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ABSTRACT
Introduction: One of the benefits provided by regular physical activities seems to be the impro-

vement of cardiac autonomic nervous system modulation. However, the role of physical activity as 
a determinant factor of the heart rate variability (HRV) is not well-established. Therefore, the aim of 
this study was to verify whether there was a correlation between resting heart rate and maximum 
workload reached in an exercise test with HRV indices in elderly men. Methods: A study was carried 
out with 18 elderly men between the ages of 60 and 70 years. The following evaluations were made: 
a) Maximal exercise test on a cycle ergometer using Balke treadmill protocol to evaluate the aerobic 
capacity; b) Heart Rate (HR) and RR Intervals (RRi) registered for 15 minutes at rest, in the supine 
position. After collection, data were analyzed by time domain (RMSSD index) and by the frequency 
domain (low (LF) and high (HF) frequency indices and LF/HF ratio). Pearson correlation test was 
used to verify whether there was a correlation between the maximum workload reached during the 
exercise test and the HRV indices (p ≤ 0.05). Results: Demographic, physiological, and anthropometric 
characteristics and the maximum load achieved during exercise test: Age = 63 ± 3.0 years; BMI = 24 
± 2 kg/m2; HR = 63 ± 9 bpm; SBP = 123 ± 19 mmHg; DBP = 83 ± 8 mmHg; maximum workload = 
152 ± 29 watts. No correlation was found between the HRV indices with the values of the resting 
heart rate and the maximum workload reached in the exercise test (p > 0.05). Conclusion: Temporal 
and spectral indices of heart rate variability are not indicators of aerobic capacity of elderly men 
evaluated on a cycle ergometer.

Keywords: heart rate variability, exercise test, resting heart rate, elderly. 

IntroduCTION
Heart rate variability (HRV) is an important marker of neural 

cardiac activity, where high values are a sign of good adapta-
tion and they characterize a healthy individual, while low values 
are frequently sign of abnormal adaptation of the autonomous 
nervous system (ANS) and are associated with higher risk of car-
diovascular diseases1.

HRV, likewise aerobic capacity, decreases during the aging 
process due to alterations of the ANS2. However, behavior factors, 
including regular practice of physical exercise, seem to attenuate 
these adaptations3. 

On this matter, it has been reported that regular moderate prac-
tice of physical exercise may increase vagal modulation4, which 
supports the idea that HRV may be associated with the level of 
maximal aerobic capacity5.

Besides higher levels of HRV, trained individuals may present 
lower values of resting heart rate (HR)6, possibly due to increase 
of vagal activity7. Therefore, some studies mention that aerobic 
performance positively correlates with parasympathetic activity8. 
However, other studies have observed that aerobic training did 
not alter the oxygen consumption peak in the same proportion 

that HRV9, indicating that the other factors involved in the aerobic 
performance are independent from the alterations in HRV10.

Additionally, some research did not find significant alterations 
of the ANS after aerobic training in men9. One of the explanations 
for these findings is that low intensity aerobic exercises would not 
be effective in altering the ANS from the extent to keep or increase 
the HRV in elderly individuals11.

Therefore, the ANS abnormalities aggravated by the aging 
effects have been seen as an example of physical conditioning 12. 
Thus, many studies have pointed regular practice of physical activity 
as the aim to attenuate such effects. Nonetheless, the investigations 
on the correlation between autonomic modulation of the heart and 
aerobic capacity are inconclusive13.

Thus, the present study has tried to test the hypothesis that 
there is a correlation between maximal workload values reached 
in the ergometric test, resting heart rate with the HRV indices in 
elderly men.

METHODS
The present study was approved by the Ethics in Research 

Committee of the Philosophy and Sciences College of  Unesp-Marília,
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Physical exercise test 

The maximum physical exercise test was performed in a vertical 
cycle ergometer of electromagnetic braking (Lion Fitness, LF 300, 
Pompeia, Brazil). The seat height was individually set so that the 
knee was at kept at an angle between 5 and 10o at the highest 
extension point of the lower limb.

Balke18 protocol was applied. It consists of increment of 25w 
of overload at every two-minute stage, until voluntary fatigue, or 
until the individual reached maximum heart rate (HR) and/or any 
other signo r symptom of physical fatigue which hampered the 
test continuity, such as: precordial pain, whiteness and excessive 
sweating, or any other signs identified by the researcher or by the 
volunteer himself19.

Statistical Analysis

Kolmogorov-Smirnov normality test was applied and data nor-
mal distribution was verified.  

In order to test the hypothesis of association between the 
HRV indices and resting HR and the maximum load reached in the 
exercise test, Pearson correlation test was applied (p ≤ 0.05). The 
significance level adopted was 5% (p < 0.05). The analysis software 
used was the GraphPad InStat®.

The sampling calculation was based on the correlation value 
between HRV and VO2 found in the study by Hägglund et al.20. 
Thus, the correlation coefficient value used in this statistical proce-
dure was of 0.64, a statistical power of 80% and alpha of 0.05 was 
considered. The Ene® software version 3.0 was used (Barcelona, 
Spain) for statistical processing. The sampling size suggested was 
of 14 volunteers.

Results
Demographic, anthropometric and physiological characteris-

tics, as well as maximum workload reached in the ergometric test 
are presented in table 1. Table 2 presents the statistical data of 
correlation analysis between the time (milliseconds) and spectrum 
(normalized units) indices, HR (beats per minute) and maximum 
workload (watts) reached in the ergometric test.

Table 1. Demographic, antrhopometric, physiological characteristics and maximum 
load reached in the ergometric test. 

  Mean Standard deviation

Age (years) 63 3

BMI (kg/m2) 24 2

HR (bmp) 63 9

SBP (mmHg) 123 19

DBP (mmHg) 83 8

BMI= body mass idex; kg/height2= kilograms per meters to the square; HR= heart rate; bpm = beats per minute; 
SBP = systolic blood pressure; DBP = diastolic blood pressure; mmHg= merceury millimeters.

according to legal opinion number 461/2009. All volunteers re-
ceived information about the experimental procedures and after 
having read and agreed on it, they signed the Free and Clarified 
Consent Form according to resolution 196/96 and its complemen-
tary parts in the National Health Board. 

The studied sample was composed of 18 men aged between 
60 and 70 years, classified as elderly14. All of them practiced phy-
sical activity regularly. Inclusion criteria were: being healthy, non-
-smokers, non-obese and do not drink alcohol (body mass index 
lower than 30kg/m2). 

In order to guarantee health conditions and diagnose pos-
sible alterations which could contraindicate their participation 
in the research, the following procedures were followed: initial 
interview and from it, a subsequent individual form with per-
sonal information, anamnesis (life habits, previous and current 
history of pathologies, family history); physiotherapeutic clinical 
examination of the locomotor and cardiorespiratory systems; 
anthropometric evaluation (body mass, stature and body mass 
index calculation); conventional electrocardiogram of 12 deri-
vations, blood pressure record (BP) and HR performed at rest at 
supine position, ergometric test and laboratory tests (hemogram, 
complete lipid profile, glycemia, type I urine, uric acid, creatinine 
and urea) was filled out.

Those individuals with blood pressure above 139 x 89mmHg, 
classified as borderline15; patients with cardiovascular, respiratory or 
metabolic diseases; smokers and users of any kind of medication 
or drug were excluded from the study. 

Heart rate and R-R intervals recording and analysis of heart 
rate variability (HRV)

Heart rate was recorded with a cardio frequency meter (Polar, 
S810i, Kempele, Finland). The volunteers did not intake coffee, tea, 
soda or alcohol and kept the activities of daily living 48 hours 
before the recording. The subject was positioned at dorsal decu-
bitus and remained at rest, with minimal movement and quiet, 
until the physiological variables were steady; that is to say, BP 
and HR. From that moment on, heart rate, R-R intervals beat by 
beat were recorded during 15 minutes. Subsequently, the data 
were transferred to the computer with an infrared interface. Data 
transfer and analysis were done with the Heart Rate Variability 
Analysis (University of Kuopio, Finland) program. The most stable 
segment was selected for analysis, always considering 256 points. 
For time domain analysis, the RMSSD (root mean square of succes-
sive differences) index was calculated, which represents the vagal 
activity. For analysis in the frequency domain   the spectrum was 
decomposed in the following bands: high frequency (HF – 0.15 
to 0.4Hz) and low frequency (LF – 0.04 to 0,.5Hz). From these two 
bands, the LF/HF ratio was calculated16. The HF represents the 
parasympathetic activity, the LF represents an association of the 
sympathetic and parasympathetic activities, with predominance 
of the sympathetic one, and the BF/AF ratio represents the sym-
pathovagal balance17.

The resting HR was obtained through the calculation of the 
mean of the collection period. 
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DiscussION
In the present study, in which healthy elderly men and prac-

titioners of regular physical activity were evaluated, correlation 
of the maximum workload reached in the egometric test and 
resting HR with the HRV values was not found. 

These results clash with other investigations which verified 
direct correlation between the level of aerobic capacity and 
HRV, especially by the high frequency index, which reflects 
the parasympathetic activity21. According to other authors, the 
training is responsible for conditioning sufficient to increase the 
cardiac vagal activity4; however, the low intensity exercises do 
not seem to have the same effect 22. In addition to the intensity, 
training engagement and regularity should also be considered, 
a fact which can be observed in the work by Galetta et al.23, in 
which endurance elderly athletes submitted to many years of 
training were evaluated. In that investigation, positive correlation 
between HRV indices in the time domain and maximum workload 
reached in the exercise test was verified.

Nevertheless, other studies24,25 corroborate our findings when 
verify that, after a significant period of aerobic training, the HRV 
indices were not proportional to the oxygen consumption peak 
in elderly men. These results evidence that the HRV may not be 
necessarily a direct consequence of engagement and regularity 
of physical exercises practice, considering other factors, such as 
genetic characteristics25 and the other systems besides the car-
diac, which determine the aerobic functional capacity during a 
physical exercise test, such as the respiratory and musculoskeletal. 

Concerning the results of the correlation test between resting 

Table 2. Statistical data of the analysis of correlation between the time and spectrum 
indices, heart rate and maximum load reached in the ergometric test. 

  HR rest (bpm) Maximum load (watts)

  p r p r

LF (un) 0.88 -0.03 0.52 -0.15

HF (un) 0.51 0.16 0.78 0.06

LF/HF 0.49 -0.17 0.67 -0.1

RMSSD (ms) 0.08 -0.42 0.23 -0.29

HR= heart rate; bpm= beats er minute; LF= low frequency index; HF= high frequency index; un= units normali-
zed; RMSSD= root mean square of the successive differences between normal adjacent RR intervals (represents 
parasympathetic activity); ms= milliseconds.

HR and HRV indices, some findings are also contradictory to the 
results in the present study. For instance, in the study by Yama-
moto et al.26, training significantly decreased the resting HR and 
increased the indices related to the parasympathetic modulation, 
demonstrating hence that the ANS alterations partially contribute 
to the bradycardia. Likewise, the study by McLachlan et al.27, which 
compared two groups, one with normal sinus rhythm and another 
with sinus bradycardia, presented HRV values for the individuals 
with bradycardia compared with the individuals with normal sinus 
rhythm. However, the authors state it is incorrect to suppose that 
the increase of parasympathetic activity is responsible for all the 
cases of sinus bradycardia, since the vagal activity reinforcement 
do not explain the bradycardia induced by training when control 
groups paired by age are compared. 

Thus, as in the present study, there seems to be additional 
factors involved in the bradycardia caused by training28 , as re-
ported in another work which verified increase of 12% in oxygen 
consumption and decrease of resting HR after a period of aerobic 
training, without alteration in the vagal activity, though28. Similar 
results were obtained by Catai et al.29 who studied the effects of 
aerobic physical training in young individuals and middle-aged 
men and concluded that the bradycardia caused by training is 
related to the intrinsic adaptations in the sinus node. Reland
et al.30 strengthen this hypothesis when state that active elderly 
subjects present lower resting HR with none alteration in HRV, 
indicating that the effects of the physical activity on the HR and 
HRV are dissociated and the sinus node may be more sensitive 
to the adaptations verified. 

Therefore, we concluded that the time and spectrum HRV 
indices studied are not indicators of the level of aerobic capacity 
of elderly men evaluated in cycle ergometer. However, it is worth 
mentioning that despite being independent, these variables are 
essential factors related to the population survival, which enables 
the stratification of the risk for cardiovascular diseases.

Finally, we highlight that in this study careful triage of the 
volunteers was conducted in order to obtain homogeneity con-
cerning the demographic and anthropometric data, physiological 
variables and health conditions. Nevertheless, this methodologi-
cal severity despite being necessary, limits the number of volun-
teers. Therefore, further studies able to recruit a larger number of 
volunteers and guarantee the most possible control of variables 
are suggested. 

All authors have declared there is not any potential conflict of 
interests concerning this article.

ReferEncEs
1.	 Karavirta L, Tulppo MP, Laaksonen DE, Nyman K, Laukkanen RT, Kinnunen H, et al. Heart rate dynamics 

after combined endurance and strength training in older men. Med Sci Sports Exerc 2009;41:1436-43.

2.	 Huonker M, Schmidt-Trucksäß A, Heiss HW, Keul J. Trainingseinflüsse auf altersbedingte strukturelle 
und funktionelle Veränderungen am Herzkreislaufsystem und an der Skelettmuskulatur. Z Gerontol 
Geriat 2002;35:151-6.

3.	 Paschoal MA, Polessi EA, Simioni FC. Evaluation of heart rate variability in trained and sedentary 
climacteric women. Arq Bras Cardiol 2008;90:74-9.

4.	 Buchheit M, Chivot A, Parouty J, Mercier D, Al Haddad H, Laursen PB, et al. Monitoring endurance 
running performance using cardiac parasympathetic function. Eur J Appl Physiol 2010;108:1153-67.

5.	 Schmitt L, Fouillot JP, Millet GP, Robach P, Nicolet G, Brugniaux J, et al. Altitude, heart rate variability 
and aerobic capacities. Int J Sports Med 2008;29:300-6.

6.	 Sloan RP, Shapiro PA, DeMeersman RE, Bagiella E, Brondolo EN, McKinley PS, et al. The effect of aerobic 
training and cardiac autonomic regulation in young adults. Am J Public Health 2009;99:921-8.

7.	 Leicht AS, Allen GD, Hoey AJ. Influence of intensive cycling training on heart rate variability during 



380 Rev Bras Med Esporte – Vol. 18, No 6 – Nov/Dec 2012

rest and exercise. Can J Appl Physiol 2003;28:898-909.

8.	 Marocolo M, Nadal J, Benchimol Barbosa PR. The effect of an aerobic training program on the electri-
cal remodeling of heart high-frequency components of the signal-averaged electrocardiogram is a 
predictor of the maximal aerobic power. Braz J Med Biol Res 2007;40:199-208.

9.	 Verheyden B, Eijnde BO, Beckers F, Vanhees L, Aubert AE. Low-dose exercise training does not influence 
cardiac autonomic control in healthy sedentary men aged 55-75 years. J Sports Sci 2006;24:1137-47. 

10.	 Currie KD, Thomas SG, Goodman JM. Faculty of Physical Education and Health, University of Toronto, 
Toronto, ON, M5S 2W6, Canada.Título:Effects of short-term endurance exercise training on vascular 
function in young males. Eur J Appl Physiol 2009;107:211-8.

11.	 Manzi V, Castagna C, Padua E, Lombardo M, D’Ottavio S, Massaro M, et al. Dose-response relationship 
of autonomic nervous system responses to individualized training impulse in marathon runners. Am 
J Physiol Heart Circ Physiol 2009;296(6):H1733-40. 

12.	 Mourey F, Brondel L, Van Wymelbeke V, Buchheit M, Moreau D, Pfitzenmeyer P. Assessment of cardiac 
autonomic nervous activity in frail elderly people with postural abnormalities and in control subjects. 
Arch Gerontol Geriatr 2009;48:121-4. 

13.	 Borresen J, Lambert MI. Autonomic control of heart rate during and after exercise: measurements 
and implications for monitoring training status. Sports Med 2008;38:633-46.

14.	 Brasil. Lei 10741, de 01º de outubro de 2003. Diário Oficial da República Federativa do Brasil, Poder 
executivo, Brasília, DF, 03 Outubro de 2003.

15.	 IV Diretrizes Brasileiras de Hipertensão Arterial da Sociedade Brasileira de Cardiologia (SBC), Arq Bras 
Cardiol 2004;82 Suppl 4.

16.	 Task Force of The European Society of Cardiology and The North American Society of Pacing and 
Electrophysiology. Heart rate variability: Standards of measurement, physiological interpretation and 
clinical use. Eur Heart J 1996;17:354-81.

17.	 Longo A, Ferreira D, Correia MJ. Variabilidade da frequência cardíaca. Revista Portuguesa de Cardio-
logia 1996;14:241-62.

18.	 Balke B, Ware RW. An experimental study of physical fitness of Air Force personnel. US Armed Forces 
Med J 1959;10:675-88.

19.	 III Diretrizes da sociedade brasileira de cardiologia sobre teste ergométrico. Arq Bras Cardiol 2010; 
95 (5 suppl. 1):1-26.

20.	 Hägglund H, Uusitalo A, Peltonen JE, Koponen AS, Aho J, Tiinanen S, et al. Cardiovascular autonomic 
nervous system function and aerobic capacity in type 1 diabetes. Front Physiol 2012;3:356.

21.	 Atlaoui D, Pichot V, Lacoste L, Barale F, Lacour JR, Chatard JC. Heart rate variability, training variation 
and performance in elite swimmers. Int J Sports Med 2007;28:394-400.

22.	 Uusitalo AL, Laitinen T, Väisänen SB, Länsimies E, Rauramaa R. Physical training and heart rate and 
blood pressure variability: a 5-yr randomized trial. Am J Physiol Heart Circ Physiol 2004;286:H1821-6. 

23.	 Galetta F, Franzoni F, Femia FR, Roccella N, Pentimone F, Santoro G. Lifelong physical training prevents 
the age-related impairment of heart rate variability and exercise capacity in elderly people. J Sports 
Med Phys Fitness 2005;45:217-21.

24.	 Stein PK, Ehsani AA, Domitrovich PP, Kleiger RE, Rottman JN. Effect of exercise training on heart rate 
variability in healthy older adults. Am Heart J 1999;138(3 Pt 1):567-76.

25.	 Almeida MB, Araújo CGS. Effects of aerobic training on heart rate. Rev Bras Med Esporte 2003;9. 

26.	 Martinmäki K, Häkkinen K, Mikkola J, Rusko H. Effect of low-dose endurance training on heart 
rate variability at rest and during an incremental maximal exercise test. Eur J Appl Physiol 
2008;104:541-8.

27.	 Yamamoto K, Miyachi M, Saitoh T, Yoshioka A, Onodera S. Effects of endurance training on resting and 
post-exercise cardiac autonomic control. Med Sci Sports Exerc 2001;33:1496-502.

28.	 McLachlan CS, Ocsan R, Spence I, Hambly B, Matthews S, Wang L, Jelinek HF. Increased total heart rate 
variability and enhanced cardiac vagal autonomic activity in healthy humans with sinus bradycardia. 
Proc (Bayl Univ Med Cent) 2010;23:368-70.

29.	 Catai AM, Chacon-Mikahil MP, Martinelli FS, Forti VA, Silva E, Golfetti R, et al. Effects of aerobic exercise 
training on heart rate variability during wakefulness and sleep and cardiorespiratory responses of 
young and middle-aged healthy men. Braz J Med Biol Res 2002;35:741-52. 

30.	 Reland S, Ville NS, Wong S, Gauvrit H, Kervio G, Carré F. Exercise heart rate variability of older women 
in relation to level of physical activity. J Gerontol A Biol Sci Med Sci 2003;58:585-91. 




