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Abstract: Resistance (RE) and aerobic exercise (AE) can promote hemodynamic, physiologic and clinical modifi-
cations in coronary artery disease (CAD) patients. The aim of the study is to assess key physiologic and clinical 
responses during RE at 30% and 60% of 1-RM on a 45° leg press and to compare responses during AE. We evalu-
ated fifteen male subjects with coronary artery disease (60.8±4.7 years) that performed the following tests: (1) 
incremental AE test on cycle ergometer; (2) 1-RM test on a leg press at 45°; (3) and RE at 30% and 60% of 1-RM 
for 24 repetitions. Peak cardiac output (CO), heart rate (HR), oxygen consumption (VO2), carbon dioxide production 
(VCO2) and the minute ventilation (VE, L/min)/VCO2 ration were measured. We found that both AE and RE at 60% of 
aerobic and resistance capacity elicited similar hemodynamic and ventilatory responses (p>0.05). However, RE at 
30% 1-RM showed more attenuated responses of VO2, VE/VCO2, HR and CO when compared with 60% of aerobic 
and resistance capacity. Interestingly, the number, percentage and the severity of arrhythmias were higher at 60% 
1-RM (P<0.05). Our data suggest that high repetition sets of RE at 60% 1-RM appears to result in hemodynamic, 
ventilatory, and metabolic changes equivalent to those observed during AE at a comparable intensity.
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Introduction

Resistance exercise (RE) is now a core compo-
nent of multi-disciplinary cardiac rehabilitation 
[1]. Previous studies have shown that RE en- 
hances muscular strength and endurance, 
functional capacity, insulin sensitivity [2] and 
reduces disability [3-5]. Recent RE guidelines 
recommend 1 set of 8-15 repetitions (3 s con-
centric, 3 s eccentric) for 8-10 different exer-
cises. For coronary artery disease (CAD) pati- 
ents, an initial intensity corresponding to 30% 
to 40% of 1-repetition maximum (RM) for the 
upper extremity and 50% to 60% of 1-RM for 
lower extremity RE has been recommended [1]. 

The physiological responses [i.e., oxygen con-
sumption (VO2), cardiac output (CO), heart rate 
(HR) and ventricular premature contractions] to 

aerobic exercise (AE) testing are well estab-
lished and typically used to guide AE prescrip-
tion [7-9], this is not the case for RE. The limited 
research related to RE has found, key initial 
insights, for example, VO2 and HR are signifi-
cantly higher during dynamic RE when com-
pared to static contractions on a leg press [6]. 
These results are relevant and may indicate 
that RE may also result in improved aerobic per-
formance when a high repetition-low intensity 
scheme is prescribed, a potentially important 
benefit in patients with CAD undergoing reha-
bilitation. However, there are obvious knowl-
edge gaps in the literature regarding physiologic 
and symptomatic responses during this type of 
dynamic RE, which requires investigation before 
clinical recommendations can be made. How- 
ever, to our knowledge, we not found previous 
studies that compared (dynamic and resis-
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tance) in CAD patients, in anaerobic threshold 
(30%) of 1-RM and above anaerobic threshold 
(60%) evaluating hemodynamic, metabolic and 
cardiovascular responses and symptoms and 
safety during incremental dynamic exercise 
(IDE), during resistance exercise and recovery. 
Therefore, in this cross-sectional study, we 
hypothesized that hemodynamic, metabolic 
responses, as well as the symptoms, in high 
intensity of RE resemble the responses during 
the IDE. In this sense, the aim of this study was 
to compare the ventilatory responses obtained 
during the RE loads (30% and 60%) with the 
maximum incremental test on a cycle ergome-
ter response. Secondly, we aimed to evaluate 
the hemodynamic, ventilatory, cardiovascular 
responses and electrocardiographic changes 
during RE on leg press 45°, contrasting in- 
tensities of 30% (at the anaerobic threshold) 
and 60% of 1-RM (above of anaerobic thresh-
old) and the recovery condition of exercise in 
CAD patients.

Main outcomes

The primary endpoint of the study were hemo-
dynamic evaluate (CO and HR) during the RE. 
Additionally, the secondary endpoint of the 
study were presented of electrocardiographic 
signals during the RE. 

Methods

Participants and procedures

This was a cross-sectional study defined on the 
basis of the STROBE statement. Patients were 
recruited and evaluated in the period of April to 
December 2011. Volunteers recruited to par-
ticipate in this study previously participated in a 
cardiovascular rehabilitation program (CR) for 
at least 1 year, basically composed of aerobic 
exercises. Methods for the selection of volun-
teers was through disclosure in CR program, 
pamphlets and printed disclosure. Only men 
with clinically stable CAD were included in this 
study.

Twenty male CAD subjects were initially 
assessed for study; fifteen were enrolled and 
completed the protocol. Inclusion criteria con-
sisted of: 1) An established diagnosis of CAD 
for at least one year; 2) Optimal medical man-
agement for at least one year according to AHA/
ACC recommendations [9]; and 3) Participation 
in a cardiac rehabilitation program comprised 

of AE only for at least one year. Exclusion crite-
ria consisted of documented ongoing angina, 
electrocardiographic evidence of exertional 
ischemia, atrial fibrillation, lung disease, periph-
eral vascular disease, and/or orthopedic, neu-
rologic and musculoskeletal disorders that 
could limit performance during RE or AE. This 
study was approved by the local Institutional 
Research Ethics Committee and each subject 
signed a written informed consent (n°. 397/ 
2011). This cross-section study was registered 
at ClinicalTrials.gov (RBR-63kf95).

All subjects were evaluated during the same 
period of the day and each of the exercise pro-
tocols included in the current study was per-
formed on different days separated by a 7 day 
interval. Clinical evaluations consisted of: 1) 
health history screening; 2) anthropometric 
measurements (height and body weight); and 
3) symptom limited AE testing. All subjects were 
instructed to maintain their pharmacologic regi-
men during the study protocol.

Cardiopulmonary exercise testing

The ramp protocol was performed in a semi-
recumbent position on a calibrated cycle 
ergometer (Lode Corival, The Netherlands). The 
AE test consisted of the following steps: 1) 5 
minutes at rest in a seated position; 2) 4 min-
utes at “zero” workload, obtained through an 
electrical system which moves the ergometer 
free wheel at 60 rpm; 3) An ramp phase of 15 
W/min while maintaining a constant cadence of 
60 rpm. The ramp phase was terminated when 
the designated workload or cadence could no 
longer be maintained or volitional exhaustion 
was reached; 4) Immediately following the ramp 
phase, the subjects were instructed to main-
tain pedaling for 1 minute at “zero load” (active 
recovery); and 5) Monitoring at rest in the seat-
ed position on the ergometer for 5 min (passive 
recovery). Test procedures followed recommen-
dations provided by Neder et al [10].

1-repetition maximum test

To determine the protocol loads for RE, the 
1-RM test was applied by gradually increasing 
the resistance until the volunteer succeeded in 
performing no more than 1 repetition of the 
exercise on a leg press 45° (Pro-Fitness, Sao 
Paulo, Brazil) [11]. Subjects maintained a seat-
ed position on the equipment with the knees 
and hips flexed at 90°. During the maneuver, 
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the knees and hips were extended and returned 
to the initial position after flexion. Before the 
execution of the test, subjects oriented to avoid 
the isometric component and exhale during the 
extension of the knees and hips to avoid the 
Valsalva maneuver [12]. The resistance load for 
1-RM was estimated (1RM-E) before the test by 
multiplying the body weight of the volunteer by 
4, based on previous studies [11-14]. The initial 
resistance load applied to determine 1-RM was 
80% of the 1RM-E, and if the volunteer was 
able to perform more than 1 complete move-
ment, the load was increased 10% of the 1RM-
E, after a 5-min rest interval between trials. 
When the first attempt was unsuccessful due 
to overestimation of the resistance load, the 
load was reduced by 10% 1RM-E. When the 
pre-1-RM was determined, a second attempt 
with an additional 10% above the load was per-
formed to verify the load value and in cases 
where the individual was not successful on this 
second attempt, the previous load was consid-
ered as their 1-RM. If the subject was success-
ful, a new load was added until the 1-RM was 
determined. Based on the estimated loads of 
1-RM, it was expected that 1-RM would be 
determined within 6 attempts [11].

Resistance exercise tests at 30% 1-RM and 
60% 1-RM

The RE tests were performed at 30% 1-RM (first 
test), and after 30 min of rest, a second test at 
60% 1-RM (second test) was performed. During 
the test, subjects underwent 2 min of exercise 
at a movement rhythm of 12 repetitions/min, 
maintaining a respiratory cadence, with each 
repetition performed in 5 seconds (2 seconds 
of extension and 3 seconds of knee and hip 
flexion), with the rhythm controlled by verbal 
commands. In the present study, we selected 
24 repetitions in order to produce sustained 
dynamic RE contractions, analyzing metabolic 
and hemodynamic responses. Subjects under-
went a 30 min recovery period at the end of the 
2 min exercise maneuver. The electrocardio-
graph (ECG) signal was monitored throughout 
the test. Blood pressure (BP) was recorded dur-
ing the exercise maneuver. Pain in the lower 
limbs was evaluated by the Borg Scale (0-10) 
[15] at the end of each exercise set.

Measurements during aerobic and resistance 
exercise testing

During both tests, the following variables were 
determined: 1) VO2 (ml•kg-1•min-1); 2) carbon 
dioxide production (VCO2, ml•min-1); and 3) min-

ute ventilation (VE, L•min-1). The VE/VCO2 ratio 
was also determined. Data was collected using 
a portable ventilatory gas analysis system 
(Oxycon Mobile; Jaeger, Hoechberg, Germany®). 
Cardiac output and heart rate (HR) were con-
tinuously measured by impedance cardiograph 
using a Physio-Flow device (Manatec Bio- 
medical, Paris, France®). The rate pressure 
product (RPP) was calculated by multiplying 
systolic BP by HR [16]. During the entire test 
period, subjects were monitored continuously 
by 12-lead ECG (Wincardio System®, Micromed, 
Brasilia, Brazil). Ectopic beats were identified 5 
minutes before RE (rest position), during 30% 
and 60% of 1-RM and the recovery period fol-
lowing each load (5 minutes). The number and 
percentage of supraventricular and ventricular 
beats were computed in subjects. 

Statistical analysis

The data distribution was verified by the 
Shapiro-Wilk test, and when the normality was 
confirmed, the data were expressed as mean 
and SD. Repeated measures ANOVA compared 
variables of interest obtained during AE and RE. 
Borg scale values were compared using the 
Friedman test. Statistical analyses of ectopic 
beats values were performed for Chi-Square 
test using Minitab software (version 17 for 
Windows).

All other data were analyzed using STATISTICA 
5.5 software package (Stat Soft®). The level of 
significance was set at p<0.05 for all statistical 
tests. 

Results

Initially were recruited twenty patients to par-
ticipate in this study. After the first visit (IDE), 2 
individuals were excluded because they have 
given up voluntarily. Later the second evalua-
tion (1-RM test), 3 patients were excluded, 1 
voluntarily gave up and 2 were excluded due to 
joint pain. In this sense, 15 other volunteers 
successfully completed the exercise protocol 
without abnormalities that indicate against the 
continuation in this study. The flowchart of the 
study is summarized in Figure 1. 

Anthropometric characteristics, risk factor, car-
diac events and medications of the 15 subjects 
completing the protocol are summarized in 
Table 1. Of the 15 patients (100%) were elderly, 
six were I degree obese and all patients pre-
sented normal ventricular function. In addition, 
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9 patients used beta-blocker and 7 used angio-
tensin-converting enzyme inhibitors. Further- 
more, 14 patients used simvastatin and twelve 
AAS.

During CPX, all 15 subjects ceased activity sec-
ondary to symptoms consistent with maximal 
exertion. In this study, no ST-segment changes 
suggestive of ischemia or atrioventricular and/
or intraventricular blocks were observed during 
RE. The descriptive analysis representing the 
type and severity of arrhythmia during rest, 
30% and 60% 1-RM RE, and recovery from RE 
is listed in Table 2. Isolated extrasystoles were 
prominent during 30% 1-RM RE and recovery 
from 60% 1-RM RE (p<0.05). Multifocal ventric-
ular extrasystoles were detected during 60% 
1-RM RE when contrasted with other situations 
(p<0.05). The severity of arrhythmias was also 
higher during 60% 1-RM RE when compared 
with 30% 1-RM RE, rest and recovery (p<0.05).

As demonstrated in Figure 2, 60% 1-RM RE 
elicited an equivalent ventilatory and metabolic 
demand when compared with AE (p>0.05). 
However, 60% 1-RM RE as well as AE induced 
significantly higher values of VO2 when com-
pared with 30% 1-RM RE (p<0.05). In addition, 
VE/VCO2 differed only during 30% of maximal 
AE capacity when compared to 60% of maximal 
AE capacity (p<0.05). 

Hemodynamic responses at 30 and 60% of 
1-RM RE contrasted with AE are illustrated in 
Figure 3. Cardiac output at 60% 1-RM RE was 
similar to AE (p>0.05). However, 60% of 1-RM 
RE as well as AE induced significantly higher CO 
values compared to 30% 1-RM RE (p<0.05). 
However, HR during 60% 1-RM elicited a 
response that was approximately 93% of the 
maximal HR obtained during AE. In addition, 
60% 1-RM RE induced a significantly higher HR 
when compared to 30% 1-RM RE and 60% max-
imal AE capacity. 

For systolic BP [Figure 3C], 60% 1-RM RE elic-
ited a response that was approximately 98% of 
that obtained at maximal AE, differing only 
between 30% 1-RM RE and 60% 1-RM RE 
(p<0.05). Rate pressure product at 60% of 
1-RM RE was similar to AE. Furthermore, 60% 
of 1-RM RE and AE induced significantly higher 
values in contrast to 30% 1-RM RE (p<0.05). As 
illustrated in Figure 4, CO and VO2 response 
were higher during 60% of 1-RM RE in contrast 
to 30% 1-RM RE. As demonstrated in Figure 5, 
leg fatigue was lower during 30% 1-RM RE 
when contrasted with maximal AE and 60% 
1-RM RE (p<0.05). 

Figure 1. Flowchart of the study.

Table 1. Anthropometric characteristics, risk factor, 
cardiac events and medications of the 15 subjects 
completing the protocol are summarized in Table 1

Variables n = 15
Age (years) 60.8±4.7
Body Mass (Kg) 77.2±12.6
Height (m) 1.6±0.6
Body Mass Index (Kg∙m2) 27±3.1
Ejection Fraction (%) 62±3.2
Risk Factor (n)
    Tabagism 6
    Diabetes 5
    Hypertention 10
Cardiac event (n)
    AMI 15
    CABG 12
Medication (n) 
    Carvedilol 2 
    Atenolol 5
    Metoprolol 2
    Enalapril 3
    Captopril 2
    Simvastatin 14
    AAS 12
Abbreviations: n = number of sample; AMI = acute 
myocardial infarction; SRCABG = coronary artery bypass 
surgery; AAS = acid acetilsalicilic. Data are reported as 
mean ± SD.
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Discussion

The present study investigated the physiologic 
and symptom responses at two RE intensities, 
at the low and high end-range of what is recom-
mended for CAD patients, comparing findings 
to responses obtained during AE. The main 
findings of this study were: 1) 60% 1-RM RE 
induced similar hemodynamic, metabolic and 
perceptual responses when are compared with 
maximal AE; and 2) a higher number of complex 

extrasystoles were observed during 60% 1-RM 
RE when contrasted with 30% 1-RM RE. These 
results have meaningful implications for the 
clinical implementation of RE prescription in 
CAD patients.

ECG alterations during resistance exercise and 
implications for safety

Regarding the safety of RE, no atrioventricular 
and/or intraventricular blocks were observed 
during either RE intensity studied. However, we 
observed the emergence of increased ectopic 
events during 60% 1-RM RE. In this context, 
monitoring during RE in cardiac patients requ- 
ires careful evaluation. In contrast, Faigenbaum 
et al [17] studied RE in cardiac patients that 
consisted of two sets of seven repetitions at 
75% of maximal voluntary contraction, deter-
mined on seven upper-body Nautilus machines, 
and noticed no significant ECG changes. The 
possible explanation between the differences 
found in the current and previously cited inves-
tigation is the significant difference in number 
of repetitions (7 vs. 24). Thus, our extended 
number of repetitions may have produced myo-
cardial irritability in certain subjects. However, 
in our study, despite an increased frequency of 
ventricular ectopic at 60% 1-RM RE (7 patients, 
47% of total), no angina or ischemia were 
detected and in general, ECG disturbances 
were still below thresholds considered for exer-
cise termination [5]. Rather, this particular find-
ing may provide guidance on what exercises 
and intensities require more diligent monitoring 
in some patients. It should be noted that the 
cohort assessed in the current study had a 
lower level of disease burden and severity. 

Table 2. Electrocardiografy response: number of arrhythmias at rest, exercise and recovery of resis-
tance exercise
Electrocardiografy Analysis Rest 30% R30 60% R60 P
N° of VES (% Patients) 4 (13) 14 (47) 5 (33) 30 (73) 4 (40) P<0.05
N° of VES monofocal isolated (% Patients) 4 (13) 14 (47) 4 (27) 17 (60) 3 (33) P<0.05
N° of VES multifocal (% Patients) 0 0 1 (7) 13 (13) 1 (7) P<0.01
Severity of VES
    N° of patients without event 13 8 10 4 9 P<0.01
    N° of patients with VES monofocal isolated 2 7 4 9 5 P<0.03
    N° of patients VES multifocal 0 0 1 2 1 P<0.05
VES = ventricular extrasystole; N° = number of ventricular extrasystole; (%) percentage at number of patients (% of total); 30% 
= resistance exercise load; r30 = recovery of 30% of 1RM; 60% = resistance exercise load; r60 = recovery of 60% 1RM. Were 
not found bigeminism, VES paired, ventricular tachycardia not sustained or ventricular tachycardia sustained. Chi Square test 
p<0.05. 

Figure 2. VO2, oxygen uptake; VE/VCO2, ventilation to 
carbon dioxide production. Contrasting of peak VO2 
(A) and VE/VCO2 in (B) on CPX, in 30% and 60% of 
1-RM on leg press 45°. Data are reported as means 
± SD. *P<0.05 comparing CPX and 30%, #P<0.05 
comparing 30% and 60% loads (one-way ANOVA).
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Thus, additional caution and monitoring should 
be considered when prescribing RE to cardiac 
patients with higher levels of disease severity. 
Moreover, the current study only assessed 
male patients during a single lower extremity 
RE maneuver. Transferability and clinical appli-
cation of results is therefore limited and should 
be addressed by future investigations. 

Other studies suggest that strength testing 
(i.e., 1-RM) does not produce anginal symp-
toms, ischemic ST-segment depression, com-
plex ventricular arrhythmias, and cardiovascu-
lar complications for clinically stable CAD 
patients [17, 18]. The findings of this study are 
consistent with previous investigations in this 
context; RE using high repetitions at the higher 
range of the recommended intensity can pro-
duce ECG changes without symptoms or isch-
emia. The relevance of this finding in this 
patient population is novel given the literature 
lacks studies on the safety and feasibility of 
high repetition RE.

Ventilatory, metabolic and hemodynamic 
responses during dynamic and resistance 
exercise

Interestingly, the VO2 increase during 60% 1-RM 
RE was proportional to AE, but significantly dif-
fered from 30% 1-RM RE. Also, the VE/VCO2 
ratio was higher during 60% 1-RM RE when 
compared with 30% 1-RM RE. In accordance 
with our findings, Marzolini et al [19] showed 
that higher volumes of RE can produce a signifi-
cant increase in VO2. These results are interest-
ing, since RE at the higher range of moderate 
intensity, using a higher number of repetitions 
may produce higher ventilatory and metabolic 
demands. Consistent with our results, Arimoto 
et a [6] observed that during the dynamic leg 
press exercise, VE, VO2, HR and systolic BP 
reached steady-state after 3 minutes of exer-
cise. However, during static leg press, the 
hemodynamic responses continued to increase 
at the end of exercise while VO2 did not change 
during these contractions. In our study, only the 

Figure 3. Contrasting of peak CO, cardiac output (A), HR, heart rate (B), SBP, systolic blood pressure (C), RPP, rate 
pressure product (D) on CPX, in 30% and 60% of 1-RM on leg press 45°. Data are reported as means ± SD. *P<0.05 
comparing CPX and 30%, #P<0.05 comparing 30% and 60% loads (one-way ANOVA).
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60% 1-RM RE maneuver elicited increases in 
VO2, HR, systolic BP and RPP that were compa-
rable to maximal AE responses. In addition, we 
clearly showed that VO2 continued to increase 
after 60% 1-RM RE (Figure 3), as previously 
shown [20], despite relative stability of hemo-
dynamic responses when contrasted with 30% 
1-RM RE.

A previous study showed that low-intensity RE 
with slow movement and tonic force generation 
is an effective method for increasing muscle 
mass and strength as well as basal femoral 
blood flow [21]. However, it is unknown if this 
specific RE training paradigm also leads to ven-
tilatory and metabolic improvement. 

In the present study, 60% of maximal AE capac-
ity induced a significant increase in VE/VCO2 
when compared to 30% 1-RM RE. The VE/VCO2 

Similar results were observed by Karlsdottir et 
al [24] when comparing moderate-intensity RE 
with constant dynamic work rate in patients 
with CAD and reduced ejection fraction. 

Interestingly, during maximal AE and 60% 1-RM 
RE, the hemodynamic and clinical responses 
increased substantially, possibly caused by 
changes in muscle blood flow and peripheral 
arterial resistance. Such adjustments are dic-
tated by the central nervous system in an 
attempt to restore metabolism homeostasis at 
higher exercise intensities [25, 26]. During high 
intensity RE, the partial occlusion of muscle 
blood flow occurs, decreasing venous return 
and increasing afterload, negatively affecting 
stroke volume [28, 29]. The central responses 
via sympathetic activation increase HR to main-
tain the increase in CO. In this context, we spec-
ulate that sympathetic activation, as observed 

Figure 4. Illustration of VO2, oxygen uptake and CO, cardiac output during 
rest, exercise and recovery in 30% and 60% of 1-RM on leg press 45°.

ratio reflects ventilatory effi-
ciency, more specifically ma- 
tching of pulmonary ventilation 
and perfusion and is related to 
the intensity of exercise. In 
addition, as previously demon-
strated, blood lactate release 
is consistently increased dur-
ing RE intensities higher than 
30% 1-RM using the 45° leg 
press and bench press [11, 
22]. We therefore posit the 
higher VE/VCO2 ratio observed 
in the current study also 
reflects increased anaerobic 
metabolism in skeletal mus- 
cle. 

Our study found that, high-rep-
etition sets of 60% 1-RM RE 
increased hemodynamic vari-
ables; CO, BP, HR and RPP as 
well as leg fatigue in a compa-
rable fashion compared to 
maximal AE. It is known that 
high repetition RE influences 
the magnitude of hemodynam-
ic responses [11, 12, 22, 23]. 
However, when contrasting 
30% of maximal AE capacity 
with 60% 1-RM RE, we 
observed the time of exercise 
as well as intensity influenced 
HR, BP and RPP increases. 
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that during RE above 30% 1-RM at high repeti-
tions, particularly in a CAD population, warrants 
special consideration since neural sympathetic 
discharge can potentially produce electrical 
instability and the emergence of ectopic events 
[28].

Conversely, in the present study that included a 
male CAD cohort, high-repetition and lower 
intensity RE (i.e., 30% 1-RM) was well tolerated, 
increased ventilatory and hemodynamic res- 
ponses, and did not elicit abnormal responses. 

Thus, for RE prescriptions that incorporate 
higher repetitions in patient populations, a 
lower intensity may be desirable [29]. In this 
sense, we recently conducted a study that con-
sisted of a high repetition/low load RE program 
in CAD patients, demonstrating significant 
improvements in HRV and muscle strength in 
these patients [30]. Additional work is needed 
to further define optimal RE training cha- 
racteristics.

Conclusion

The findings of this study suggest that RE using 
60% of 1-RM and high repetitions may increase 
physiologic responses as well as perceived 
symptoms at a level equivalent to responses at 
maximal AE. In addition, RE at 30% 1-RM using 
the same high repetition scheme elicits a com-
paratively lower, albeit significant, physiologic 
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