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ABSTRACT

International Journal of Exercise Science 14(3): 1320-1333, 2021. Exercise training is known to reduce
CVD risk factors; however, in tactical populations, like veterans and firefighters, the effects of different forms of
exercise such as tactical circuit training (CT) or conventional resistance training (RT) is unclear. Thus, the purpose
of this study was to compare changes in various CVD risk measures after 4-week tactical CT or RT programs.
Thirty-seven firefighters (20 CT, 17 RT), 35% of whom were veterans, participated. Pre- and post-intervention
measures included body fat (BF%), carotid artery intima media thickness (IMT), central and brachial BP, and indices
of arterial stiffness (augmentation index, Aix@75), myocardial oxygenation (subendocardial viability ratio, SEVR),
and endothelial function (flow-mediated dilation, FMD). Estimation of maximum oxygen consumption (VOzpeak)
for aerobic fitness, balance, muscular endurance, and strength were also compared. For the clinical laboratory
values, there were no between group differences and the only within group change was found in triglyceride levels.
Tactical CT lowered triglyceride levels by 24.2% (P < 0.05). Only tactical CT exercise lowered BP. Both brachial
(4.6% reduction) and central (4.4 % reduction) systolic and diastolic SBP and DBP decreased with CT (all P < 0.01).
After training we found improvements in FMD and SEVR with tactical CT only. Percent FMD increased by 28.7%
(P < 0.01) while SEVR increased by 4.4% (P < 0.05) in the tactical CT group. Fitness improved in both cohorts (P <
0.05). These data suggest that 4 weeks of a CT program improves several CVD-risk factors and may be more
beneficial.
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INTRODUCTION

According to the American Heart Association (AHA), over 90% of adults have at least one
cardiovascular disease (CVD) risk factor. The AHA defines ideal heart health as the absence of
clinically manifested CVD with a focus on reducing modifiable risk factors (40). In certain
populations, like veterans and firefighters, increased risk of CVD is especially concerning.



Int ] Exerc Sci 14(6): 1320-1333, 2021

Current military studies have reported that CVD risk is on the rise in younger active and reserve
service members while veterans still have worse health profiles than their active-duty
counterparts (26, 20). Compared to civilians, the prevalence of increased CVD risk is higher in
military populations (37) and in firefighters, (17) but in firefighters 50% of line-of-duty deaths
(LODD) are cardiac-related (17). In fact, CVD risk in tactical populations may be a combination
of physical and emotional stress due to the nature of the job. Tactical operations and combat
training are exposures that influence stress responses in the military and para-military
population which have known relation to CVD and acute cardiac incidents (17). Also, many
firefighters and military service members have hypertension. Blood pressure (BP) control
remains an issue with 75% of hypertensive firefighters not having their BP under control (23).
The fire service is a para-military organization, attractive to veterans looking to find a career
that shares a similar mission as active-duty service, so understanding firefighter cardiac health
and the potential benefits of tactical training may be important for military who are planning to
retire.

Civilian-based studies have reported that exercise training reduces CVD risk, leads to
improvements in BP and other indices of vascular health, and is associated with lower mortality
(8). Military organizations have strict exercise standards and routine testing occurs in active-
duty service members, yet the fire service is not the same. The National Fire Protection Agency
(NFPA) recognizes the benefits of exercise on overall health yet does not require fire companies
to have a fitness program for their crews. In fact, less than 30% of the stations do (10). It has been
estimated that the work involved with firefighting requires a VOzmax fitness level of 42 ml kg-
1 min-1, but surprisingly only 20% of firefighters meet this threshold (31). Search and rescue
work done while wearing PPE places a significant demand on the metabolic and cardiovascular
systems, which is a large risk for those with low fitness levels and compromised cardiovascular
health. Much like civilians, an inverse relationship exists between fitness and CVD risk or injury
in firefighters (11) and in military personnel (4). To date, very few exercise-training studies have
been published in firefighters.

Data on firefighter vascular health and exercise is also limited. Recently, we found that short-
term circuit training (CT) increased flow-mediated dilation (FMD) and decreased carotid artery
intima-media thickness (IMT) levels in firefighters. The firefighters had a larger improvement
in health with exercise training compared to civilians (18). In another CT intervention study,
Roberts et al. found improvements in body composition and fitness with a 16-week program
that included exercises simulating fire-ground activities (32). Specifically, resistance training
(RT) studies in firefighters are sparce. Beach et al. found improvements in fitness and strength
with a 12-week RT program in career firefighters (2). To date, there has not been a comparison
study between tactical CT exercise and traditional RT and there is no clear consensus on which
type(s) of exercise (aerobic, resistance, or combination) may be optimal for reducing CVD risk,
in any population.

Tactical CT is a type of combination training that incorporates multi-joint exercises with both
aerobic and resistance components using occupation-specific tools. The AHA recommends that
physicians counsel patients to increase physical activity, yet the type or length of training
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program required to elicit clinical improvement is not established (39). Thus, the purpose of
this study was to compare changes in selected CVD risk and vascular health markers between
4-weeks of tactical CT and 4-weeks of RT in a group of firefighters. We tested the hypotheses
that compared to RT, a CT program would result in greater improvements in various indices of
vascular health.

METHODS

Participants

A power analysis was conducted with G*Power 3.1 (Germany) determined that 28 participants
were needed (14 per group) for a power of 0.824, with an effect size of 0.5 and an a = 0.05.
Firefighters were recruited from departments located in the suburban Philadelphia area.
Overall, 54 firefighters were screened for the study; 46 met the inclusion criteria and were
enrolled. Criteria for inclusion were no more than one BP medication and no more than one
cholesterol medication; no prior cardiovascular incidents, diagnosed heart disease or diabetes;
non-smoker, and no physical limitation that would preclude an exercise program. Greater than
70% adherence to the intervention was required. Each firefighter read and signed the informed
consent and completed a general health history form. The protocol was approved by
Institutional Review Board, and all procedures were in accordance with the ethical standards of
the Helsinki Declaration. This research was carried out fully in accordance with the ethical
standards of the International Journal of Exercise Science (29).

Protocol

This was a prospective cohort study. All enrolled firefighters completed pre-testing, a 4-week
exercise intervention (CT or RT), and post-testing within 24-48 hours of the last training bout.
The pre- and post-testing included two visits each: a fasted and a fitness appointment. Each
post-test session was administered in the same manner and at the same time of day as pre-
testing. Due to renovations and closure of the campus fitness facility during the initial 6 months
of the study, the tactical CT cohort completed the intervention first followed by the RT cohort,
who needed the weight-room. The vascular health measures collected at the fasted visit were
pulse wave analysis (PWA), FMD, and IMT. The work of military and paramilitary personnel
involves exertion, balance, lifting, climbing, dragging, pulling objects, and crawling.
Occupational requirements pose demands on all aspects of health and fitness, so a variety of
fitness tests were completed at the fitness testing session, including, power, muscular
endurance, muscular strength, balance, and a dummy drag.

Fasted Testing: Firefighters were asked to refrain from exercise for 24 hours prior, as well as
food, medication, and caffeine for at least 10 hours prior to the fasted test. Height and weight
were measured using a stadiometer and digital floor scale (Adam Equipment Inc., Oxford, CT)
without shoes. Body mass index (BMI) was calculated and recorded. Body fat percentage (BF%)
was estimated by whole-body bioelectrical impedance analysis (BIA) in accordance with the
manufacturer’s instructions. (ImpediMed DF50, San Diego, CA). Brachial BP measurements
were obtained at each appointment in accordance with clinical guidelines using an aneroid
sphygmomanometer (Medline Industries, Mundelein, IL) (41). The measurements were
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performed in duplicate each visit, with the overall mean brachial systolic and diastolic BP
reported. Serum glucose levels and lipid levels, including total cholesterol, LDL-cholesterol
(LDL), HDL-cholesterol (HDL), and triglycerides (TG) were measured using the Alere
Cholestech LDX® lipid profile system (San Diego, CA). Alere Cholestech lipid profile values
correlate with venous plasma measured in clinical diagnostic laboratories (r >0.95).

All vascular measurements were collected after the firefighter had rested supine for 15 minutes.
Radial artery PWA waveform images were acquired with applanation tonometry (SphygmoCor,
AtCor Medical, Australia). PWA is valid, reliable, and provides multiple biomarker
measurements: including central aortic systolic and diastolic BP, augmentation index (Aix@75)
adjusted to heart rate (HR) of 75 beats per minute, and subendocardial viability ratio (SEVR). (9)
Central BP is argued to be more relevant than peripheral BP for determining CVD risk and thus
has gained prognostic significance recently (33). AIxX@75 is a measure of arterial stiffness which
is an independent marker of premature CVD (30). SEVR is an estimate of myocardial
oxygenation related to cardiac workload and is used as an indicator of coronary blood flow (39).

Data from quality pulse waveforms were considered acceptable using software’s internal
quality control index (operator index >80%). The average of three measures is reported. We have
calculated the intraclass correlation coefficient (ICC) for PWA measurements at >0.97. Next,
FMD and IMT measurements were completed as previously described (14). FMD is an index of
nitric oxide-mediated endothelial-dependent function, which assesses blood vessel vasodilatory
function (8). The ICC for baseline diameter, peak diameter, and FMD are 0.94, 0.94, and 0.73
respectively. Intra-observer reliability for the image analysis using the analysis software has
been established at 99.2%. Carotid artery IMT is an index of plaque build-up, atherosclerotic
potential, and vascular remodeling (34). We have calculated the ICC for IMT measurements at
0.90, with interobserver variability <0.04 mm and intra-observer variability <0.02 mm. To the
best of our knowledge, no study has measured these vascular markers in firefighters in response
to exercise training.

Fitness Testing: Firefighters reported to the facility on a separate day for fitness testing which
included assessment tests listed in the NFPA 1583 Standard on Health-Related Fitness Programs
(28). First, after 5 minutes of seated rest, brachial BP was measured. Next, the Bruce maximal
treadmill protocol was used to estimate peak oxygen consumption. Heart rate and EKG were
continuously monitored (CardioCard, NY, NY), and VOzpeak was calculated using termination
time, which was measured at the exact timepoint when the test was stopped. (16). Following the
treadmill test, the firefighters completed a battery of other fitness tests, each test was followed
by a 5-minute rest. First, they completed a stair climb test where they were asked to continuously
climb up and down for 2 minutes, and the number of steps was recorded. The stair climb test
has been reported as a quality measure of overall fitness in firefighters and is a task performed
during the candidate physical ability test (CPAT) (35). The next fitness test completed was a 12-
step sprint which was used to indirectly evaluate power. Faster stair sprinting is suggestive of
higher speed generation and more explosive power, which are both physical attributes
necessary for any military-like occupation (6). Muscular endurance was tested using a prone
plank test and a stationary wall sit. The WFI prone static plank test has been used to test

International Journal of Exercise Science http:/ /www.intjexersci.com

( ]
l 1323 J



Int ] Exerc Sci 14(6): 1320-1333, 2021

tirefighter fitness (28, 27). The stationary wall sit test was a timed test with the firefighter
squatting down to sitting position, with legs bent at 90°, knees directly over the heels, and back
flat against the wall. Finally, balance was assessed. We included a simple single-leg static
balance test as part of the pre- and post-fitness testing where time balance was held was
recorded for each leg. Even though balance testing is not part of the NFPA fitness standard, part
of the CPAT, or part of any military combat testing protocol, it is well established that all combat-
related or rescue-type activities require balance. Also, prior research has shown that firefighters
with impaired balance have lower fitness levels, and that a relationship between balance,
strength and movement ability exists (25). Strength was measured directly by 1RM for the RT
cohort and indirectly by a rescue dummy drag test for the CT cohort. Absolute muscular
strength was assessed using 1RM bench press (upper body) and 45° incline leg press (lower
body). The 1RM values were used for the RT programming. Firefighters completed warm-up
sets of 8-10 repetitions. The weight was increased progressively while decreasing the repetitions,
with 3-4 minutes of rest between sets, until participants could successfully perform 3-5
repetitions, and from these data the 1RM was extrapolated using the NSCA repetition-
maximum table. Since the tactical CT program was an absolute training load where all
participants used the same workload for the workouts, 1RM data was not needed for this cohort.
For the rescue drag test, the firefighters were instructed to grab and drag a 65.9 kg Rescue Randy
Training Manikin (Simulaids, Inc, Saugerties, NY) as far as possible in 30 seconds. Distance was
recorded in meters. These mannequins were developed for lifelike simulations involving rescue,
extrication, and confined space and have been used by the military, fire, police, and emergency
personnel worldwide, and a rescue drag test is one of the specific tasks included in the CPAT
(35).

Training Programs: Student trainers worked with firefighters for the first 2 exercise sessions to
teach proper technique. After that, the intervention was self-reported weekly by phone or email.
The tactical CT program was completed 3 times per week and included 6 stations of occupation-
specific exercises which were completed 3 times per workout. The stations included 1) 40-1b
extrication tool carry for 100 ft; 2) 3-minute stair climb; 3) 45-second plank pose; 4) 20-1b tool
carry with a fast walk for 100 ft; 5) right and left single leg stands for as long as balance was
maintained; and 6) 15-1b tool carry up and down 30 stairs. Firefighters were recommended to
complete the circuit at the firehouse using hose line, fireground tools, or extrication tools. If they
chose to complete the workout at home, they were recommended to select items of the
appropriate weight or use dumbbells or weight plates for each station.

The RT program was also completed 3 times per week, where participants alternated between
two different workouts. Three sets of 8-12 repetitions per exercise were performed with
dumbbells at 70-80% 1RM, with 2-3 minutes of rest. Workout 1 included squat to shrug, bent
arm pullovers, side lunge, bent-over rows, dumbbell dead lifts, supine dumbbell extension,
incline row, and bicep curl. Workout 2 included dumbbell step-ups, chest press, squat, overhead
press, inclined chest press, lateral raise, and reverse fly. Each workout was followed by three
sets of abdominal exercises including sit-ups, planks, knee-up crunches, and Russian twists.
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Statistical Analysis

Data are presented as mean * SD. Distribution of all variables was examined using the Shapiro-
Wilk test of normality, and homogeneity of variances was determined using Levene’s test.
Nonparametric tests were used when appropriate. Paired t-tests were used to assess the mean
differences between pre- and post-exercise values. One-way ANOVA and independent t-test
were used to evaluate time by group interactions, and within-group Tukey’s post hoc analysis
was performed. Alpha level of P < 0.05 was required for statistical significance. All statistical
analyses were performed using SPSS version 24.0 (SPSS, Chicago, IL).

RESULTS

Forty-six firefighters who met inclusion criteria were enrolled, with 37 completing the
intervention. Seven of the firefighters did not return, one did not complete post-testing, and one
did not meet 70% adherence, so they were removed from analysis. Twenty firefighters (17M,
3W) completed the tactical CT program with an overall adherence to exercise of 97.1% (7
sessions missed overall). Seventeen firefighters (15M, 2W) completed the traditional RT
intervention with an overall adherence to exercise of 93.9% (10 sessions missed overall). We had
13 veterans (35%) in the study population, which is higher than the U.S. Census Bureau data
reporting 6.9% of adults as veterans (data.census.gov). At pre-test, there were no differences
between groups in self-report physical activity (2.4 £ 0.4 CT vs 3.3 £ 0.6 hr wk-1 RT), in family
history of CVD (45% CT vs 58.8% RT), or in medication status.

Table 1 presents the health data for measures before and after the training programs. We found
no differences between any variable initially suggesting that the groups were similar at pre-test.
There were 3 firefighters in the CT group and 2 in the RT group who reported taking BP
medication, and we had 1 firefighter in the CT group who reported taking cholesterol
medication. There were no significant changes in weight or BF% with training, even though at
post-test the firefighters who completed RT were leaner than those completing the CT (32.3 +
6.9% CT vs 26.7 £9.1% RT, P = 0.04, d = 0.70). Both groups were similar in body composition
before intervention. For the clinical laboratory values, there were no between group differences.
Within group, tactical CT lowered TG levels by 24.2% (95% CI [5.85,41.93], p = 0.012), but no
significant changes were found in other laboratory measures.

BP data is presented in Figure 1. BP was matched between groups at pre-test, even though both
groups had clinically elevated BP. The tactical CT program elicited significant improvements in
BP, but the RT program did not. Both brachial (A -4.6%, 95% CI [3.49, 7.93], p = 0.001) and central
(A-4.4%,95% CI[0.69, 9.10], p = 0.025) SBP decreased with CT. Also, both brachial (A -4.4%, 95%
CI [1.46, 5.04], p =0.001) and central (A -3.6%, 95% CI [0.01, 5.27], p = 0.041) DBP decreased with
CT. Tactical CT intervention seemed to have a better BP effect, as post-intervention DBP levels
were higher in firefighters who completed the RT program (74.3 + 6.6 CT vs 78.4 + 5 RT brachial,
P=0.041,d=0.70; 74.4 £ 6.4 CT vs 80.4 + 8.5 RT central DBP, P = 0.05, d = 0.80).
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Vascular health data is presented in Figure 2. Vascular health levels were similar at pre- and
post-intervention. We found improvements in FMD and SEVR with tactical CT but not with RT.
Percent FMD increased by 28.7% (95% CI [1.06, 3.18], p = 0.012) with tactical CT compared to
12.6% with RT (P = 0.07). SEVR increased by 4.4% (95% CI [1.47, 4.22], p = 0.041) with CT but
decreased with RT by 2.2% (P = 0.09). We found no changes in IMT or Aix@75 in either group.

Table 1. Participant characteristics and laboratory values at pre- and post- exercise training.

Circuit Training (n = 20) Resistance Training (n = 17)
Variable Pre Post Chfnge Pre Post Ch:)nge
Demographic characteristics
Age (yr) 40.6 (13.1) - - 41.0 (17.3) - -
Male/Female 17/3 - - 15/2 - -
Family History (y/n) 9/11 - - 10/7 - -
Weight (kg) 90.8 (7.8) 90.5 (8.1) -0.4 90.6 (12.9) 90.1 (12.6) -0.5
BMI (kg-m2) 31.1(5.1) 30.9 (5.2) -0.9 30.7 (6.8) 30.6 (6.6) -0.3
Lean Mass (kg) 59.9 (5.9) 61.0 (6.1) 25 64.5 (8.3) 66.5 (8.2) 2
Body Fat (%) 33.8 (6.5) 32.3 (6.9) -4.6 28.3 (9.4) 26.7 (9.1)" -5.6
Clinical laboratory values
TC (mg/dl) 160.6 (27.2) 155.4 (23.6) -3.3 169.4 (33.9)  170.7 (38.1) 1
Triglyceride (mg-dl?) 122.4 (60.6) 98.5 (53.2) -24.2 84.8 (76.3) 93.5 (89.5) 10.1
HDL-C (mg-dl?) 41.3 (12.5) 421 (12.1) 1.9 46.7 (13.5) 48.5 (15.2) 3.8
LDL-C (mg-dl?) 98.5 (53.2) 95.2 (27.6) -3.4 1054 (27.5)  105.4 (26.1) 0
Glucose (mg-dl?) 91.3 (10.3) 90.4 (7.6) -0.1 93.1 (8.8) 94.1 (12.6) 1.1
Blood pressure measures
Brachial SBP (mm Hg)  127.9(10.1) 1222 (11.1) -4.6 126.4 (9.7) 123.8 (5.7) 2.1
Brachial DBP (mm Hg) 77.6 (5.5) 74.3 (6.6) -4.4 80.6 (6.4) 78.4 (5.0)" -2.8
Central SBP (mm Hg) 114.2 (12.7)  109.3 (11.6) -4.4 116.9 (14.8) 114.3 (8.7) 2.2
Central DBP (mm Hg) 77.0 (9.1) 74.4 (6.4) -3.6 83.5 (13.1) 80.4 (8.5)" -3.8
Vascular measures
FMD (%) 7.3 (34) 94 4.1y 28.7 7.9 (3.5) 8.9 (3.1) 12.6
FMD norm 0.53 (0.2) 0.67 (0.3) 34 0.91 (0.5) 0.9 (0.5) -1
IMT (mm) 0.49 (0.1) 0.47 (0.1) -4.2 0.53 (0.1) 0.5(0.1) -4
Aix at75 23.5 (174) 20.7 (15.2) -11.9 234 (12.7) 19.6 (15.5) -16.2
SEVR (%) 169.1 (23.8)  176.5 (28.1) 4.4 178.6 (34.8)  174.7 (34.3) -2.2

Mean (= SD). BMI, body mass index; TC, total cholesterol; Family history, reports family history of CVD; HDL, high density
lipoprotein; LDL low density lipoprotein, SBP, systolic blood pressure; DBP, diastolic blood pressure; FMD, flow mediated
dilation; IMT, intima media thickness; AILX at 75, augmentation index adjusted to 75 beats per minute; SEVR, subendocardial
viability ratio. "p < 0.05 before and after training, “"p < 0.05 between exercise training groups.

Fitness test data are presented in Table 2. We found improvements in fitness, and adherence
was above 93% for both cohorts. At pre- and post-testing, the firefighters in the tactical CT cohort
performed better on plank pose and wall sit endurance tests. Overall, both cohorts improved in
number of steps climbed (CT A 14.1%: 95% CI [29.16, 56.53], p = 0.001; RT A 7.9%: 95% CI [7.52,
37.30], p = 0.01). Tactical CT led to improvement (A 90.7%, 95% CI [15.09, 124.69], p = 0.012) in
balance and aerobic capacity (A 4.6%: 95% CI [0.83, 2.31], p = 0.000). Both interventions improved
strength in firefighters. Tactical CT led to a 17.4% improvement in functional strength (95% CI
[199.61, 555.69], p = 0.000) and RT led to a 10.3% improvement in upper body strength (95% CI
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[27.49, 66.86], p = 0.000) and a 11.6% improvement in lower body strength (95% CI [5.51, 14.42],

p = 0.000).
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Figure 1. Blood Pressure changes (mean + SD) with exercise training comparisons between 4 weeks of tactical circuit
training and 4 weeks of resistance training. Bars show pre-test (solid bars) compared to post-test measures (open
bars) in A. Brachial SBP. B. Central SBP. C. Brachial DBP. D. Central DBP. *P<0.05, **P<0.01, ***P<0.001.

A.

12 L
10
& 3 t
e 6
w

4

2

0

Circuit Resistance

B.

SEVR

195
185
175
165
155
145
135
125

Circuit Resistance

Figure 2. Vascular health changes (mean * SD) with exercise training comparisons between 4 weeks of tactical
circuit training and 4 weeks of resistance training. Bars show pre-test (solid bars) compared to post-test measures
(open bars) in A. FMD, flow mediated dilation percentage. B. SEVR, subendocardial viability ratio. *P<0.05,

**P<0.01, ***P<0.001.
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Table 2. Fitness measurements at pre- and post- exercise training,.

Circuit Training (n = 20) Resistance Training (n = 17)
Variable Pre Post Chfnge Pre Post Ch:)nge
Adherence to program (%) 97.1 (1.2) - - 93.9 (1.9) - -
VOopeak (Mg-kg1-min) 34.6 (4.1) 36.2 (4.6) 4.6 35.3 (9.8) 37.3 (8.1) 5.6
Balance (s) 155.6 (26.6)  296.6 (32.4) 90.7 108.1 (28.9) 134.4 (26.9)~ 23.8
Plank pose (s) 110.8 (46.8)  149.5 (59.9) 35.3 70.1 (33.9)*  96.1 (40.7)"" 379
Wall sit (s) 99.6 (66.8)  125.4 (55.5) 259 55.7 (32.2)" 71.2 (41.2)~ 29.3
Stair Climb (#) 304.9 (40.7) 347.8 (41.1) 14.1 281.4 (59.1)  303.8 (62.3)"" 7.9
12-step sprint (s) 2.8 (0.4) 2.7 (0.3) -3.7 2.9(0.5) 6 (0.4) -11.5
Dummy drag (m) 54.8 (4.8) 64.5 (4.6) 174 - - -
1RM Bench Press (kg) - - - 69.9 (13.3) 78.9 (13.9) 12.8
RM/BM Bench Press - - - 0.77 (0.1) 0.88 (0.1) 14.2
1RM Leg Press (kg) - - - 195.1 (61.1) 216.5 (63.1) 109
RM/BM Leg Press - - - 215 (0.2) 2.4 (0.2) 11.6

International Journal of Exercise Science

Mean (x SD). VOqpeak, maximal volume of oxygen consumption; Balance, sum of right and left leg balance; 1RM, 1 repetition
maximum; RM/BM, 1IRM/body mass. ‘p < 0.05 before and after training, “p < 0.05 between exercise training groups.

DISCUSSION

We compared changes in selected CVD risk and vascular health markers between 4-weeks of
tactical CT and RT in firefighters. The data we report are comparable to studies 3-6 times longer
(24, 31, 2). The main findings are that 4-weeks of tactical CT elicited improvements in some
vascular health markers, which supported our hypothesis.

It is well known that exercise training reduces BP, but data is lacking in firefighters, in fact BP
does not seem to be a main outcome in firefighter-focused studies. Clinical guidelines suggest
BP levels of <120 mm Hg systolic and <80 mm Hg diastolic as a therapeutic goal (41). In 4-weeks
we found reductions in all BP measures with tactical CT, but no improvements with RT. This is
consistent with prior studies (7). Emergency service providers and military-like occupations
have emotionally and physically demanding jobs placing them at risk of developing
hypertension, so BP research is critical (22). In civilians, four months of functional CT improves
BP and lipid levels in hypertensive men, (36) while two months of RT has no effect on BP (38).
Exercise interventions have variations in the type of exercise, number of repetitions, and
intensity of the effort. These variations may contribute to the inconsistencies observed in the BP
changes seen in the exercise training literature base. Yet, hypertension in firefighters and in
military populations remains an issue, is many times undocumented or undiagnosed. This study
helps to show the beneficial effects that CT exercise, which mimics fireground work, can have
on BP levels. We show here that tactical CT may have larger effect on BP.

Central BP has recently gained attention and been suggested to be a better predictor of CVD-
related outcomes compared with brachial BP (33). We report that central BP decreased more
with tactical CT than with RT. This is similar to other studies that report short-term exercise
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lowers central BP in adults (19). It can be hypothesized that the decrease in central BP with
tactical training is due to enhanced vascular function, as evidenced by improvements we saw in
endothelial function (FMD) and myocardial oxygenation (SEVR).

It is established that changes in vascular function or arterial stiffness may be due to type of
training program, but results in the literature differ based on type and dose of exercise.
Comparison between CT and RT has not been done in firefighters, so these findings are novel.
Vascular health has been found to improve with different types of exercise training. We
previously reported that 24 weeks of aerobic exercise training improved vascular health in
hypertensive civilians (15). Beck et al. reported improved FMD and BP in hypertensive adults
with a 2-month intervention (3). Yet there is no study that reports exercise-induced changes in
vascular health in a group of firefighters. The FATE (Firefighters and Their Endothelium) study
measured vascular function by FMD and IMT and found a direct relationship between BP and
CV events but did not examine physical activity (1). Fahs et al. examined the effects of body
weight on vascular function and BP. They found that obesity was related to greater vascular
stiffness and higher BP, but they did not examine exercise-related changes (12). Separately, Fahs
et al. found that 3-hours of live-fire training led to an acute response in vascular stiffness and
BP, but it was not an exercise intervention (18). Finally, the data reporting SEVR levels in
firefighters is also limited. SEVR reflects the balance between arterial load and coronary
perfusion, and it provides a measure of the supply and demand. A drop in SEVR suggests lower
energy reserve from reduced myocardial oxygenation levels, but a direct causation has yet to be
established. In 2011, Horn et al. examined vascular responses to acute firefighting and found a
significant time and condition interaction for SEVR. They reported a drop in SEVR immediately
following acute firefighting which recovered over time (21). The strenuous activity of
firefighting, combined with lower fitness tolerance in firefighters, contributes to an increased
cardiac risk. Therefore, understanding what types of interventions or what types of occupational
work can improve SEVR levels could reduce the potential for cardiac events. We found
increased SEVR levels after the tactical CT program with no changes in SEVR after RT. More
studies are needed that examine SEVR in the firefighting and military populations. Generally,
we are the first to report significant improvements in firefighters in BP and indices of vascular
health with an exercise intervention.

This study has several limitations. First, the exercise program is self-report. The NFPA has a set
of published standards and codes that are designed to provide guidance, and NFPA 1583
outlines a need for fitness and wellness programming in the firehouse, which would inherently
be self-report (28). Therefore, this study could provide valuable evidence for a type of exercise
program that firehouses could prescribe to their firefighters. Also, the study is small for an
intervention study, so the data is not representative of the entire tactical population. Finally, our
study included firefighters from the Philadelphia suburban region, which may not be
generalizable to firefighters in rural or urban areas or in other parts of the world.

In conclusion. The exercise-training literature base in firefighters is small. Understanding which
type of exercise training reduces CVD risk in firefighters could be a tangible way to reduce the
number of CVD-related LODD. Here we report improvements in vascular health in firefighters
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with both CT and RT, yet we show that CT has larger benefit on BP levels. Furthermore, tactical
training may be more appealing to certain populations, and could be a low-cost alternative to
an actual on-site gym in rural firehouses.
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