine if there
are differences in the cardiovascular risk factors be-
tween rural, suburban, and urban firefighters as we ex-
pect the general mixtures of toxicants firefighters are
exposed to in each of these settings to be different. In
the present study the focus was on a mix of fire depart-
ments with no differentiation between the designation
of rural, urban, and suburban fire departments.

The participation rate in this survey was lower than
anticipated. Future studies should increase the rate
of participation by increased interaction between re-
searchers and firefighters or providing an incentive for
participation. Also, despite the wide range of topics
covered in the current survey, the questions may not
include all of the factors that contribute to determin-
ing the firefighters’ cardiovascular risk. Future studies
would benefit from inclusion of subjective measures,
perceptions (e.g., what firefighters view as a risk), and
direct measures (e.g., air monitoring, bio-monitoring),
verification of activities via actual observations or in-
terviews, recruitment across a larger area, obtaining
information from female firefighters, and longitudinal
studies.

Future studies might also include methods of edu-
cation and interventions that could help firefighters to
maintain healthy BMI levels.

The present study has several limitations. The sur-
vey participants are all employed in the same Mid-
western County, and they may not be representative
of American firefighters nationwide. The participation
rates in the study were low, and those participating
are likely not representative of the region. To preserve
anonymity, there was no direct interaction between re-
searchers and participants, but increased interaction
could have led to better participation rates.

Study participants were largely white males, so the
present results may not be applicable to female or mi-
nority firefighters. However, the current sample reflects
demographics similar to other firefighter populations
that have been studied [13,34].

The present study relied upon self-report with no in-
dependent verification. Some participants in the study
may have health conditions that are as-yet undiag-
nosed. Some participants may have felt the need to give
the “right” answer to certain questions, such as eating
and exercising habits. All of these factors could bias
these results toward the null. Providing medical ex-
ams for the participants might possibly have revealed

previously-undiagnosed medical conditions, but eating
and exercising habits could only have been verified by
observing each participant over an extended period of
time. Such measures were not within the capacity of
this investigation.

6. Conclusions

The number of on-duty deaths of American firefight-
ers was at the lowest level ever recorded in 2011. The
fraction of those deaths due to sudden cardiac death
was 51% [14]. To reduce the on-duty deaths of fire-
fighters even further, it will be necessary to address the
causes of cardiovascular disease (CVD).

Lifestyle factors, as shown in this study, are the most
significant contributors to the risk of high cholesterol
and heart disease; these factors can be altered via ed-
ucation and lifestyle changes. Although age was not
controlled in this study, BMI is a modifiable risk fac-
tor that could have a significant impact on firefighters’
health and therefore lower the risk for CVD. Focusing
on the key modifiable cardiovascular risk factors, such
as exercise and diet, could help prevent potential future
cardiovascular problems in firefighters.
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