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Abstract
Background  The role of breathing strategy during high-intensity resistance training remains underexplored in 
the literature, particularly in relation to performance outcomes and cardiovascular modulation. This study aimed to 
examine the acute effects of three distinct breathing techniques—inhalation, exhalation, and breath-holding (Valsalva 
maneuver)—on performance parameters and heart rate variability (HRV) during maximal bench-press exercise in 
resistance-trained males.

Methods  Twelve healthy, non-smoking male participants (age: 27.92 ± 7.38 years), with at least two years of 
consistent isotonic resistance training experience, were recruited. Exclusion criteria included chronic disease and prior 
or current use of hormone-based substances. Each participant completed three testing sessions in a counterbalanced 
order, with one breathing condition applied per session. Breathing techniques were standardized via instructional 
videos and monitored during testing. Performance was assessed by the total number of sets completed and total 
volume lifted (kg). Cardiovascular responses were measured via a Holter monitor for HRV parameters—standard 
deviation of normal-to-normal intervals (SDNN), root mean square of successive differences (RMSSD), percentage of 
NN intervals differing by > 50 ms (pNN50), low-frequency power (LF), high-frequency power (HF), and LF/HF ratio—
and heart rate. Blood pressure was recorded at three time points: pre-exercise, after the third set, and post-exercise. 
Statistical analyses included the Friedman test, Dunn–Bonferroni post hoc, and Kendall’s W for effect size.

Results  Breathing strategy had a statistically significant effect on SDNN (χ² = 6.00, p = 0.05, W = 0.273), while other 
HRV and blood pressure measures showed no significant changes (p > 0.05). Performance metrics differed significantly 
across conditions, with inhalation resulting in lower set completion (χ² = 13.86, p < 0.001, W = 0.578) and training 
volume (χ² = 13.07, p < 0.001, W = 0.544).

Conclusion  Breathing technique influenced both autonomic and performance responses. Inhalation during lifting 
was associated with reduced performance and lower SDNN values. These findings are preliminary and limited by 
small sample size and the use of a single exercise modality.
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Background
Athletes and people generally prefer resistance training 
to increase their performance. Because the capacity of 
the muscles and the way they show resistance during per-
formance are important for the sustainability of sports 
activities. Strength during exercise is associated with 
high performance. Being able to gain resistance depends 
on the intensity, frequency, rest and duration of the exer-
cise. The order, type and frequency of exercises also affect 
these variables [1]. There is not much research available 
to observe the autonomic responses of these different 
variants. The type of muscle contraction can change the 
autonomic modulation. For this, it can be said that it is 
useful to follow some variables (heart rate variability 
(HRV), blood pressure (BP)).

Maximal resistance exercise is an exercise method 
applied with high intensity and low repetitions, increas-
ing strength and maximum power. In maximal resistance 
exercises, since the athlete exercises with high efficiency 
by using his maximum power, circulation and respiratory 
resources may be limited during rest. In this case, it is 
thought that the athlete’s stretching and breathing exer-
cises are effective [2].

The breathing technique used during the exercise is 
also very important within the scope of the exercise. 
Changes in BP are also observed during the athlete’s 
inhalation, exhalation or breath-holding. The load on the 
heart and BP increases during exhalation or holding the 
breath. On the other hand, breathing can also contribute 
to decreasing intrathoracic pressure during resistance 
exercise and reducing the rise in BP [3]. During exercise, 
the need for oxygen increases. This need is met by the 
increase in cardiac output. This continues throughout the 
exercise. When the aerobic threshold is crossed, the rela-
tionship between cardiac output and oxygen consump-
tion begins to diverge at the level at which anaerobic 
respiration appears. Cardiac output rises during maximal 
exercise. This causes an increase in BP. With the onset of 
exercise, there are some changes in heart rate as well as 
cardiac output in the cardiovascular system.

HRV has been used as a noninvasive method of heart 
rate (HR) regulation by the parasympathetic and sympa-
thetic divisions of the autonomic nervous system. Acute 
resistance exercise appeared to reduce cardiac parasym-
pathetic modulation more than aerobic exercise in young 
healthy adults, suggesting an increased risk of cardiovas-
cular dysfunction after resistance exercise. Regardless of 
age, resistance exercises seem to reduce parasympathetic 
activity. Evaluating BP with HRV is useful for assessing 
autonomous cardiovascular control [4].

Individuals who exercise aim to improve their maxi-
mum performance within the framework of body and 
heart health. The primary adaptive system in respond-
ing to increased demands during exercise is the 

cardiovascular system. The cardiovascular system plays 
a key role in many adaptation responses during exercise 
[5, 6]. Considering that acute effects during exercise can 
cause chronic effects in the long term, it can be said that 
the factors in this acute process are very important. At 
this point, it should be investigated how the variables on 
the cardiovascular system (HRV, HR, slowing capacity of 
heart rate, BP) affect the athlete’s recovery and regenera-
tion times, as well as what consequences they cause in 
terms of heart health.

A review of the existing literature indicates a lack of 
comprehensive studies examining the effects of different 
breathing strategies during maximal resistance exercises 
on heart rate variability (HRV), performance, and car-
diovascular responses. Previous research has provided 
limited and inconsistent findings regarding how spe-
cific breathing techniques influence autonomic modula-
tion and exercise performance under maximal loading 
conditions.

Therefore, the present study aimed to investigate the 
acute effects of three distinct breathing techniques—
exhalation, inhalation, and breath-holding (Valsalva 
maneuver)—on HRV parameters and performance out-
comes during maximal bench-press exercise in resis-
tance-trained individuals. Rather than identifying the 
“most suitable” technique, this study sought to provide 
preliminary evidence on how different breathing strate-
gies may affect cardiovascular regulation and perfor-
mance during high-intensity resistance efforts.

Methods
Subjects
Twelve healthy male volunteers, aged between 20 and 
45 years, participated in the study. All participants had 
been regularly engaged in isotonic resistance training 
(bodybuilding-focused) for a minimum of two years, with 
an average training experience of 8.17 ± 3.12 years and a 
weekly training frequency of 4.50 ± 0.80 days. Inclusion 
criteria required participants to be non-smokers (lifetime 
and current), to be free of any chronic disease, and to 
have no history of using hormone-based medications or 
supplements on a regular basis.

Participants’ breathing habits during routine resis-
tance exercise were also recorded prior to the experi-
mental sessions. Seven individuals reported that they 
typically exhaled during the lifting phase, while five 
reported using breath-holding (Valsalva maneuver) in 
their regular training. However, because these breath-
ing habits were based on self-reported data, the potential 
for reporting bias must be acknowledged. The absence of 
objective verification (e.g., observational pre-testing or 
video-based assessment) may limit the precision of par-
ticipant characterization. Age distribution, body com-
position, and training background were collected and 
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reported to characterize the sample, although statisti-
cal analyses focused on within-subject comparisons due 
to the limited sample size (n = 12). Although the sample 
size was determined through an a priori power analysis, 
the relatively small number of participants (n = 12) rep-
resents a limitation. As such, statistical analyses focused 
on within-subject comparisons, and the generalizability 
of the findings—particularly considering possible inter-
individual variability in physiological responses—should 
be interpreted with caution.

This study was conducted in accordance with the 
ethical standards of the institutional research com-
mittee and with the 1964 Helsinki Declaration and 
its later amendments or comparable ethical stan-
dards. Ethical approval was obtained from the 
Balıkesir University Ethics Committee (08/03/2022 
2022/30). Written informed consent was obtained 
from all individual participants included in the 
study.

Data collection tools
Body mass index and body fat percentage
Body fat percentage and body mass index (BMI) were 
determined by the bioelectric impedance method (Tanita 
BC 545 N, Tanita Corporation, Tokyo, Japan).

Heart Rate Variability (HRV) and Heart Rate (HR)
HRV and HR were continuously recorded throughout 
each testing session using a three-channel Holter moni-
tor (DMS 300–3  A, DM Software, Nevada, USA). To 
ensure consistency across all breathing conditions, HRV 
analysis was based on short-term time-domain and fre-
quency-domain parameters, calculated from standard-
ized 5-minute segments obtained at three specific time 
points: (1) pre-exercise (baseline), following attachment 
of the Holter device and before the warm-up; (2) mid-
exercise, immediately after completion of the third set; 
and (3) post-exercise, beginning 5  min after the sixth 
set during recovery. The primary time-domain indi-
ces extracted were SDNN and rMSSD, which are widely 
accepted markers of autonomic modulation. Frequency-
domain measures—LF, HF, and LF/HF ratio—were 
derived using fast Fourier transformation to characterize 
sympathetic–parasympathetic balance.

These methodological clarifications were implemented 
to enhance reproducibility and to ensure accurate inter-
pretation of autonomic responses across the different 
breathing strategies.

 Blood Pressure (BP)

Blood Pressure (BP)
Measurements were taken using a validated wrist-
based oscillometric device (Nais EW2720, Düsseldorf, 

Germany). To ensure accuracy, participants were 
seated and instructed to keep the measurement wrist at 
heart level, with arm support and minimal movement. 
Although wrist-based oscillometric monitors offer prac-
tical and noninvasive advantages, they are not consid-
ered the gold standard for BP assessment compared to 
upper-arm cuff devices [7]. This limitation introduces 
the possibility of measurement error, particularly during 
exercise-induced hemodynamic fluctuations. Therefore, 
BP findings should be interpreted with caution, as poten-
tial device-related underestimation or overestimation 
may have influenced the magnitude of observed changes. 
Blood pressure was monitored and recorded from the 
participants’ left wrist at the beginning (pre-test), middle 
(between 3 and 4) and end of exercise (post-test.

The Rating of Perceived Exertion (RPE)
Perceived exertion was assessed immediately after each 
bench-press session using a modified 1–10 category-
ratio RPE scale, which offers a simplified alternative to 
the traditional Borg 6–20 scale. This format has been 
frequently used in resistance training studies due to its 
ease of understanding and practical application [8]. RPE 
is how hard the participants feel like their body is work-
ing the maximal bench-press performed by applying dif-
ferent breathing types (in exhalation, in breath-holding, 
in inhalation) during maximal bench-press on every set 
after the sets. The scores of the participants at the end of 
each set for maximal bench-press application were col-
lected. It was then divided by the number of sets and the 
RPE value of the entire exercise was determined.

Bench-press
The bench-press exercise was intentionally chosen 
because it is a multi-joint, upper-body compound move-
ment that elicits consistent cardiovascular and hemody-
namic responses, making it suitable for examining the 
influence of breathing strategies on maximal strength 
output and acute cardiovascular parameters. Addition-
ally, the bench-press is one of the most widely studied 
resistance exercises, allowing for better comparison with 
existing literature.

Equipment of exercise
Exercises were performed using free weights, Olym-
pic bench-press, Olympic bar (20  kg) and weight plates 
(20 kg, 10 kg, 5 kg, 2.5 kg, and 1 kg) in the bodybuilding 
and fitness center.

1 Repetition Maximum (RM) test
One RM test was applied to the participants to calcu-
late their maximal strength in the bench-press exercise 1 
week before the first exercise day. During the 1 RM test, 
the athlete breathed as he preferred. Participants were 
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ensured that they did not pause between repetitions 
in the set and that they completed the range of motion 
defined for the exercise.

During the test, participants rested for no less than 
10 min before each trial. 1 RM trials were performed 3 
times, and their averages were taken [9]. In the calcu-
lation, the formula developed by Brzycki [10] “(1 RM 
= (Lifted weight)/[1.0278 - (Number of repetitions x 
0.0278)])” was used.

Exercise: bench-press, 6 sets of 4 RM, 5  min. rest 
between sets.

Volume = (4 RM) load X repetition X set.
Example 1 RM = 100 kg; 4 RM = 90 kg; repetition = 4; 
set = 6.
Volume = 90 × 4 × 6 = 2160 kg.

Resistance training
All participants performed a standardized resistance 
exercise protocol focusing exclusively on the flat barbell 
bench-press. This exercise was selected due to its rel-
evance as a multi-joint upper-body movement that elicits 
substantial cardiovascular, neuromuscular, and hemody-
namic responses, making it well-suited for investigating 
the effects of breathing strategies on acute physiological 
outcomes. The protocol consisted of three phases:

Warm-Up phase
Participants began with 15 min of light jogging followed 
by 2 sets of 15 repetitions at 50% of their predetermined 
1-repetition maximum (1RM) on the bench-press. This 
phase was designed to increase core temperature, acti-
vate relevant musculature, and promote neuromuscular 
readiness.

Main exercise phase
Participants performed 6 sets of 4 repetitions at 90% of 
their 1RM (approximating a 4RM load). Between each 
set, 5 min of passive rest were given to allow for sufficient 
recovery and minimize cumulative fatigue. The tempo of 
the bench-press movement was standardized as 2/0/3, 
indicating a 2-second eccentric (lowering) phase, 0-sec-
ond transition, and a 3-second concentric (lifting) phase. 
This controlled tempo was employed to regulate time 
under tension and ensure consistency across trials.

Cool-down phase
The session concluded with 15 min of low-intensity jog-
ging and static stretching, focusing on the major upper-
body muscle groups.

Breathing strategies
Exhalation strategy
Participants exhaled during the concentric phase (lift-
ing the weight) and inhaled during the eccentric phase 
(lowering the weight). This technique reflects the most 
commonly recommended breathing pattern in resistance 
training, facilitating intra-abdominal pressure control 
and movement rhythm.

Inhalation strategy
Participants inhaled during the concentric phase and 
exhaled during the eccentric phase. This reverse breath-
ing pattern was included to investigate potential hemo-
dynamic and performance differences when air intake 
occurs during force generation.

Breath-holding (Valsalva) strategy
Participants held their breath during the concentric 
phase (i.e., performed a Valsalva maneuver) and inhaled/
exhaled during the eccentric phase. The Valsalva tech-
nique increases intra-thoracic pressure, providing core 
stabilization but potentially influencing cardiovascular 
responses.

All participants received standardized verbal instruc-
tions and familiarization sessions before testing. How-
ever, no objective verification method (e.g., respiratory 
sensors, video analysis, or airflow monitoring) was used 
to confirm precise adherence to the assigned breathing 
patterns during execution. This limitation should be con-
sidered when interpreting the findings, as minor devia-
tions in breathing behavior may introduce variability in 
physiological responses.

Experimental procedures
The present study was conducted using a within-subject 
(repeated-measures) design, wherein all participants 
completed the bench-press exercise under three distinct 
breathing conditions: (1) inhalation during the concen-
tric phase, (2) exhalation during the concentric phase, 
and (3) breath-holding via the Valsalva maneuver. To 
minimize potential order effects, the sequence of breath-
ing conditions was counterbalanced across participants 
using a Latin square design.

To ensure consistent and accurate execution of the 
breathing strategies, participants were provided with 
standardized instructions and practical guidance on how 
to perform each breathing technique. Beginning one 
week prior to the initial testing session, participants were 
instructed to incorporate the designated breathing pat-
terns into their regular bench-press training as a familiar-
ization protocol. Verbal confirmation of adherence was 
obtained from each participant at the start of every test 
session.
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Additionally, participants were instructed to abstain 
from strenuous physical activity for a minimum of 72 h 
before each test. Compliance was confirmed via self-
report upon arrival. All tests were performed at the same 
time of day on each testing session to control for circa-
dian variations. The study lasted 4 weeks.

1 RM test was applied in the first week. The 1 RM of 
the participants was determined by the bench-press. The 
weights they would work with (4 RM) were determined.

 In the second week, the participants had a special 
warm-up with 2 × 15 repetitions with 50% of the weight 
they would use on the bench-press. Then, a rhythm 
holter monitor was connected to the participant and 
their BP (pre-test) was measured with a sphygmoma-
nometer. Participants exhaled while lifting (concentric 
phase) and inhaled while lowering (eccentric phase) the 
weight (4 RM) during the bench-press. Participants per-
formed the same procedure over 6 sets of 4 RM. At the 
end of each set, participants evaluated the difficulty level 
of the set according to the Borg RPE scale [11]. Partici-
pants rested for 5-min. between sets. BP measurement 
was taken again between the 3rd set and 4th set (inter-
test). At the end of the 6th set, BP measurement was 
taken again (post-test). After 5 min., the Rhythm holter 
device was removed and cooled down.

In the third week, the same test procedure was applied 
by changing the breathing type. Participants inhaled 

while lifting (concentric phase) and exhaled while low-
ering (eccentric phase) the weight (4 RM) during the 
bench-press.

In the fourth week participants performed the same 
test by changing the breathing type. Participants breath 
holding while lifting (concentric phase) and inhaled and 
exhaled while lowering (eccentric phase) the weight (4 
RM) during the bench-press.

Although the use of a within-subject design minimizes 
inter-individual differences, variations in neuromuscular 
efficiency and fatigue resistance may still influence acute 
physiological responses. Standardized rest intervals, 
controlled movement tempo, and fixed relative intensity 
(4RM load) were implemented to mitigate this limita-
tion. The exclusive use of a single exercise (bench-press) 
increases internal validity but limits generalizability to 
other resistance movements involving different muscle 
groups or kinetic demands.

As shown in Fig. 1, the experimental protocol spanned 
four consecutive weeks, each involving distinct breathing 
strategies and consistent testing procedures.

Statistical analyses
Prior to data collection, a power analysis was conducted 
using the G*Power 3.1.9.7 software to determine the 
minimum required sample size. For a within-subjects 
repeated-measures design with a medium effect size 

Fig. 1  Experimental design diagram. RPE = Rating of Perceived Exertion; RM = Repetition Maximum
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(f = 0.50), power (1-β) = 0.95 α = 0.05, three measure-
ments, an inter-correlation among repeated measures of 
0.50, and a nonsphericity correction (ε) of 1, the required 
sample size was estimated as 12 participants. All statis-
tical analyses were performed using IBM SPSS Statistics 
for Windows, Version 25.0 (IBM Corp., Armonk, NY, 
USA). Descriptive statistics were used to summarize the 
data obtained in the study. The Shapiro–Wilk test was 
applied to assess the normality of data distribution. As 
the data were not normally distributed, the Friedman 
test was employed to determine the significance of dif-
ferences among the three test conditions. The Kendall’s 
W coefficient of concordance was calculated to evalu-
ate the effect size associated with the Friedman test. To 
identify the source of significant differences, the Dunn–
Bonferroni post hoc test was performed. For pairwise 
comparisons showing statistical significance in the 
Dunn–Bonferroni test, effect sizes were calculated using 

the formula r = |Z|√
N

. Additionally, the Spearman rank-
order correlation test was used to examine the relation-
ships among variables. All results were evaluated at 95% 
Confidence Intervals (CI), with statistical significance 
accepted at p ≤ 0.05.

Results
Descriptive parameters of the participants in 
our research; age (27.92 ± 7.38 years), height 
(174.08 ± 5.60  cm), body weight (81.56 ± 8.23  kg), BMI 
(26.86 ± 1.90 kg/m2), body fat % (13.88 ± 3.22%), training 
history (8.17 ± 6.94 years) and weekly exercise numbers 
(4.50 ± 0.80 #) were determined.

The Friedman test was conducted to examine the 
effects of different breathing techniques on the partici-
pants’ heart rate variability (HRV) parameters during 
the maximal bench-press exercise. The results revealed 
a significant difference in the standard deviation of N–N 

intervals (SDNN) among the breathing conditions [χ² = 
6.00, p = 0.050, Kendall’s W = 0.250]. The calculated effect 
size (W = 0.250) indicates a moderate level of agreement, 
suggesting that the measurements were consistent across 
conditions. To identify the source of the difference, a 
Dunn–Bonferroni post hoc test was performed. A signifi-
cant difference was observed between the breath-holding 
and inhalation conditions in SDNN values (Z = 2.449, 
r = 0.707, p = 0.043, 95% CI=[0.201, 1.799]) during the 
maximal bench-press. The obtained effect size (r = 0.707) 
demonstrates a large effect magnitude. However, no sig-
nificant differences were detected between the exhalation 
and breath-holding conditions (Z = − 1.225, p > 0.05, 95% 
CI=[–0.299, 1.299]) or between the exhalation and inha-
lation conditions (Z = 1.225, p > 0.05, 95% CI=[–1.299, 
0.299]). No statistically significant differences were found 
in other HRV parameters, including the percentage of 
successive NN intervals that differ by more than 50 ms 
(pNN50), root mean square of successive differences 
(rMSSD), low-frequency power (LF), high-frequency 
power (HF), LF/HF ratio, average HR, maximum HR, and 
deceleration capacity (DC) (p > 0.05) (Table 1).

Friedman test was applied to determine the effect of 
different breathing types on BP after maximal bench-
press. As a result, no significant differences were detected 
in the systolic BP and diastolic BP parameters (p > 0.05) 
(Table 2).

The Friedman test was conducted to examine the 
effects of different breathing techniques on performance 
parameters—namely, the number of completed sets, total 
training volume, and the RPE score—during the maxi-
mal bench-press exercise. The results revealed statisti-
cally significant differences among breathing conditions 
for the number of completed sets [χ² = 13.86, p < 0.001, 
Kendall’s W = 0.578], total volume lifted [χ² = 13.07, 
p < 0.001, Kendall’s W = 0.544], and RPE scores [χ² = 
13.68, p < 0.001, Kendall’s W = 0.570]. The corresponding 

Table 1  Comparison of participants' HRV parameters according to breathing types during maximal bench-press
Parameters Exhalation (n = 12) Breathe holding (n = 12) Inhalation (n = 12) χ² p Kendall’s W

−
X± SD

Median (IQR) −
X± SD

Median (IQR) −
X± SD

Median (IQR)

SDNN (ms) 79.17 ± 24.03 84.00 (46.00) 80.25 ± 21.32 * 85.00*(36.75) 76.58 ± 19.84 * 82.50*(27.00) 6.00 0.050* 0.250
pNN50 (%) 9.50 ± 9.59 6.00 (11.75) 7.42 ± 6.13 5.00 (7.50) 6.67 ± 4.75 5.50 (9.50) 0.55 0.761 0.023
rMSSD (ms) 28.83 ± 14.11 25.00 (27.25) 26.25 ± 9.32 24.00 (10.00) 25.33 ± 7.90 25.00 (14.00) 0.89 0.640 0.037
LF (ms2) 928.05 ± 477.71 860.00 (703.10) 878.97 ± 330.13 863.40 (537.70) 812.18 ± 409.51 765.20 (737.08) 1.17 0.558 0.049
HF (ms2) 199.74 ± 135.39 159.25 (277.90) 199.88 ± 112.92 182.85 (188.10) 168.76 ± 85.57 172.10 (144.25) 1.17 0.558 0.049
Ratio LF/HF 6.08 ± 3.72 4.83 (4.42) 5.45 ± 2.37 4.94 (4.37) 5.27 ± 1.89 5.23 (3.20) 0.17 0.920 0.007
−
XHR #

91.14 ± 10.84 89.95 (19.24) 92.26 ± 8.33 91.92 (11.04) 91.38 ± 8.11 89.88 (11.60) 0.67 0.640 0.037

Max. HR # 130.83 ± 16.68 129.00 (24.00) 130.08 ± 17.27 125.00 (30.54) 129.50 ± 13.81 130.00 (26.00) 0.67 0.717 0.028
DC (ms) 6.08 ± 1.58 6.20 (2.42) 6.16 ± 1.30 6.39 (2.06) 6.26 ± 1.55 6.17 (2.47) 0.50 0.779 0.021
Abbreviations:DC deceleration capacity, HF High-frequency power, HR Heart rate, LF Low-frequency power, LF/HF High-frequency power/Low-frequency power, 
pNN50 Percentage of successive NN intervals that differ by more than 50 ms, rMSSD Root mean square of successive N-N interval differences, SDNN Standard 
deviation of N-N intervals
* p≤0.05, X2 : Chi-Square Test, Kendall’s W: Effect size of Friedman Test, #: number, IQR: Interquartile Range
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effect size values (W = 0.578, W = 0.544, and W = 0.570, 
respectively) indicate a higher-than-moderate level of 
agreement, thereby confirming the consistency and reli-
ability of the measurements (Table 3).

A Dunn–Bonferroni post hoc test was performed to 
determine which breathing technique accounted for the 
observed differences. A statistically significant difference 
was found between the breath-holding and inhalation 
conditions in the total number of sets completed during 
the maximal bench-press (Z = 2.756, r = 0.796, p = 0.006, 
95% CI=[0.331, 1.929]). The calculated effect size 
(r = 0.796) demonstrates a large effect magnitude. Addi-
tionally, a significant difference was observed between 
the exhalation and inhalation techniques (Z = 2.143, 
r = 0.618, p = 0.032, 95% CI=[0.081, 1.679]), indicating a 
large effect (r = 0.618). However, no significant difference 
was detected between the breath-holding and exhalation 
conditions (Z = − 0.612, p > 0.05, 95% CI=[–1.049, 0.549]).

Furthermore, in the maximal bench-press volume, a 
significant difference was observed between the exha-
lation and inhalation conditions (Z = 2.245, r = 0.648, 
p = 0.025, 95% CI=[0.121, 1.719]), with a large effect size. 
A significant difference was also found between breath-
holding and inhalation techniques (Z = 2.654, r = 0.766, 
p = 0.008, 95% CI=[0.291, 1.889]), again indicating a large 
effect magnitude (r = 0.766). However, no significant dif-
ference was identified between exhalation and breath-
holding conditions (Z = − 0.408, p > 0.05, 95% CI=[–0.629, 
0.969]). These findings suggest that the type of breathing 

technique employed during the maximal bench-press 
substantially influences both performance volume and 
perceived exertion (Table 3).

A significant difference was observed in the RPE values 
between the exhalation and breath-holding conditions 
during the maximal bench-press (Z = 2.347, r = 0.677, 
p = 0.019, 95% CI=[0.161, 1.759]). The calculated effect 
size (r = 0.677) demonstrates a large effect magnitude. 
Furthermore, a significant difference was found between 
the breath-holding and inhalation conditions (Z = 3.470, 
r = 1.000, p < 0.001, 95% CI=[0.621, 2.219]), with an 
extremely large effect size (r = 1.000). However, no sig-
nificant difference was detected between the exhala-
tion and inhalation conditions (Z = −1.123, p > 0.05, 95% 
CI=[–0.339, 1.259]). These findings indicate that breath-
ing technique significantly affects perceived exertion lev-
els during maximal bench-press performance. Detailed 
results are presented in Table 3.

A significant, above moderate and negative correlation 
(𝑟 = −0.676, 𝑝 ≤ 0.05) was found between volume (inha-
lation) and SDNN (breath-holding) values while lifting 
weights during the bench-press. In addition, a significant, 
strong and negative correlation was observed between 
volume (inhalation) and SDNN (inhalation) values (𝑟 = 
−0.713, 𝑝 ≤ 0.01) (Table 4).

Table 2  Comparison of systolic and diastolic BP parameters according to the types of breath during maximal bench-press
Parameters Exhalation (n = 12) Breath-holding (n = 12) Inhalation (n = 12) χ² p Ken-

dall’s 
W

−
X± SD

Median (IQR) −
X± SD

Median(IQR) −
X± SD

Median (IQR)

Pre-exercise SBP (mmHg) 131.17 ± 
10.59

132.50 (17.00) 128.25 ± 
12.60

125.00 (19.00) 126.08 ± 9.20 125.50 (16.00) 2.65 0.266 0.111

Between 3 & 4 sets SBP (mmHg) 131.67 ± 
12.41

135.00 (15.00) 129.67 ± 
11.77

130.00 (18.00) 124.92 ± 9.09 124.50 (12.00) 2.43 0.297 0.101

Post-exercise SBP (mmHg) 128.50 ± 8.88 128.00 (18.00) 125.00 ± 9.40 121.00 (8.00) 124.50 ± 7.59 123.00 (4.00) 2.74 0.254 0.114
Pre-exercise DBP (mmHg) 78.58 ± 8.82 78.50 (13.00) 81.25 ± 10.20 81.50 (13.00) 79.42 ± 8.27 77.00 (13.00) 0.31 0.856 0.013
Between 3 & 4 sets DBP (mmHg) 76.00 ± 10.60 76.00 (7.00) 87.42 ± 18.26 85.00 (18.00) 74.83 ± 8.82 73.00 (12.00) 5.15 0.076 0.215
Post-exercise DBP (mmHg) 83.33 ± 10.35 81.50 (12.00) 78.67 ± 6.11 78.00 (7.00) 76.58 ± 12.96 78.00 (12.00) 3.30 0.192 0.114
Abbreviations: DBP Diastolic Blood Pressure, SBP Systolic Blood Pressure
* p≤0.05,: X2 : Chi-Square Test, Kendall’s W: Effect size of Friedman Test, IQR: Interquartile Range

Table 3  Comparison of training parameters and BORG scale parameters according to breathing types during maximal bench-press
Parameters Exhalation (n = 12) Breath-holding (n = 12) Inhalation (n = 12) Ken-

dall’s 
W

−
X± SD

Median (IQR) −
X± SD

Median (IQR) −
X± SD

Median (IQR) χ² p

Set (#) 23.50 ± 1.00 24.00 (0.75) 23.83 ± 0.58 24.00 (0.00) 20.75 ± 4.03 22.00 (2.75) 13.86 0.001* 0.578
Volume (kg) 2410.42 ± 

395.06
2280.00 
(675.00)

2437.92 ± 361.38 2280.00 
(585.00)

2132.71 ± 
555.08

2032.50 
(681.88)

13.07 0.001* 0.544

RPE score (#) 7.14±1.51 7.58 (2.29) 5.96±2.21 6.50 (3.46) 7.24±1.74 7.00 (3.13) 13.68 0.001* 0.570
Abbreviations: RPE Rating of Perceived Exertion, SDNN Standard deviation of N-N intervals, Volume total weight lifted in the exercise
* p≤0.05, χ²: Chi-Square Test, Kendall’s W: Effect size of Friedman Test, #: number, IQR: Interquartile Range
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Discussion
The present study examined the acute effects of three 
distinct breathing strategies—exhalation during lift-
ing, inhalation during lifting, and breath-holding (Val-
salva)—on cardiovascular responses and performance 
during maximal bench-press exercise. This investigation 
contributes to the growing literature on the interaction 
between respiratory mechanics and autonomic regula-
tion during resistance exercise, offering new insights into 
how breathing patterns may modulate both physiological 
stress and exercise output.

Heart rate variability
A significant difference was detected in SDNN values 
across breathing strategies [X²=6.00, p = 0.050, Kendall’s 
W = 0.250], with post hoc analyses revealing a notable 
decrease during inhalation compared to breath-holding 
(Z = 2.449, r = 0.707, p = 0.043, 95% CI=[0.201–1.799]). 
SDNN, pNN50, and rMSSD decreased during inhalation, 
suggesting reduced parasympathetic modulation and ele-
vated physiological stress during concentric inhalation. 
These time-domain indices reflect the stability of the 
autonomic nervous system and the body’s ability to cope 
with both physical and emotional stress, and decreases in 
these measures are associated with impaired autonomic 
balance and increased cardiovascular strain [12, 13].

These findings align with prior research demonstrating 
reduced HRV in individuals exposed to intense resistance 
training or competitive stress, such as judo athletes [14] 
and subjects performing moderate- to high-volume resis-
tance exercise [15–17]. The observed reductions dur-
ing inhalation may indicate suboptimal synchronization 
between respiratory phases and sympathetic activation 
during exertion. This supports the notion that breathing 

technique influences exercise-induced autonomic 
responses, particularly at high intensities.

Frequency-domain indices (LF, HF, LF/HF) did not dif-
fer significantly between breathing strategies (p >0.05). 
While LF and HF averages were highest during breath-
holding—indicating increased autonomic demand—
these values remained statistically equivalent across 
conditions. Similar studies have questioned the reliability 
of HRV frequency-domain analysis during dynamic exer-
cise, citing potential interference from mechanical and 
respiratory artifacts [18–21]. Therefore, the limited dis-
crimination observed in the present data may be attribut-
able to the acute nature of the exercise stimulus and the 
high intensity of the bench-press protocol.

Blood pressure and Deceleration Capacity (DC)
Systolic and diastolic BP values demonstrated no signifi-
cant differences among breathing conditions (p >0.05). 
Nonetheless, mean BP values were lowest during inha-
lation while lifting, consistent with patterns of altered 
thoracic pressure and reduced mechanical stabilization. 
These observations are consistent with studies reporting 
nonsignificant BP changes during high-intensity resis-
tance exercise with similar rest intervals [22–24].

DC values did not differ significantly (p >0.05), 
although higher averages were observed during inhala-
tion. Elevated DC may reflect increased cardiac workload 
combined with insufficient autonomic recovery following 
maximal efforts. Comparable findings have been docu-
mented in populations exposed to hypoxic conditions or 
increased ventilatory demands, indicating a potential link 
between altered respiratory patterns and cardiac decel-
eration capacity [25].

Table 4  Correlation analysis among the HRV (SDNN), RPE and volume
Parameters SDNN

(Exhalation)
SDNN
(Breath-holding)

SDNN
(Inhalation)

RPE
(Exhalation)

RPE
(Breath-holding)

RPE
(Inhalation)

Volume
(exhala-
tion)

Volume
(Breath-
hold-
ing)

SDNN 
(Breath-holding)

0.329

SDNN (Inhalation) 0.622* 0.883**

RPE (Exhalation) -0.071 0.387 0.397
RPE 
(Breath-holding)

0.172 0.286 0.449 0.836**

RPE (Inhalation) 0.116 0.402 0.484 0.915** 0.908**

Volume(Exhalation) 0.000 −0.240 −0.218 0.429 0.498 0.470
Volume(Breath-
holding)

−0.123 −0.354 −0.380 0.353 0.388 0.363 0.963**

Volume 
(Inhalation)

−0.266 -0.676* −0.713** −0.142 −0.144 −0.179 0.669* 0.728**

Abbreviations: RPE Rating of Perceived Exertion, SDNN Standard deviation of N-N intervals, Volume total weight lifted in the exercise
* p≤0.05, ** p≤0.01,
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Performance
Significant differences were observed in both total set 
completion [X²=13.86, p < 0.001] and exercise volume 
[X²=13.07, p < 0.001], with breath-holding yielding the 
highest performance and inhalation producing the low-
est. These outcomes are supported by prior evidence that 
the Valsalva maneuver enhances trunk rigidity, increases 
intra-abdominal pressure, and facilitates force transfer 
during heavy lifts, enabling athletes to lift heavier loads 
or maintain higher volumes [26–28].

In contrast, inhalation during the concentric phase 
appears to disrupt force production by reducing mechan-
ical stability and increasing perceived difficulty. This is 
consistent with research showing that reverse-breathing 
strategies impair lifting performance, particularly during 
maximal loads [29].

RPE values mirrored performance findings, with 
breath-holding producing lower perceived exertion and 
inhalation the highest [X²=13.68, p < 0.001]. Since RPE 
correlates with physiological stress and mechanical strain 
[8, 30], these results suggest that breathing patterns 
directly influence both subjective and objective exercise 
difficulty.

A strong negative correlation between SDNN and total 
volume during inhalation (r=−0.713, p ≤ 0.01) further 
indicates that reduced parasympathetic activity during 
concentric inhalation coincides with diminished per-
formance capacity. This relationship underscores the 
importance of maintaining an autonomically favorable 
breathing pattern during resistance exercise.

Collectively, the findings suggest that breathing strat-
egy exerts meaningful influence on autonomic regulation, 
cardiovascular responses, and performance outcomes 
during maximal bench-press exercise. Breath-holding 
and exhalation during lifting appear to support greater 
mechanical efficiency and autonomic stability, whereas 
inhalation during the concentric phase heightens physi-
ological stress and compromises performance.

These results emphasize the critical role of breath-
ing mechanics in resistance training and suggest that 
improper breathing—particularly inhalation during 
force generation—may impose unnecessary cardiovas-
cular strain and reduce exercise capacity. Future research 
should explore chronic adaptations to structured breath-
ing training and investigate the neuromechanical mecha-
nisms underlying these acute responses.

Conclusion
Overall, breathing patterns influenced both cardiovas-
cular responses and perceived exertion during maximal 
bench-press performance. Specifically, inhalation dur-
ing the concentric phase was associated with significant 
reductions in HRV parameters, indicating decreased 
parasympathetic activity and increased physiological 

stress [31, 32]. This shift may lead to enhanced sympa-
thetic dominance, reflected by shortened R-R intervals, 
which can transiently elevate blood pressure.

Performance outcomes were also affected by breathing 
strategy. Inhalation during lifting reduced exercise vol-
ume and total sets, whereas exhalation and breath-hold-
ing (Valsalva maneuver) did not significantly affect these 
parameters. Only the RPE during breath-holding was 
significantly lower, suggesting reduced perceived effort 
compared to inhalation. These findings are consistent 
with previous recommendations that exhaling during the 
concentric phase and inhaling during the eccentric phase 
optimizes intra-abdominal pressure, movement rhythm, 
and neuromuscular efficiency [33–35].

Although breath-holding can provide temporary core 
stabilization and facilitate lifting heavier loads, it may 
increase internal pressure and pose risks to organs and 
tissues. Athletes tend to use breath-holding selectively, 
typically under heavy loads, while exhalation remains 
the safest and most effective strategy for maintaining 
performance and minimizing cardiovascular strain [34]. 
Improper breathing, particularly inhalation during force-
ful concentric movements, may exacerbate cardiovascu-
lar stress and limit oxygen delivery to working muscles.

Finally, participants’ perceptual responses (RPE) indi-
cated that inhalation while lifting was perceived as more 
strenuous, emphasizing that breathing strategy directly 
influences both physiological stress and subjective effort. 
Overall, these findings suggest that proper breathing 
technique is a critical component of resistance training, 
with inhalation during lifting potentially inducing a cata-
bolic response and excessive stress, while exhalation or 
controlled breath-holding may support performance and 
safety [36].

Practical applications
The findings of this study suggest that breath-holding 
during resistance exercise may not provide a significant 
advantage in terms of performance compared to exhala-
tion and may be associated with adverse cardiovascular 
effects due to increased intrathoracic pressure. Exhala-
tion during the lifting phase appears to be a safer breath-
ing strategy, as it does not substantially compromise 
performance and may minimize cardiovascular strain. 
Therefore, exhalation should be encouraged during 
strength training, and athletes may need to be informed 
that inappropriate breathing patterns during lifting 
could reduce performance and negatively impact cardiac 
function.
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