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ABSTRACT

A male weight-trained (WT) subject (A; age 5 21 years,
height 5 193.6 cm, body weight 5 113.4 kg, parallel barbell
squat 10 repetition maximum [RM] 5 183.7 kg) and a group
of 18 similarly trained men (WT; X̄ 6 SD; age 5 24.7 6 3.0
years, height 5 180.2 6 4.3 cm, body weight 5 86.9 6 10.7
kg, 10 RM 5 127.9 6 28.6 kg) were monitored during a
barbell squat resistance exercise session (50% 2 100% 10
RM) and a graded exercise test on a cycle ergometer. Com-
pared with the WT group, heart rate (HR) for subject A was
consistently $2 SD greater during resistance exercise (peak
HR for 100% 10 RM 5 212 b·min21 and 165.3 6 16.2
b·min21). The graded exercise test resulted in similar HR re-
sponses for both A and controls. Subject A’s augmented HR
was present only during the pressure load of heavy resis-
tance exercise, and not during the volume load of endurance
exercise. The data suggest that subject A may be utilizing a
different mechanism for heart rate regulation during resis-
tance exercise.
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Introduction

Previous research has reported the acute cardiovas-
cular responses to heavy resistance exercise, includ-

ing heart rates (HR) as high as 170 b·min21 (3, 7, 9).
Unlike cardiorespiratory endurance activities, resis-
tance exercise is not usually limited by maximal HR.
Numerous factors have been reported to influence the
HR response to resistance exercise, including the mus-
cle mass activated, the muscle tension or force pro-
duced, the number of repetitions performed, the lifting
cadence, the fiber type of the involved muscle, the
rhythmic or static nature of the muscle action, and the
presence of a Valsalva maneuver (2–7, 11, 12). Of par-
ticular interest to the present case study is a weight-
trained (WT) man who participated in a previous in-

vestigation comparing cardiovascular responses to
heavy resistance exercise and a discontinuous graded
exercise test (3). This individual exhibited an unusu-
ally high HR response to heavy resistance exercise,
and reported self-administration of anabolic andro-
genic steroids as an ergogenic aid for his training. The
purpose of this case study is to examine the unique
HR responses to heavy resistance exercise for this sub-
ject.

Methods

The subjects observed in this case study were an in-
dividual (subject A) who exhibited an unusual HR re-
sponse to resistance exercise, and 18 similarly WT sub-
jects. Subject A and the WT group (see Table 1) were
subjects participating in a previously reported study
designed to compare the cardiovascular responses to
heavy resistance exercise and endurance exercise (3).
All subjects were experienced in resistance exercise,
were skilled in the parallel barbell back squat exercise,
and were currently using it in their training. Before
testing, each subject gave informed consent as ap-
proved by the Institutional Review Board, and com-
pleted a health status questionnaire. Ten repetition
maximum (RM) loads for the squat was based on re-
cent training sessions for each subject.

All subjects participated in 2 test sessions, during
which HR was continuously monitored directly from
R-R intervals from a V-5 lead. Upon arrival at both test
sessions, all subjects were seated in an upright posi-
tion while pre-exercise HR was recorded, followed by
5 minutes of their normal stretching and warm-up
procedures. For session 1, each subject performed the
parallel back squat exercise (2 3 10 at 35% 10 RM
warm-up, followed by 1 3 10 at 50, 60, 70, 80, 90, and
100% 10 RM, 5-minute interset rest intervals). A
weight belt was used if the subjects desired, but knee
wraps were not allowed. Breathing patterns were not
controlled or monitored during the squat exercise, but
Valsalva maneuvers were empirically observed by the
investigators during most lifting sets for all subjects.
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Table 1. Characteristics of subject A and the control sub-
jects (X̄ 6 SD; n 5 18).

Variable Subject A Control subjects

Age (y)
Height (cm)
Body weight (kg)
Barbell squat 10 RM* (kg)

21
193.6
113.4
183.7

24.7 6 3.0
180.2 6 4.3
86.9 6 10.7

127.9 6 28.6

* RM 5 repetition maximum.

Figure 1. Exercise (repetitions 1–10) and recovery
(postexercise 15 seconds, 1 minute, 2 minutes, 3 minutes)
heart rates (b·min21) during barbell squat resistance
exercise for subject A (open circles) and control subjects (X̄
6 SD; n 5 18; closed squares). *difference . 2 SD.

Figure 2. Exercise (last 15 seconds of each stage) and
recovery (15 seconds poststage) heart rates (b·min21) for
subject A and control subjects (X̄ 6 SD; n 5 18) during a
discontinuous graded exercise test on a cycle ergometer.

The subjects remained seated throughout the postex-
ercise HR recordings (15 seconds, and 1, 2, and 3 min-
utes), after which they were allowed to stand or move
about before their next set of squats. All subjects lifted
at their own preferred cadence, but the times to com-
plete each set were similar for subject A and the WT
group at all intensities.

Session 2 started with a 5-minute warm-up on an
unloaded cycle ergometer after the pre-exercise HR
measurement. This was followed by a discontinuous
graded exercise test (GXT) on a cycle ergometer (3-
minute stages, 50 r·min21, 1-minute rest intervals),
with resistance starting at 100 W, and increasing in 50-
W increments for each successive stage. The GXT was
terminated when the 50 r·min21 cadence could not be
maintained, or when the subjects attained their esti-
mated maximum HR (220 2 age in years). An audio-
visual metronome was used to assist the subject in
maintaining the rate of pedaling. A minimum of 2
days and a maximum of 7 days elapsed between the
2 test sessions.

Statistical Analyses
Mean 6 SD HR values for the control group are re-
ported for each repetition of each set of resistance ex-
ercise, and for maximal values during the GXT. Results
for subject A were compared with the results for the
control group, with values greater than 2 SD from WT
group values being noted.

Results

During the 50% 10 RM set, HR responses for subject
A were well within 1 SD of HR for the WT group. All
subsequent sets showed a HR .2 SD for subject A
compared with the WT group. The greatest resistance
exercise HR was always observed during the last 2–3
repetitions of each set (see Figure 1). During the GXT,
the HR for subject A was always within 1 SD of mean
values for the WT group (see Figure 2).

Discussion

Of primary interest is subject A’s extremely high HR
during the resistance exercise. Despite an estimated
maximum HR of 199 b·min21 (220 2 age), HR reached
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212 b·min21 during the 100% 10 RM set. The HR re-
sponses of the WT group were comparable to values
reported in the literature for large muscle mass exer-
cises (7, 9). At relative intensities $60% 1 RM, subject
A consistently exhibited heart rates more than 2 SD
above the WT group values. Consistent with previous
studies, the highest HR consistently occurred during
the last 2–3 repetitions (2, 9), and was associated with
loads between 70–95% of 1 RM (2). It should be noted
that the HR response to the GXT for subject A was
similar to HR for the WT group. This suggests that the
tachycardia response occurred only in the presence of
a pressure load (i.e., weight training), and not with a
volume load (i.e., GXT). Recovery blood pressures for
subject A were not different from the WT group for
either the resistance exercise or the GXT (data not
shown). Examination of the electrocardiogram trace
indicated normal and clearly distinguishable P, QRS,
and T waves, with no indication of paroxysmal sup-
raventricular tachycardia, or premature atrial or ven-
tricular contractions. Supraventricular tachycardia is
unlikely since no sporadic and distinct increases or de-
creases in HR were observed during the test session.
In addition, atrial fibrillation did not appear to be pre-
sent as indicated by consistent R-R intervals. If either
supraventricular tachycardia or atrial fibrillation were
present, it is unlikely that subject A could have com-
pleted the exercise session because of the compro-
mised cardiac output that accompanies such condi-
tions.

Although contributing factors to HR during resis-
tance exercise include the amount of muscle mass ac-
tivated, muscle force development, the number of rep-
etitions performed, the lifting cadence, and Valsalva
maneuvers (2, 4, 6, 7), none of these variables was dif-
ferent for subject A compared to the WT group. Even
though subject A was the strongest subject in the
study, his strength/body weight ratio was comparable
to several other subjects who did not exhibit a simi-
larly high HR. Muscle fiber types have been suggested
to contribute to the pressor response to exercise (12),
but this has since been disputed (4). Regardless, there
is no reason to believe that subject A possessed a dif-
ferent fiber-type profile compared to the WT group.

It should be noted that subject A reported self-ad-
ministration of the following anabolic androgenic ste-
roids (AAS) each week: methandrostenolone, 210 mg;
nandrolone decanoate, 350 mg; aqueous suspended
testosterone, 350 mg; total, 910 mg (approx. 8 mg·kg
body wgt.21), although such information must be
viewed with caution because the dosages and the qual-
ity of the AAS, or the use of additional drugs, cannot
be verified. It is known that myocardial tissue contains
androgen receptors (10), although there is no evidence
of altered left ventricular function with AAS (13). Both
animal and human studies have indicated the devel-
opment of fibrous tissue or necrotic lesions or both in

the myocardium with AAS use (1, 8). Any or all of
these mechanisms could have contributed to attenua-
tion of myocardial contractility, thus requiring an in-
crease in HR to maintain cardiac output. Indeed, from
a clinical perspective, evidence of attenuated myocar-
dial contractility is not unusual among individuals
self-administering AAS (personal communication; J.M.
Steinacker, M.D.). Although it is not clear what effect
AAS have on the autonomic nervous system, it is also
possible that sympathetic/parasympathetic input may
have been altered, thus influencing exercise-induced
HR. Why such a possible mechanism would affect
only the resistance-exercise HR response is not known.
Because this is a case study, it is important to note that
such contributing mechanisms are purely speculative,
and subject A may have simply been an anomaly with
an unusually high HR in response to a particular type
of exercise (i.e., heavy resistance exercise).

Practical Applications

Although the HR response reported may simply be
that of an extreme outlier, these data illustrate an ex-
ample where a normal HR response to a GXT is not
associated with a normal HR response to heavy resis-
tance exercise. The augmented HR response for subject
A existed only during the pressure load of resistance
exercise, and not the volume load of endurance exer-
cise. Such results suggest the possibility of a different
HR regulating mechanism during heavy resistance ex-
ercise for subject A.
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