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Abstract
Background: Resistance exercise is used in clinical practice to improve muscle strength and resistance of patients with heart disease.
However, it lacks studies regarding its acute effects on cardiac autonomic modulation. This cross-sectional study has aimed to evaluate
the acute effects of resistance exercise on heart rate variability (HRV)
in cardiopathic patients. .

Methods: We investigated 15 volunteers (63.8 ± 10.7 years old;
29.9 ± 4.32 Kg/m2), which were submitted to one maximal repetition (1RM) of knee extension and to the acute interventions with
of 40% and 80% of 1RM, with minimal intervals of 48 hours. HRV
was analyzed in the SDNN, RMSSD, Poincaré Plot, HF, LF, and LF/HF
ratio indexes. We evaluated HRV in the periods of rest (10 min) and
recovery (60 minutes, divided into 6 windows).
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Findings: No differences were observed between the immediate
recovery and rest periods for all indexes. We observed increase in all
indexes after 20 minutes of recovery. No differences were verified
between the different protocols.

Conclusion: a single acute session of resistance exercise in different
intensities did not change the cardiac autonomic modulation.
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Introduction
The reduction of muscle mass due to age and physical inactivity is a clinical relevant factor for cardiopathic subjects [1-4]. It impairs common daily routine and professional activities. Thus, it has been
included strength training in cardiac rehabilitation
programs in order to improve muscle strength and
functional capacity in submaximal activities [5-9].
During physical exercise and its recovery period,
the autonomic nervous system (ANS) through the
stimulation or inhibition of the sympathetic and parasympathetic branches promotes rapid adjustments
in the cardiovascular system to maintain circulatory
homeostasis. However, the magnitude of these adjustments to the resistance exercise is proportional
to specific factors such as static and dynamic components, duration and intensity of exercise [10, 11].
Therefore, it deserves attention.
In pathological conditions such as heart diseases, physical exercise may induce different autonomic cardiac responses and induce damage in the
adaptation of the cardiovascular system against the
exercise, which makes this population more susceptible to complications. The literature described those
symptoms in myocardial ischemia, left ventricular
dysfunction and cardiac arrhythmias [12-14]. It is
believed that the acute performance of resistance
exercise at high intensities increase the possibility of
these complications [5, 6, 11].
An efficient way to evaluate the influence of the
ANS on the heart is the heart rate variability (HRV)
analysis. It is a non-invasive and reproducible tool of
easy application, allowing investigating the role of
ANS in many conditions, including during and after
exercise [15-17].
The prescription of resistance exercise is important for cardiopathic subjects [5-9]. Nevertheless,
we should be careful regarding its risks on the
cardiovascular complications during and after resistance exercise [12-14], mainly if acutely applied
and without safe criteria for prescription [5-6, 11].
In addition, it lacks in the literature studies regarding
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resistance exercise intervention in cardiac patients
with respect to cardiac autonomic modulation.
Therefore, we aimed to evaluate the effects of
acute resistance exercise on HRV in cardiopathic
subjects.

Methods
Study population
This paper is a transversal clinical trial. The subjects
were males diagnosed with primary ischemic coronary artery disease and presented preserved left
ventricular function [18], which was confirmed by
echocardiogram examination. Subjects were invited
to participate in a supervised cardiovascular rehabilitation program.
The demographic and clinical profiles of the study
population are listed in Table 1.
Among 47 participants, 17 volunteers were eligible to participate in the experimental protocol
(Table 1). Inclusion criteria included: nonsmokers,
no alcohol use, no use of drugs that influence cardiac autonomic modulation, continued use of drugs
prescribed by the physician in charge of the volunteer, and patients who presented limitations to
perform resistance exercise, such as exacerbation of
chronic orthopedic disease or recent surgery.
Table 1. D
 emographic and clinical profile of the volunteers.
Demographics Profile

Percent

School Degree
Incomplete Elementary School

26.67%

Complete Elementary School

33.33%

Current Ocupation
Retired

40%

Active

60%

Cardiovascular risk factors
Positive familiar history

60%

Arterial Hypertension

93.3%

Dyslipidemia

33.33%
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Obesity
Ex-smokers
Stress

26.7%
40%
33.33%

Musculoskeletal injuries

66.7%

Drugs
Antiplatelet

93.3%

Antihypertensive

20%

Beta blockers

60%

Angiotensin converting enzyme
inhibitor

53.3%

Coronary or peripherl vasodilators

20%

Calcium channel inhibitors

20%
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HRV. The drug was recommended by their physician. Therefore, the total sample of this study
was 15 subjects with a mean age of 63.8 ± 10,72
years, and body mass index of 29.94 ± 4.32 kg/
m2 (Figure 1).
It should be noted that there was a wide range
of 1 to 17 years in the duration between the time
subjects were diagnosed with an acute coronary
event, Stable Angina or Myocardial Infarction, and
the time of the intervention.
All volunteers were informed about the procedures and objectives of this study and, after agreement, they signed a consent form. All procedures
performed in our study were approved by the Ethics
Committee in Research of the Faculty of Science
and Technology (FCT/UNESP, Number 19/2009).

40%

Diabetes

2015

Statins

93.3%

Anxiolytics or antidepressants

46.7%

Antiulcer

26.7%

Initial evaluation

Oral hypoglycemic

33.33%

Diuretics

13.3%

Class III antiarhythmic

13.3%

Before the onset of the experimental procedure the
subjects were asked about their personal data and
routine medications. Subsequently, we also measured blood pressure, heart rate, as well as body
weight and height in order to calculate the body
mass index (BMI). The BMI calculation was calculated as BMI = weight/height [2]. Height and weight

Two patients were excluded during the experimental protocol, because they started to use specific drugs for thyroid disorders, which influences

Figure 1: Flow diagram summarizing the procedure for selection of studies for review.
47 cardiophatic included in PRCV
Male
Preserved EF
It was not included 30
volunteers, according to
the selection criteria.
17 subjects
It was excluded two volunteers, during the execution of
the experimental protocol.
15 volunteers
63.8 ± 10.72 years
29.94 ± 4.32 kg/m2.
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were measured through a stadiometer (ES2020 Sanny, Brazil) and a digital scale (TIN brand MAXIMA 00139, Brazil), respectively. Blood pressure (BP)
was measured in compliance with the criteria established by the VI Brazilian Guidelines of Hypertension [19], through an aneroid sphygmomanometer
(Welch Allyn - Tycos, New York, USA) and a stethoscope (Littmann, Saint Paul, USA). Heart rate (HR)
was measured through Polar S810i (Polar Electro,
Kempele, Finland).
After the initial assessment we explained individually to all the volunteers the necessary procedures
which we will be using for data collection. We also
oriented them regarding the importance of abstinence from some drinks (coffee, soda, chocolate
and tea) and the maintenance of the usual practice
of physical activity during the protocols.
All volunteers underwent an experimental protocol divided into three stages with a minimum interval of 48 hours between the protocols in order to
allow their recovery [20]:
I) One maximum repetition test (1RM): this test
was performed to determine the maximum
work load and whether to use 40% or 80% of
1RM for the loads used in the following steps.
II) Endurance protocol: the volunteers were submitted to a load equivalent to 40% of 1 RM,
followed by 60 minutes of recovery.
III) Resistance protocol: the volunteers were submitted to a load equivalent to 80% of 1 RM,
followed by 60 minutes of recovery.
Before each protocol the volunteers performed
10 repetitions for heating the specific body segment
[21] with minimal resistance of the pulleys system
(7 kg).

Stage I – Maximal repetition test
To define the load used during the endurance and
resistance protocols, the volunteers performed 1RM
test during knee extension [7, 20-23] through a leg
extension equipment (Pulley system, Ipiranga, Academy Hard, São Paulo, Brazil).
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During the maximal test, volunteers were monitored through the DII derivation multiparametric monitor (Active ECAFIX Funbec - Transform Advanced
Technology Ltd., Sao Paulo, Brazil). Five electrodes
were placed on the chest: the first was placed below the sternal extremity of the clavicle and the following electrodes were placed on the same places
of the V2, V5, V6 and V5R local derivations [24].

Stage II and III – Endurance and resistance
protocol
Acute interventions were performed in the second
and third steps: the endurance protocol (40% of
1RM, 2 sets, 20 repetitions with 1 minute of interval between each set) and the resistance protocol
(80% of 1RM, 2 sets, 8 repetitions with 1 minute of
interval between each set). The order was defined
by random manual draw of cards. During the execution of the movements it was not allowed to perform Valsalva maneuver, because the patients were
instructed to exhale during the concentric phase of
exercise [20, 21, 23].
Prior to the protocols the heart monitor strap was
placed on each subject’s thorax over the distal third
of the sternum. The heart rate receiver Polar S810i
heart rate (Polar Electro, Finland) was placed on the
wrist. This equipment has been previously validated
for beat-by-beat measurements and for HRV analysis [25]. After placing the heart rate monitor strap
the volunteers remained at rest and in the supine
position, breathing spontaneously for 20 minutes
in a quiet environment with controlled temperature
(21° C-23° C) and humidity (40%-60%). The volunteers were then referred for leg extension in order
to perform the protocols described above. They
were finally returned to the initial environment where they remained for another hour at rest, under the
same conditions for analysis of the recovery period.

Heart rate variability analysis
For HRV analysis, heart rate was recorded beat by
beat during the entire protocol with a sampling rate
This article is available at: www.intarchmed.com and www.medbrary.com
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of 1000 Hz. The series of RR intervals went through
a digital filtering (Polar Precision Performance), complemented by manual filtering to eliminate premature ectopic beats and artifacts, and only series with
more than 95% sinus beats were included in the
study [26]. The HRV analysis software - Version 2.0
was used to determine all indices [27].
The following periods were considered for HRV
analysis: initial rest [10 intermediate minutes during
the first 20 minutes (T0)], and recovery period [60
minutes, divided into six moments of 10 minutes,
each window was individually analyzed (T1, T2, T3,
T4, T5 and T6)] [28].
The HRV analysis was performed by using linear
methods (time and frequency domains). In the time
domain we used the following indexes: RMSSD
(root mean square of the squared differences between adjacent normal RR intervals in a time interval, expressed in milliseconds) and SDNN (standard
deviation of the average of all normal RR intervals,
expressed in milliseconds) [13, 15].
According to Goldenberg 2006 [29], 30-second
segments are adequate to form heart rate windows
analysis of RMSSD index to evaluate the parasympathetic reactivation after exercise. Thus, to complement the analysis in the immediate recovery and
assess whether the heart rate window size influenced the HRV indices, the RMSSD index was calculated in the following periods: initial rest [30 seconds
during the 10 minutes (T0)], exercise [30 seconds
during the second series of the protocol (T1) and
recovery [2 minutes, divided into four moments of
30 seconds, which was individually analyzed (T2,
T3, T4 and T5].
In addition to these indices it was also analyzed
the Poincaré plot, and the following indexes were
extracted: SD1 (standard deviation of the variability instant beat-to-beat), SD2 (standard deviation
of long-term continuous RR intervals) and SD1/SD2
[15].
In relation to the frequency domain we used the
spectral components of low (LF - 0.04 to 015 Hz)
© Under License of Creative Commons Attribution 3.0 License
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and high frequency (HF - 0.15 to 0.40 Hz) in ms2,
and the ratio of these indices (LF/HF). Spectral analysis was calculated by using the Fast Fourier Transform algorithm [15, 17].

Statistical analysis
Gaussian distribution of the data was attested using
the Shapiro-Wilks test. For comparisons between
protocols (Endurance vs. Resistance) and moments
(T0 vs. T1, T2, T3, T4, T5, T6) we applied two-way
analysis of variance for repeated measures followed
by the Bonferroni posttest for parametric distributions or Dunn's posttest for non-parametric data.
The repeated-measures data were checked for sphericity violation using Mauchly’s test and the Greenhouse-Geisser correction was conducted when the
sphericity was violated. Significance level was set
at p < 0.05 for all tests. For statistical analysis we
used the SPSS (version 13.0) software (SPSS Inc.,
Chicago, IL, USA).

Results
Figure 2, 3, 4, 5 and 6 show the behavior of HRV
indices in time and frequency domains, respectively,
rest, and recovery resistance and endurance protocols. There was a moment effect for the time
domain indices (RMSSD and SDNN; p = 0.000). No
effects were observed between the protocols (RMSSD, p = 0.707; SDNN, p = 0.883) and in the moment and protocol interaction (RMSSD, p = 0.675;
SDNN, p = 0.742). We noted that RMSSD (ms) was
significantly increased at T0 (rest) compared to T3,
T4, T5 and T6 of recovery in resistance protocols,
while of recovery in endurance protocols this index
was significantly increased at T0 (rest) compared to
T5 and T6. Although the SDNN index (ms) was significantly increased at T0 (rest) compared to T3, T4, T5
and T6 of recovery in endurance protocols, while of
recovery in resistance protocol, these indices were
significantly increased at T0 (rest) compared to T4,
T5 and T6. In addition, figure 3 (RMSSD index (ms)
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Figure 2: M
 ean values followed by their standard deviations of the time-domain (RMSSD, SDNN indices),
protocols of endurance and resistance.

* Value with significant difference (Two-way analysis of variance for repeated measures followed by the Bonferroni posttest; p < 0.05).
# Value with significant difference (Two-way analysis of variance for repeated measures followed by the Dunn's posttest; p < 0.05).
Abbreviations: RMSSD: root mean square of the squared differences between adjacent normal RR intervals

Figure 3: M
 ean values followed by their standard
deviations, of the RMSSD index of 30
seconds of the protocols of endurance
and resistance.

Abbreviations: RMSSD: root mean square of the squared differences between adjacent normal RR intervals

6

30’) shows that there was no significant difference
between the moments in both endurance and resistance protocols.
Figure 4 presents the behavior of the HRV indices in the time domains, SD1 and SD2 geometrics
methods in rest, recovery resistance and endurance
reprotocols. We observed effects of moment, between recovery and rest in the SD2 index (p = 0.009).
It was significantly increased at T0 (rest) compared
to T3, T4, T5 and T6 of recovery in endurance protocols, while recovery in resistance protocols these
indices were significantly increased at T0 (rest) compared to T4, T5 and T6. The analyses index SD1
did not show significant differences between the
moments (rest and recovery) in both protocols, or
relative compared protocols, and also interactions
between moments and protocol.
Likewise, we observed moment effect on all indices in the frequency domain (p = 0.000). No
effects were observed for those indices between
the protocols [LF (ms2), p = 0.651; HF (ms2), p =
0.610; LF/HF ratio (p = 0.355)]. There were no interactions between moment and protocol [LF (ms2),
This article is available at: www.intarchmed.com and www.medbrary.com
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Figure 4: M
 ean values and followed by their standard deviations of the indices in the time domain,
geometrical methods indices (SD1 SD2), protocols of endurance and resistance.

Value with significant difference (Two-way analysis of variance for repeated measures followed by the Dunn's posttest; p < 0.05).
Abbreviations: SD1 = standard deviation of instantaneous beat-to-beat variability SD2 = standard deviation of long-term continuous
RR intervals.

p = 0.635; HF (ms2), p = 0.420; LF/HF ratio, p =
0.314]. Regarding the comparison between moments, we observed that HF (ms2) was significantly
higher at T0 (rest) compared to T6 of recovery in
endurance protocols, though in exercise and resistance protocols this index was significantly higher

at T0 (rest) compared to T3, T4, T5, and T6 of
recovery. LF (ms2) was significantly higher at T0
(rest) compared to T3, T4, T5 and T6 of recovery
in both protocols (Figure 5). The LF/HF index was
significantly higher at T0 compared T3, T4 and T6
of recovery in endurance protocols.

Figure 5: M
 ean values and followed by their standard deviations of the frequency domain indices (HF
and LF) in milliseconds (ms2) protocols of endurance and resistance.

#Value with significant difference (Two-way analysis of variance for repeated measures followed by the Dunn's posttest; p < 0.05).
Abbreviations: LF = low frequency component in miliseconds; HF = high frequency component in miliseconds.

© Under License of Creative Commons Attribution 3.0 License
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Figure 6: M
 ean values and followed by their standard deviations of the ratio between the indices of
time domain and frequency domain (SD1/SD2 and LF/HF) protocol endurance and resistance.

Value with significant difference (Two-way analysis of variance for repeated measures followed by the Dunn's posttest; p < 0.05).
Abbreviations: SD1/SD2 = ratio SD1 and SD2 indices; LF/HF = ratio LF and HF

Figure 6 presents the behavior of the SD1/SD2
ratio geometric index (p = 0.044) and the LF/HF
index. The SD1/SD2 index did not show significant
differences between moments (rest and recovery) in
both endurance and resistance protocols, and also
interactions between moments and protocol.

Discussion
In this study, the endurance and resistance protocols influenced the cardiac autonomic modulation,
which presented increases in HRV indices during the
recovery period compared with rest. Changes were
noted in the indices that indicate parasympathetic
activity after 40 minutes of recovery and also in the
indices that represent overall HRV and sympathetic
activity after 20 minutes in the endurance protocol. In relation to the resistance protocol, differences
were observed in RMSSD, HF and LF (ms2) from 20
minutes of recovery and in SDNN and SD2 from 40
minutes of recovery. When we compared the protocols, a significant difference was observed only in
the second window of recovery for SD1/SD2. However, immediately after the implementation of both
protocols no changes were observed.
Based on our data, the increase in HRV indices
after 20 minutes indicates an improvement of the

8

overall variability. Increases in HRV indices after
acute endurance exercise in athletes with different
intensities, even after the restoration of the index
values were also observed in studies of Kaikonen et
al [30] and Casties et al [28].
Such increases may be attributed to a late effect
of the resistance exercise, as well as the relaxation
response during the first hour of recovery, which in
general may be associated with the respiratory sinus
arrhythmia in consequence of reduced respiratory
cycles [30-32]. Therefore, further studies with control breaths could be important to clarify whether
changes in cardiac autonomic modulation are, in
fact, result from the application of resistance exercise.
The protocols used in our study had different profile regarding the number of repetitions and load, inducing differences in the duration of the execution,
since the rhythm of repetitions performed and the
intervals of recovery between sets were monitored
in both situations. Even with differences in intensity,
the protocols were not sufficient to influence the
cardiac autonomic modulation immediately after
the end of the protocol.
According to our data, there was no significant
difference in the autonomic variables between rest
and the first two recovery moments of ten minuThis article is available at: www.intarchmed.com and www.medbrary.com
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tes and the 30-second moments. However, a previous study analyzed autonomic variables in young
healthy individuals during and after acute resistance
exercise and observed a fast return to baseline (30
seconds) [33]. Furthermore, Lamotte et al. [34] observed that the recovery period of up to 1 minute
in cardiopathic patients was sufficient for heart rate
and blood pressure restoration to values close to
rest, when resistance exercise were performed.
A possible explanation for the absence of autonomic changes immediately after exercise may be
related to autonomic dysfunction presented by the
volunteers prior to the study, as a result of their
cardiac disorder. The literature presents convergent
conclusions regarding the reduced response of cardiac autonomic modulation in cardiopathic subjects
compared with healthy age-matched subjects at
rest and after autonomic nervous system stimulus
[35, 36]. These studies characterize the autonomic
dysfunction by decreasing SDNN and RMSSD indices and increasing LF and LF/HF ratio, indicating a
predominance of sympathetic activity. The values
of LF and LF/HF ratio at rest and during the recovery period observed in the cardiopathic patients
point to a sympathetic predominance and, thus, to
autonomic dysfunction, corroborating the data reported in the literature above. We believe that, this
autonomic dysfunction may have contributed to the
absence of autonomic changes in the immediate
implementation of the exercise.
Therefore, the specific profile of resistance exercise as its short period or the presence of autonomic
dysfunction in these subjects are factors that may
explain the absence of autonomic changes observed immediately after exercise. The absence of a
healthy age-matched control group does not allow
us to safely suggest that this lack of response is
related to autonomic dysfunction presented by cardiopathic subjects, which represents a limitation of
the study. Furthermore, due to the inclusion criteria,
the sample size was small and it must also be considered as a limitation of the study.
© Under License of Creative Commons Attribution 3.0 License
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Our results indicated that acute resistance exercise at different intensities did not change immediately the cardiac autonomic regulation. We did
not observe muscle or cardiovascular complications
in cardiopathic patients, which corroborate other
studies [1, 3, 7, 8] regarding the safety of resistance
exercise for this population.
Future studies that link the modulation of autonomic responses and clinical manifestations to the
chronic or acute effects of resistance exercise may
help to improve the control and safety processes, as
well as to clarify the influence of resistance exercise
on cardiovascular function improvement and clinical
prognosis.
An acute bout of resistance exercise with different intensities did not change the cardiac autonomic modulation in the first 20 minutes of recovery.
The HRV indices were increased at the recovery period compared with the rest.
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List of abbreviations
ANS: autonomic nervous system
HRV: heart rate variability
BMI: body mass index
BP: Blood pressure
HR: heart rate
1RM: one-repetition maximum test
RMSSD: root mean square of the squared differences between adjacent normal RR intervals in a time interval, expressed in
milliseconds
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SDNN: standard deviation of the average of all
normal RR intervals, expressed in milliseconds
SD1: standard deviation of the variability instant
beat-to-beat
SD2: standard deviation of long-term continuous
RR intervals
SD1/SD2: ratio SD1 and SD2 indices
HF = high frequency component in miliseconds
LF = low frequency component in miliseconds
LF/HF = ratio LF and HF
T0: rest
T1: from 0 to 10 minutes of recovery
T2: from 10 to 20 minutes of recovery
T3: from 20 to 30 minutes of recovery
T4: from 30 to 40 minutes of recovery
T5: from 40 to 50 minutes of recovery
T6: from 50 to 60 minutes of recovery
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