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Abstract
Objective—To examine the prevalence of overweight and obesity in firefighters.

Methods—Body mass index (BMI), waist circumference, and body fat percentage (BF%) were
assessed in 478 career and 199 volunteer male firefighters from randomly selected departments.

Results—High prevalence rates of overweight + obesity (BMI = 25 kg/m?) and obesity (BMI =
30 kg/m?) were found in career (79.5%; 33.5%) and volunteer firefighters (78.4%; 43.2%). False-
positive obesity misclassification based on BMI, compared to waist circumference and BF%, was
low (9.8% and 2.9%, respectively). False negatives were much higher: 32.9% and 13.0%. Obese
firefighters demonstrated unfavorable cardiovascular disease (CVD) profiles.

Conclusions—The prevalence of overweight and obesity exceeded that of the US general
population. Contrary to common wisdom, obesity was even more prevalent when assessed by BF
% than by BMI, and misclassifying muscular firefighters as obese by using BMI occurred
infrequently.

Our nation depends on the fire service to respond to major emergencies. Firefighters and
emergency medical services personnel are a crucial part of the public health safety net and
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represent more than two million individuals nationally.1-2 Other occupational groups, such
as the military, have received considerable attention from the public health research
community on issues related to health and fitness. Conversely, the substantial health and
fitness issues faced by the fire service have, in large part, not been adequately addressed.

There is a wide agreement that firefighters should maintain high levels of physical fitness,
including aerobic capacity, flexibility, muscular endurance, strength, and power.3 There is no
agreed-upon standard for firefighter fitness; however, it has been suggested that firefighting
activities require up to 12.0 metabolic equivalents (METSs) of aerobic capacity and that this
could be considered the minimum level of fitness necessary to safely perform required
activities.? It also corresponds to the suggested minimal level necessary to perform
firefighting tasks after the diagnosis of coronary artery disease.® Experts have placed such a
high value on fitness in the fire service that guidance from the Fire Service Joint Labor
Management Wellness Fitness Initiative3 recommends 60 to 90 minutes be allocated for
firefighters’ exercise on every work shift. Unfortunately, there is troubling evidence from
previous studies, largely based on convenience samples from individual fire departments or
regions, that firefighters struggle with overweight and obesity and low levels of physical
fitness.

Several studies found that the prevalence of overweight and obesity combined (body mass
index [BMI] = 25) is very high in the career fire service, ranging from 73% to 88%. 4,6-10
Similar prevalence estimates (76% to 87%) have been documented for volunteer firefighters.
1112 These studies suggest that the prevalence of overweight and obesity among firefighters
is actually greater than that found for the general US population.13 Nevertheless, because
none of the previously mentioned studies are population-based and provide only crude,
unadjusted rates, it is not clear how representative they are of the entire US fire service.

Comorbidities related to obesity also appear to be highly prevalent among firefighters.
Donovan et al* found that 15% of the firefighters in their sample met the National
Cholesterol Education Program (NCEP) criteria for metabolic syndrome. Soteriades et al®14
prospectively evaluated cardiovascular disease (CVD) and disability risk in a cohort of
hazardous materials firefighters in Massachusetts and found that the prevalence of obesity
(BMI = 30) increased from 33.7% to 40.4% over the 5-year period of observation.14 In
addition, they found that obesity was a significant risk factor for subsequent disability, with
each one-unit increase in BMI associated with a 5% increase in risk of job disability. Those
with class 1 obesity or classes 2 and 3 obesity combined had 17% and 56% greater risk for
disability when compared with normal-weight firefighters.® Evidence also suggests that
firefighters with high BMIs have impaired vascular function and greater risk for CvD.”:14.15
Cardiovascular disease remains the leading cause of firefighter line-of-duty death (LODD,
ie, fatalities on the job),18 accounting for about 45% of all on-duty firefighter deaths since at
least the late 1970s. This proportionate on-duty mortality is substantially higher than that
reported for police (22%), other emergency medical service providers (11%), and on-the-job
deaths for all occupations (15%).16:17

The epidemic of overweight and obesity among firefighters is critical because, in addition to
greater risk for morbidity and mortality, excess body fat is correlated with low fitness. For
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example, overweight and obese adolescents and adults experienced between 2 and 3 times
greater risk for low fitness when compared with their normal-weight counterparts.18
Tsismenakis et all® found that no lean firefighter recruits failed to achieve 12.0 METSs, while
7% and 42% of overweight and obese recruits failed, respectively. Donovan et al* found that
25% of firefighters studied did not meet a 12.0 METs minimal exercise tolerance threshold.
Moreover, physical fitness is associated with better performance on job-related and
simulated firefighting tasks.19-21 For example, Elsner and Kolkhorst!® found a strong,
inverse relationship (r= -0.725) between cardiorespiratory fitness and performance time on
simulated firefighting tasks, with more-fit firefighters completing tasks (eg, hose and ladder
carry, donning self-contained breathing apparatus,, climbing three flights of stairs, and
rescue and body drag) faster than those who were less fit.

Because of the growing evidence of low fitness, unfavorable body composition, and a
disproportionate number of LODD due to CVD, there is a critical need for large, well-
designed epidemiological studies that better characterize rates of overweight and obesity and
general fitness levels of firefighters and examine important correlates and risks for
overweight and obesity. The purpose of this study is to examine both crude and adjusted
rates of overweight and obesity by using several objective methods of determining excess
adiposity. This is significant because concerns have been raised about the potential problem
of BMI-based obesity overestimating risk in athletic and/or active populations.?2 For
example, some firefighter health Web sites suggest that the BMI is inaccurate for
determining body composition and cite a study that found the correlation between BMI and
body fat percentage (BF%) to be very low, but the sample was 109 male bodybuilders.23 Our
study is the first to use multiple measures of body composition/adiposity to address this
concern. In addition, we also examined the prevalence of low fitness and relationships
between weight status, fitness, and CVD risk factors in the first epidemiological study of
firefighter health by using systematic random sampling and a population-based design.

METHODS

Participating Fire Departments

The data reported are from the baseline evaluation of an ongoing longitudinal cohort study
examining risk factors for injury in both career and volunteer firefighters (“A prospective
evaluation of health behavior risk for injury among firefighters” EMW-2007-FP-02571) in
the International Association of Fire Chief’s (IAFC) Missouri Valley region (Colorado,
lowa, Kansas, Missouri, North Dakota, Nebraska, South Dakota, and Wyoming).

Fire departments in the IAFC Missouri Valley region were randomly selected by using a
one-stage, randomized, cluster-sampling approach, stratified by department type (volunteer/
mostly volunteer vs career/mostly career). Departments were drawn from the US Fire
Administration’s Fire Department Census Database2* for each of the eight Missouri Valley
states by using a computerized random selection program. One additional volunteer
department that was involved in piloting our measures was also included, even though it was
not randomly selected. Participating career departments ranged in size from 1 to 18 stations,
with a mix of settings ranging from urban inner city, suburban, and rural. Volunteer
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departments were primarily in small to medium rural towns and cities and ranged from 1 to
3 stations.

The protocol for the protection of human subjects for this study was approved by the
National Development and Research Institute institutional review board. Among career
departments, a total of 14 career departments were contacted, with two declining
participation because of competing priorities and one department not meeting inclusion
criteria of at least 20 personnel.

On the basis of the logistics and staffing patterns of volunteer departments, contacting a
department’s administration was more difficult. Therefore, for each department selected,
phone calls were made to the listed department number in the US Fire Administration’s Fire
Department Census Database, as well as any number located through extensive internet
searches. Phone calls were made during the day, in the evening, and on a weekend day. If an
address was provided, a letter also was sent to the station to the attention of the chief, with a
brief description of the study and a request for them to contact the research team. If no
response was received within 2 weeks of attempted contact, a replacement department was
selected. In addition to the challenges of contacting the volunteer personnel, the database did
not always have current census numbers and, therefore, some departments were ruled out
because of low numbers of volunteer personnel. A total of 47 volunteer departments
contacted, and of the 47 volunteer departments, 13 were enrolled (17 were unreachable, 8
did not meet the inclusion criteria of having at least 20 personnel, and 9 declined
participation).

Eleven career and 13 volunteer departments were enrolled and contributed data to this study.
A core team of investigators traveled to each fire department for 2 to 5 days, depending on
the type of department (career vs volunteer) and shift structure of career departments, thus
maximizing the potential to recruit study participants from all available firefighters. To
solicit participation from firefighters in selected departments, each data collection session
included refreshments and/or participant incentives such as study T-shirts. Firefighters who
agreed to participate in the study were provided an overview of the study, its specific aims,
and the risks and benefits involved in study participation. Of the firefighters solicited, 97%
agreed to participate in the research and were consented. They were then provided with a
survey to complete and moved through different assessment stations involving the measures
described later.

Body composition—weight, BMI, BF%, and waist circumference—Height was
assessed by using a portable stadiometer. Body weight and BF% were determined by using
foot-to-foot bioelectrical impedance (ie, the Tanita 300, Tanita Corporation of America, Inc.,
Arlington Heights, Illinois). The Tanita 300 demonstrated strong evidence of concurrent
validity (7= 0.94; P< 0.001)2> when compared with the “criterion standard” of dual energy
x-ray absorptiometry for body fat assessment. The Tanita 300 is a commonly used
bioelectrical impedance field measure because of its portability and accuracy in determining
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BF%. Waist circumference (WC) was determined by using a spring-loaded nonstretchable
tape measure in accordance with recommendations by US Government obesity guidelines.
22,26 The BMI (kg/m?2) and obesity categories for BMI, BF%, and WC also were computed
by using these standards.22:26

CVD risk factors—blood pressure and pulse and cholesterol—Blood pressure
was assessed by using the Omron HEM-711AC (Omron Healthcare, Inc., Bannockburn,
Illinois) in accordance with the Hypertension Detection and Follow-Up Program following
the standard epidemiological protocol.2” The first blood pressure reading was omitted and
the last two averaged to obtain each subject’s blood pressure. Eight-hour fasting lipids (total
cholesterol, high-density lipoproteins (HDL), low-density lipoproteins, and triglycerides)
were determined by using the CardioCheck R Analyzer (Polymer Technology Systems, Inc,
Indianapolis, IN), which met evaluative criteria required by Cholesterol Reference Method
Laboratory Network.

Self-Report of Physical Activity questionnaire and estimated maximal oxygen
consumption—The Self-Report of Physical Activity (SRPA) questionnaire provides a
global, self-rating of physical activity patterns. Indicators of the questionnaire’s validity in
adult populations (significant correlation between SRPA ratings and measured maximal
oxygen consumption [VOsmax]) have been established.28 Participants were instructed to
select a value from the questionnaire that best described their physical activity pattern during
the past 30 days.2? These values, along with BMI, age, and gender were used to estimate
VOymax- This method has been tested by comparing it with measured VOymax and has
demonstrated equal, if not better, accuracy as methods using submaximal exercise heart rate
to estimate aerobic capacity,28-33 making it an ideal field measure.

Strength and flexibility—The Jackson Strength Evaluation System, which is commonly
used for the lift tasks of the National Institute of Occupational Safety and Health, was used
to assess isometric strength. The system comes with standardized measures of strength and
is recommended by National Fire Protection Association (NFPA) 1500 for firefighters.34
The adjustable sit-and-reach flexibility tester was used to assess flexibility and also was
recommended by NFPA 1500.34

International Physical Activity Questionnaire—The International Physical Activity
Questionnaire queries participants about the number of days during the past week they
engaged in moderate and vigorous physical activity and how much time per week they spent
sitting and watching television. This International Physical Activity Questionnaire has been
shown to be a reliable (Spearman £ = 0.8) and valid (Spearman £ = 0.33) instrument for

obtaining detailed assessments of physical activity in 18- to 65-year-old men and women.
35,36

Statistical Analyses

Sample size determination—On the basis of randomly selected 12 volunteer and 11
career departments among a total of 1985 and 273 departments, respectively, in a one-stage
cluster sampling design, we estimated the margin of error for prevalence estimates of +3%
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for volunteer departments and £0.9% for career departments, thus having sufficient sample
sizes to produce highly reliable estimates of population health parameters.

Analytic approach—Because of the small number of female firefighters in this study
(career, n=21; volunteer, 7= 15) and the resulting inability to examine the potential
moderating impact of gender, only male firefighters were included in the study and statistical
models. Crude (unstandardized) prevalence rates of overweight and obesity combined (BMI
> 25 kg/m?), obesity only (BMI = 30 kg/m?2) by using BMI, and obesity based on BF% (BF
% > 25% for men) and WC (WC > 40 in or 102 cm for men) were computed according to
National Institutes of Health standards.13:22.26 |n addition, specific classes of obesity based
on BMI, that is, class 1 obesity (BMI = 30 kg/m? but <35 kg/m?2) and classes 2 and 3 obesity
(BMI = 35 kg/m?2) were also derived using National Institutes of Health standards.13:22:26

Metabolic syndrome criteria for elevated systolic and diastolic blood pressure, low HDL,
and elevated triglycerides were computed using the NCEP cut points.3” Unadjusted
characteristics of career and volunteer firefighters based on these three methods of defining
obesity were computed (means [SD] or percentage). Aerobic capacity sufficient to exceed
the NFPA minimum postcardiac event exercise tolerance threshold was evaluated by
comparing the estimated VO,max With the suggested cut point of 212 METS (VOomax = 42
mL/kg/min).4510 Estimated VO,max levels were converted to METs by using the standard
conversion of dividing VOzmax by 3.5 mL/kg/min.

Age-standardized prevalence rates of overweight and obesity combined and obesity were
computed to facilitate comparison with national estimates.13 2008 US census population
estimates38 were used for the standard population, and StatsDirect Statistical Software
version 2.3.8 (StatsDirect Ltd, 2004, Cheshire, UK) was used to compute the age-
standardized rates. Crude rates of overweight and obesity and obesity were age-standardized
using the direct method of standardization.3° The accuracy of the BMI-based standard for
categorizing individuals as obese (ie, BMI = 30 kg/m?2) was compared with BF% (BF% >
25% for men) and WC (WC > 40 in or 102 cm for men) standards. Rates of overall
accuracy, false positives, and false negatives were computed using standard methods.3? We
also conducted analyses adjusted for highly athletic individuals, for example, those engaging
in greater than or equal to 10 hours per week of vigorous activity or having a resting heart
rate of 60 beats per minute or less.

To explore associations between important indicators of health and fitness and the weight
status of firefighters, statistical models were developed, in which normal-weight firefighters
were compared either with class 1 (BMI = 30 kg/m? but <35 kg/m?2) or classes 2 and 3 obese
(BMI = 35 kg/m?) firefighters. Each model was created within the SAS PROC GLIMMIX
(SAS 9.2, SAS Institute Inc., Cary, North Carolina) module and was adjusted for age.
Department also was included as a random effect in each model to adjust for the sampling
approach used in this study.
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RESULTS

A total of 677 career and volunteer male firefighters were enrolled into the cohort and
completed a baseline health evaluation. Demographic and health characteristics of enrolled
firefighters are presented in Table 1.

Career and volunteer firefighters in this study were predominantly white and had completed
at least some college and, on average, had more than one decade of service. Their weight
status and CVD risk factors also are provided in Table 1. It is notable that for both groups,
the average BMI was greater than 28.0 kg/m? and average BF% for male career and
volunteer firefighters exceeded 25%, which is the current definition of obesity for men based
on BF%.22.26 They also demonstrated fairly low HDL levels, but other mean values for CVD
risk factors were in the reference range on average.

Figure 1A presents the crude (unstandardized) prevalence of overweight and obesity
combined and obesity only by using current BMI, WC, and BF% standards.22-26 Figure 1B
provides age-standardized estimates based on 2008 US census population estimates*® and
the current prevalence for US adults.13

High rates of overweight and obesity combined (BMI = 25 kg/m?2) were demonstrated in
both career and volunteer firefighters, with more than 75% of both samples having a BMI
that exceeded 25 kg/m?2. Rates of obesity also were high regardless of how obesity was
defined (ie, using BMI-, WC-, or BF%-based definitions), and both groups had the highest
estimates when using the BF% definition of obesity.

Both career and volunteer firefighters age-standardized rates of overweight and obesity

(BMI = 25 kg/m?2) exceeded current US prevalence, and the age-standardized rates of
obesity were similar to the US sample (Fig. 1B). Because firefighting is thought to be a
physically active profession, some concerns have been raised about relying solely on BMI as
method for estimating body composition, suggesting that many firefighters might have
elevated BMIs but have low body fat and WC. Figure 2 illustrates the relationship between
the three methods of defining obesity to examine rates of misclassification, false positives
(ie,, individuals with high BMI but with WC or BF% below cutoffs for obesity), and false
negatives (ie,, individuals with normal BMI but with WC or BF% exceeding the cut point for
obesity) among career firefighters alone.

This analysis was restricted to career firefighters because they were most likely to present
the concern about overestimation of obesity based on BMI and because of their activity
levels on the job. When comparing BMI-defined obesity with obesity defined using BF% or
WC, the overall rates of misclassification were modest to low; in particular, the likelihood
that a career firefighter would have a BMI in the obese range but BF% or WC in the
nonobese ranges was very low (2.9% and 9.8%, respectively). It was much more likely that a
career firefighter who was obese by the BF% or WC standard would be classified as not
obese by using BMI; that is, 32.9% and 13.0% of firefighters met the BF% or WC standard
for obesity but were in the nonobese range on BMI. There were no significant differences in
either the proportion of individuals classified as obese using BF% as the standard or the rates
of misclassification, false positives, or false negatives when analyses were adjusted to
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account for high levels of vigorous activity and use of the athletic setting on the Bioelectrical
Impedance scale.

Unadjusted body composition and CVD risk differences by obesity status were evaluated
using the three different methods for defining obesity in career and volunteer firefighters
(Table 2).

All three methods demonstrated that obese firefighters were more likely to exhibit adverse
metabolic profiles and substantially lower fitness and physical activity levels than their
nonobese counterparts. Figure 3 illustrates the prevalence of low fitness (ie,, those who did
not meet a minimal exercise tolerance standard of 12.0 METs,*%10 even though workload
demands of firefighters had been shown to exceed these levels) by obesity status, using all
three body composition standards (ie,, BMI> 30 kg/m?; BF% > 25% for men, and WC > 40
in or 102 cm for men) in both career and volunteer obese firefighters. It should be noted that
the overall proportions of career (38.7%) and volunteer (23.6%) firefighters who met or
exceeded a minimal criterion of 12.0 METS, regardless of weight status, were quite low.

Finally, age-adjusted univariate associations between obesity, significant unadjusted CVD-
risk parameters (note: we only examined one risk factor for those who overlapped, such as
systolic blood pressure and whether or not they met the NCEP systolic blood pressure
elevation criterion), and the NFPA postcardiac event exercise tolerance criterion®:>-10 were
computed by comparing normal-weight firefighters with firefighters with class 1 obesity.
The same associations were examined comparing normal-weight firefighters with those
meeting the criterion for classes 2 and 3 obesity combined (Table 3). All models also were
adjusted for the department as the unit of selection and odds ratios (ORs) are presented.

Firefighters meeting class 1 obesity and those meeting classes 2 and 3 combined were
significantly less likely to meet the 12.0 METSs threshold,*%10 with ORs suggesting that
obese firefighters were between 94% and 99% less likely to meet 12.0 METS than normal-
weight firefighters. Nevertheless, we were unable to create a model for classes 2 and 3
combined obese firefighters on this standard because none met the standard and the model
could not converge because of the empty cell (70.8% of normal-weight firefighters met 12.0
METS). Similarly, all obese groups, regardless of department type, demonstrated
significantly lower overall fitness levels (METSs) and strength, both important components of
firefighting- and rescue-related activities.

As a group, firefighters with classes 2 and 3 combined obesity (/7= 46) were all obese using
the BF% criterion and 95.6% exceeded the WC standard of 40 in or 102 cm. Their average
BF% (M £ SD = 36.5 £ 4.4) and WC (47.2 + 4.0 in) also was very high. The majority of the
firefighters with classes 11 2 and 3 combined obesity met the NCEP standard for elevated
systolic (=130 mm Hg; 58.7%) and/or diastolic blood pressure (=85 mm Hg; 52.2%).37 In
addition, their average systolic (134.9 + 15.2) and diastolic (87.0 + 12.6) blood pressures
were elevated in the prehypertension range.2’

Not surprisingly, obese firefighters in both career and volunteer departments tended to have
less-favorable cardiovascular health profiles, with increased risks for elevated systolic and
diastolic blood pressure most common (ORs ranging from 2.71 to 23.80). Other CVD risk
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factors were less consistent with respect to whether they were statistically significant and
some models did not converge because of empty cells (eg, 0.0% normal-weight volunteer
firefighters took medications for Type 2 diabetes or high cholesterol vs 5.5% and 12.7% of
those with class 1 obesity and 3.0% and 9.1% with classes 2 and 3 obesity, respectively).

DISCUSSION

The prevalence of overweight and obesity combined (BMI = 25 kg/m?) in our cohort of
career and volunteer firefighters was consistent with previously published studies that only
included single or few departments, typically using convenience samples and, in some cases,
using self-report datall12 and providing only crude prevalence rates. Surprisingly, even after
age-standardizing estimates to facilitate comparison with US population estimates,!3 this
population-based sample of firefighters had higher rates of overweight and obesity and
similar rates of obesity (BMI = 30 kg/m?2) when compared with the US general adult
population. This is surprising because firefighting is not considered to be a sedentary
profession, and professional firefighting groups believe that high fitness levels should be
expected and supported.3-510

Crude rates of obesity based on BF% and WC are similar to those reported for the US adult
population using those indices.*1~44 Data from this study suggest that firefighters’ body
composition is more similar to the general American public, which is plagued by high rates
of overweight, obesity, inactivity, and the resulting morbidities.?2 This is troubling, given the
public expectation that firefighters should be healthy and fit as the job often requires
significant exertion for both fire- and rescue-related tasks. On the contrary, perhaps this
trend is not so surprising since it also appears to be affecting the US military,4>46 another
population thought to be more active and fit than the general public.

Some concerns could be raised about the use of BMI as a primary method of categorizing
firefighters as overweight or obese. Because firefighting is an active profession that can have
significant physical demands, firefighters with elevated BMIs could have more muscle mass
and low body fat, but still be categorized as overweight or obese, as can be the case with
some groups of athletes.#0:47.48 The false-positive rate for BMI-derived obesity was
relatively low when compared with both BF% and WC. It was more likely to be the case that
BMI-based obesity classification missed individuals who either had excessive body fat or
visceral trunk adiposity (indicated by large WC) but BMls in the reference or overweight
range.

In this sample of career firefighters, who likely should be more active than the general
population, 32.7% of those classified as overweight (BMI = 25 kg/m? but <30 kg/m?2) were
obese based on the BF% standard. These individuals would experience greater risk for
morbidities associated with obesity but would not be considered obese based on BMI. This
is the recently discovered problem referred to as “skinny fat” obesity, which appears to
confer increased risk for metabolic syndrome and related pathologies and, at least in women,
confers greater risk for CVD-related mortality.4® Also, it is clear from these data that BMI is
more likely to underestimate obesity than overestimate it by using two other measures of
body composition in a population-based sample. Ideally, future research should attempt to
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replicate this finding by using dual-energy X-ray absorptiometry, the body composition
“criterion standard.”

Obesity, regardless of how it was defined, was a strong correlate of not meeting a minimal
postcardiac event exercise tolerance standard of 12.0 METs.#°10 More than 80% and 95%
of the obese career and volunteer firefighters did not meet the standard, while rates were
significantly lower among nonobese firefighters, even after adjusting for other significant
covariates. In addition, overall MET/VVOyax fatio and strength levels were substantially
lower in obese firefighters, who also demonstrated more unfavorable CVD risk profiles than
their normal-weight counterparts. Obesity and low fitness levels must become priority health
issues for the US fire service that wants to reduce LODD related to CVD, other CVD
morbidity, disability retirements, and other excess injury, illness, disability, and related costs
attributable to excess adiposity.

Few studies have evaluated interventions for addressing weight gain, obesity, and fitness in
the fire service culture. One of the largest interventions to date failed to produce significant
weight loss or improvements in fitness parameters, although firefighters receiving the
intervention experienced less weight gain and improvements in fruit and vegetable
consumption.>% More innovative studies are needed to determine what types of interventions
would be most successful in improving health and fitness in firefighters.

While this study is the largest population-based study of firefighter obesity to date, there are
some important limitations. First, we only conducted cholesterol screening tests, which are
not as accurate as laboratory-based assessments. Therefore, the overall pattern of low total
cholesterol levels in our sample, particularly among the obese firefighters, is somewhat
concerning and suggests potential measurement error in the screening test. Thus, even
though low HDL levels also were common in our sample, suggesting elevated risk for CVD,
it is likely that these values were affected by potential measurement error. Future studies
should consider having a subsample undergo laboratory-based lipid assessments so that the
validity of the screening measure can be ascertained.

Second, a nonexercise method was used to estimate VOoax and METS levels. While this
method was useful for field epidemiology studies because it was easy to administer and had
demonstrated validity when compared to measured VOomax, 2832 it might underestimate
fitness levels in firefighters because it was developed and validated using more sedentary
occupational groups. Future research is needed to develop and validate nonexercise
estimation models for firefighters that include the use of the SRPA and measured VOymax-
Third, the 12.0 METSs threshold is not a universally accepted fitness standard for all
firefighters and was suggested by NFPA 1582 as the minimally acceptable exercise tolerance
after a diagnosis of coronary artery disease.> However, several investigators have suggested
12.0 METs as a minimal threshold for studying firefighter cardiorespiratory fitness.10

Fourth, there may be some limits to the generalizability of the study results. Because the
population being considered was limited to the IAFC Missouri Valley region (ie,, eight Mid-
western states), it is unknown how representative these data are of the national fire service,
although they are consistent with previous studies not using population-based random
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sampling of fire departments.#-6-10 Nevertheless, a study of the Missouri Valley region fire
service is a very important first step in establishing an ongoing surveillance program for the
fire service and will naturally lead to studies focusing on other regions of the United States.
Until now, almost all studies of firefighter obesity have been limited to single or small
numbers of fire departments selected as convenience samples. Even though this study was
limited to one region of the country, it is by far the largest population-based study of
firefighter obesity and fitness using a randomly selected sample. While random selection
from the population would limit selection bias somewhat, it was not possible to ensure that
every department contacted or every firefighter invited participated, which introduced the
possibility of the self-selection bias that is inherent to this type of research.

Conducting an ambitious study of this type nationally was not feasible, given the time and
budgetary constraints. It is hoped that the leaders of the primary stakeholder organizations
for the fire service (eg, the general public, IAFC, International Association of Fire Fighters,
National Volunteer Firefighter Council, National Fallen Firefighter Foundation, National
League of Cities, and the Federal Emergency Management Agency) will provide more
funding and support as more research on the health of the fire service continues to identify
critical issues that need attention. This support will be critical to the future success of
programs and interventions aimed at improving fitness and reducing obesity to reduce CVD-
related morbidity and mortality, other obesity-related morbidity, and related problems, such
as disability and premature retirements among firefighters.6.9.14-16
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(A) Unstandardized prevalence of overweight and obese combined (BMI = 25) and obese
only (BMI = 30; WC >40 inches; and BF% > 25) in male career and volunteer firefighters.
(B) Age-standardized prevalence of overweight and obese combined (BMI = 25) and obese

only (BMI =30) in male career and volunteer firefighters compared to US Adults*.
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FIGURE 2.
Accuracy of BMI classification of obesity compared to BF% and WC among male career

firefighters only.
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FIGURE 3.
Unadjusted prevalence of low fitness levels using the NFPA 1582 suggested minimal post-

cardiac event exercise tolerance threshold among male career and volunteer firefighters by
weight status.

J Occup Environ Med. Author manuscript; available in PMC 2018 February 26.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Poston et al. Page 17

TABLE 1

Baseline Demographic and Clinical Characteristics (M [SD] or %) of Male Career and Volunteer Firefighters
in the Firefighter Injury and Risk Evaluation Study

Career Volunteer
Demogr aphics (n=478) (n =199)
Age, yrs 38.2 (9.9) 39.7 (12.0)
Gender (% male) 100 100
Race (% white) 86.4 97.5
Marital status (% married or living with partner) 72.6 75.4
Education (% at least some college or college graduate) 82.4 61.8
Years in the fire service 14.0 (9.1) 11.1(10.2)
Rank (%)
Firefighter 31.8 60.3
Firefighter/paramedic 16.9 45
Driver/operator 18.8 9.0
Officer 21.8 10.6
Chief 6.5 10.1
Other 0.6 4.5
Health status variables
Weight (kg; Ib) 91.3 (15.6); 200.9 (34.2)  94.8 (18.2); 208.6 (40.0)
Height (cm; in) 178.3(6.3); 70.2 (25)  178.8 (6.8); 70.4 (2.7)
BMI (kg/m?) 28.6 (4.6) 29.5(5.3)
WC (in) 38.3(4.8) 40.2 (5.3)
Body fat (%) 25.3 (6.6) 26.2 (7.7)
SBP (mmHg) 124.0 (12.5) 130.6 (13.7)
DBP (mmHg) 78,5 (10.2) 81.0 (11.3)
Total cholesterol (mg/dL) 155.8 (39.2) 160.3 (41.6)
HDL (mg/dL) 38.6 (12.7) 36.9 (11.5)
LDL (mg/dL) 97.6 (35.8) 102.0 (34.4)
Triglycerides (mg/dL) 119.4 (76.6) 132.9 (86.5)
Self-Reported Medication Use (% yes)
Type 1 diabetes 0.4 0.5
Type 2 diabetes 17 35
Hypertension 9.2 15.6
High cholesterol 9.8 10.6
Cardiovascular disease 0.6 2.0
Sleep apnea 1.0 0.0

BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure;
WC, waist circumference.
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Unadjusted Health Parameters of Male Career and Volunteer Firefighters Stratified by Obesity Status (BMI =

30) (M [SD] or %)

Department Type

Career Volunteer
BMI-Defined Obesity Yes (33.5%) No (66.5%) Yes (43.2%) No (56.8%)
Demographics
Age, yrs 415(9.2) 36.6 (9.8) 41.6 (9.9) 38.9 (13.5)
Race (% white) 89.7 88.3 96.5 98.2
Years in the fire service 16.2 (8.8) 12.9 (9.0) 12.7 (10.1) 10.8 (10.4)
Body composition
Weight (kg; Ib) 107.3 (12.7) 83.1(9.2) 111.0 (13.5) 82.3(9.1)
236.2 (28.0) 182.9 (20.2) 244.2 (29.7) 181.0 (20.1)
BMI (kg/m2) 33.7(3.6) 26.1(2.3) 34.4 (3.6) 25.7 (2.6)
WC (in) 43.1(3.9) 35.8 (3.0) 44.8 (3.7) 36.6 (3.1)
Body fat (%) 32.0 (4.6) 21.9 (4.6) 32.8 (5.0) 21.0 (5.1)
Cardiovascular risk factors
SBP (mmHg) 128.4 (13.2) 121.7 (11.5) 135.3 (14.0) 127.0 (12.4)
DBP (mmHg) 83.5 (10.3) 76.0 (9.2) 86.1 (11.7) 77.1(9.3)
Total cholesterol (mg/dL) 166.7 (43.2) 149.9 (35.6) 165.6 (47.3) 156.7 (36.9)
HDL (mg/dL) 36.4 (13.7) 39.7 (12.0) 33.2(10.3) 39.6 (11.3)
LDL (mg/dL) 108.1 (40.7) 91.9 (31.6) 105.1 (41.1) 99.6 (28.3)
Triglyceride (mg/dL) 141.6 (83.6) 107.4 (69.9) 162.3 (95.5) 112.3 (73.5)
NCEP metabolic syndrome criteria
SBP = 130 mmHg 39.6 21.9 67.4 39.8
DBP = 85 mmHg 40.9 15.8 53.5 19.5
HTN or medications 4.4 1.6 12.8 1.8
Triglyceride = 150 mg/dL 328 20.2 30.2 17.7
Low HDL (<40 mg/dL in men; <50 mg/dL in women) 66.4 56.3 80.3 62.1
Fitness
VO, max (mL/kg/min) 33.5(6.1) 41.4 (6.5) 30.8 (7.5) 38.9 (9.0)
METs 9.5 (2.0) 12.1 (2.1) 8.8(2.1) 11.1 (2.6)
IPAQ weekly vigorous energy expenditure (vigorous MET- 1931.8 (1795.3) 2381.6 (1750.8) 4160.5(5124.3)  3634.4 (4868.8)
mins/week) *
IPAQ weekly total energy expenditure (total MET-mins/week) 4720.4 (3639.2) 5472.4(3776.0) 9310.8 (8486.7) 10885.6 (9584.4)
Maximum torso strength (Ib) 328.2 (57.6) 317.0 (52.9) 338.8 (54.5) 311.8 (55.8)
Flexibility (in) 12.8 (2.9) 13.5(3.0) 12.9 (3.0) 13.8 (3.0)

BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; HTN, hypertension; IPAQ, International Physical Activity
Questionnaire; MET, metabolic equivalent; NCEP, National Cholesterol Education Program; LDL, low-density lipoprotein; SBP, systolic blood
pressure; VO2, maximal oxygen consumption; WC, waist circumference.

*

Vigorous activity level; MET-min/wk = 8.0 x vigorous-intensity activity minutes x vigorous-intensity days.
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7‘Total physical activity MET-min/wk can be computed as the sum of walking + moderate + vigorous MET-min/wk scores.
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