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ABSTRACT

Objective: High-intensity resistance exercise can increase metabolic acidosis and
muscular fatigue. Voluntary hyperventilation induces respiratory alkalosis and may
attenuate these effects, although evidence regarding resistance-exercise performance
remains inconsistent. This study examined the effect of hyperventilation-assisted
recovery on squat and bench-press performance in resistance-trained men.
Methodology: Twelve resistance-trained male students (mean age 22.41 years)
completed three sessions separated by 72 hours. In the first session, demographic data
and one-repetition maximum for the bench press and squat were measured, and the
hyperventilation protocol was practiced. In the second and third sessions, participants
completed three sets of the bench press and squat at 80% of one-repetition maximum to
failure. During the five-minute inter-set recovery, participants either breathed normally
or performed 60 breaths per minute during the final 30 seconds. Data were analyzed
using paired t-tests.

Results: Hyperventilation-assisted recovery significantly increased the mean number of
repetitions in the bench press by 10.92% (23.66 + 3.65 vs. 21.33 + 3.93) and in the
squat by 11.42% (26.83 *+ 482 vs. 24.08 + 4.27; p<0.05).
Conclusion: Hyperventilation-assisted recovery between sets may improve bench-press and
squat performance in resistance-trained men.
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Extended Abstract

Introduction and State of Problem

Recovery is a critical determinant of performance in resistance training, influencing
both acute exercise capacity and long-term adaptations. Traditional recovery methods
between sets—such as passive rest or light activity—primarily aim to restore energy
substrates and clear metabolic byproducts like lactate and hydrogen ions. However,
emerging techniques targeting ventilatory efficiency and oxygen delivery have shown
promise in accelerating recovery and enhancing performance.

Ventilatory-assisted recovery (VAR) is an innovative approach that utilizes controlled
breathing techniques or devices to optimize pulmonary gas exchange, increase oxygen
uptake (VO.), and facilitate the removal of carbon dioxide (CO:). By improving
respiratory function during rest intervals, VAR may enhance recovery kinetics, delay
fatigue, and improve performance in subsequent sets. While previous research has
explored VAR in endurance sports, its application in resistance training, particularly in
compound lifts like the squat and bench press, remains underexamined.

The squat and bench press are fundamental strength exercises that rely heavily on
anaerobic energy systems, leading to significant metabolite accumulation and
neuromuscular fatigue. Given that these lifts are staples in athletic and recreational
training, optimizing recovery between sets could lead to greater training volume,
improved strength outcomes, and potentially faster hypertrophy adaptations.

This study investigates the acute effects of VAR on back squat and bench press
performance in resistance-trained men. We hypothesize that VAR will:

e Increase total volume load compared to passive recovery.
e Enhance repetition sustainability across multiple sets.
e Improve perceived recovery, reducing ratings of perceived exertion (RPE).

By examining these outcomes, this research aims to provide evidence-based insights
into the efficacy of VAR as a practical recovery tool for strength athletes and coaches.
The findings could influence future training protocols, particularly for individuals
seeking to maximize performance in high-intensity resistance exercise

Methodology

This study included 12 healthy, resistance-trained male students (aged 18-25 years)
from the University of Guilan, selected via random sampling and oral recruitment.
Participants had >6 months of resistance training experience (>3 sessions/week) and no
medical conditions, confirmed through health questionnaires. They signed informed
consent forms and refrained from supplements (e.g., creatine, caffeine), performance-
enhancing drugs, alcohol, and intense exercise 48 hours prior to sessions. The protocol
spanned three sessions (72-hour intervals): Session 1 involved anthropometric
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measurements (BMI), 1RM testing for squat and bench press, and familiarization with
ventilatory-assisted recovery (VAR; 60 breaths/minute via diaphragmatic/thoracic
breathing). Sessions 2-3 employed a crossover design: after a 10-minute warm-up,
participants performed 3 sets each of bench press and squat at 80% 1RM to failure, with
5-minute inter-set rest. Recovery conditions (normal breathing vs. VAR in the final 30
seconds of rest) were randomized (randomizer.org). Verbal encouragement ensured
maximal effort. Total repetitions across sets were recorded. 1RM testing followed
NSCA guidelines (progressive loading with strict form). Statistical analysis used
Shapiro-Wilk for normality and paired t-tests (SPSS v23; significance: p < 0.05).

Results

The study included resistance-trained males (meantSD: age 22.41+3.17 years, BMI
24.46+2.14 kg/m?) with 2.30+1.48 years of training experience. Shapiro-Wilk tests
confirmed normal data distribution (p>0.05). Ventilatory-assisted recovery (VAR)
significantly improved performance in both exercises compared to normal recovery:
squat repetitions increased by 11.42% (p<0.05) and bench press by 10.92% (p<0.05).
These results demonstrate that VAR effectively enhances performance in recreational
resistance-trained men for both compound movements.

Discussion and Conclusion

This study investigated the effects of ventilatory-assisted recovery (VAR) on squat and
bench press performance in recreationally resistance-trained men. The findings
demonstrated that VAR significantly improved performance in both exercises at 80%
1RM by increasing total repetitions across sets, aligning with some prior studies (8, 9,
16, 17) but contradicting others (13, 18-22). The ergogenic benefits of VAR may stem
from respiratory alkalosis, which mitigates anaerobic metabolic challenges (e.g., lactate
and H* accumulation) during high-intensity, multi-joint exercises. However, the
efficacy of VAR appears duration-dependent, as excessively short or prolonged
interventions may impair recovery (29, 30). The observed improvements could also be
attributed to central mechanisms, such as enhanced neural drive via the Sekhon effect,
where voluntary respiratory muscle activation counteracts central fatigue (8). While
VAR’s ability to modulate acid-base balance and hemodynamics offers promise,
conflicting evidence underscores the need for further research to optimize protocols and
clarify underlying mechanisms.

Originality/Value

This study examined the acute effects of hyperventilation-assisted recovery during rest
intervals between sets of two multi-joint exercises. The main finding was that
performing 30 seconds of hyperventilation at the end of the inter-set rest interval
increased the number of squat and bench press repetitions in resistance-trained men.
This method may be considered as a short-term, equipment-free strategy for maintaining
performance across successive sets.
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The sample size was small, and only young, trained men were included; therefore,
caution is warranted when generalizing the findings to women, older adults, elite
athletes, or individuals with limited training experience. Furthermore, the study
outcomes were limited to acute performance, and physiological markers such as carbon
dioxide partial pressure and lactate levels were not measured.

Participants signed an informed consent form after receiving the necessary information,
and participation in the study was voluntary.

This research received no direct financial support from any public, private, or non-profit
organizations or institutions.

All authors contributed to the design, implementation, and writing of all parts of the
present study.

The authors hereby declare that there is no conflict of interest whatsoever in this article.

The authors express their gratitude to the people who participated in this study and to
their research staff.
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