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Abstract  Background: Critical load (CL) indicates 
the transition from moderate dynamic exercise to intense 
exercise and can be useful as a parameter of exercise 
intolerance during resistance exercise. In this sense, this 
study aimed to assess and contrast the cardiac autonomic 
response by heart rate variability during resistance exercise 
at CL in elderly and young individuals. Methods: Twenty 
apparently healthy active men, were allocated into young 
group (n=10) and elderly group (n=10), who underwent: 1) 
one repetition maximum (1RM) test on the Leg Press at 45º; 
2) constant load exercise tests (70%, 80% and 90% of 1RM
and intermediate load) in order to calculate the CL; and 3) 
CL assessment with record of heart rate (HR) and R-R 
intervals (R-Ri) to heart rate variability assessment. 
Results: During CL, the elderly presented lower value of 
mean HR in relation to young group (p<0.05), and mean 
R-Ri, RMSSD and SD1 were higher in elderly compared to 
young (p<0.05). In addition, delta (exercise minus rest) 
mean HR, STDRR, RMSSD, RRtri, TINN, SD1, SD2 and 
correlation dimension were lower in elderly compared to 
young (p<0.05). Conclusion: Elderly presented lower 
response to vagal withdrawal and less complexity 
compared to the young people during resistance exercise at 
CL. 

Keywords  Aging, Autonomic Nervous System, 
Exercise, Muscle Fatigue, Muscle Strength 

1. Introduction
Data from the World Health Organization show that the 

number and proportion of people aged 60 years and older 
in the population is increasing, and in 2019 this number 
was 1 billion [1]. Aging is considered a physiological 
process, characterized by metabolic and cellular alterations, 
which can vary according to genetic factors, lifestyle and 
chronic diseases; these alterations lead to a progressive loss 
of functional capacity, leading to greater vulnerability, 
strength and muscle efficiency reduced [2]. For this reason, 
resistance exercise has been widely used to neutralize these 
alterations related to advancing age, thus promoting muscle 
mass gain and improvement in functional mobility and 
quality of life [3,4].  

In the last years, some studies [5-7] were conducted in 
order to introduce the critical load (CL) concept during 
dynamic resistance exercise. This model was derived from 
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critical power [8], commonly used during dynamic aerobic 
exercise, and can be obtained by applying the mathematical 
model of linear regression, considering the relationship 
between the load performed versus limit of tolerance (Tlim) 
during resistance exercise [5]. This concept marks the 
transition from moderate dynamic exercise to intense 
exercise, and can be maintained for a long period without 
muscle fatigue [5], so it is possible to assume that this 
intensity may represent functionally significant indicators 
of exercise capacity and assist in prescription of physical 
training, bringing us more knowledge of fatigue and 
exercise intolerance during resistance exercise. 

Several studies have been conducted to evaluate the 
relationship between load versus Tlim during aerobic 
exercises in young and elderly [9], cyclists [10], running 
[11] and chronic obstructive pulmonary disease [12]; 
however, when we talk about the CL concept applied in the 
resistance exercise, the information is scarce in the 
literature, especially with regard to the elderly population. 

Concomitantly to loss of functional capacity, aging is 
accompanied by structural and functional modifications of 
the cardiovascular system [13], with consequent reduction 
in the heart rate variability (HRV) at rest, and a decline in 
vagal tone [14-16]. In view of these changes, through HRV 
analysis it is possible to identify potential alterations in 
indices related to vagal predominance, global HRV and 
complexity, which favors the identification of imbalance in 
cardiac regulation. 

During physical exercise, some physiological 
mechanisms are activated to supply the new imposed 
metabolic demand, and to minimize changes in the internal 
environment, in order to preserve homeostasis; therefore, 
several hemodynamic adaptations are necessary, including 
those related to cardiovascular function [17]. Although 
several studies have evaluated HRV during resistance 
exercise in the elderly population [18-20], we are not aware 
of any study that evaluated cardiac autonomic control 
during CL in this population. In this sense, the analysis of 
these variables in elderly people during CL would be 
important in clinical practice, allowing for a better 
understanding of cardiac autonomic adjustments during 
resistance exercise performed in this intensity of effort.  

Thus, the aim of the current investigation was to assess 
and contrast the cardiac autonomic response by HRV 
during resistance exercise at CL en elderly and young 
individuals. The hypothesis of the present study is that the 
HRV adjustments in the elderly during resistance exercise 
at CL would be impaired in relation to the young people. 

2. Materials and Methods 

2.1. Research Design and Subjects 

The current investigation is a retrospective, 
cross-sectional, comparative study which included a 
convenience sample of apparently healthy men, allocated 

to a young group (aged between 18 and 29 years) or elderly 
group according to the World Health Organization [1] 
(aged than 60 years). Subjects were invited to participate in 
study between June 2015 and March 2016. Exclusion 
criteria consisted of: 1) smokers, habitual drinkers and/or 
users of illicit drugs; 2) use of prescribed medications; 3) 
presence of anemias; 4) body mass index ≥ 30 kg/m2; 5) 
neurological, musculoskeletal, cardiovascular and/or 
respiratory disorders; 6) complex cardiac arrhythmias or 
electrocardiogram alterations; 7) presence of diabetes 
mellitus and/or arterial hypertension (systolic blood 
pressure ≥ 130 and/or diastolic blood pressure ≥ 80 mmHg 
according to American College of Cardiology/American 
Heart Association Blood Pressure Guidelines) [21]; 8) a 
level of understanding that would limit the participation in 
the study. 

2.2. Ethics Aspects 

This study was approved by the Human Research Ethics 
Committee of the University (#794.638/2014). All subjects 
were informed about the study objectives and the 
experimental procedures, and were ensured about the 
confidentiality of personal data. All participants signed an 
informed consent statement prior to participation. 

2.3. Experimental Procedures 

All subjects were evaluated in the afternoon to avoid 
differing physiologic responses due to circadian variation. 
Protocols were carried out in a climate-controlled room 
(22-24ºC) with a relative air humidity of 40-60%. The 
subjects were instructed to abstain from caffeinated and 
alcoholic beverages, not to perform exercise on the day 
before data collection, to have a light meal at least 2h prior 
to the tests and not to speak unnecessarily during the 
assessments to avoid interfering with the acquisition of 
signals. All participants were familiarized with the 
experimental room environment and the protocol involved 
in the study, which was divided into five days (with an 
interval of 24 to 48 hours among evaluations). During all 
tests, monitoring consisted of 12-lead electrocardiogram 
(Ecafix TC 500, Sao Paulo, SP, Brazil) and blood pressure 
(BD, Sao Paulo, SP, Brazil); perception of effort was 
obtained using the modified Borg Scale [22].  

Any of the tests should be interrupted if: 1) subjects were 
unable to perform the movement within the established 
mechanics, 2) increased systolic blood pressure > 200 
mmHg, 3) increased heart rate (HR) ≥ 85% of maximum 
HR (220 - age x 0.85) and 4) presence of any alteration in 
the electrocardiogram [18].  

2.3.1. First visit: Initial assessment and clinical evaluation 
Subjects underwent an initial assessment consisting of 

anamnesis and physical examination. In addition, Baecke 
Questionnaire [23] was applied, in order to assess the 
subject’s lifestyle. Subsequently, all underwent a clinical 
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evaluation performed by a cardiologist, consisting of 
clinical cardiac examination, resting 12-lead 
electrocardiogram and maximal standard exercise test on a 
cycle ergometer (Corival Recumbent, Lode, Groningen, 
Netherlands). In addition, glycemia, hemoglobin, lipid 
profile, urea, creatinine, and uric acid were performed at 
the Clinical Analysis Laboratory, in order to confirm that 
all subjects were healthy. 

2.3.2. Second visit: one repetition maximum (1RM) test 
Based on a previous protocol for determining the 

1RM [18], we apply a gradual increase in resistance until 
the volunteer succeeded in performing no more than one 
repetition of the exercise on the Leg Press at 45º (Vitally 
Convergent, Sao Paulo, SP, Brazil). 

2.3.3. Third and fourth visit: constant load exercise tests 
with different percentages of 1RM 

On two separate days, each subject undertook a series of 
four different constant load exercise tests, being two tests 
each day with an interval of 20 minutes between them. In 
the thirty visit the intensities applied consisted of 70%, and 
90% of 1RM, and in the fourth visit applied an intermediate 
load and 80% of 1RM; the intermediate load was 
calculated by linear regression of the points found in the 
graph from the loads by time Tlim, using the two loads 
previously performed - 70% and 90% of 1RM (a previous 
CL calculation using only the first two tests). Initially to 

protocol, the subjects performed an adaptation on the 
equipment to establish the correct biomechanics of the 
movement. The protocol exercise was then initiated, with 
each repetition performed in 3 seconds (1.5 second 
eccentric phase and 1.5 second concentric phase) with the 
rhythm controlled by verbal commands. The effort was 
performed until Tlim, this is, inability to perform the 
movement within the established mechanics due to leg 
fatigue or difficulty to maintain the cadence and/or 
movement amplitude. From these protocols, we find 
parameters to calculate the CL. 

2.3.4. Fifth visit: Critical load (CL) assessment 
To determine the CL, calculation applied was based on 

previous study [5]. The CL was determined by percentage 
of the four loads carried out (70%, 80%, 90% of 1RM and 
intermediate load) x reciprocal time on each load (time 
Tlim), as shown in Figure 1. In this test, maximum 
repetition capacity tolerated by the volunteer was evaluated, 
i.e., the highest sustainable work rate determined as CL. 
Prior to the execution of test, subjects remained at rest on 
the equipment for 10 min, and then the resistance exercise 
protocol was initiated at CL, being performed until Tlim; 
then a 10-minute passive recovery phase was realized. At 
rest and during the test, the R-R intervals (R-Ri) were 
recorded with a digital telemetry system (Polar® S810i, 
Kempele, Oulu, Finland). 

 

Figure 1.  Illustration of the determination of critical load calculated by linear regression (loads by execution times) obtained in relation to the 
intensities of the exercises performed (70, 80 and 90% of 1RM and intermediate load). Critical load obtained = 43.98% of 1RM. 
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Figure 2.  Flowchart showing subjects’ participation in the study. n: number of subjects; 1RM: one repetition maximum; HRV: heart rate variability. 

2.3.5. Heart rate variability (HRV) analysis 
The R-Ri recordings were reviewed by visual inspection 

using the Polar Precision Performance SW (version 
4.03.040, Kempele, Finland). A series containing 
sequential 300 R-Ri of rest and exercise phase was 
analyzed using Kubios® HRV analysis software 2.0 for 
Windows (MATLAB, version 2 beta, Kuopio, Finland); in 
the exercise phase, the initial 30 s of signal were excluded 
from each tachogram.  

HRV was analyzed by time domain and through 
nonlinear statistical measures. Mean of R-Ri (RR), Mean 
of HR, standard deviation of the mean of all normal R-Ri 
(STDRR), square root of the difference in the sum of 
squares between R-Ri on the record, divided by the 
determined time minus one (RMSSD), total number of 
R-Ri divided by the height of the histogram of all R-Ri 
(RRtri) and width of the R-Ri triangle distribution (TINN) 
were computed as time domain measures [24]. In addition, 
nonlinear statistical measures were calculated by standard 
deviation of Poincaré plot perpendicular to the 
line-of-identity (SD1), standard deviation of the Poincaré 
plot along the line-of-identity (SD2) [25], approximate 
entropy (ApEn) [26,27], sample entropy (SampEn) [27] 
and correlation dimension (CD) [28].  

HRV indexes at CL were presented in the following 
ways: 1) during the exercise phase with its absolute values; 

and 2) absolute delta (exercise minus rest) and normalized 
delta by the maximum load obtained at CL (kg).  

2.4. Statistical Analysis 

Based on pilot study, the sample size was calculated 
using RMSSD index; thus was necessary a sample of 10 
subjects in each group to promote sufficient statistical 
power (80%) at an α-level of 0.05 (GPower software 
package, version 3.1.6, Kiel, Schleswig–Holstein, 
Germany). The magnitude of differences in the delta 
(exercise-baseline) of HRV indices between the groups 
was examined using Cohen’s d effect size analysis [29], 
also showing the confidence interval; the Cohen’s d effect 
size results were qualitatively interpreted using the 
following thresholds: <0.2 (trivial), 0.2-0.5 (small), 0.5-0.8 
(medium) or 0.8 or higher (large) [29,30]. Due to normal 
distribution of the data (verified by the Shapiro–Wilk test), 
and to homogeneity of variance (verified by Levene´s test) 
the data were expressed in mean ± SD or SE. Unpaired 
Student’s t-test was used for all inter-groups comparisons 
(young vs. elderly) and Paired Student’s t-test was used for 
all intra-groups comparisons (resistance exercise vs. rest 
and delta). All statistical analyses were carried out using 
the Statistica for Windows software release 5.1 (StatSoft, 
Inc, Tulsa, OK, USA) and the significance level used was 
p<0.05. 
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Table 1.  Age, anthropometry and baseline hemodynamic variables of both groups 

 Young (n=10) Elderly (n=10) p value 

Age, years 25 ± 4 68 ± 4 <0.001 

Antropometry    

Weight, kg 78.9 ± 8.1 76.7 ± 13.1 0.971 

Height, m 1.78 ± 0.07 1.72 ± 0.10 0.133 

BMI, kg/m² 24.6 ± 1.3 26.1 ± 4.14 0.164 

Hemodinamic variables    

SBP, mmHg 115.8 ± 12.5 132.0 ± 10.4 <0.01 

DBP, mmHg 78.5 ± 10.2 88.6 ± 6.2 0.022 

HR, bpm 77.5 ± 5.7 75.4 ± 9.2 0.558 

Values are mean ± SD. BMI: body mass index; DBP: diastolic blood pressure; HR: heart rate; n: number of subjects; SBP: systolic blood pressure  

Table 2.  Variables of constant load exercise tests and at critical load, load of one repetition maximum test and percentage of one repetition maximum 
reached in the critical load of both groups 

 Young Elderly 

% in relation to 1RM Load, kg Tlim, s No. repetitions Load, kg Tlim, s No. repetitions 

70%  178 ± 40 102 ± 32 34 ±7 176 ± 33.8 51 ± 18* 17 ± 6* 

80% 203 ± 45 54 ± 22 18 ± 8 201 ± 37 36 ± 15* 12 ± 4* 

90% 229 ± 51 33 ± 10 11 ± 3 226 ± 44 18 ± 12* 6 ± 4* 

Intermediate 147 ± 29 144 ± 57 48 ± 20 146 ± 25 102 ± 47 34 ± 15 

CL 133 ± 26 165 ± 63 55 ± 20 131 ± 52 141 ± 74 47 ± 28 

 Young Elderly 

1RM, kg  254 ± 56   251 ± 5  

CL, % 1RM    54 ± 8     52 ± 9  

Values are mean ± SD. 1RM: one repetition maximum; CL: critical load; No.: number; Tlim: limit of tolerance; Intermediate: calculated by linear 
regression of the points found in the graph from the loads by Tlim, using the two loads previously performed - 70% and 90% of one repetition 
maximum; *Significant differences between groups (p<0.05).  

3. Results 
Initially, 30 subjects were considered eligible, being 10 

in the young group and 20 in the elderly group, but 10 
elderly were excluded during the protocol due to several 
factors; in this way, the final sample was composed of 10 
young and 10 elderly (Figure 2), all being considered 
physically active according to the Baecke 
Questionnaire [23]. Age, anthropometry and baseline 
hemodynamic variables of groups are summarized in 
Table 1; as expected, there was difference in age between 
groups, and the elderly group presented higher values of 
systolic and diastolic blood pressure compared to the 
young. With respect to constant load exercise tests with 
different percentages of 1RM and CL, although they 
reached loads were similar between groups, the elderly 
presented lower values for Tlim and number of repetitions 
performed at 70%, 80% and 90% of 1RM in relation to 
young. Furthermore, the groups were similar in relation to 
the load obtained in the 1RM test and percentage of 1RM 
reached in the CL (Table 2). 

Table 3 shows the comparison of HRV indexes 
analyzed by time domain and through nonlinear statistical 
measures during rest and resistance exercise at CL, beyond 
the delta of these variables to both groups. In the rest, 
STDRR, RMSSD, RRtri, TINN, SD1, SD2 and CD 
indexes were lower in the elderly group compared to the 
young group. Regarding resistance exercise at CL, the 
elderly group presented lower value for mean HR in 
relation to the young group, and the mean RR, RMSSD and 
SD1 were higher in the elderly compared to young. When 
HRV indexes obtained during resistance exercise at CL 
were compared with those obtained at rest, we observe that 
to young group the exercise induced an increase in the 
mean HR and decrease in the mean RR, STDRR, RMSSD, 
RRtri, TINN, SD1, SD2, ApEn, SampEn and CD; while for 
the elderly group, the exercise induced only an increase in 
the mean HR and decrease in the mean RR, ApEn and 
SampEn. In addition, delta HRV indexes were obtained to 
show the behavior of vagal withdraw, and was observed 
that the elderly presented lower response of mean HR, 
STDRR, RMSSD, RRtri, TINN, SD1, SD2 and CD when 
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compared to young (Table 3). 
When we normalize the HRV absolute values by the 

individual load obtained during the exercise in the CL, 
RMSSD and SD1 indexes once again were higher in the 
elderly in relation to young, i.e. RMSSD/load (ms/kg): 0.16 
± 0.04 vs. 0.03 ± 0.01 (p<0.01), and SD1/load (ms/kg): 
0.11 ± 0.03 vs. 0.03 ± 0.01 (p<0.01). Additionally, when 

we observe the behavior of HRV derived from absolute 
delta (exercise minus rest) normalized by the maximum 
load reached (kg) of each subject at CL, it is possible to 
verify that the elderly group presented smaller variations 
during exercise compared to young people in the following 
indexes: delta RMSSD/load, delta TINN/load, delta 
SD1/load and delta CD/load (Figure 3).

 

Figure 3.  Delta of heart rate variability indexes normalized by the maximum load reached (kg) of each subject during resistance exercise at critical 
load of both groups. A) RMSSD/load; B) TINN/load; C) SD1/load; D) CD/load. Values are mean ± SE. Delta: exercise minus rest; RMSSD: square root 
of the difference in the sum of squares between R-Ri on the record, divided by the determined time minus one; TINN: width of the R-Ri triangle 
distribution measures; SD1: standard deviation of Poincaré plot perpendicular to the line-of-identity; CD: correlation dimension. Cohen’s d effect size 
and difference delta 95% confidence interval, respectively: Delta RMSSD/load (0.64; 0.16-0.50); Delta TINN/load (0.51; 0.10-1.60); Delta SD1/load 
(0.15; 0.14-0.31); Delta CD/load (0.50; 0.01-0.02). Young group: in gray; Elderly group: in black.  
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Table 3.  Comparison of heart rate variability indexes at rest, during resistance exercise at critical load and delta (exercise – rest) of both groups 

 Rest Resistance exercise at CL Delta (CL - rest) Cohen’s d  Difference delta  

 Young Elderly Young Elderly Young Elderly effect size 95% CI 

Time domain        

Mean RR, ms 868.7 ± 38.7 882.5 ± 33.9 460.5 ± 15.1* 583.4 ± 23.2*+ -408 ± 40.3 -299.1 ± 34.9 0.82 (large) (1.79-216.20) 

Mean HR, bpm 70.8 ± 2.9 68.8 ± 2.6 132.0 ± 4.1* 104.3 ± 3.9*+ 61.2 ± 4.9 35.4 ± 4.1+ 0.94 (large) (12.92-38.67) 

STDRR, ms  72.7 ± 12.6 30.3 ± 7.3+ 28.1 ± 3.7* 23.4 ± 5.7 -44.6 ± 8.6 -6.9 ± 7.6+ 0.91 (large) (1.50-60.79) 

RMSSD, ms 49.2 ± 6.8 20.2 ± 4.6+ 5.4 ± 1.7* 19.3 ± 4.4+ -43.8 ± 6.3 -0.9 ± 5.9+ 0.96 (large) (25.58-60.22) 

RRtri  12.9 ± 1.4 7.1 ± 1.1+ 6.0 ± 0.4* 4.4 ± 0.9 -6.9 ± 1.1 -2.7 ± 1.2+ 0.87 (large) (0.86-7.48) 

TINN, ms 236.5 ± 17.9 126.2 ± 22.7+ 112.0 ± 12.3* 123.7 ± 31.2 -124.5 ± 15.5 -2.5 ± 39.2+ 0.89 (large) (41.37-202-63) 

Non-linear        

SD1, ms 34.8 ± 4.8 14.4 ± 3.3+ 3.8 ± 1.2* 13.8 ± 3.1+ -31.0 ± 4.4 -0.6 ± 4.3+ 0.96 (large) (18.11-42-74) 

SD2, ms 95.8 ± 16.6 46.7 ± 10.4+ 39.3 ± 5.2* 42.6 ± 5.5 -56.5 ± 11.8 -4.1 ± 12.9+ 0.90 (large) (17.70-87.08) 

ApEn 1.02 ± 0.06 0.90 ± 0.05 0.41 ± 0.06* 0.45 ± 0.06* -0.61 ± 0.06 -0.45 ± 0.01 0.88 (large) (-0.03-0.33) 

SampEn 1.39 ± 0.15 1.44 ± 0.09 0.37 ± 0.06* 0.57 ± 0.17* -1.02 ± 0.14 -0.86 ± 0.23 0.38 (small) (-037-0.68) 

CD 2.78 ± 0.39 0.80 ± 0.38+ 0.57 ± 0.10* 0.89 ± 0.30 -2.2 ± 0.40 0.08 ± 0.56+ 0.94 (large) (0.94-3.63) 

Values are mean ± SE. ApEn: approximate entropy; CD: correlation dimension; CL: critical load; Delta: exercise minus rest; CI: confidence interval; HR: heart rate; RMSSD: square root of the difference in the sum of squares 
between R-R intervals on the record, divided by the determined time minus one; RR: R-R intervals; RRtri: total number of R-Ri divided by the height of the histogram of all R-R intervals; SampEn: sample entropy; SD1: standard 
deviation of Poincaré plot perpendicular to the line-of-identity; SD2: standard deviation of the Poincaré plot along the line-of-identity; STDRR: standard deviation of the mean of all normal R-R intervals; TINN: width of the R-Ri 
triangle distribution measures. *Significant difference between resistance exercise at CL and rest (p<0.05); +Significant differences between groups in the same situation (p<0.05).  
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4. Discussion 
The present study evaluated and contrasted cardiac 

autonomic response by HRV during resistance exercise at 
CL in elderly and young individuals. The main finding of 
this study was that elderly presented an attenuated 
response of vagal withdrawal compared to young during 
resistance exercise at CL, represented both by absolute 
values of HRV and normalized by the load.  

To our knowledge, this is the first study to evaluate the 
cardiac autonomic nervous system responses in elderly 
during resistance exercise at CL. A previous study [7] 
evaluated the metabolic and cardiovascular responses 
during dynamic lower limbs resistance exercise at CL in 
elderly and young, but without assessment of cardiac 
autonomic control, in which can add more methodological 
evidence for therapeutic interventions, reinforcing the need 
for preventive measures and adequate aging control, 
especially during exercise.  

In the present study, the mean value of the CL was 
between 52% and 54% of 1RM for the elderly and young, 
respectively, corroborating the previous findings of 
Arakelian et al. [6]; in addition, no differences were 
observed in relation to loads obtained during resistance 
exercise at CL (kg) between elderly (131 ± 52 kg) and 
young (133 ± 26 kg). Although aging is related to both the 
reduction of strength production and functional status, 
which can be accelerated by sedentary lifestyle [31], in the 
present study all elderly were considered physically active, 
therefore presented similar responses to young related to 
performance during CL. 

As expected, the elderly presented lower vagal 
modulation at rest compared to young, even though our 
sample is composed of healthy active men, is already well 
established in the literature that rest cardiac vagal tone 
declines with age [14-16]. On the other hand, at the 
beginning of the exercise, in a physiological condition, HR 
tends to increase to meet the competing demands of 
working muscles; this rapid HR increase is primarily 
mediated by vagal withdrawal, while additional increases 
are sustained both due to reductions in cardiac vagal tone 
and increased sympathetic activity [32]. The mean RR and 
mean HR during CL presented higher and lower values 
respectively in elderly in relation to young; these findings 
do not seem to be related to the performance realized by the 
subjects, since the effort during the resistance exercise was 
similar between groups, i.e., the groups did not present 
differences in the reached load, % load in relation to 1RM, 
Tlim and number of repetitions during CL, as already 
mentioned. In that same sense, the elderly group showed 
higher vagal modulation (represented by the RMSSD and 
SD1 indexes) and consequently lower value of HR in 
relation to young during resistance exercise at CL; 
additionally the elderly presented an attenuated response of 
vagal withdrawal in the exercise in relation to rest 
compared to young, what could be observed through the 
absolute delta normalized by the load (RMSSD/load, 

SD1/load and TINN/load). A possible explanation for our 
results is that the aging cause alterations in the ability of 
produce cardiac autonomic adjustment during the physical 
effort, mainly related to vagal withdrawal, as already 
reported in previous studies with different exercise 
protocols [33,34]. Our findings corroborate those of Taylor 
et al. [34], which found smaller tachycardic response to 
isometric exercise in older due to an inability to decrease 
cardiac vagal tone from already low baseline levels; in our 
study, reduced vagal modulation at rest was observed in the 
elderly group, which also helps to explain our findings.  

Furthermore, the absolute values of HRV indexes were 
normalized by the load (kg) reached by the subjects during 
the resistance exercise at CL. We observed that even after 
this normalization, this attenuated response of vagal 
withdrawal presented in elderly compared to young 
remained, supporting our previous and discarding the 
influence of the load carried.  

In addition, we used others nonlinear statistical 
measures, like ApEn, SampEn and CD, in order to 
complement the HRV traditional assessments, since these 
indexes are related with the unpredictability, fractability 
and complexity of the signal [35]. Our results showed 
significant reduction of ApEn and SampEn both in the 
elderly and young groups in the resistance exercise at CL 
compared to rest; lower values reflect high degree of 
regularity and predictability of signal, that is, may reflect a 
worse cardiac autonomic function [26,27], and in this sense 
both groups showed similar response of these indexes, 
which was already expected with regard to effort. On the 
other hand, the elderly group presented lower value of CD 
in relation to young already in the rest condition, 
confirming previous findings that the aging alters the 
complexity of the system, i.e., the system is chaotic [28]; 
this reduced rest value present in the elderly, possibly 
limited their ability to produce critical autonomic 
adjustment to reduce the CD value during exercise, similar 
to RMSSD and SD1 results observed in our findings. 

From a practical point of view, our findings may have a 
clinical potential to assessment of capacity exercise and, in 
that context, can assist in the resistance training 
prescription of elderly population, possibiliting the 
elaboration of strength and endurance training in which can 
be maintained for a long period. Additionally, this study 
extends our understanding of the importance of alterations 
in the regulation of cardiac autonomic control during this 
modality of exercise related to aging. 

This investigation has some limitations, such as the lack 
of dosage of lactate, which could show us if there was an 
accumulation of that substance during exercise; however, 
we took all methodological care so that the subjects of this 
study carried out the load until Tlim. In addition, we did not 
include women in the sample, because the selected age 
range could include both women in the reprodutive period 
and postmenopausal women, which could affect our 
findings [36,37]; then, whether gender would influence the 
cardiac autonomic control during resistance exercise at CL 



  International Journal of Human Movement and Sports Sciences 10(2): 273-282, 2022 281 
 

remains unknown, needing future studies to elucidate this 
point. 

5. Conclusions 
In conclusion, our data showed less ability to adjust the 

cardiac autonomic modulation during resistance exercise at 
CL in elderly, with less response to vagal withdrawal and 
less complexity compared to young people. Although this 
deficiency related to the cardiac autonomic adjustments of 
the elderly has been observed, future studies involving 
physical training at CL can be carried out in this population, 
in order to verify the benefits in cardiac autonomic control. 

Acknowledgements 
We would like to thank the Fundação de Amparo à 

Pesquisa do Estado de São Paulo (FAPESP) (process 
number 2015/26501-1). 

 

REFERENCES 
[1] World Health Organization, “Ageing”, Overview, 

https://www.who.int/health-topics/ageing#tab=tab_1 
(accessed Mar. 8, 2022). 

[2] M. Dziechciaż, R. Filip, Biological psychological and 
social determinants of old age: Bio-psycho-social aspects of 
human aging, Annals of Agricultural and Environmental 
Medicine, vol. 21, no. 4, pp. 835-838, 2014. DOI: 
10.5604/12321966.1129943  

[3] American College of Sports Medicine. American College of 
Sports Medicine position stand, Progression models in 
resistance training for healthy adults, Medicine and Science 
in Sports and Exercise, vol. 41, no. 3, pp. 687-708, 2009. 
DOI: 10.1097/00005768-200202000-00027 

[4] K. M. Lavin, B. M. Roberts, C. S. Fry, T. Moro, B. B. 
Rasmussen, M. M. Bamman, The importance of resistance 
exercise training to combat neuromuscular aging, 
Physiology (Bethesda), vol. 34, no. 2, pp. 112-122, 2019. 
DOI: 10.1152/physiol.00044.2018  

[5] V. M. Arakelian, R. G. Mendes, R. Trimer, F. C. R. Caruso, 
N. M. de Souza, V. C. Borges, C. V. G. Gatto, V. Baldissera, 
R. Arena, A. Borghi-Silva, Critical load: a novel approach 
to determining a sustainable intensity during resistance 
exercise, The Journal of Sports Medicine and Physical 
Fitness, vol. 57, no. 5, pp.556-564, 2017. DOI: 
10.23736/S0022-4707.16.06169-7 

[6] V. M. Arakelian, C. L. Goulart, R. G. Mendes, F. C. R. 
Caruso, V. Baldissera, R. Arena, A. Borghi-Silva, 
Cardiorespiratory and metabolic determinants during 
moderate and high resistance exercise intensities until 
exhaustion using dynamic leg press: comparison with 
critical load, Brazilian Journal of Medical and Biological 
Research, vol. 51, no. 11, pp. e7837, 2018. DOI: 
10.1590/1414-431X20187837 

[7] V. M. Arakelian, C. L. Goulart, R. G. Mendes, N. M. de 
Souza, R. Trimer, S. Guizilini, L. M. M. Sampaio, V. 
Baldissera, R. Arena, M. S. Reis, A. Borghi-Silva, 
Physiological responses in different intensities of resistance 
exercise - Critical load and the effects of aging process, 
Journal of Sports Sciences, vol. 37, no. 12, pp. 1420-1428, 
2019. DOI: 10.1080/02640414.2018.1561389 

[8] H. Monod, J. Scherrer, The work capacity of a synergic 
muscular group, Ergonomics, vol. 8, no. 3, pp. 329-338, 
1965. DOI: 10.1080/00140136508930810 

[9] T. J. Overend, D. A. Cunningham, D. H. Paterson, W. D. 
Smith, Physiological responses of young and elderly men to 
prolonged exercise at critical power, European Journal of 
Applied Physiology and Occupational Physiology, vol. 64, 
no. 2, pp. 187-193, 1992. DOI: 10.1007/BF00717959 

[10] L.U. Schäfer, M. Hayes, J. Dekerl, The magnitude of 
neuromuscular fatigue is not intensity dependent when 
cycling above critical power but relates to aerobic and 
anaerobic capacities, Experimental Physiology, vol. 104, no. 
2, pp. 2019-219, 2019. DOI: 10.1113/EP087273 

[11] O. N. Beck, S. Kipp, J. M. Roby, A. M. Grabowski, R. 
Kram, J. D. Ortega, Older runners retain youthful running 
economy despite biomechanical differences, Medicine and 
Science in Sports and Exercise, vol. 48, no. 4, p. 697-704, 
2015. DOI: 10.1249/MSS.0000000000000820 

[12] C. Malaguti, S. Dal Corso, E. Colucci, T. Stuchi, R. 
Pulcheri, L.E. Nery, Critical power for the upper limb in 
patients with chronic obstructive pulmonary disease: A 
pilot study, Respiratory Physiology & Neurobiology, vol. 
270, pp. 103280, 2019. DOI:10.1016/j.resp.2019.103280 

[13] A. U. Ferrari, Modifications of the cardiovascular system 
with aging, American Journal of Geriatric Cardiology, vol. 
11, no. 1, pp. 30-33, 2002. DOI:10.1111/1467-8446.00044
-i1 

[14] R. Parashar, M. Amir, A. Pakhare, P. Rathi, L. Chaudhary, 
Age related changes in autonomic functions. Journal of 
Clinical and Diagnostic Research, vol. 10, no. 3, pp. 
CC11-CC15, 2016. DOI:10.7860/JCDR/2016/16889.74
97  

[15] O. V. Korkushko, V. B. Shatilo, YuI. Plachinda, T. V. 
Shatilo, Autonomic control of cardiac chronotropic 
function in man as a function of age: assessment by power 
spectral analysis of heart rate variability, Journal of 
Autonomic Nervous System, vol. 32, no. 3, pp. 191-198, 
1991. DOI: 10.1016/0165-1838(91)90113-h 

[16] J. R. Stratton, W. C. Levy, J. H. Caldwell, A. Jacobson, J. 
May, D. Matsuoka, K. Madden, Effects of aging on 
cardiovascular responses to parasympathetic withdrawal, 
Journal of the American College of Cardiology, vol. 41, no. 
4, pp. 2077-2083, 2003. DOI: 10.1016/s0735-1097(03)004
18-2 

[17] R. B. Vega, J. P. Konhilas, D. P. Kelly, L. A. Leinwand, 
Molecular mechanisms underlying cardiac adaptation to 
exercise, Cell Metabolim, vol. 25, no. 5, pp. 1012–1026, 
2017. DOI: 10.1016/j.cmet.2017.04.025 

[18] R. P. Simões, R. G. Mendes, V. Castello, H. G. Machado, 
L. B. Almeida, V. Baldissera, Catai, A. M., R. Arena, A. 
Borghi-Silva, Heart-rate variability and blood-lactate 
threshold interaction during progressive resistance exercise 
in healthy older men, Journal of Strength and Conditional 



282  Effects of Aging on Cardiac Autonomic Response during Resistance Exercise at Critical Load   
 

Research, vol. 24, no. 5, pp. 1313-1320, 2010. DOI: 
10.1519/JSC.0b013e3181d2c0fe 

[19] R. P. Simões, V. Castello-Simões, R. G. Mendes, B. 
Archiza, D. A. dos Santos, J. C. Bonjorno Jr, C. R de 
Oliveira, A. M. Catai, R. Arena, A. Borghi-Silva, 
Identification of anaerobic threshold by analysis of heart 
rate variability during discontinuous dynamic and 
resistance exercise protocols in healthy older men, Clinical 
Physiology and Functional Imaging, vol. 34, no. 2, pp. 
98-108, 2014. DOI: 10.1111/cpf.12070 

[20] G. P. T. Arêas, F. C. R. Caruso, R. P. Simões, V. 
Castello-Simões, R. B. Jaenisch, T. O. Sato, R. Cabiddu, R. 
G. Mendes, R. Arena, A. Borghi-Silva, Ultra-short-term 
heart rate variability during resistance exercise in the 
elderly, Brazilian Journal of Medical and Biological 
Research, vol. 51, no. 6, pp. e6962, 2018. DOI: 
10.1590/1414-431x20186962 

[21] P.K. Whelton, R. M. Carey, W. S. Aronow, D. E. Casey Jr, 
K. J. Collins, C. Dennison Himmelfarb, S. M. DePalma, S. 
Gidding, K. A. Jamerson, D. W. Jones, E. J. MacLaughlin, 
P. Muntner, B. Ovbiagele, S. C. Smith Jr, C. C. Spencer, R. 
S. Stafford, S. J. Taler, R. J. Thomas, K. A. Williams Sr, J. 
D. Williamson, J. T. Wright Jr, 2017 
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/
NMA/PCNA Guideline for the prevention, detection, 
evaluation, and management of high blood pressure in 
adults: Executive summary: A report of the American 
College of Cardiology/American Heart Association Task 
Force on Clinical Practice Guidelines, Hypertension, vol. 
71, no. pp. 1269-13246, 2018,. DOI: 
10.1161/HYP.0000000000000066.  

[22] G. A. Borg, Psychophysical bases of perceived exertion. 
Medicine and Science in Sports and Exercise, vol. 14, no. 
5, pp. 377e81, 1982. 

[23] J. A. Baecke, J. Burema, J. E. Frijters, A short 
questionnaire for the measurement of habitual physical 
activity in epidemiological studies, The American Journal 
of Clinical Nutrition, vol. 36, no. 5, pp. 936-942, 1982. 
DOI: 10.1093/ajcn/36.5.936 

[24] Task Force of European Society of Cardiology and the 
North American Society of Pacing and Electrophysiology, 
Heart rate variability: standards of measurement, 
physiological interpretation, and clinical use, Circulation, 
vol. 93, no. 5, pp. 1043-1065, 1996. 

[25] M. P. Tulppo, T. H. Mäkikallio, T. E. Takala, T. Seppänen, 
H. V. Huikuri, Quantitative beat-to-beat analysis of heart 
rate dynamics during exercise, The American Journal of 
Physiology, vol. 271, no. 1 Pt 2, pp. H244–H252, 1996. 
DOI: 10.1152/ajpheart.1996.271.1.H244 

[26] S. M. Pincus, Approximate entropy as a measure of system 
complexity, Proceeding of the National Academy of 
Sciences of the United States of America, vol. 88, no. 6, pp. 
2297–2301, 1991. DOI: 10.1073/pnas.88.6.2297 

[27] J. S. Richman, J. R. Moorman JR, Physiological time-series 
analysis using approximate entropy and sample entropy. 
American Journal of Physiology. Heart and Circulatory 
Physiology, vol. 278, no. 6, pp.H2039-H2049, 2000. DOI: 
10.1152/ajpheart.2000.278.6.H2039 

[28] F. Beckers, B. Verheyden, A. E. Aubert, Aging and 
nonlinear heart rate control in a healthy population, 
American Journal of Physiology. Heart and Circulatory 
Physiology, vol. 290, no. 6, pp. H2560-H2570, 2006. DOI: 
10.1152/ajpheart.00903.2005 

[29] J. Cohen, “The concepts of power analysis”, in “Statistical 
Power Analysis for the Behavioral Sciences”, (2ª ed.), 1988, 
pp.1-17. 

[30] J. Cohen, A power prime, Psychological Bulletin, vol. 112, 
no. 1, pp. 155-159, 1992. DOI: 10.1037//0033-2909.112.1.
155.  

[31] U. Tarantino, M. Scimeca, E. Piccirilli, V. Tancredi, J. 
Baldi, E. Gasbarra, E. Bonanno, Sarcopenia: A histological 
and immunohistochemical study on age-related muscle 
impairment, Aging Clinical and Experimental Research, vol. 
7, no. Suppl 1, pp. S51–S60, 2015. DOI: 
10.1007/s40520-015-0427-z 

[32] S. Michael, K. S. Graham, G. M. D. Oam, Cardiac 
autonomic responses during exercise and post-exercise 
recovery using heart rate variability and systolic time 
intervals - A review, Frontiers in Physiology, vol. 8, pp. 301, 
2017. DOI: 10.3389/fphys.2017.00301  

[33] J. R. Stratton, W. C. Levy, M. D. Cerqueira, R. S. Schwartz, 
I. B. Abrass, Cardiovascular responses to exercise. Effects 
of aging and exercise training in healthy men, Circulation, 
vol. 89, no. 4, pp.1648-1655, 1994. DOI: 
10.1161/01.cir.89.4.1648 

[34] J. A. Taylor, J. Hayano, D. R. Seals, Lesser vagal 
withdrawal during isometric exercise with age. Journal of 
Applied Physiology (Bethesda, Md.: 1985), vol. 79, no. 3, 
pp. 805-811, 1995. DOI: 10.1152/jappl.1995.79.3.805 

[35] M. F. de Godoy, Nonlinear Analysis of Heart Rate 
Variability: A comprehensive review, Journal of 
Cardiology and Therapy, vol. 3, no. 3, pp. 528-533, 2016. 

[36] V. F. Neves, M. F. Silva de Sá, L. Gallo Jr, A. M. Catai, L. E. 
B. Martins, J. C. Crescêncio, N. M. Perpétuo, E. Silva, 
Autonomic modulation of heart rate of young and 
postmenopausal women undergoing estrogen therapy, 
Brazilian Journal of Medical and Biological Research, vol. 
40, no. 4, pp. 491-499, 2007. DOI: 
10.1590/s0100-879x2007000400007 

[37] N. M. Perseguini, A. C. M. Takahashi, J. C. Milan, P. R. dos 
Santos, V. F. C. Neves, A. Borghi-Silva, E. Silva, N. 
Montano, A. Porta, A. M. Catai, Effect of hormone 
replacement therapy on cardiac autonomic modulation. 
Clinical Autonomic Research, vol. 24, no. 2, pp. 63-70, 
2014. DOI: 10.1007/s10286-014-0226-1

 


	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusions
	Acknowledgements
	REFERENCES

