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ABSTRACT

Lepley, AS and Hatzel, BM. Effects of weightlifting and
breathing technique on blood pressure and heart rate.
J Strength Cond Res 24(8): 2179-2183, 2010-Weight
training is a method commonly used to increase strength.
The purpose of this investigation was to examine the effect of
breathing technique during weight training on heart rate (HR)
and blood pressure (BP). After completing a health history
questionnaire, 30 subjects (16 men: 21.25 * 1.21 years,
180.26 = 2.36 cm, 84.31 = 19.32 kg; and 14 women: 21.29
+ 2.37 years, 170.08 = 2.15 cm, 137.36 * 62.31 kg) were
familiarized and tested for an estimated 1 repetition maximum,
on the chest press and leg press lifts using each of the 2
breathing techniques, hold breath (HB), and controlled
breathing. Lifts were examined using each breathing technique
with 1 set of 10 repetitions on separate days. Data were
collected during the push phase on average of 3.72 times per
set and again at 1 and 5 minutes post lift. Resting, during lift
(peak, average); 1-minute and 5-minute post lift BP; and HR
values were measured using the NIBP100A noninvasive BP
system (Biopac Systems, Inc), for both breathing technique
within each lift. The HB technique posted higher but statistically
insignificant (p < 0.05) values for systolic BP (p = 0.420),
diastolic BP (p = 0.531), and HR (p = 0.713) than the
controlled breath technique. The HB technique used in this
investigation produced minimal elevations in HR and BP and
appears to be safe when performing the chest press and leg
press lifts at a moderate resistance. Education on proper weight
training techniques can help limit unwanted risks during these
exercises.
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INTRODUCTION

hysical activity has often been a popular link to

sustained health and well-being, physically, men-

tally, and spiritually. One common mode of

physical activity is that of resistance training,
which has been a proven method of increasing strength.
Although the strength gaining effects of this mode of training
are well known and appreciated, many participants may be
unknowingly increasing their chances for cardiac episodes,
such as stroke or myocardial infarction, due to increased
blood pressure (BP) and heart rate (HR) (1).

Increases in systolic BP during physical activity may be
precipitating factors in the development of hypertension and
be a risk factor for future cardiac events (16,18,19,25).
Resistance training has been shown to result in systolic
and diastolic pressures of 350 and 200 mm Hg, respectively
(13). Previous authors have observed that the specific factors
that cause exaggerated increases in BP during this mode of
exercise are not well documented (12). Identification of these
factors may lead to their modification, and a consequent
reduction in cardiovascular risk associated with abnormal
rises in BP during exercise (16).

The present investigation is attempting to identify potential
factors leading to significant increases in BP by identifying the
influence on breathing technique during various lifting tech-
niques. It is felt that many participants in resistance training
may be inducing a Valsalva mechanism while participating in
the activity. Valsalva is identified as a forceful exhalation on
a closed glottis (20). This action has a significant impact
on increasing intrathecal pressure leading to an increase in
venous pressure and increased pressure response that creates
a significant risk factor for cardiac pathology (14). It is not in
our interest to look at the cardiovascular effects anaerobic
activity has over periods rather during the one time lift. It has
already been shown by Fleck (7) that resistance training does
not result in adaptations of the cardiovascular system.

Previous authors (14) have identified significant contra-
indications when using a Valsalva breathing maneuver during
resistance training. The present investigation has attempted
to identify an appropriate breathing technique that will allow
participation at moderate levels of resistance without pro-
ducing significant increases in BP and HR. The hold breath
(HB) technique has been developed in this study to mimic
a Valsalva technique while eliminating a dangerous increase
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in pressure. The HB and controlled breathing (CB) tech-
niques will be compared when using the chest press and leg
press resistance training techniques. It is hypothesized that
with any form of holding one’s breath and containing
pressure, such as in the HB and Valsalva techniques, BP will
rise significantly.

METHODS

Experimental Approach to the Problem

Individuals engaging in weight training may be dangerously
increasing their BP during exercise. With the load of weight,
one will use a Valsalva technique resulting in an increase in
intrathecal pressure raising BP to extreme levels. The question
in this study is to determine safe alternatives to using the
Valsalva technique. In an attempt to identify the effects of
breathing technique on HR and BP during resistance training,
subjects were asked to complete chest press and leg press
activities with moderate resistance while HR and diastolic
and systolic BPs were measured. Subjects completed an
orientation and 2 subsequent data collection days to control
for extraneous factors leading to differences in these variables.

Subjects

Thirty subjects with recreational aerobic and weight training
experience volunteered to participate in this investigation.
Subjects consisted of 16 men and 14 women: (16 men:
21.25 = 1.21 years, 180.26 * 2.36 cm, 84.31 + 19.32 kg; and
14 women: 21.29 * 2.37 years, 170.08 = 2.15 cm, 137.36 =
62.31 kg). The Human Research Review Committee at the
host institution approved this investigation. Once consent
was obtained from each subject, a health history question-
naire was completed by each subject. Subjects identified as
being at increased risk by the current American College of
Sports Medicine guidelines were disqualified from investiga-
tion (1). Subjects who reported with 2 or more risk factors
from their health history questionnaire were also excluded
(1). Risk factors were identified as smoking, body mass index
greater than 30, over the age of 45, do not exercise regularly
(defined as at least 30 minutes for 4 days a week), or if the
subject or relative currently has or has had a cardiac event
or symptoms of a cardiovascular disease (1). All subjects
reported being part of some type of structured weight
training program at some points in their lives (most in high
school), and all reported to be recreationally active in some
form of anaerobic and aerobic activities. Subjects were
automatically excluded if their resting BP fell within a range
of hypertension, which is defined as equal to or greater than
140/90 mm Hg or if they recently suffered any injury to their
lower or upper extremity (1).

Procedures

Once consent was obtained, subjects underwent an orienta-
tion session (day 1) that consisted of obtaining baseline
physical characteristics (BP, HR), with breathing and lifting
technique familiarization. Baseline BP and HR were recorded
in the testing position by using the NIBP100A noninvasive BP
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system (Biopac Systems, Goleta, CA). This device was worn
on the left wrist of each subject. Testing positions for baseline
recordings mirrored that of positioning during testing, sitting
in the chest press and leg press machines (see Figures 1 and 2
for testing positions) (10). The device required calibration
with an increase or decrease in altitude from the subject’s
heart. Therefore to avoid recalibration, each subject held
his/her left wrist level with his/her heart during each lift.
This was also the reasoning behind selecting these 2 lifts, it
allowed the subject’s wrist to be in level with their heart at all
times.

Once baseline BP and HR were recorded, subjects were
instructed on and able to practice the 2 lifts and 2 breathing
techniques. The breathing techniques consisted of a CB in
which the subject exhaled on the concentric/push phase and
inhaled on the eccentric/return phase. The second technique
involved a controlledHB technique, where the subject did not
bear down on a closed glottis such as in the Valsalva rather
they simply held their breath on the concentric/push phase,
exhaled at full extension, and inhaled during the eccentric/
return phase. These techniques were chosen due to their close
assimilation to actual practices during resistance training by
participants. In addition, the 2 weightlifting methods of seated
chest press and leg press were used to target large muscle
groups and 2 of the more common machines found within
a traditional weight room setting.

An estimated 1 repetition maximum (1RM) was completed
to determine resistance during testing. Testing parameters
required when performing an estimated 1RM assessment
included consistent contraction duration of 3 to 5 seconds to
complete each lift, a minimum rest period of 3 to 5 minutes
between repeat attempts to minimize the effects of fatigue,
and reaching the maximal load with minimal trials (3-6 trials).
A submaximal load was selected, and the subject was asked to

Figure 1. Leg press machine and resting position.
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Figure 2. Chest press machine and resting position.

perform 10 repetitions. Depending on the subject’s ability to
lift the given weight, the load was increased or decreased
accordingly. The subject then was asked to lift this load
10 times. Again, the new load was determined as above and
the process continued until the subject arrived at a load that
could only be lifted 3 to 6 times. The amount of weight to be
used in determining the estimated 1RM was the weight that
was lifted by the subject in only 3 to 6 repetitions. An estimated
1RM was then calculated by using the following equation:
weight lifted/[1.0278 — (0.0278 X number of repetitions)] (4).

During orientation, subjects were also instructed on how to
keep pace with a metronome, which was set at 40 b-min ' to
keep a controlled pace by the subjects and insure that the BP
device would get at least 3 readings during exercise (17). This
concluded the orientation session. Subjects returned to the
laboratory for their next session after a 24- to 48-hour rest.
On each of days 2 and 3, subjects were to perform 2 sets of
10 repetitions of one of the lifts, incorporating each breathing
technique in that day. All aspects of the lifting techniques,
including pace and number of repetitions, were determined
to represent a typical workout performed by a recreationally
active individual. The lift and breathing techniques were
randomly assigned by a coin flip before testing. The weight
used during the lifts was determined by the estimated 1RM
test completed on the orientation day. Sixty percent (60%) of
the subjects’ estimated 1RM was used as the resistance
during the testing to remain consistent with findings,
indicating that strength gains are insignificant at loads less
than 60% of the 1RM (6,8,23). Subjects did not go to failure
during the lifts and were finished once they reached a set of
10 repetitions. The NIBP100A noninvasive BP system
(Biopac) was secured around the wrist of the subject, and
1 to 2 readings were recorded as a pretest measurement.
Once the subjects were comfortable, they were allowed to

start their set of repetitions. The device measures BP on
a continuous setting every 12 seconds. Three recordings were
collected during each exercise set. Once the 10 repetitions
were completed, subjects were instructed to stay in the
resting position, which was the position of pretesting. Blood
pressure and HR were continually measured and recorded
for 1 and 5 minutes post exercise and monitored until the
subjects returned to their resting values. Subjects were
allowed to perform the second breathing technique or be
released only after their resting values (BP, HR) returned to
normal. The same methods were used on the following
testing session, with each lift and breathing technique.

Blood Pressure/Heart Rate Measuring Device

The NIBP100A noninvasive BP measuring device was
developed by BIOPAC (Figure 3). There have been multiple
studies looking at the accuracy of the noninvasive measuring
device, comparing it with an invasive arterial catheter. The
research done by Belani et al. shows that the device measured
BP and HR similar to direct radial arterial measurements.
The research also states that the device provides a radial
arterial waveform similar to a direct radial arterial waveform
(3). In addition to these statements, this study reports values
of a correlation with intra-arterial measurements as follows:
systolic # = 0.93, diastolic # = 0.89, mean # = 0.95, and
HR 7 = 0.95 (3). Other studies have also compared the
NIBP100A device with invasive radial catheters in the
emergency department (21), pediatric intensive care patients
(24), post surgery monitoring (5), and out-of-hospital
situations (22). All showed that the device had comparable
accuracy to that of an invasive radial catheter.

Statistical Analyses
A 9 X 2 (breathing technique X lift) repeated measures
analysis of variance was used to identify significance for HR

Figure 3. NIBP100A noninvasive BP system (Biopac, Goleta, CA). BP =
blood pressure.
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and diastolic and systolic pressure. (alpha = 0.05). Within-
subject factors consisted of resting, peak, post 1-minute, and
post 5-minute HR and BP for each breathing technique,
whereas between-subject factors were lifting technique (chest
press, leg press). A log base ten transformation was performed
on each data set before analysis to ensure normal distribution.
Data were analyzed using the SPSS software 14.0 (SPSS,
Chicago, IL).

REsuLTS

Average values were as follows: systolic BP: HB 157.9, CB
142 .4; diastolic BP: HB 93.1, CB 88.2; and HR: HB 88.4, CB
83.3. These values, along with peak, and 1- and 5-minute post-
exercise values were compared across lift and breathing
technique. The HB technique posted higher but statistically
insignificant values for systolic BP (» = 0.399), diastolic BP
(p = 0.594), and HR (p = 0.715). Measurements were not
compared between the 2 different exercises, only between
breathing techniques of each exercise.

DiscussioN

It was hypothesized that subjects taking part in a resistance
training exercise would significantly increase their BP and HR
if using an HB technique. It was assumed that even if the
subjects were not bearing down on a closed glottis but were
exerting force without the release of pressure through
breathing, increases in BP and HR would result. Many
authors have identified a significant rise in pressure when
participants used a Valsalva technique during weightlifting
(9,13,14). Present authors speculate that many people do not
actually perform a true Valsalva during lifting. However, they
believe that the HB technique is more common and therefore
was examined in the present investigation. Given the paucity
of data in the open literature regarding the HB technique,
it was theorized that the HB technique used in this study
would show a significant increase in pressure during weight-
lifting. The difference was that this investigation involved
instruction to participants not to bear down rather to push
the weight while holding their breath and exhaling once the
weight was forced.

Elevations in HR and BP noted in the current examination
are insignificant although an increasing trend was noted.
MacDougall et al. (13) identified a percent change of 190%
with systolic pressure and 150% with diastolic pressure when
using a Valsalva breathing technique. This high percent
change, when compared with our HB technique percent
change of 89.8% systolic and 88.1% diastolic, shows that
there is a rather large difference in the rise in BP. Also,
Huggett et al. (11) identified percent changes of 40.0%
systolic and 40.4% diastolic when their subjects were
coached to avoid the Valsalva technique. Concluding that
the HB technique raises BP greater than CB, however, both
appear to be much safer than using a Valsalva technique.

One of the limitations of the present investigation was the
means in which the BP monitor recorded data. The device
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was not time consistent, and each individual could give
a different number of readings throughout the exercise and
post exercise. It was not measured consistently every 12
seconds rather gave a reading about every 10 to 20 seconds,
therefore giving more data points for some individuals than
others. To help control for this, if the subjects performed
a technique where only 2 or less measurements were given,
they were asked to perform the technique again. Each subject
in our study recorded no less than 3 and no more than 4 data
points during exercise.

The test was also limited by the participant’s age. The
limited diversity of older subjects may have produced lower
BP and HR, which in turn may have affected the significance
of the data (2,11,15). The present investigation identifies
results to a specific population using a specific testing
protocol and measurement device.

PRACTICAL APPLICATIONS

Many practical applications can be derived from the results of
this, previous, and subsequent studies. Previous investigations
have provided conclusion to a significant increase in BP and
HR with a Valsalva breathing technique during lifting
techniques. No other investigation was found that examined
the HB technique. This investigation identified that using an
HB technique did not significantly raise BP or HR while
engaging in the chest press or leg press using moderate
resistance using the NIBP100A noninvasive BP system
(Biopac) for measurement of HR and diastolic and systolic BP.

In addition to identifying and making individuals aware that
BP and HR can reach dangerous levels during resistance
training, it is also important to educate them on the
appropriate lifting and breathing techniques to use during
exercise.

ACKNOWLEDGMENTS

This project was made possible by funding through
a competitive research grant (Student Summer Scholars
Program) offered though the College of Interdisciplinary
Studies at Grand Valley State University.

REFERENCES

1. American College of Sports Medicine. ACSM’s Guidelines for Exercise
Testing and Prescription (Tth ed.). Philadelphia, PA: Lippincott
Publishing, 2005.

2. Bermon, S, Rama, D, and Dolisi, C. Cardiovascular tolerance of
healthy elderly subjects to weight-lifting exercises. J Med Sci Sports
Exerc 32: 1845-1848, 2000.

3. Belani, K, Ozaki, M, Hynson, ], Hartman, T, Reyford, H,
Martino, JM, Poliac, M, and Miller, R. A new noninvasive method
to measure blood pressure—Results of a multicenter trial. Am Soc
Abnesthesiol 91: 686-692, 1998.

4. Brzycki, M. Strength testing: Predicting a one-rep max from a reps-
to-fatigue. J Phys Educ Recreation Dance 64: 88-90, 1993.

5. Cua, CL, Thomas, K, Zurakowski, D, and Laussen, PC. Comparison
of the vasotrac with invasive arterial blood pressure monitoring in
children after pediatric cardiac surgery. J Anesth Analg 100: 1289-
1294, 2005.



Jotrnal of Strength and Conditioning Research | wwwanscajscrorg

10.

11.

12.

13.

14.

15.

16.

. Daniels, SR, Kimball, TR, Khoury, P, Morrison, JA, and Witt, S.

Correlates of the hemodynamic determinants of blood pressure.
Am Heart Assoc 28: 37-41, 1999.

Fleck, SJ. Cardiovascular adaptations to resistance training. Med Sci
Sports Exerc 20(Suppl.): S146-S151, 1988.

. Glass, SC and Stanton, DR. Self-selected resistance training inten-

sity in novice weightlifters. J Strength Cond Res 18: 324-327, 2004.

. Gottdiener, JS, Brown, ], Zoltick, ], and Fletcher, RD. Left ventricular

hypertrophy in men with normal blood pressure; relation to
exaggerated blood pressure response to exercise. Ann Intern Med
112: 161-166, 1990.

Gotshall, RW, Gootman, ], Byrnes, WC, Fleck, SJ, and Valovich, TC.
Noninvasive characterization of the blood pressure response to the
double-leg press exercise. J Exerc Physiol 2: 1-6, 1999.

Huggett, DL, Elliot, ID, Overend, TJ, and Vanervoort, AA.
Comparison of heart-rate and blood-pressure increasing during

isokinetic eccentric versus isometric exercise in older adults. J Aging
Phys Act 12: 157-170, 2004.

Kokkinos, PF, Pittaras, E, Coutoulakis, E, Colleran, JA, and Narayan, P.
Determinants of exercise blood pressure response in normotensive
and hypertensive women: Role of cardiorespiratory fitness.

J Cardiopulm Rehabil 22: 178-183, 2002.

MacDougall, JD, Tuxen, D, Sale, DG, Moroz, JR, and Sutton, JR.
Arterial blood pressure response to heavy resistance exercise. JApp/
Physiol 58: 758-790, 1985.

Narloch, JA and Brandstater, ME. Influence of breathing technique
on arterial blood pressure during heavy weight lifting. J Phys Med
Rehabil 76: 457-462, 1995.

Nau, KL, Katch, VL, Beekman, RH, and MacDougal, D. Acute
intraarterial blood pressure response to bench press weight lifting in
children. J Pediatr Exerc Sci' 2: 37-45, 1990.

Papademetriou, V, Notargiacomo, A, Sethi, E, Costello, R,
Fletcher, R, and Freis, ED. Exercise blood pressure response

17

18.

19.

20.

21.

22.

23.

24.

25.

and left ventricular hypertrophy. Am J Hypertens 2: 114-116,
1989.

Pitman McClain, AE. Super-slow resistance exercise vs. traditional
resistance exercise, and blood pressure response. Unzversity of Oregon
Kinesiology Publications 2004.

Polonia, J, Martins, L, Bravo-Faria, D, Macedo, F, Coutinho, ], and
Simoes, L. Higher left ventricle mass in normotensives with
exaggerated blood pressure responses to exercise associated with
higher ambulatory blood pressure load and sympathetic activity.
Eur Heart J 13(Suppl A): 30-36, 1992.

Singh, JP, Larson, MG, Manolio, TA, et al. Blood pressure response
during treadmill testing as a risk factor for new-onset hypertension.
Crrculation 99: 1831-1836, 1999.

Thomas, C. Taber’s Cyclopedic Medical Dictionary. Philadelphia, PA:
FA Davis, 1993.

Thomas, SH, Winsor, GR, Pang, PA, Driscoll, KA, and Perry, BA.
Use of a radial artery compression device for noninvasive, near-
continuous blood pressure monitoring in the ED. Am J Emerg Med
22: 474-478, 2004.

Thomas, SH, Winsor, GR, Pang, PA, Wendel, SK, and Perry, BA.
Near-continuous, non-invasive blood pressure monitoring in

the out-of-hospital setting. J Prehosp Emerg Care 9: 68-72, 2005.
Turley, KR, Martin, E, Marvin, ED, and Cowley, KS. Heart rate and
blood pressure responses to handgrip exercise of different intensities:
Reliability and adult vs. child differences. J Pediatr Exerc Sci' 14:
45-55, 2002.

Wankum, PC, Thurman, TL, Holt, SJ, Hall, RA, Simpson, PM, and
Heulitt, MJ. Validation of a noninvasive blood pressure monitoring
device in normotensive and hypertensive pediatric intensive care
patients. J Clin Monit Comput 18: 253-263, 2005.

Wilson, MF, Sung, BH, Pincomb, GA, and Lovallo, WR.
Exaggerated pressure response to exercise in men at risk for systemic
hypertension. Am J Cardiol 66: 731-736, 1990.

VOLUME 24 | NUMBER 8 | AUGUST 2010 | 2183



