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The aim of the present study was to understand the risk of injury in relation to fitness in a retrospective occupa-
tional cohort of firefighters in Tucson, Arizona, from 2005 to 2009. Annual medical evaluations and injury surveil-
lance data were linked to compare levels of aerobic fitness in injured employees with those in noninjured
employees. The individual outcomes evaluated included all injuries, exercise-related injuries, and sprains and
strains. Time-to-event analyses were conducted to determine the association between levels of fithess and injury
likelihood. Fitness, defined by relative aerobic capacity (VOomax), Was associated with injury risk. Persons in the
lowest fitness level category (VOomax <43 mL/kg/minute) were 2.2 times more likely (95% confidence interval:
1.72, 2.88) to sustain injury than were those in the highest fitness level category (VOzmax >48 mL/kg/minute).
Those with a VO,max between 43 and 48 mL/kg/minute were 1.38 times (95% confidence interval: 1.06, 1.78)
more likely to incur injury. Hazard ratios were found to be greater for sprains and strains. Our results suggest
thatimproving relative aerobic capacity by 1 metabolic equivalent of task (approximately 3.5 mL/kg/minute) reduces
the risk of any injury by 14%. These findings illustrate the importance of fithess in reducing the risk of injury in phys-
ically demanding occupations, such as the fire service, and support the need to provide dedicated resources for

structured fitness programming and the promotion of injury prevention strategies to people in those fields.

aerobic capacity; fire service; injury

Abbreviation: VOsmax, relative aerobic capacity.

The work demands for fire service employees are well doc-
umented as requiring considerable physical abilities. In 1992,
Sothmann et al. (1) recommended that these workers have a
relative aerobic capacity (VO,y.x) between 38 and 42 mL/kg/
minute in order to meet the measured workload demand for
firefighters while also maintaining a reserve capacity to re-
spond to other unanticipated events. Since then, most fire de-
partments have adopted minimum fitness standards, often
emphasizing aerobic capacity as a definitive measure of over-
all fitness. Standard fitness assessments for the general pop-
ulation typically have a set of norms that are scaled to age and
sex, and results can range from poor to superior (2).

Opportunities for injury in the fire service are diverse. Per-
sons with higher aerobic capacities should be able to consume
more oxygen than those with lower aerobic capacities, and
their bodies are likely to be more efficient at circulating oxygen
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to all systems and producing energy. Persons in the top levels
of a fitness spectrum may not be as susceptible to microtraumas
and may recover better from injury than their less-fit counter-
parts (3-9). Hence, those with higher VO,,,,.x should have a
lower potential for fatigue and subsequent injury. Con-
versely, a high fitness level may also be an indicator that a
person has an increased risk of injury, as these persons likely
have greater exposure time to exercising hazards. In some fire
departments, exercise has been shown to be the leading activ-
ity associated with on-duty injuries (10).

The objectives of the present study were to establish and
understand the relationship between fitness status and the
risk of injury in a 5-year occupational cohort of career fire ser-
vice members. We hypothesized that firefighters deemed to
be on the lower end of the fitness spectrum would be more
susceptible to injury than their more fit colleagues.
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MATERIALS AND METHODS
Population description, data sources, and years

As previously described (10), the present study includes
data from commissioned employees of a medium-sized met-
ropolitan fire department in the southwestern United States.
Briefly, the fire department operates 21 fire stations and re-
sponds to nearly 520,000 permanent residents (with seasonal
increases nearing 720,000 residents). Like many other mu-
nicipal fire departments, this fire department requires an an-
nual physical examination to assess fitness levels and provide
medical clearance for each commissioned employee. Be-
tween 2005 and 2009, data for this study were obtained from
2 sources: physical assessments from annual clinic visits and
department injury surveillance reports. The present study in-
cluded all commissioned (noncivilian) employees of the fire
department who were employed at some point in time during
the study period. Approval for and oversight of the use of hu-
man subjects was provided by the University of Arizona’s In-
stitutional Review Board.

Physical fithess measures

Information collected from annual exams included anthro-
pometric measures (e.g., height, weight, body fat percent-
age), VOomax, muscular strength, muscular endurance, and
flexibility. Aerobic capacity can be defined as the highest
rate at which oxygen can be taken up and utilized by the
body during rigorous exercise (11). Aerobic capacity is ex-
pressed as a rate that is referenced in either absolute terms
(L/minute) or by relative measures (mL/kg/minute) to ac-
count for individual size variations. In this study, we refer
to studied relative aerobic capacity. VO,,.x Was categorized
into 3 levels of fitness, using the 25th and 50th percentiles
as the cutoff points between the “less fit” (<43 mL/kg/
minute) and “high fit” (>48 mL/kg/minute) aerobic capacity
categories, respectively. The use of a percentile as the cutoff
was also used in 1999 by Lee et al. (12), who studied the re-
lationship between cardiorespiratory fitness and cardiovascu-
lar disease in a large observational cohort of men. In addition,
the 25th percentile closely relates to the recommended mini-
mum level of aerobic capacity (42 mL/kg/minute) suggested
by Sothmann et al. (1) that has been adopted by the National
Fire Protection Association and most municipal fire depart-
ments in the United States (including those in this study’s
population). The 50th percentile was chosen as the cut off
for the high fit designation because of the distributional char-
acteristics of the population’s data and to remain in accord-
ance with current annual physical assessment methods used
by the department. Neither age nor sex was directly consid-
ered when assigning aerobic fitness levels, as fire depart-
ments institute a minimum standard for aerobic fitness to
help ensure that all commissioned fire personnel are capable
of performing the myriad of critical job tasks and responses
regardless of age or sex. Maximum aerobic capacity was es-
timated using the submaximal incremental treadmill protocol
developed by Gerkin et al. (13) and guidelines suggested by
the Wellness Fitness Initiative of the International Association
of Fire Fighters and the International Association of Fire Chiefs

(14). In brief, each participant is hooked up to a heart rate
monitor and made to walk on a standard treadmill. The tread-
mill’s speed and incline are increased at prespecified time
points until the subject’s target heart rate is reached and
VOsmax can be estimated. Direct measurement of VO, .«
using oxygen and carbon dioxide analyzers and monitoring
of electrocardiogram output is generally limited to specific
indications because of its higher cost.

Injury defined

Injuries that occurred on the job were recorded either if
they were reportable to the Occupational Safety and Health
Administration or if they were deemed nonreportable but
were documented internally because of the potential for the
injury to progress to the point of requiring an insurance claim
(e.g., due to cumulative or repeated trauma). It should be
noted that field personnel work 24-hour shifts. For the pur-
poses of these analyses, reported injuries known to be only
internally documented incidents with no loss of function or
ability to perform duties (by review of injury report details)
were excluded. In addition, cardiac events (e.g., stroke, heart
attack), along with heat exhaustion, stress, and other medical
issues, were excluded from injury analysis. These events
were considered more likely to be indicative of an underlying
set of symptoms, conditions, or diseases than to be related to
an injury sustained on the job.

Statistical analyses

Data from annual physical examinations and injury sur-
veillance reports were merged utilizing unique identifiers,
which enabled a direct comparison of persons with and with-
out injury. Quantitative methods, notably time-to-event re-
gression models, were used to evaluate the relationship
between aerobic fitness and injury. Analyses were conducted
for 3 separate injury outcomes: 1) any recorded injury; 2) in-
juries resulting from physical exercise; and 3) any reported
sprain or strain.

For time-to-event (i.e., first injury) analyses, cumulative
incidence was estimated using the life table and Kaplan-
Meier methods, which allow for censoring (i.e., no injury).
Incidence rates were assessed with respect to established fit-
ness measures. These levels were set using methods similar to
those used for establishing aerobic fitness levels (as previ-
ously explained); however, in this case, sex was taken into ac-
count for measures of body fat percentage, grip strength, and
flexibility. The time-to-event analysis utilized repeated mea-
sures in which each time point (observation) corresponded to
a person’s annual medical examination until the occurrence
of injury or censoring. This method accounted for variable
observation periods because some employees were introduced
later in the study period (e.g., new employees), whereas others
dropped out (e.g., retired, transferred), and it enabled a single
person to contribute time at risk to each of the fitness levels
based on his or her most recent physical assessment. Survival
analyses were completed using Cox proportional hazard regres-
sion models. Statistical analyses were conducted using Stata
software, version 11.2 (StataCorp LP, College Station, Texas).
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Table 1. Mean Values of Person-Level Descriptive Statistics, Tucson, Arizona, 2005—2009

Variable No. Mean Minimum Mean Maximum Mean Mean Difference
VOomax, ML/kg/minute 782 49.6 43.6 55.8 12.2
Resting heart rate, beats per minute 797 62.9 57.2 69.2 12.0
Total grip strength, Ibs? 797 2295 211.4 2475 36.1
Flexibility, inches® 782 5.8 4.5 7.0 25
% body fat 790 18.3 15.4 20.9 5.5

Abbreviation: VO,ax, relative aerobic capacity.
21 1b =0.45 kg.
1 inch=2.54 cm.

RESULTS

At the end of each calendar year from 2005 to 2009, there
were between 577 to 694 commissioned employees within
this metropolitan fire service. During that time period, 799 em-
ployees underwent at least 1 physical examination and follow-
up until their first injury event or censoring. On average, the
clinic database accounted for approximately 87% of the
workforce population, and the mean age was 39.2 (standard
deviation, 9.6) years. Table 1 displays select summary fitness
measures of the study population across the study period. The
mean for VO, .« for the overall population across time was
49.6 mL/kg/minute, with a 12.2-unit difference between the
minimum and maximum mean values. In total, 773 injuries
were reported (Table 2). There were 357 persons who sus-
tained at least 1 injury of any type, 174 who sustained at
least 1 exercise-related injury, and 294 who sustained at
least 1 sprain or strain injury. The median lengths of follow-up
were 2.5, 3.2, and 2.8 years, respectively. A previous descrip-
tive analysis of this population (for the years 2004—-2009)
demonstrated that 67% of all injuries were sprains and strains,
and that number increased to 89% among exercise injuries.
Thirty percent of all injuries were reported to have resulted
in lost time on the job (10).

Kaplan-Meier analyses (data not shown) indicated that the
incidence rate for injury decreased and the median time to in-
jury increased with increasing age (stratified into 10-year cat-
egories) (P <0.001). There were no significant differences
identified between sexes; however, women accounted for
only 5% of the study population (as is common for the fire
service (15)). Increases in body fat percentage were related

Table 2. Annual Frequency of Injury Outcomes, Tucson, Arizona,
2005-2009

No. of No. of No. of No. of
Year Em |6 ces Recorded  Sprains and Exercise-related
ploy Injuries Strains Injuries?
2005 577 128 84 30
2006 625 148 100 50
2007 659 174 120 62
2008 694 199 128 81
2009 667 124 89 45

& Of all exercise-related injuries, 85.2% were sprains and strains.
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to increased incidence rate, driven most notably by those in
the highest tier (>36% body fat).

Table 3 displays the general summary characteristics of the
incidence of injury outcomes for VO,,,,x levels and repeated
measures modeling. Log-rank tests indicated that there were
statistically significant increases in incidence rate with a de-
cline in VO, .« for each of the 3 injury outcomes. In addition,
persons with lower VO,,,.« levels were likely to sustain any
injury sooner than were those who were more fit, as indicated
by a median time to injury of 2.24 years in level III (least fit
category) compared with 4.07 years for level I (most fit cat-
egory; P<0.001).

Cox proportional hazard modeling

Results from Cox proportional hazards models are pre-
sented in Table 4. The dependent variables in these models
utilized time to first injury as a function of fitness. The hazard
ratios for fitness are shown with respect to 2 modeling strat-
egies: 1) VOoax adjusted for age and sex and 2) VO, ad-
justed for other measures of fitness (i.e., resting heart rate,
grip strength, flexibility, body fat percentage, number of con-
tinuous sit-ups and push-ups, age, and sex). With a hazard
ratio of 0.959 for all injuries, a 1-mL/kg/minute increase in
VO0,max decreased the risk of injury 0.041 times (P <0.001).
The amount of work needed to complete a given task in rela-
tion to the amount of energy expended during 1 minute of
seated rest is referred to as the metabolic equivalent of task.
For VO, %, @ single metabolic equivalent of task is approx-
imately 3.5 mL/kg/minute. Thus, these results suggest that
improving one’s aerobic capacity by 1 metabolic equivalent
of task would reduce the risk for any injury by approximately
14%.

Table 5 shows the relationship between the categorical lev-
els of aerobic fitness (VO,,,,.x) for the repeated measures anal-
yses. For each injury outcome, persons with a lower fitness
status (e.g., level III) had a higher hazard ratio for injury
than did those in the most-fit category. For example, persons
with a VO, .« between 43 and 48 mL/kg/minute (level II)
were 1.38 times more likely to sustain any injury than were
those in the top category of VO, (>48 mL/kg/minute). The
risk of injury increased with decreasing fitness level, as those
with a VO« less than 43 mL/kg/minute (level III) were 2.2
times more likely to have any injury than were those in the top
VO max fitness category. The hazard ratios were also found to
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Table 3. Time-to-Event Summary Statistics Between Fitness Levels and Injury Outcomes, Tucson, Arizona, 2005-2009

Injury Type
'T_ig‘":?as All Injuries Physical Exercise Sprains and Strains
IR° No. at Risk Years at Risk® IR No. at Risk Years at Risk IR No. at Risk Years at Risk
| 175 460 921 7.3 532 1116 12.2 482 996
I 21.1 287 442 7.2 332 541 17.2 312 483
i 29.9¢ 235 338 13.3¢ 263 407 25.1¢ 242 355

Abbreviation: IR, incidence rate.

& The relative aerobic capacity for each level was as follows: I, >48 mL/kg/minute; II, 43—48 mL/kg/minute; and Ill, <43 mL/kg/minute.

® Incidence rate per 100 person-years.
¢ Contributed time at risk (person-years).

9 Statistical significance (P < 0.05) between levels using log-rank test for equality of survival functions.

be greater when the event outcome was restricted to time to
first reported sprain or strain.

Effect modification

To assess the potential of effect modification of the rela-
tionship by age, a simple age-stratified analysis was com-
pleted for all injury outcomes, as well as for sprains and
strains. Age proved to be a significant modifier of VO, ,ax
(P<0.001). Table 6 presents the crude hazard ratios for the
all-injury model and the sprain and strain model in relation
to age (<30 and >30 years of age) and overall, stratified by
aerobic fitness level. For both outcome types, the risk of in-
jury among those with decreased VO,,,,x Was higher in per-
sons younger than 30 years of age than in those 30 years of
age or older. Thirty years of age was chosen as our demarca-
tion value primarily based on incidence rates resulting from
the Kaplan-Meier analysis described above. In addition, per-
sons 30 years of age or younger had a consistently increased
incidence rate, regardless of the injury type. Our previous de-
scriptive study of injury distributions demonstrated that fire-
fighters (median age, 31 years) sustained the most injuries
(30.7%), with lower injury rates for engineers, paramedics,
captains, etc. (10). Given the strong relationship between
age and rank and the results from Kaplan-Meier estimates,
it seemed suitable to use 30 years of age as our cutoff value
for assessing potential effect modification.

DISCUSSION

In the present study, we sought to better understand the as-
sociation between levels of aerobic fitness and the incidence
of injury using a retrospective occupational cohort. The find-
ings were consistent with our original hypothesis that lower
fitness levels, as defined by VO,,,.x, Wwould be associated with
increased risk of injury. Furthermore, these increased risks
were modified by age, with a larger association between fit-
ness level and subsequent injury in those 30 years of age or
younger. The reduction in injury risk was significant for all
injuries, sprains and strains, and physical exercise injuries.
These findings are especially noteworthy considering that
one third of work-related injuries in this population resulted
from exercise activities (10), further indicating the need for
fitness programs with improved structure and management
relevant to the high physical demands of the job.

A number of studies have assessed the relationship be-
tween various measures of fitness and the performance of a
given task, with varying results. However, in contrast to our
present study, few studies have focused on assessing the as-
sociation among fitness, performance, and injury risk.

Two published studies have demonstrated an increase
in injuries associated with fitness or the implementation of
fitness programs (9, 16). After a baseline treadmill test to
assess VOomax, participants of the Aerobic Center Longitudi-
nal Study had their physical activity levels assessed over a

Table 4. Cox Proportional Hazard Models for Assessing Aerobic Fitness and Risk of Injury, by Injury Type, Tucson, Arizona, 2005—-2009

Model
OL';L"O’%e VOomar® VOymax Full Model®
No. of Observations HR 95% CI No. of Observations HR 95% CI
All° 716 0.959 0.946, 0.972 710 0.953 0.939, 0.968
Exercise-related 718 0.960 0.941, 0.979 714 0.953 0.933, 0.973
Sprains and strains 718 0.952 0.937, 0.967 712 0.947 0.932, 0.963

Abbreviations: Cl, confidence interval; HR, hazard ratio; VOomax, relative aerobic capacity.

& Adjusted for sex and age.

® Includes independent variables: resting heart rate, grip strength, flexibility, % body fat, number of sit-ups performed, number of push-ups

performed, age, and sex.

¢ There were fewer subjects in this category because of lacerations that occurred during the first clinic visit, which precluded follow-up for those

subjects.

Am J Epidemiol. 2014;179(2):149-155

202 Uy 0 uo 3sanb Aq #12€Z /67 1/2/6. L/21o1ue/ale/wod dnooiwapede//:sdly wolj papeojumoq



Aerobic Fitness and Injuries in the Fire Service 153

Table 5. Hazard Ratios® for Injuries by Levels Aerobic Fitness in Repeated Measures Modeling, Tucson, Arizona,

2005—-2009
VOamax All Injuries (n=716) Exercise Injuries (n=718) Sprains and Strains (n=718)
Level® HR 95% CI 95% CI HR 95% ClI
| Referent Referent Referent
1] 1.38 1.06, 1.78 0.81,1.77 1.61 1.21,2.13
1] 2.22 1.72,2.88 2.53 1.76, 3.64 2.63 1.98, 3.50

Abbreviations: Cl, confidence interval; HR, hazard ratio, VOomax, relative aerobic capacity.

2 All models were adjusted for sex and age.

® The relativeaerobic capacity for each level was as follows: |, >48 mL/kg/minute; II, 4348 mL/kg/minute; and III,

<43 mL/kg/minute.

12-month period (16). Increased risk of musculoskeletal in-
jury was associated with increases in cardiorespiratory fitness
(as measured by a treadmill test), as well as increases in the
amount of reported weekly physical activity. Stratified anal-
yses by physical activity type suggested that the association
between cardiorespiratory fitness and musculoskeletal injury
was potentially driven by unmeasured intensity levels of ex-
ercise. After instituting a new fitness program among United
States Air Force service members to increase fitness and
participation in fitness-related activities, the mean relative
VO0,max increased significantly (6.04 and 3.24 mL/kg/minute
among men and women, respectively) over 3 years of the
program (9). The number of injuries also increased during
that time, which was likely a result of increased participation
in exercise activities with no embedded injury prevention
program.

Two studies failed to find an association between fitness
and injuries. During an 8-week basic military training regi-
men, musculoskeletal injuries were assessed in relation to
baseline body composition (or body mass index), aerobic fit-
ness (determined by the time participants took to run 3,000
meters), health assessment measures, and age (17). Signifi-
cant associations were observed at a univariate level between

injury and a variety of variables, including age greater than 23
years, increased body mass index, slow run times, and dys-
function of back or lower limbs. Multivariate logistic regres-
sions showed no relationship between injury and aerobic
fitness level; however, increased body mass index, minor
back and lower limb dysfunctions, and mental dysfunctions
were predictive of injury. In a study of manual material han-
dlers, McSweeney et al. (18) found no difference between
exercisers and nonexercisers in terms of the likelihood of
reporting an injury. However, the authors noted that in-
creased or regular exercise was likely to reduce absenteeism
occurrence and duration. In another study among male mate-
rial handler employees at 3 separate facilities, no associa-
tion was observed between injury occurrence and absolute
aerobic capacity; however, a significant increase in injury
risk was related to a decreased VO,,.x, in addition to in-
creased body fat percentage (19). It is important to note
that none of the studies described above used repeated mea-
sures of fitness, unlike the present study. The added strength
of being able to capture time-series data for the population
increased statistical power of our study and our ability to con-
trol for confounding effects both within and across cohort
members.

Table 6. Age-Stratified Hazard Ratios® for All Injuries and Sprains and Strains by Fitness Level, Tucson, Arizona,

2005-2009
Fitness Level by Total Age <30 Years Age >30 Years
Injury Type® HR 95% CI HR 95% Cl HR 95% Cl
All injuries
| Referent Referent Referent
] 1.38 1.06, 1.78 2.28 1.41,3.71 1.15 0.85, 1.57
1l 2.22 1.72,2.88 3.43 2.10,5.58 1.86 1.36, 2.53
Sprains and
strains
| Referent Referent Referent
] 1.61 1.21,2.13 2.27 1.32,3.90 1.40 1.00, 1.95
1] 2.63 1.98, 3.50 4.48 2.63, 7.64 2.10 1.49,2.96

Abbreviations: ClI, confidence interval; HR, hazard ratio.

& All models were adjusted for sex and age within the strata.
® The relative aerobic capacity for each level was as follows: |, >48 mL/kg/minute; I, 43-48 mL/kg/minute; and Il

<43 mL/kg/minute.
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Results from our study indicated that there was a modifi-
cation of injury risk based on age of the person. In particu-
lar, younger employees (30 years of age or younger) with a
VO0,max below that of the high fit group (i.e., VO2 2 <48 mL/
kg/minute) had a higher risk of injury than did their older,
less fit counterparts. This effect modification may be due to
changes in job rank (and presumably job duties and exposure
to external conditions) with increasing age in firefighters.
Typically, younger personnel hold the rank of firefighter,
whereas promotion or career progression tends to lead into
ranks of paramedic, engineer, and captain. For most emer-
gency responses, firefighters are the first to enter an emer-
gency scene and are thus subject to greater hazards, known
and unknown emergent threats, and time-limiting stresses.
One exception includes the risks to which paramedics are ex-
posed during calls involving advanced life support. Never-
theless, the hazard profile and exposure risk for those with
the rank of firefighter can be considered greater than those
of their team counterparts (e.g., engineer, captain, chief).

Limitations

Although injury events that occurred before the first ob-
served clinic visit were removed to avoid left-censoring
bias (a product of data merging), there was no knowledge
of previous injury history. In addition, analyses were re-
stricted to the first specified injury event; therefore, recurrent
injuries were not assessed. Future studies on recurrent inju-
ries should enhance the understanding of injuries in this pop-
ulation by differentiating between the risks of repeated
injuries (i.e., the same injury type suffered multiple times
by a person) and those of the repeatedly injured (i.e., persons
who suffer from multiple injury types). The data assessed for
this study also did not permit evaluation of intrinsic factors,
such as central motor control (i.e., balance), skeletal abnor-
malities, alignment of joints, and ligamentous laxity (3-5,
20-29). Ideally, inclusion of these factors would improve fu-
ture studies (30—32), as intrinsic risk factors each influence
local anatomy and biomechanical limitations.

Although VO, . is linearly related to heart rate and en-
ergy expenditure, it is an indirect measurement of an person’s
maximal capacity to do work aerobically (33). In the present
study population, VO,,.x Was estimated using a submaximal
test protocol that was previously validated and has been used
widely in the fire service (13). Two recent studies, however,
have indicated the potential for submaximal tests to overesti-
mate true aerobic capacity (34, 35). If true, any overestimation
of VO, max should not influence the regression modeling be-
cause the potential bias would be nondifferential. Of note, the
distribution of VO0,,,,x values in our study is considered
higher than that in the general population. Standard fitness as-
sessments classify midrange (“good”) aerobic fitness at 40
years of age to be 35-38 mL/kg/minute for women and
42—45 mL/kg/minute for men (2). The notion that firefighters
are more fit than the general population is supported by the
characteristics of this study’s firefighting population, who
had an average age of 39 years and a mean VO;,,,x of 49.6
mL/kg/. These differences are likely due to the use of an em-
ployed population and the active nature of the job. As previ-
ously mentioned, the cutoff values established for the aerobic

fitness levels in these analyses were based on the range of dis-
tributions within this active population in addition to meth-
ods used in other research.

When compared with the results from a previous study that
described exercise-related injuries, which accounted for one
third of all reported injuries, as the most common (10), the
present findings may appear somewhat counterintuitive. It
was not clear if the injuries sustained during exercise periods
were the result of overexposure (i.e., fit people exercising too
intensely or for too long while on duty) or if the types of ex-
ercises being completed were not appropriately structured
and evaluated in an effort to minimize the chances for over-
exertion. The present study’s results regarding increased risks
of injury among those deemed less fit suggests that the struc-
ture and management of exercise within the fire service needs
to be considered more intently and that employees without a
physical training background should not necessarily be left to
exercise without some level of appropriate programming,
training, and oversight. Most professional fire departments
promote or require some level of exercise among their em-
ployees in an effort to assure their ability to complete job
tasks with high physical demands (e.g., rescues). Persons in
the fire service, much like the majority of the general popu-
lation, can benefit from exercise instruction and from re-
sources aimed at maintaining or improving their functional
fitness levels, thus reducing the potential injury loss. Given
the limited financial and personnel resources, a challenge
for all fire departments (and similar occupational settings)
will be determining the best measures for assessing each
component of functional fitness that are 1) consistent and re-
liable and 2) feasible for implementation.

Conclusions

Findings from the present study provide empirical evi-
dence that lower fitness levels are associated with increased
risks of injury among career fire service employees. Further-
more, these increased risks were modified by age, which is
likely due to the fact that rank, job task, and risk profile are
often associated with age in this population. As injuries con-
tinue to be of relevant health concern in the fire service, the
contribution of fitness to the likelihood of injury is signifi-
cant. Given that injuries are often the result of a multitude
of factors and the efficiency of every response activity in the
fire service is dependent on the health and fitness of those re-
sponders, comprehensive and multifaceted solutions need to
be devised, applied, and distributed in order to prevent fur-
ther injury loss.
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