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Abstract

Background and Objectives: This study aimed to investigate the effects of resistance
exercise performed under blood flow restriction (BFR), training mask, and military gas mask
conditions on cardiovascular acute responses and ratings of perceived exertion (RPE) in
young male military personnel. Given the importance of physical readiness and the
physiological demands of military operations, understanding cardiovascular and perceptual
responses to resistance exercise under these conditions may provide valuable insights for
optimizing military physical training programs.

Materials and Methods: This study employed a randomized crossover design involving 12
physically trained male military personnel (age: 27.75 + 6.45 years; body mass index: 25.41 +
3.43 kg/m?). Each participant completed four resistance exercise conditions in a
randomized order: conventional resistance exercise (control), blood flow restriction (BFR),
training mask, and military gas mask. The experimental sessions were separated by washout
periods ranging from 72 hours to one week to minimize potential carryover effects. Each
session consisted of four sets of squat exercises comprising a total of 65 repetitions.
Cardiovascular and physiological variables, including heart rate, systolic blood pressure,
diastolic blood pressure, mean arterial pressure, oxygen cost, and RPE, were assessed
before and immediately after exercise.

Results: Significant time effects were observed for heart rate, systolic blood pressure, rate-
pressure product (RPP), and mean arterial pressure (p = 0.001). Perceived exertion and RPP
showed significant condition, time, and interaction effects (p = 0.001). Diastolic blood
pressure increased significantly only with the military gas mask (p = 0.002). The training
mask elicited the highest perceived exertion, whereas the military gas mask showed the
highest RPP. Mean arterial pressure increased significantly in all conditions except blood
flow restriction.

Conclusion: Resistance exercise performed with training masks, military gas masks, or
blood flow restriction elicited significant acute cardiovascular and perceptual responses in
young male military personnel. The training mask was associated with the highest perceived
exertion, whereas the military gas mask showed the highest rate-pressure product. These
findings suggest distinct physiological responses across exercise conditions; however,
further research is needed to establish their long-term effects on cardiovascular
adaptations and physical performance.
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1. Introduction

Physical fitness and tolerance to
physiological stress are essential for
military operational readiness. Resistance
training (RT) improves muscular strength
and physical performance, although
cardiovascular and perceptual responses
may vary with exercise intensity and
restrictive  equipment. Blood flow
restriction (BFR) training increases local
metabolic stress during low-load exercise
and may  facilitate  physiological
adaptations (1). Cardiovascular indices,
including heart rate (HR), blood pressure
(BP), and rate-pressure product (RPP),
provide valuable information regarding
hemodynamic responses and myocardial
workload (3). In military settings,
respiratory protective equipment,
particularly military gas masks, may
increase  breathing resistance and
perceived exertion. Similarly,
commercially available altitude training
masks alter breathing resistance without
necessarily inducing systemic hypoxia.
Despite increasing interest in these
approaches, their comparative acute
cardiovascular and perceptual effects
during resistance exercise remain
insufficiently investigated in military
populations. Therefore, this study aimed
to compare the acute effects of
conventional resistance exercise, BFR,
training masks, and military gas masks on
cardiovascular responses and ratings of
perceived exertion (RPE) in young male
military personnel.

2. Methods

This randomized crossover study involved
12 healthy, physically active male military
personnel (age: 27.75 + 6.45 years; body
mass index: 25.41 + 3.43 kg /m?). Following
medical screening and familiarization,

anthropometric  and  cardiovascular
measurements were obtained, and one-
repetition maximum (IRM) was estimated
using the Wathan equation. Over four
consecutive weeks, participants
completed four resistance exercise
conditions in  randomized  order:
conventional resistance exercise (control),
BFR, training mask, and military gas mask.
Sessions were separated by washout
periods of 72 hours to one week.

The exercise protocol consisted of four
sets of dumbbell squats (20 repetitions in
the first set and 15 in each subsequent set),
with 30-second rest intervals. Exercise
intensity was 10-30% of 1RM in the
experimental conditions and 75-80% of
IRM in the control condition. Repetition
tempo was standardized at four seconds
(two seconds concentric and two seconds
eccentric). Each session included 10-
minute warm-up and cool-down periods.
BFR was applied using pneumatic thigh
cuffs (Anhouma, Iran), with pressure
estimated from resting brachial systolic
blood pressure. The training mask
(Phantom Athletics P2-1000, Austria) was
adjusted to the manufacturer's altitude-
equivalent setting of 4,900 m. The military
gas mask was worn throughout the warm-
up and main exercise period. Sessions
were conducted in the afternoon under
standardized dietary restrictions.

HR, systolic blood pressure (SBP),
diastolic blood pressure (DBP), mean
arterial pressure (MAP), and RPP were
assessed before and immediately after
exercise. RPP, an indirect indicator of
myocardial  oxygen demand, was
calculated as HR x SBP / 100, while MAP
was calculated as DBP + (SBP - DBP)/3.
RPE was assessed using the Borg 6-20
scale. Data were analyzed using SPSS
version 23, the Shapiro-Wilk test, mixed-
model  ANOVA, repeated-measures
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ANOVA, and Bonferroni-adjusted
comparisons, with significance set at p <
0.05. Ethical approval was obtained from
the Sport Sciences Research Institute
(SSRI.REC-2308-2407 [R2]).

3. Results

Significant main effects of exercise
condition and time, and a condition-by-
time interaction, were observed for RPE (p
= 0.001). RPE increased progressively
across exercise sets, reaching its highest
values with the training mask. No
significant  difference was observed
between the second and third sets under
BFR.

HR increased significantly after
exercise in all conditions (p = 0.001),
without significant overall condition or
interaction effects. However, post-
exercise comparisons revealed significant
differences between BFR and the training
mask (p = 0.046) and between BFR and the
military gas mask (p = 0.026). SBP
increased significantly following exercise
across all conditions (p = 0.001), with no
significant condition or interaction
effects. DBP showed no significant overall
effects; however, a significant post-
exercise increase occurred with the
military gas mask (p = 0.002).

RPP demonstrated significant
condition, time, and interaction effects (p
= 0.001), increasing after exercise in all
conditions. The highest RPP values were
observed with the military gas mask,
although between-condition differences
were also present before exercise. MAP
showed a significant time effect (p = 0.001),
increasing after conventional exercise,
training mask, and military gas mask
conditions, but not under BFR. No
significant condition or interaction effects
were observed for MAP.

Overall, the training mask was
associated with the highest perceived
exertion, whereas the military gas mask
exhibited the highest RPP values,
indicating distinct acute perceptual and
cardiovascular response patterns.

4. Conclusion

Resistance exercise performed under BFR,
training mask, and military gas mask
conditions elicited significant acute
cardiovascular and perceptual responses
in young male military personnel. The
training mask was associated with the
greatest perceived exertion, whereas the
military gas mask exhibited the highest
RPP values. These findings suggest that
respiratory equipment and BFR may
modify the acute physiological demands of
resistance exercise. However, differences
in exercise intensity between control and
experimental conditions should be
considered when interpreting these
responses. Further longitudinal studies
are needed to establish whether these
acute effects translate into cardiovascular
adaptations, improved physical
performance, or enhanced military
operational readiness.
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