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RESUMO 
O protocolo com 30% da contração voluntária máxima do exercício isométrico com handgrip é amplamente utilizada para 
melhoria do sistema cardiovascular. Todavia, é desconhecido se a modulação da intensidade afetam essas respostas. 
Objetivou analisar as respostas cardiovasculares agudas após exercício isométrico com handgrip realizado em diferentes 
intensidades. Fizeram parte deste estudo cross-over 23 homens saudáveis. Os voluntários realizaram três sessões 
experimentais: 4x2 minutos de contração a 30% (S30) e 4x2 minutos de contração a 50% (S50) da contração voluntária 
máxima e controle (SC). A pressão arterial (PA) e os parâmetros da variabilidade da frequência cardíaca do domínio do 
tempo (SDNN, RMSSD e PNN50) e da frequência (LF, HF e LF/HF) foram obtidos antes e após as sessões. Nenhuma das 
sessões experimentais promoveram alterações estatisticamente significantes na PA sistólica e diastólica (p>0,05 para todos). 
Após a S50, houve menor aumento do SDNN nos cinco minutos pós-exercício (S50:+5±6; S30:+20±5;SC:+10±2 ms, 
p<0,05) e maior aumento do LF/HF após 20 minutos (S50:+1,59±0,80;S30:-0,49±0,49;SC:+0,39±0,49, p<0,05) comparado 
as demais sessões. Conclui-se que as respostas da PA ao exercício isométrico de handgrip são similares entre as intensidade, 
no entanto, o exercício mais intenso promoveu maior aumento da modulação simpática e redução da modulação 
parassimpática após exercício. 
Palavras-chave: Pressão arterial. Exercício. Treinamento de resistência. Frequência cardíaca. 

ABSTRACT 
The 30% maximal voluntary contraction protocol for isometric handgrip exercise is widely used to improve the 
cardiovascular system. However, it is unknown whether intensity modulation affects these responses. Objective: To analyze 
acute cardiovascular responses after isometric handgrip exercise performed at different intensities. Twenty-three healthy men 
participated in this cross-over study. The volunteers performed three experimental sessions: 4x2 minutes of contraction at 
30% (S30) MVC and 4x2 minutes of contraction at 50% (S50) MVC, besides control (CS). Blood pressure (BP) as well as 
time (SDNN, RMSSD and PNN50) and frequency (LF, HF and LF/HF) domain heart rate variability parameters were 
obtained before and after sessions. None of the experimental sessions promoted statistically significant changes in systolic 
and diastolic BP (p> 0.05 for all). After S50, there was a smaller increase in SDNN five minutes after the exercise (S50: 
+5±6, S30: +20±5, SC: +10±2 ms, p <0.05) and higher LF/HF after 20 minutes (S50: +1.59±0.80, S30: -0.49±0.49, SC: 
+0.39±0.49, p <0.05) compared to the other sessions. In conclusion, BP responses to isometric handgrip exercise are similar 
between intensities; however, the most intense exercise promoted a greater increase in sympathetic modulation and decrease 
in parasympathetic modulation after exercise. 
Keywords: Blood pressure. Exercise. Resistance exercise. Heart rate. 

 

Introduction 
 

Isometric handgrip training is being proposed as an alternative to treating and 
preventing systemic hypertension, as review studies and meta-analyses have been showing 
that this type of training reduces blood pressure (BP)1-3. The American Heart Association4 is 
already indicating, though with caution, potential benefits of this type of training. 

Although chronic effects of isometric handgrip exercise on BP have been 
consolidated, mechanisms are not yet clear. Some studies have suggested that this exercise 
acute responses are directly related to chronic effects on BP5-7, which makes this an important 
mechanistic area. However, the literature addressing acute effects of isometric handgrip 
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exercise on BP is incipient and controversial, since some studies have observed reductions in 
prehypertensive8 and hypertensive9 individuals, while others have found no changes in healthy 
seniors10, people with coronary artery disease11 and prehypertensive ones12, which suggests a 
need for further researches. 

Curiously, studies that have analyzed acute responses have used the 30% MVC 
protocol, with unknown cardiovascular effects at other intensities, although, chronically, the 
50% MVC intensity has proved to be more effective in reducing BP13. In addition, also 
chronically, increasing parasympathetic modulation concomitantly with reducing sympathetic 
modulation for the heart is being suggested as a mechanism responsible for decreasing BP 
after handgrip training3,14, which corroborates with acute responses found in seniors15,16 and 
youths17. On the other hand, it is unknown whether different intensities would also modulate 
cardiac autonomic modulation responses.. 

Therefore, the objective of the present study was to analyze acute cardiovascular 
responses after isometric handgrip exercise at different intensities in healthy men. 
 
Methods 
 
Subjects and Ethical Considerations 

This cross-over study sample was composed of 23 healthy men recruited by means of 
posters placed inside and outside of the Tabosa de Almeida University Center (ASCES-
UNITA), as well as through announcements on social media. For participation, individuals 
should be aged between 18 and 30 years old, be normotensive and present low cardiovascular 
risk, in accordance with the American College of Sport Medicine recommendations18. The 
study excluded those who, during its conduction, used substances that could affect the 
cardiovascular system, such as anabolic steroids, energy drinks, hypercaloric supplements and 
others. 

All study procedures were approved by the University of Pernambuco Ethics Research 
Committee (CAAE: 30806014.0.0000.5207), and those individuals who agreed to participate 
signed a Free and Informed Consent Form (FICF). 
 
Screening and Norm tension Diagnosis 

The individuals were subjected to a cardiovascular risk assessment, as well as to BP 
measurement, in order to have their inclusion in and eligibility for the study guaranteed. Other 
pieces of data included demographics, health history, use of medication and supplements, in 
addition to anthropometric measures (body mass and height). 
 BP was taken on two different days with a 48-hour interval in order to guarantee that 
pressure values were accurate19,20. The individuals received instructions that should be 
followed 24 hours before each assessment, such as not performing any type of physical 
exercise, maintaining their normal routine as to sleep and eating times, not ingesting tea, 
coffee or any other compound with caffeine, and not ingesting alcoholic beverages. On the 
days when BP was taken, the individuals were questioned about compliance with 
recommendations and then requested to empty their bladders for measurements. 

BP was measured with the individuals seated in a quiet room at controlled temperature 
and by means of the automatic device Omron HEM 742. Measures were taken from the right 
arm with a cuff that fitted the arm circumference and until the difference between the two last 
measures were inferior to 4 mmHg, as recommended by the 7th Brazilian Hypertension 
Guidelines21. Individuals considered as normotensive were those with systolic BP lower than 
140 mmHg and/or diastolic BP lower than 90 mmHg on two different days21. 
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Maximum Voluntary Contraction Assessment 
For maximum voluntary contraction (MVC) assessment, a handgrip device, CAMRY 

brand, was used; it was adjustable and calibrated with a scale from 0 to 100 kgf. The 
individuals were assessed while seated with their shoulders slightly forward, their elbows 
flexed at 90o, their forearms and fists in neutral position, in accordance with the American 
Society of Hand Therapists22. Hand position was adjusted so that the proximal interphalangeal 
joint of the hands was adjusted under the bar for gripping to be performed between the fingers 
and the thenar eminence with maximum comfort. 

During the test, the participants performed two 5-second maximum contractions for 
each arm with a 1-minute interval; at the end, the highest value found for each arm was 
considered. These procedures present good reproducibility indicators (intraclass correlation 
coefficient: 0.986 for the non-dominant arm, and 0.989 for the dominant one)23. 
 
Experimental Design 

The individuals were subjected to three experimental protocols, whose order was 
randomized, with them being: two exercise sessions (S30 and S50) and one control session 
(CS). The study design is displayed in Figure 1. 

 

 
Figure 1. Study Experimental Design 
Note: BP – Blood Pressure; CAM – Cardiac Autonomic Modulation 
Source: The authors 

 
In S30, the individuals executed four 2-minute isometric contraction series with a 1-

minute interval in between and at a 30% CAM intensity; in S50, the individuals performed 
four 2-minute isometric contraction series with a 1-minute interval in between and at a 50% 
CAM intensity; in CS, the individuals did four 2-minute isometric contraction series with a 1-
minute interval in between and at a 3% CAM intensity. 

BP assessment and cardiac autonomic modulation occurred before and after the 
sessions were performed. BP was taken after 15 and 30 minutes, while cardiac autonomic 
modulation was checked five and 20 minutes after the session. 

 
Blood Pressure and Cardiac Autonomic Modulation 

Before collection, the individuals were instructed to maintain their sleeping pattern, 
not to perform physical exercises or ingest caffeinated and alcoholic beverages 24 hours 
before the sessions. BP measurement followed the same protocols adopted in the 
cardiovascular screening and complied with the 7th Brazilian Hypertension Guidelines21. 

Cardiac autonomic modulation was assessed by analyzing heart rate variability. To do 
so, the individuals were required to remain seated for more than 10 minutes, period during 
which RR intervals were recorded by means of a heart rate monitor valid for this function 
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Rest Rest 

CAM BP CAM BP CAM BP 
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(Polar RS800CX, Polar Electro, Finland), considering as valid those signals with at least five 
minutes of stationary signal, identified by visual inspection24. 

After collection, the RR intervals were exported to software Kubios HRV (Biosignal 
analysis and Medical Imaging Group, Finland) and analyzed for time and frequency domains. 
Time domain, standard deviation of all RR intervals (SDNN), root mean square of the 
successive differences (RMSSD) between adjacent RR intervals, and percentage of adjacent 
intervals with more than 50 ms (PNN50) were calculated. These parameters represent heart 
rate variability, with the highest values being indicative of good cardiovascular system 
functionality24. 

The frequency domain parameters were obtained by spectral analysis technique 
through autoregressive method, with the fixed-model order set at 12. Frequencies between 
0.04 and 0.4 Hz were considered as physiologically significant, with the low frequency (LF) 
component represented by oscillations between 0.04 and 0.15 Hz, and the high frequency 
(HF) component, between 0.15 and 0.4 HZ. The power of each spectral component was 
calculated in normalized terms, which was done by dividing the power of each band by total 
power, from which the very low frequency band value (<0.04 Hz) was subtracted, with the 
result being multiplied by 10024. The LF/HF component was used as a sympathetic and vagal 
balance indicator. 

All procedures were carried out by a single blind assessor for the sessions to which the 
individuals were subjected. This assessor’s intraclass correlation coefficient for the heart rate 
variability parameters ranged from 0.980 to 0.99525. 
 
Statistical Analysis 

All analyses were run using software Statistica 7.0. Normality and variance 
homogeneity were analyzed by means of the Shapiro-Wilk and Levene’s tests, respectively. 
 One factor analysis of variance was used to compare pre-session values. Experimental 
session effects on BP were analyzed by two factor analysis of variance for repeated measures, 
with session (S30, S50 and CS) and time (pre-intervention, 15 and 30 minutes after 
intervention) as factors. To analyze experimental session effects on cardiac autonomic 
modulation, the absolute delta of each HRV parameter was calculated (post 5 minutes – pre 
and post 20 minutes – pre). Newman-Keuls post hoc was adopted to check for significant 
differences. For all analyses, the P<0.05 value was considered as significant, and data were 
presented as mean ± standard deviation. 
 
Results 
 

General characteristics of the individuals included in the present study are displayed in 
Table 1. 

 
Table 1. General characteristics of the subjects included in the study (n=23) 

Variables Mean ± Standard Deviation 
Age (years) 21.0 ± 0.4 
Body Mass (kg) 71.0 ± 1.9 
Height (m) 1.75 ± 0.02 
Body Mass Index (kg/m²) 23.0 ± 0.7 
Systolic Blood Pressure (mmHg) 117 ± 2 
Diastolic Blood Pressure (mmHg) 63 ± 1 
Source: The authors 
 

No statistically significant difference was found between experimental sessions in the 
pre-session moment (p>0.05). There was no statistically significant differences in the 
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experimental sessions for systolic BP (S50 - pre: 116±2 mmHg; 15’ post: 119±2 mmHg; 30’ 
post: 119±2 mmHg; S30 -pre: 117±3 mmHg; 15’ post: 118±2 mmHg; 30’ post: 119±3 
mmHg; SC - pre: 117±2 mmHg; 15’ post: 118±2 mmHg; 30’ post: 120±3mmHg) and 
diastolic BP (S50 - pre: 62±1 mmHg; 15’ post: 65±1 mmHg; 30’ post: 65±1 mmHg; S30 -pre: 
61±1 mmHg; 15’ post: 64±2 mmHg; 30’ post: 66±2 mmHg; CS - pre: 63±2 mmHg; 15’ post: 
64±2 mmHg; 30’ post: 66±2 mmHg) (Figure 2). 

 
Figure 2. Systolic and diastolic blood pressure acute responses after experimental sessions 
Note: S50: 2-minute session at 50%; S30: 2-minute session at 30%; CS: Control Session; BP – Blood Pressure. Panel A - 
Session: F=0.127, p=0.881; Time: F=2.462, p=0.097, Interaction: F=0.389, p=0.816. Panel B – Session: F=0.269, p=0.767; 
Time: F=26.181, p<0.001; Interaction: F=1.061, p=0.381 
Source: The authors 
 

After S50, the individuals showed lower PNN50 compared to the other sessions, and 
higher LF/HF compared to S30 (P<0.05) (Figure 3). For the other parameters, no statistically 
significant changes were observed. 

 
Figure 3. Cardiac autonomic modulation changes five and 20 minutes after isometric 

handgrip exercise in healthy young men 
Note: Black bars S30; White bars S50; and grey bars control. SDNN – Standard Deviation of Normal-to-Normal intervals; 
RMSSD – Root Mean Square of the Successive Differences between adjacent NN intervals; PNN50 – percentage of adjacent 
NN intervals with more than 50ms; LF – low frequency band; HF – high frequency band; LF/HF – Sympathetic and vagal 
balance. *Statistically different from S30; † Statistically different from control (P<0.05) 
Source: The authors 
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Discussion 
 

This is the first study analyzing BP acute responses and cardiac autonomic modulation 
after isometric handgrip exercise performed at different intensities. The research main results 
showed that isometric handgrip exercise did not change pressure responses, regardless of the 
intensity applied. On the other hand, isometric handgrip exercise executed at 50% MVC 
increased sympathetic modulation and reduced parasympathetic modulation after 20 minutes 
of exercise. 
 Although chronically the effects of isometric handgrip exercise are well established in 
the literature, with meta-analysis studies showing reductions of approximately 6 mmHg for 
systolic BP and 4 mmHg for diastolic BP, in hypertensive or normotensive subjects, acute 
responses are still uncertain. The present study did not observe any statistically significant 
changes in BP after 15 and 30 minutes of exercise, and these results are independent on 
intensities employed. These findings are in line with some studies in the literature; Millar et 
al.16 as well found no changes in BP after 30 minutes by subjecting 12 healthy elderly 
individuals to a protocol identical to S30. This is similar to the findings of Older et al.10, who, 
by subjecting hypertensive elderly women to exercises with 30 and 50% MVC, though with 
shorter series (5 series of 10 seconds each), reported no changes in BP for a period of 60 
minutes. 

On the other hand, Millar et al.9 observed reduced systolic BP in seniors five minutes 
after isometric handgrip exercise at 30% MVC. The differences found could be explained, at 
least in part, by the BP assessment protocol, suggesting that the hypotensive effect is fast, 
which is perhaps only temporary and could return after 15 minutes, as well as by the subjects’ 
characteristics, since in the study by Millar et al.9, initial BP values were higher than those of 
this study subjects, and it is known that people with higher BP levels are more responsive26. 

Although no statistically significant changes were found in BP, this study evidenced 
that S50 increased sympathetic modulation and reduced parasympathetic modulation for the 
heart after the exercise, which was indicated by higher LF/HF and lower SDNN, respectively. 
This was the first study to analyze these responses at an intensity of 50% MVC. Previously, 
Millar et al.9 had already described that exercise at 30% MVC increased rest parasympathetic 
modulation after five minutes in 18 healthy seniors. Thus, these results suggest that 
performing isometric exercise at 50% MVC may not be the most effective way to improve 
BP. In fact, an increase in sympathetic modulation along with a decrease in parasympathetic 
modulation for the heart is associated with higher cardiac debt and, consequently, higher 
BP27. 

The present study did not intend to investigate the mechanisms through which S50 
promoted a higher cardiovascular stress compared to S30. However, it is known that isometric 
exercise is performed with sustained muscle contraction, without any changes in the length of 
the muscle group involved. Nevertheless, an intensity increase during isometric action, for 
increasing the peripheral vascular resistance as a result of a mechanical obstruction of muscle 
blood flow, can activate pressure reflex, which would stimulate an increase in sympathetic 
nervous activity and a decrease in parasympathetic activity28,29. 
 It is worth highlighting that there were some limitations that must be considered for 
interpretation of results. First, the sample was made up of healthy young men, which makes it 
difficult to extrapolate data to other population groups that would benefit more from isometric 
handgrip exercise, such as people with cardiovascular diseases. There was no control at the 
physical fitness level of the sample subjects, although none of them had experience in 
isometric handgrip training. Time for response analysis was set at 30 minutes after exercise, 
which requires future studies that conduct a longer assessment – for instance, 24 hours. 
Finally, although LF is widely used as sympathetic modulation indicator24, it should be taken 
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into account that there are divergences in the literature30,31, and results should be analyzed 
with caution. 

In conclusion, BP responses to isometric handgrip exercise are similar between 
intensities of 30% and 50% MVC; however, the most intense exercise promoted a higher 
increase in sympathetic modulation and decrease in parasympathetic modulation after 
exercise. 

 
References 
 
1.  Jin YZ, Yan S, Yuan WX. Effect of isometric handgrip training on resting blood pressure in adults: a meta-

analysis of randomized controlled trials. J Sports Med Phys Fitness 2017;57(1-2):154-160. DOI: 
10.23736/S0022-4707.16.05887-4. 

2.  Inder JD, Carlson DJ, Dieberg G, McFarlane JR, Hess NC, Smart NA. Isometric exercise training for blood 
pressure management: a systematic review and meta-analysis to optimize benefit. Hypertens Res 
2016;39(2):88-94. DOI: 10.1038/hr.2015.111. 

3.  Farah BQ, Germano-Soares AH, Rodrigues SLC, Santos CX, Barbosa SS, Vianna LC, et al. Acute and 
chronic effects of isometric handgrip exercise on cardiovascular variables in hypertensive patients: A 
systematic review. Sports 2017;5(3):55. DOI: 103390/sports5030055. 

4.  Brook RD, Appel LJ, Rubenfire M, Ogedegbe G, Bisognano JD, Elliott WJ, et al. Beyond medications and 
diet: alternative approaches to lowering blood pressure: a scientific statement from the american heart 
association. Hypertension 2013;61(6):1360-1383. DOI: 10.1161/HYP.0b013e318293645f.   

5.  Tibana RA, de Sousa NM, da Cunha Nascimento D, Pereira GB, Thomas SG, Balsamo S, et al. Correlation 
between acute and chronic 24-hour blood pressure response to resistance training in adult women. Int J 
Sports Med 2015;36(1):82-89. DOI:10.1055/s-0034-1382017. 

6.  Moreira SR, Cucato GG, Terra DF, Ritti-Dias RM. Acute blood pressure changes are related to chronic 
effects of resistance exercise in medicated hypertensives elderly women. Clin Physiol Funct Imaging 
2014;36(3):242-8. DOI: 10.111/cpf.12221. 

7.  Somani YB, Baross AW, Brook RD, Milne KJ, McGowan CL, Swaine IL. Acute response to a 2-minute 
isometric exercise test predicts the blood pressure-lowering efficacy of isometric resistance training in young 
adults. Am J Hypertens 2018;31(3):362-368. DOI: 10.1093/ajh/hpx173. 

8.  Assche T, Buys R, de Jaeger M, Coeckelberghs E, Cornelissen VA. One single bout of low-intensity 
isometric handgrip exercise reduces blood pressure in healthy pre- and hypertensive individuals. J Sports 
Med Phys Fitness 2017;57(4):469-475. DOI: 10.23736/S0022-4707.16.06239-3. 

9.  Millar PJ, MacDonald MJ, Bray SR, McCartney N. Isometric handgrip exercise improves acute neurocardiac 
regulation. European journal of applied physiology 2009;107(5):509-515. DOI: 10.1007/s00421-009-1142-2. 

10. Olher RR, Bocalini DS, Bacurau RF, Rodriguez D, Figueira A, Pontes FL, et al. Isometric handgrip does not 
elicit cardiovascular overload or post-exercise hypotension in hypertensive older women. Clin Interv Aging 
2013;8:649-655. DOI: 10.2147/CIA.S40560. 

11. Goessler K, Buys R, Cornelissen VA. Low-intensity isometric handgrip exercise has no transient effect on 
blood pressure in patients with coronary artery disease. J Am Soc Hypertens 2016;10(8):633-639. DOI: 
10.1016/j/jash/2016.04.006. 

12. Ash GI, Taylor BA, Thompson PD, MacDonald HV, Lamberti L, Chen MH, et al. The antihypertensive 
effects of aerobic versus isometric handgrip resistance exercise. J Hypertens 2017;35(2):291-299.  DOI: 
10.1097/HJH.0000000000001176. 

13. Peters PG, Alessio HM, Hagerman AE, Ashton T, Nagy S, Wiley RL. Short-term isometric exercise reduces 
systolic blood pressure in hypertensive adults: possible role of reactive oxygen species. Int J Cardiol 
2006;110(2):199-205. DOI: 10.1016/j.ijcard.2005.07.035. 

14. Millar PJ, McGowan CL, Cornelissen VA, Araujo CG, Swaine IL. Evidence for the role of isometric exercise 
training in reducing blood pressure: potential mechanisms and future directions. Sports Med 2014;44(3):345-
356. DOI: 10.1007/s40279-013-0118-x. 

15. Millar PJ, MacDonald MJ, Bray SR, McCartney N. Isometric handgrip exercise improves acute neurocardiac 
regulation. Eur J Appl Physiol 2009;107(5):509-515. DOI: 10.1007/s00421-009-1142-2.  

16. Millar PJ, MacDonald MJ, McCartney N. Effects of isometric handgrip protocol on blood pressure and 
neurocardiac modulation. Int J Sports Med 2011;32(3):174-180. DOI: 10.1055/s-0030-1268473. 

17. Teixeira AL, Ritti-Dias R, Antonino D, Bottaro M, Millar PJ, Vianna LC. Sex differences in cardiac 
baroreflex sensitivity after isometric handgrip exercise. Med Sci Sports Exerc 2018;50(4):770-777. DOI: 
10.1249/MSS.0000000000001487. 



 Silva et al. 

 J. Phys. Educ. v. 30, e3020, 2019. 

Page 8 of 8  

18. American College of Sports Medicine - ACSM. ACSM's guidelines for exercise testing and prescription: 
Philadelphia: Lippincott Williams and Wilkins; 2006. 

19. Oliveira L, Silva AO, Diniz PRB, Farah BQ, Piraua ALT, Lima Neto AJ, et al. The number of visits and 
blood pressure measurements influence the prevalence of high blood pressure in adolescents. J Am Soc 
Hypertens 2017;11(6):343-349. DOI: 10.1016/j.jash.2017.04.002.  

20. Magalhaes MG, Oliveira LM, Christofaro DG, Ritti-Dias RM. Prevalence of high blood pressure in Brazilian 
adolescents and quality of the employed methodological procedures: systematic review. Rev Bras Epidemiol 
2013;16(4):849-859. DOI: 10.1590/S1415-790X2013000400005. 

21. Malachias M, Souza W, Plavnik FL, Rodrigues C, Brandao AA, Neves M, et al. 7th Brazilian Guideline of 
Arterial Hypertension: Chapter 2 - Diagnosis and Classification. Arq Bras Cardiol 2016;107(3 Suppl 3):7-13. 
DOI: 10.5935/abc.20160152. 

22. Fess E. Grip strength. In: Casanova JS, editor. Clinical assessment recommendations. 2. ed. Chicago: 
American Society of Hand Therapists; 1992, p. 41-45. 

23. Farah BQ, Correia MdA, Rodrigues SLC, Cavalcante BR, Ritti-Dias RM. Reliability of handgrip maximal 
voluntary contraction in hypertensive adults. Rev Bras Ativ Fis e Saúde 2014;19(5):590-596. DOI: 
10.12820/rbafs.v.19n5p590. 

24. 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. Circulation 1996;93(5):1043-1065. DOI: 10.1161/01.  

25. Farah BQ, Lima AH, Cavalcante BR, Oliveira LM, Brito AL, Barros MV, et al. Intra-individuals and inter- 
and intra-observer reliability of short-term heart rate variability in adolescents. Clin Physiol Funct Imaging 
2016;36(1):33-39. DOI: 10.111/cpf.12190. 

26. Millar PJ, Bray SR, McGowan CL, MacDonald MJ, McCartney N. Effects of isometric handgrip training 
among people medicated for hypertension: a multilevel analysis. Blood Press Monit 2007;12(5):307-314. 
DOI: 10.1097/MBP.0b013e3282cb05db. 

27. Malpas SC. Sympathetic nervous system overactivity and its role in the development of cardiovascular 
disease. Physiol Rev 2010;90(2):513-557. DOI: 10.1152/physrev.00007.2009. 

28. Spranger MD, Krishnan AC, Levy PD, O'Leary DS, Smith SA. Blood flow restriction training and the 
exercise pressor reflex: a call for concern. Am J Physiol Heart Circ Physiol 2015;309(9):H1440-H1452.  
DOI: 10.1152/ajpheart.00208.2015.  

29. Fisher JP, Ogoh S, Young CN, Keller DM, Fadel PJ. Exercise intensity influences cardiac baroreflex 
function at the onset of isometric exercise in humans. J Appl Physiol 2007;103(3):941-947. DOI: 
10.1152/japplphysiol.00412.2007. 

30. Goldstein DS, Bentho O, Park MY, Sharabi Y. Low-frequency power of heart rate variability is not a 
measure of cardiac sympathetic tone but may be a measure of modulation of cardiac autonomic outflows by 
baroreflexes. Exp Physiol 2011;96(12):1255-1261. DOI: 10.1113/expphysiol.2010.056259. 

31. Moak JP, Goldstein DS, Eldadah BA, Saleem A, Holmes C, Pechnik S, et al. Supine low-frequency power of 
heart rate variability reflects baroreflex function, not cardiac sympathetic innervation. Cleve Clin J Med 
2009;76( Suppl 2):S51-S59. DOI: 10.1007/s10286-010-0098-y. 

 
Acknowledgments: To the National Council for Scientific and Technological Development (#448759/2014-4) 
 
Authors’ ORCID 
Igor Marcelino da Silva: 0000-0003-3969-9771 
Matheus Ferreira Leonardo Sobrinho: 0000-0003-1792-7542 
Raphael Mendes Ritti-Dias: 0000-0001-7883-6746 
Brunno Phellype Silveira Valença Sobral: 0000-0002-5432-1884 
André Luiz Torres Pirauá: 0000-0001-5257-4610 
Luciano Machado Ferreira Tenório de Oliveira: 0000-0002-7937-7358 
Breno Quintella Farah: 0000-0003-2286-5892 

Received on Nov, 26, 2017. 
Reviewed on Jun, 22, 2018. 
Accepted on Aug, 19, 2018. 

 

Corresponding Address: Breno Quintella Farah. Universidade Federal Rural de Pernambuco. Departamento de Educação 
Física. Manuel de Medeiros Av., s/n - Dois Irmãos, Recife - PE, Zipcode. 52171-900; E-mail: 
brenofarah@hotmail.com.br 


