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Objective. The present review synthesized the available empirical evidence to provide
support of the effectiveness and feasibility of exercise interventions for improving health and

fitness of firefighters.

Methods. Nine randomized controlled trials (RCTs) published before May 2018 were located
using Google Scholar, MEDLINE, PsychINFO, PubMed, and Web of Science. RCTs
involved 462 (18 Females) active-duty firefighters, an exercise intervention, and reported
changes in health and/or fitness. Hedges’ d effect sizes quantified the magnitude of the
effects of exercise compared to control conditions. Aggregated mean effects for differential
modes of exercise (aerobic exercise training (AET), resistance exercise training (RET), or
combined (AET+RET) were also calculated. Random effects models were used for all

analyses.
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Results. Exercise significantly improved body fat percentage (A=0.52, [95% CI1:0.16-0.88]
z=2.81, p=0.005, k=4), acrobic capacity (A=1.20, [0.52-1.87] z=3.48, p=0.000, k=8),
endurance (A=1.74, [0.94-2.53] z= 4.03, p=0.000, k=10), strength (A=1.27, [0.42-2.11]
z=2.93, p=0.003, k=9), and power (A=1.02, [0.52-1.52] z=4.00, p=0.000, k=2). Specifically,
RET improved body fat percentage (A=0.87, [0.38-1.36], z=3.47, p=0.000, k=2), aerobic
capacity (A=3.06, [2.37-3.75], z=8.65, p=0.000, k=2), endurance (A=2.79, [1.48-4.09],
z=4.19, p=0.000, k=6), strength (A=1.44, [0.49-2.39], z=2.97, p=0.002, k=8), and power
(A=1.02, [0.52-1.52] z=3.99, p=0.000, k=2), while AET improved aerobic capacity (A=0.69,
[0.24-1.15], z=3.01, p=0.000, k=3), and AET+RET improved aerobic capacity (A=0.52,
[0.15-0.89] z=2.78, p=0.005, k=3) and endurance (A=0.44, [0.19-0.70] z=3.41, p=0.000,

k=3).

Conclusions. The present results provide evidence of the positive effects of exercise
interventions, particularly RET, to improve outcomes of health and fitness associated with

superior job performance and reduced risk of injury and CVD.
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Cardiac events have remained the leading cause of death among U.S firefighters over
the last 20 years; accounting for 45% of firefighter deaths from 1994 to 2004 and 47% of
deaths from 2002 to 2012.M? In contrast with other emergency services, such events account

for 22% of deaths among on-duty police officers, 11% of deaths among on-duty emergency
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medical services personnel, and 15% of all deaths that occur on the job." Given the nature of
firefighting and the subsequent need for optimal health and fitness for safe and effective

work, these high rates of cardiovascular disease (CVD)-related deaths are unprecedented.

Initially, much effort is devoted to attaining specific fitness and health standards after
an extensive hiring process and selection tests. For example, all new recruits are required to
complete recruit training to certify new firefighters as “fit for duty”. Recruit training focuses
on increasing fitness by improving cardiorespiratory fitness, strength, and endurance and,
indirectly, health by improving body composition (body mass index (BMI), waist-hip ratio
(WHR), body fat percentage).* Evidence shows that new firefighters are typically fitter and
healthier than they were prior to recruit training. However, this study demonstrated that once
firefighters enter/begin working, these standards and levels of health and fitness usually

decline.*

Recent research suggests that currently a high proportion of U.S. fire stations are not
following the recommendations for maintaining health and fitness of firefighters set by the
National Fire Protection Agency” (NFPA). A number of studies have shown that U. S.
firefighters have a level of physical fitness which is incompatible with the highly physical
demands of firefighting.® "8 It is has been reported that over 75% of U. S. firefighters are
overweight, of which 33.5% are obese,® many do not meet the proposed levels of
cardiorespiratory fitness of 12 metabolic equivalents of aerobic capacity, and a small
percentage of firefighters achieve recommended levels of aerobic and resistance exercise per

week (35% and 50% respectively).> *** Due to these current statistics, and that body

12,13 13,14 14,15, 16

composition,™ ** aerobic capacity,** * muscular power, muscular strength.>141>1% and
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muscular endurance, are associated with job performance as well as reduced CVD

risk,>*" there has been a call to action by researchers and health practitioners alike
highlighting the need for not only maintaining standards, but also providing opportunities and

resources for firefighters to maintain their health and fitness.>*8

To address this call to action, various guidelines within the U. S. fire service have
been introduced, which detail the development and implementation of health and fitness
programs within fire departments. The NFPA recommends fire departments provide a health
and fitness program to enable members to maintain an appropriate level of fitness and health
to safely perform their assigned functions.'® Likewise, the Fire Service Joint Labor
Management Wellness Fitness Initiative?” recommends 60 to 90 minutes of each work shift
should be allocated for firefighters to exercise and resources be provided to personnel to
facilitate exercise.”” Researchers have also promoted the use of exercise training interventions
provided by professional exercise specialists with a degree in exercise science and knowledge
of the job of firefighting.'® Evidence supports the salutary benefits of exercise training for
health and fitness among healthy adults, working populations, and adults with cardiovascular

diseases.’t >

Currently, the way in which health provision and physical fitness training in
firefighters is managed is highly variable across nations and services within nations, with a
majority of departments not providing sufficient support. For instance, more than 70% of
U.S. fire departments do not adhere to health and fitness recommendations set by governing
associations such as the NFPA, and lack structured fitness monitoring and improvement

programmes for personnel.>*® However, it is not entirely clear why departments are not
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following these recommendations. It is possible that department leaders are not convinced of
the benefits to firefighters. Department leaders may be unsure whether exercise interventions
can be successfully applied within the fire service and whether exercise interventions can be
used to improve health and fitness without disproportionately high economic cost or use of
resources. Although exercise interventions are being implemented and studied, whether they
are successful and effective among firefighters has not been fully addressed. Additionally
there could also be disagreement regarding which type of exercise intervention is most
effective for firefighters, leading to further uncertainty regarding the use of exercise

interventions within the fire service.

Examining the currently published studies, particularly randomized controlled trials
(RCTs), could provide the evidence and support needed to convince fire departments of the
benefits of exercise for improving health and fitness among firefighters. Thus, in order to
address the current gap in the literature and provide evidence to support the applicability and
effectiveness of exercise interventions among firefighters, this review synthesized the
available empirical evidence regarding the effects of exercise interventions on health and
fitness among active-duty firefighters. Additionally, this review examined the potential
differential effects of varying modes of exercise training (i.e., aerobic exercise training,

resistance exercise training, and combined aerobic and resistance exercise training).

This article is protected by copyright. All rights reserved.



Methods

This systematic review and meta-analysis was conducted in accordance with

PRISMA-P guidelines.?*

Study ldentification

English-language peer-reviewed articles, published prior to May 2018 were located
and retrieved from the following databases: Google Scholar, PsychINFO, Cochrane Central
Register of Controlled Trials, SPORTDiscus, Psychology and Behavioral Sciences
Collection, and MEDLINE. Combinations of the following search terms were used:
‘firefighters or fire fighter or fire service’ and ‘physical activity or physical fitness, or fitness
or exercise’ and ‘intervention or training or program or randomized controlled trial or
controlled trial’. Reference lists of selected studies and review papers were manually

screened to retrieve additional relevant studies.

Study Selection Criteria

Included articles: (i) included active-duty career/professional firefighters; (ii) included
an exercise training intervention; (iii) included randomization to an exercise intervention or
comparison condition; and (iv) focused on the effects of exercise on validated outcomes of
health (e.g. body fat percentage, heart rate) and/or one or more component of physical fitness
(e. g. cardiorespiratory fitness, strength, flexibility). Figure 1. provides a PRISMA-P
flowchart of study selection. Studies were identified and selected by one author which were
then verified for inclusion/exclusion by the co-authors. As illustrated in Figure 1, relevant

data were not available in two of the identified RCTs and therefore these two RCTs were
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excluded from meta-analysis. This may potentially lead to underestimation of intervention

effectiveness.

Calculation of Effect Size

The magnitude of the effects of exercise training compared to control conditions was
quantified using Hedges’ d effect sizes and associated 95% confidence intervals (95%Cl).
For each relevant outcome, the mean change from baseline for the control condition was
subtracted from the mean change from baseline for the exercise condition and the difference
was divided by the baseline pooled standard deviation.” This calculation yields Hedges’ g
effect sizes which were then adjusted for small sample bias which yields Hedges’ d. Effect
sizes were calculated such that an improvement in the selected outcome resulted in a positive
effect size.”® Associated 95% Cls were examined to determine statistical significance. Using
IBM-SPSS (Armonk, NY) statistical package (version 24) with an SPSS macro (MeanES),*
random effects models were used to aggregate mean effect size delta (A) for the following
outcomes: body mass, body fat percentage, body mass index, aerobic capacity, endurance,
strength, flexibility, power, and heart rate. The magnitude of the aggregated effects were

assessed as small (A=0.20), medium (A=0.5), and large (A=0.8).

The studies were also categorized by exercise mode (aerobic exercise training (AET),
resistance exercise training (RET), or combined (AET + RET) and again random effects
models were used to aggregate mean effect size delta (A) for each mode of exercise for all of
the same outcomes. After categorization by exercise mode, for some outcomes, only one
effect (Hedges’ d) (k >1) was available and therefore aggregated mean effects for the

outcome could not be calculated.
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Results

Description of Studies

Characteristics of the included studies are presented in Table 1. Nine RCTs included
diverse exercise interventions (i.e., aerobic exercise training (AET), movement focused
exercise training, resistance exercise training (RET), and combined (AET+RET) among
samples of 462 firefighters (18 Females). AET (n=2), RET (n=3), and combined training
(n=4) were most frequently implemented. Exercise sessions varied in frequency (3£ 1
sessions/wk), intensity (moderate to intense), supervision (n=5), and duration (16.5 £ 10

weeks).

Meta-Analysis

Outcomes. Data was unavailable for two RCTs, therefore only seven were included in
the meta-analysis. Table 2 presents baseline and post-intervention means and standard
deviations for both the exercise groups and controls. Forty-eight effects sizes were derived
from the seven RCTs. Hedges’ d effect sizes (95%CI) for each outcome derived from the
seven RCTs are presented in a forest plot in Figure 2 with the effects split by type of exercise
intervention. Forty-six of the 48 (89.09%) effects were greater than zero, and ranged from -
0.62 to 5.62. Exercise resulted in significant, moderate-to-large improvements in body fat
percentage (A=0.52, [95% CI:0.16-0.88] z=2.81, p=0.005, k=4), aerobic capacity (A=1.20,
[0.52-1.87] z=3.48, p<0.001 k=8), endurance (A=1.74, [0.94-2.53] z= 4.03, p<0.001, k=10),
strength (A=1.27, [0.42-2.11] z=2.93, p=0.003, k=9), and power (A=1.02, [0.52-1.52] z=4.00,
p<0.001, k=2). Small-to-moderate non-significant mean effects were observed for heart rate

(A=0.17, [-1.39-1.74] z=0.22, p=0.83, k=2), body mass (A=0.05, [-0.20-0.31] z=0.40, p=0.69,
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k=7) and flexibility (A=1.01, [-0.31-2.34] z=1.50, p=0.13, k=3). Mean effect size could not be

calculated for BMI.

Exercise resulted in mean percent change of -7.73% for body fat percentage, 8.7% for
aerobic capacity, 17.61% for endurance, 8.83% for strength, and 5.28% for power. Controls
displayed a <1% mean percent change for body fat percentage, aerobic capacity, endurance,
and power and a 2.48% in strength. Exercise resulted in the greater percent change

(improvements) for all significant outcomes.

Exercise Mode. Improvements were found for AET (k=8), RET (k=25), and
AET+RET modes (k=16). Effect sizes ranged from -0.62 to 1.05 for AET, -0.14 to 5.62 for
RET, and 0.05 to 0.98 for AET+RET across outcomes and studies. AET resulted in
significant moderate-to-large improvements in aerobic capacity (A=0.69, [0.24-1.15], z=3.01,
p<0.001, k=3). No significant improvements were observed for body mass (A=0.06, [-0.38-
0.50] z=0.27, p=0.79, k=3). Mean effects of AET could not be calculated for body fat
percentage (k=0), endurance (k=1), strength (k=0), flexibility (k=0), occupational fitness

(k=0), power (k=0), or heart rate (k=1).

RET resulted in significant moderate-to-large improvements in body fat percentage
(A=0.87, [0.38-1.36], z=3.47, p<0.001, k=2), aerobic capacity (A=3.06, [2.37-3.75], z=8.65,
p<0.001, k=2), endurance (A=2.79, [1.48-4.09], z=4.19, p<0.001, k=6), strength (A=1.44,
[0.49-2.39], z=2.97, p=0.002, k=8), and power (A=1.02, [0.52-1.52] z=3.99, p<0.001, k=2).

Significant improvements were not observed in body mass (A=-0.06, [-0.53-0.41] z=-0.24,
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p=0.81, k=2) or flexibility (A=1.50, [-0.40-3.40] z=1.55, p=0.12, k=2). Mean effects for RET

could not be calculated for BMI (k=1), occupational fitness (k=0), or heart rate (k=0).

AET+RET resulted in moderate-to-large improvements in aerobic capacity (A=0.52,
[0.15-0.89] z=2.78, p=0.005, k=3) and endurance (A=0.44, [0.19-0.70] z=3.41, p<0.001,
k=3). Body mass (A=0.13, [-0.29-0.56] z=0.22, p=0.54, k=2), body fat percentage (A=0.23, [-
0.20-0.66] z=1.06, p=0.29, k=2), and occupational fitness (A=0.47, [-0.02-0.95] z=1.88,
p=0.06, k=2) were not significantly improved. Mean effects of AET+RET could not be

calculated for BMI (k=0), strength (k=1), flexibility (k=1), power (k=1), and heart rate (k=1).

Discussion

To the authors’ knowledge, this is the first review to synthesize the available evidence
regarding the effects of exercise training interventions on outcomes of health and fitness
among firefighters. Results of the review indicate positive effects of exercise on body fat

percentage, aerobic capacity, strength, power, and endurance.

The improvements in body fat percentage, aerobic capacity, strength, power, and
endurance following exercise are notable because these outcomes have all been associated
with superior job performance. For example, aerobic capacity is an important contributing
factor of performance on many firefighting tasks, particularly those that involve fire
suppression.*® Firefighters with higher aerobic capacity and lower fat mass perform job tasks

faster, and with increased efficiency while working with their self-contained breathing
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apparatus.®®%" Therefore, exercise could be implemented to improve aerobic capacity which

could lead to improved performance.

Strength and muscular endurance are also important factors of fitness related to
firefighter performance. Firefighters must maintain high levels of strength to be able to lift,
carry, or handle heavy equipment and maneuver casualties. Additionally, many tasks
(forceful entries, chopping tasks, hose pull, lift and carry or drag victims), require high levels
of muscular strength and muscular endurance to perform and have been significantly
correlated with faster times on timed firefighting tasks. *>'® A number of studies have also
explored the relationship between body composition and performance in firefighters and
reported body composition as another outcome significantly related to firefighting
performance.'?*>'® Again, the present results indicate that exercise interventions could be
implemented to improve strength, endurance, and body composition which are associated

with different aspects of firefighter performance.

These outcomes have also been associated with CVD risk. Both low aerobic capacity
and increased body fat percentage have been reported as predictors of cardiovascular
disease.'%3® Low aerobic capacity can lead to overexertion and increase cardiovascular
strain which can provide a trigger for sudden cardiac events, especially in individuals with
additional underlying CVD risk factors.'® Additionally, unfavorable body composition has
been connected to significant health consequences for firefighters. The improvements in these
outcomes following exercise further emphasizes the importance of these parameters to

firefighting ability/performance and health, and the importance of maintaining these
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outcomes. Thus, implementing exercise programs among firefighters may also be an efficient

way to improve job performance, safety, and health by reducing CVD risk.

The present review also evaluated differential effects of various exercise modes
(AET, RET, AET+RET) on health and fitness among firefighters. RET improved body fat
percentage, strength, endurance, power, and aerobic capacity. AET improved aerobic
capacity, and AET+RET improved aerobic capacity and endurance only. The improvements
in total body fat percentage, strength, and endurance® *° following RET and aerobic
capacity*’ following AET are consistent with previous research. However, the present results
following AET+RET are inconsistent with previously reported effects of exercise on body fat
percentage which observed a greater improvement in body fat percentage following
AET+RET compared to RET and a control group.*? Nonetheless given that RET improved a
greater number of outcomes and that firefighters engage in RET more than AET® an RET-

based program is likely to have the highest engagement and effectiveness in this population.

Although the present results provide evidence of the positive effects of exercise
interventions to improve outcomes of health and fitness among firefighters, given the small
number of studies, there is still the question of whether implementing exercise interventions
is feasible among firefighters. Secondary data on study characteristics (attrition, adherence,
and compliance) and design were extracted to examine and compare factors that may alter the
effectiveness or feasibility of exercise interventions (see Table 1) and identify some of the

likely challenges working with the fire service.
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The nine RCTs included here were able to successfully recruit personnel to
participate, even if the samples were small, totalling (N=462) firefighters across all studies.
All trials except for two reported attrition rates. Total attrition was 13% (61/462 participants)
compared with exercise interventions in the general population which report dropout rates
around 50%.*® Based on the reported attrition rates, exercise interventions have lower dropout
rate among firefighters, compared to the general population, which increases their feasibility.
Adherence was reported in four studies and ranged from 50% to 83%. However, of the
studies that did not report adherence, five studies implemented supervised exercise sessions,
increasing the likelihood that participants were compliant with the prescribed exercise
sessions. > Due to an absence of more rigorous examination and reporting of compliance
information, it is difficult to know the degree to which firefighters in the included studies

complied with the full exercise prescription within each study.

There are several factors to consider when implementing exercise interventions.
Researchers should aim to recruit large samples and maintain participant engagement
throughout the trial. The small number of RCTs could be indicative of challenges of
implementing exercise interventions. With a limited number of personnel in fire stations
participating in exercise interventions, it is not only difficult to have large enough groups, but
also have enough personnel willing to be in the control group. This may also be supported by

the 12 non-RCTs intervention studies that were excluded from the review.

Supervised onsite exercise sessions could be used to increase the likeliness of
personnel participating, complying, and completing the programs. Attendance records,

supervised exercise, and onsite training are methods often implemented to ensure adherence
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and compliance and make it easier for firefighters to attend and complete sessions because
they can participate during their downtime or breaks. However, onsite training requires
allocated space, equipment, and time. Other occupational elements such as shift systems, long
hours, and overtime can add to the challenges of implementing onsite programs. Considering
all of these factors when designing and implementing exercise interventions within the fire
service will increase their success. Additionally, future studies would benefit from reporting
information regarding both program and session attendance and compliance (i.e., total
exercise time completed at prescribed intensity, number of sets and repetitions completed out

of prescribed number, etc.).

Limitations

Several potential limitations should be acknowledged. Because a limited number of
RCTs have implemented exercise interventions among firefighters, the scope of this review is
somewhat limited. The scope is further limited by the focus on active-duty career or
professional firefighters. Active duty firefighters were selected because they are more likely
to be experiencing low health and fitness standards compared to new recruits, who are
usually fitter and healthier following recruit training.* Outcome variability across studies is
also a potential limitation. When evaluating effectiveness, different measurement methods of
outcomes were clustered together. For example, skinfolds and DXAs were both implemented
to measure body fat within the studies, but were pooled despite the differences in precision.
However, separating them according to the type of measurement would have resulted in an
inadequate number of effects from which to draw any meaningful conclusions. A skewed
gender distribution across studies is also a potential limitation as the majority of the sample

were men (96%). Therefore, these results may not be generalizable to female firefighters.
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Firefighting appears to be a predominantly male occupation, as supported by the small
number of females included in each of the RCTs; however, additional research focused

specifically on female samples is critically needed.

Conclusion

Notwithstanding the aforementioned potential limitations, this review appears to be
the first to report positive effects of exercise interventions on outcomes of health and fitness
among firefighters. The available evidence supports that exercise interventions improve
outcomes of health and fitness among firefighters, including body fat percentage, aerobic
capacity, strength, power, and endurance. Notably, these outcomes have all been associated
with superior job performance, as well as reduced CVD risk and injury. Investigation of
differential effects of varying exercise modes showed that RET improved more outcomes of
health and fitness compared to AET and combined AET+RET. Thus, RET may be the more
suitable exercise mode for firefighters. However, with only two RCTs implementing AET,
two RET, and three AET+RET, and in the context of heterogeneity in frequency, duration,
and intensity of prescribed exercise, future RCTs that compare different types of exercise are
needed for a better understanding of which features of the exercise stimulus elicit greater
improvements in health and fitness among firefighters. Future research should consider
implementing more methodologically rigorous RCTs to examine the feasibility and efficacy

of exercise to improve health and fitness of firefighters.
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Perspective

To the authors’ knowledge, this is the first quantitative review to support positive
effects of exercise interventions on outcomes of health and fitness of firefighters. The present
findings showed that resistance exercise, in particular, improved body fat percentage, aerobic
capacity, strength, and endurance - which have health and fitness implications related to
cardiovascular disease and job performance. Currently, poor health and fitness among
firefighters has led to increased prevalence of cardiovascular disease and cardiovascular
disease related death among personnel. Therefore, exercise scientists and healthcare
practitioners may be poised to implement regular exercise or exercise interventions to
improve health and fitness, reduce risk of cardiovascular disease, and improve job

performance when working with firefighters.
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Table 1. Characteristics of the included RCTs

Study Mode Duration  Frequency Supervised Sex  Location Intervention Characteristics Control
(wks) (x/wk)
Adams, Yanowitz, Combined 14 3 Yes Male  Onsite  Aerobic conditioning (walk or jog Usual
Chandler, Specht, AET & RET at 70-85% MHR), Anaerobic activity
Lockwood, & Yeh conditioning (circuit training),
(1986)% Strength (weight training),
Flexibility (stretching)
Beach, Frost, RET 12 3 Yes Male n/a FIT (Fitness Oriented Exercise), Usual
McGill & MOV (Movement and Fitness activity
Callaghan (2014)*® Oriented Exercise)
*Frost, Beach, RET 12 3 Yes Male  Offsite  FIT (Fitness Oriented Exercise), Usual
Callaghan & MOV (Movement and Fitness activity
McGill (2015)% Oriented Exercise)
Mayer, Quillen, Combined 24 2 Yes Mixed Onsite  Flexibility (stretching) and Usual
Verna, Chen, AET & RET Strength (circuit weight training)  activity
Lunseth &
Dagenais (2015)*°
*Mayer & Nuzzo  Combined 24 2 Yes Mixed Onsite  Flexibility (stretching) and Usual
(2015)* AET & RET Strength (circuit weight training) ~ activity
Usual

Moon, Kim, RET 8 4 No Male n/a Core exercises (sit-ups, knee to activity
Gwon, Hwan, chest, toe touch, squat, prone
Kim, Smith, Han, extension, push-back, back arch
Lee & Cho
(2015)*
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Pawlak, Clasey, Combined 12 2 Yes Male  Onsite  Warm-up, dynamic stretching, Usual
Pamer, Symons & AET & RET circuit training, endurance activity
Abel (2015)% exercises, cardiovascular

exercise, flexibility

Puterbaugh & AET 12 3 Mixed Male  Offsite  Running; 15 minute warm-up, 40 Usual
Lawyer (1983)%* minutes running at 75% of MHR  activity
Throne, AET 16 4 No Mixed n/a Rowing (increasing from low to Usual
Bartholomew, moderate to high intensity) activity
Craig & Farrar

(2000)%*

* denotes removed from analysis

AET= Aerobic exercise training, RET= Resistance exercise training, wks= Weeks, x/wks= times per week, Mixed= included male and females,
VVO2 Max= Aerobic capacity, RHR=Resting heart rate, MHR= Maximum heart rate, BMI=Body mass index, MAP=Mean arterial pressure
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Table 2. Mean (standard deviation) change and Hedges’ d effect sizes (95% CI) of the extracted outcomes from the included RCTs

Exercise Group Control Group Hedees’ Low High
Study Outcome Measurement dg Cl Cl Category
Mean (SD) Mean (SD)
Adams et al. (1986)°"  Weight (Ibs) Baseline 181.1 (21.5) 177 (21.7) 0.15 -0.40 0.70  Body mass
Post 177.4 (24.2) 176.5 (22.4)
Body Fat (%) Baseline 17.7 (5.5) 17.7 (0.7) 0.20 -0.35 0.75 Body Fat %
Post 16.4 (5.8) 17.4 (0.7)
VO, Max (ml/kg/min) Baseline 42.3 (4.6) 41 (5.5) 0.52 -0.03 1.08  Aerobic
Capacity
Post 44.3 (4.2) 40.3 (5.5)
Exercise Time (min) Baseline 8.4 (1) 8.1(1.2) 0.27 -0.28 0.82  Endurance
Post 8.5(1) 7.9 (1.3)
Beach et al. (2014)®®  Weight (kg) Baseline 95.1 (3) 93 (3.9) 0.03 -0.65 0.70  Body mass
Post 94.7 (2.9) 92.7 (3.9)
Body Fat (%) Baseline 18.5(1.8) 18.7 (1.8) 0.87 0.16 1.57 Body Fat %
Post 17.1 (1.5) 18.9 (1.8)
VO, Max (ml/kg/min) Baseline 38.8 (1.63) 39.4 (1.33) 3.33 2.29 4.37  Aerobic
Capacity
Post 42.9 (1.45) 38.4 (1.18)
Exercise Time (seconds) Baseline 665 (30.3) 663 (24.3) 3.78 2.66 490  Endurance
Post 749 (25.2) 640 (21.7)
Push-ups (#) Baseline 39.4 (4.2) 39.1(3.4) 5.48 4.02 6.95  Endurance
Post 65.5 (5) 43.6 (3.2)
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Keiser Chest Press (reps x

Ibs)

Vertical Jump (cm)

Keiser Squat (reps x 1bs)

Right Grip Strength (Ibs)

Left Grip Strength (Ibs)

Sit and Reach (cm)

Weight (kg)

Body Fat (%)

VO, Max (ml/kg/min)

Exercise Time (seconds)

Push-ups (#)

Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

400 (30.9)

445 (25.8)
53.9 (2.4)

57 (2.2)
1090 (30.8)

1296 (35.6)
48 (1.3)

49.7 (1.1)
45.4 (1.2)

47.4 (1)
22 (1.9)

21.7 (1.9)
94.8 (3.1)

95 (2.8)
16.8 (1.8)

15.4 (1.4)
38.5 (1.35)

41.4 (1.27)
640 (26.2)

703 (25.5)
36.8 (3.4)

387 (20.2)

383 (22.3)
54.3 (2.1)

54.8 (1.9)
1064 (34.6)

1082 (31)
46.6 (1.7)

48.3 (1.5)
45.8 (1.7)

47.6 (1.6)
21.2 (2.4)

19.7 (2)
93 (3.9)

92.7 (3.9)
18.7 (1.8)

18.9 (1.8)
39.4 (1.33)

38.4 (1.18)
663 (24.3)

640 (21.7)
39.1 (3.4)

1.81

1.12

5.62

0.00

0.13

0.55

-0.14

0.87

2.84

3.31

2.59

1.01

0.40

413

-0.67

-0.54

-0.14

-0.80

0.18

1.91

2.30

1.70

2.61

1.85

7.12

0.67

0.81

1.23

0.52

1.56

3.77

4.32

3.48

Strength

Power

Strength

Strength

Strength

Flexibility

Body mass

Body Fat %

Aerobic

Capacity

Endurance

Endurance
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Post
Keiser Chest Press (reps x  Baseline
Ibs)

Post
Vertical Jump (cm) Baseline

Post

Keiser Squat (reps x 1bs) Baseline

Post
Right Grip Strength (Ibs) Baseline

Post
Left Grip Strength (Ibs) Baseline

Post
Sit and Reach (cm) Baseline
Post
Mayer et al. (2015)*°  Back Muscular Endurance  Baseline
(seconds)
Post
Core Muscular Endurance  Baseline
(seconds)
Post
Moon et al. (2015)**  Back Muscular Endurance  Baseline
(seconds)
Post
Core Muscular Endurance  Baseline
(seconds)
Post

50.3 (4.1)
362 (28.7)

408 (38.3)
54.1 (2.3)

56.7 (2.2)
1045 (44.8)

1170 (41.4)
46.6 (1.8)

48.8 (1.8)
44.7 (1.9)

46.7 (1.9)
20.2 (2.1)

24.4 (1.5)
86.7 (27)

95.7 (31.6)
138.4 (58)

147.3 (52.3)
24.2 (5.9)

26.3 (5.2)
24.2 (3.4)

27.9 (3.1)

43.6 (3.2)
387 (20.2)

383 (22.3)
54.3 (2.1)

54.8 (1.9)
1064 (34.6)

1082 (31)
46.6 (1.7)

48.3 (1.5)
45.8 (1.7)

47.6 (1.6)
21.2 (2.4)

19.7 (2)
99.6 (26.8)

94.1 (20.6)
135.6 (51.8)

118.7 (49.7)
15.6 (5.1)

15.6 (4.7)
22.6 (1.9)

21.9 (1.2)

1.93

0.93

2.58

0.28

0.11

2.49

0.53

0.45

0.36

1.51

1.14

0.24

1.69

-0.38

-0.55

1.62

0.13

0.05

-0.63

0.40

2.73

1.62

3.46

0.94

0.77

3.36

0.94

0.86

1.35

2.62

Strength

Power

Strength

Strength

Strength

Flexibility

Endurance

Endurance

Endurance

Endurance
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Pawklak et al.

(2015)*

Puterbaugh & Lawyer

Weight (kg)

Body Fat (%)

VO, Max (ml/kg/min)
BMI (kg/m?)

Heart Rate (bpm)

Right Grip Strength (Ibs)
Sit and Reach (cm)
SFGT-Total Time

(seconds)

SFGT- Absolute HR
(bpm)

Absolute VO, (I/kg/min)

Weight (Ibs)

Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

93.7 (41.8)

90 (40.7)
24.7 (6)

22.8 (5.5)
415 (4.2)

43.8 (4.8)
28.9 (4.9)

27.8 (4.6)
78.7 (10.9)

69.1 (6.3)
46,5 (11.3)

50 (8.6)
22.6 (11.7)

24.7 (12.5)
233.3 (73.5)

229.8 (59.2)
176.6 (10.6)

172.9 (8.6)
3.83 (0.51)

3.88 (0.5)
180 (22)

86.5 (30.7)

86.9 (31.1)
23.7 (6)

235 (6.8)
43 (4.9)

42.4 (5)
28.3 (4.7)

28.3 (4.9)
72.2 (8)

72.2 (9.4)
49.3 (5.9)

52.2 (5.4)
23.2 (7.7)

24.5 (9.8)
201.1 (35.6)

241.7 (31.1)
173.4 (6.2)

173.2 (4.1)
3.66 (0.22)

3.63 (0.19)
172 (19)

0.11

0.28

0.62

0.22

0.98

0.05

0.08

0.26

0.68

0.42

0.06

-0.57

-0.40

-0.07

-0.43

0.29

-0.62

-0.60

-0.42

-0.01

-0.26

-0.87

0.78

0.95

1.31

0.88

1.67

0.73

0.75

0.94

1.37

1.10

0.99

Body mass
Body Fat %
Aerobic

Capacity

BMI

Heart Rate

Strength

Flexibility

Job

Performance

Job
Performance

Aerobic
Capacity

Body mass
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(1983)*

Throne et al. (2000)*

VO, Max (I/kg/min)

Weight (Ibs)

VO, Max (I/kg/min)

Weight (kg)

VO, max (ml/kg/min)

Heart Rate (bpm)

Two Minute Max Rowing

(watts)

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post
Baseline

Post

180.25 (29.27)
3.61 (1.1)

4.26 (1.386)
175 (74)

169.81 (20.999)
3.85 (0.739)

4.5376 (0.65102)
87.89 (11.1)

89.04 (11.47)
53.71 (5.57)

55.9 (4.8)
66.29 (10.36)

70.95 (11.38)
301.5 (62.93)

327.72 (55.8)

173.6 (13.68)
3.54 (0.36)

3.58 (0.639)
172 (19)

173.6 (13.68)
3.54 (0.36)

3.58 (0.639)
80.72 (9.72)

82.24 (10.32)
58.61 (5.2)

57.98 (4.73)
67.45 (7.74)

66.3 (10.63)
321.56 (61.91)

324.78 (70.03)

0.75

0.12

1.05

0.03

0.51

-0.62

0.36

-0.21

-0.74

0.14

-0.58

-0.11

-1.25

-0.26

1.71

0.98

1.96

0.65

1.14

0.01

0.98

Aerobic
Capacity

Body mass
Aerobic
Capacity
Body mass
Aerobic
Capacity

Heart Rate

Endurance

V02 Max= Aerobic capacity, BMI=Body max index, SFGT= Standard fire ground test
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Figure 1. PRISMA-P Flowchart for selection and screening procedures.

Records identified through
database searching
(n=3309)

Additional records identified
through other sources
(n=4)

Records after duplicates removed

(n =2080) Records excluded non-peer
reviewed (n = 63),
qualitative, interviews,

v focus groups, case studies,

Records screened literature reviews,
(n = 2080) systematic reviews and
meta-analysis (n=614), non-
English (n=19)

Y

Articles assessed for

eligibility »| Articles excluded based on
(n=1384) abstract (n=1322)
A Articles excluded based on

Full-Text Articles
review for inclusion
(n=63)

inclusion criteria (n=54) of
which were non-RCTs
(n=12), non-exercise
interventions (n=19),
recruits or non-career
firefighters (n=14), and
other (n=9)

A 4

Studies meeting the
inclusion criteria

Articles excluded from
analysis based on missing
data (n=2)

(nI9) \

Studies included in

qualitative synthesis
(n=7)
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Figure 2. Forest plot of Hedges’ d effect sizes for each type of exercise intervention.

Study Hedges d (95%CI)
AET
Throne et al. (2000) —— -0.62(-1.25,0.01)
Throne et al. (2000) —— 0.03 (-0.58,0.65)
Puterbaugh & Lawyer (1983) 0.06 (-0.87,0.99)
Puterbaugh & Lawyer (1983) . 0.12(-0.74,0.98)
Throne et al. (2000) * 0.36 (-0.25,0.97)
Throne et al. (2000) ® 0.51(-0.12,1.14)
Puterbaugh & Lawyer (1983) o 0.75(-0.21,1.71)
Puterbaugh & Lawyer (1983) ——— 1.05(0.14,1.96)
l RET
Beach et al. (2014) —— | -0.14 (-0.81,0.53)
Beach et al. (2014) ——— | 0.00 (-0.67,0.67)
Beach et al. (2014) — 0.03 (-0.64,0.70)
Beach et al. (2014) —— | 0.11(-0.56,0.78)
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Beach et al. (2014) —Te—! 0.28(-0.39,0.95)
Moon et al. (2015) — 0.36 (-0.62,1.34)
Beach et al. (2014) —T 0.55(-0.14,1.24)
Beach et al. (2014) —— 0.87(0.16,1.58)
Beach et al. (2014) —— 0.87(0.18,1.56)
Beach et al. (2014) — 0.93(0.24,1.62)
Beach et al. (2014) ——— 1.12(0.39,1.85)
Moon et al. (2015) — 1.51(0.39,2.63)
Beach et al. (2014) ——— 1.81(1.01,2.61)
Beach et al. (2014) P ——— 1.93(1.13,2.73)
Beach et al. (2014) P 2.49(1.61,3.37)
Beach et al. (2014) i — 2.58(1.70,3.46)
Beach et al. (2014) P 2.59(1.71,3.47)
Beach et al. (2014) : —— 2.84(1.92,3.76)
Beach et al. (2014) : e 3.31(2.31,4.31)
Beach et al. (2014) i — 3.33(2.29,4.37)
Beach et al. (2014) i 3.78(2.66,4.90)
Beach et al. (2014) 5.48(4.01,6.95)
Beach et al. (2014) | 5.62(4.13,7.11)
\— AET & RET
Pawklak et al. (2015) — 0.05 (-0.62,0.72)
Pawklak et al. (2015) ; 0.08 (-0.59.0.75)
Pawklak et al. (2015) ;E i 0.11 (-0.56,0.78)
Adams et al. (1986) | 0.15 (-0.40,0.70)
Adams et al. (1986) —T— ! 0.20(-0.35,0.75)
Pawklak et al. (2015) —— 0.22(-0.43,0.87)
Pawklak et al. (2015) * 026 (_0_43’0_95)
Adams et al. (1986) T 0.27(-0.28,0.82)
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Pawklak et al. (2015) L 0.68 (_001: 137)
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