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Meta-analyses have shown that supervised isometric handgrip training reduces blood pressure in hypertensives. However, the mechanism(s) underlying these effects in medicated hypertensive patients, as well as the effects from home-based exercise training, is uncertain. The purpose of this study was to compare the effects of supervised and home-based isometric handgrip training on cardiovascular parameters in medicated hypertensives. In this randomized controlled trial, 72 hypertensive individuals (38–79 years old, 70% female) were randomly assigned to three groups: home-based, supervised isometric handgrip training or control groups. Home-based and supervised isometric handgrip training was completed thrice weekly (4 × 2 min at 30% of maximal voluntary contraction, with 1-min rest between bouts, alternating the hands). Before and after 12 weeks brachial, central and ambulatory blood pressures (BP), arterial stiffness, heart rate variability, vascular function, oxidative stress and inflammation markers were obtained. No significant (p > 0.05) effect was observed for ambulatory BP, arterial stiffness, heart rate variability, vascular function and oxidative stress and inflammatory markers in all three groups. Brachial BP decreased in the supervised group (Systolic: 132 ± 4 vs. 120 ± 3 mmHg; Diastolic: 71 ± 2 vs. 66 ± 2 mmHg, p < 0.05), whereas no significant differences were observed in the home-based (Systolic: 130 ± 4 vs. 126 ± 3 mmHg; diastolic: 73 ± 3 vs. 71 ± 3 mmHg) and control groups (p > 0.05). Supervised handgrip exercise also reduced central BP systolic (120 ± 5 vs. 109 ± 5 mmHg), diastolic (73 ± 2 vs. 67 ± 2 mmHg); and mean BP (93 ± 3 vs. 84 ± 3 mmHg), whereas no significant effects were found in the home-based (Systolic: 119 ± 4 vs. 115 ± 3 mmHg; Diastolic: 74 ± 3 vs. 71 ± 3 mmHg) and control groups (p > 0.05). In conclusion, supervised, but not home-based, isometric training lowered brachial and central BP in hypertensives.
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INTRODUCTION

Hypertension is a disease characterized by sustained elevations in resting blood pressure (BP) and affects more than 1 billion people (Kearney et al., 2005). Elevated BP is directly related to cardiovascular or renal morbidity and mortality, accounting for 13% of total deaths worldwide (Lewington et al., 2002). Therefore, the principal goal of antihypertensive therapy is reducing resting BP to within target normal ranges (<130/80 mmHg), via lifestyle modification (including exercise training) in combination with pharmacotherapy (Whelton et al., 2018).

Meta-analyses have shown that isometric training, specially handgrip exercise, reducesbrachialsystolic and diastolic BPin hypertensive patients approximately 7 and 5 mmHg, respectively (Cornelissen and Smart, 2013; Carlson et al., 2014; Inder et al., 2016; Jin et al., 2017). These decreases seem to be greater than those observed after aerobic training. Isometric exercise was recently recommended as an adjunct treatment for hypertension by the American Heart Association and American College of Cardiology joint clincial practice guideline (Carey et al., 2018), however, most of the existing studies only analyzed brachial BP, limiting the understanding of the cardiovascular effects of isometric handgrip training (Farah et al., 2017a).

The mechanisms underlying the effects of isometric on blood pressure are controversial and inconclusive (Millar et al., 2014; Farah et al., 2017a). In practical terms, isometric exercise promotes repeated sympathetic responses through activation of neural reflexes associated with repeated episodes of local ischaemia followed by increased shear stress. Regarding the neural effects, studies have shown improvements in autonomic balance after handgrip isometric training (Taylor et al., 2003; Millar et al., 2013), which could be explained by an acute baroreflex enhancement after a period training (Teixeira et al., 2018). These local effects have been attributed toimprovements in local endothelial function (McGowan et al., 2006, 2007) and a reduction in oxidative stress (Peters et al., 2006). As endothelial function, cardiac autonomic modulation, and oxidative stress are directly related to inflammation and arterial stiffness in patients with hypertension (Kinlay et al., 2001; Casey et al., 2011; Sun, 2015; Herder et al., 2017), isometric handgrip training can also potentially moderate these clincial markers.

The protocol most frequently used in previous studies is supervised isometric handgrip training with 4 × 2 min at 30% of maximal voluntary contraction (MVC) with 1-min rest between bouts, alternating hands, thrice weekly. However, due to simplicity, isometric handgrip training can be useful as a home-based exercise, improving adherence, a primary concern in exercise program interventions. However, no study has previously analyzed the effects of home-based isometric handgrip training on cardiovascular parameters in hypertensive patients. Furthermore, the effects of isometric handgrip training in unmedicated individuals is well documented (Millar et al., 2014). In contrast, it remains unclear whether isometric handgrip training also improves blood pressure in patients taking anti-hypertensive medication.

This study aimedto compare the effects of supervised and unsupervised home-based isometric handgrip training on cardiovascular parameters in medicated hypertensive patients. Our hypothesis is that there is no difference between supervised or home-based isometric handgrip training.

MATERIALS AND METHODS

Trial Design

This randomized controlled trial was registered with the www.clinicaltrials.gov database under the registration number NCT02348138 and is part of the ISOPRESS network (Farah et al., 2017b). The study procedures were approved by the Institutional Review Board in compliance with the Brazilian National Research Ethics System Guidelines. Written informed consent was obtained from each patient before participation.

Participants

Medicated hypertensive patients were recruited through local media advertising and through flyers distributed in hospitals in the surrounding area of the University of Pernambuco, Brazil. Patients were included if they met the following criteria: (a) use of anti-hypertensive medications (b) >18 years old, (c) no diabetes, (d) no cardiovascular disease (other than hypertension), (e) did not present limitations to performance of isometric handgrip training, (f) were not involved in regular physical activity programs.

Patients were excluded from the study if they: (a) changed the type or dose antihypertensive medication, (b) joined an additional physical exercise program, (c) attended fewer than 80% of sessions in the home-based or supervised groups.

Randomization and Allocation

The participants were block randomized using a random number table, stratified for sex and baseline brachial systolic BP (by a researcher not involved directly in the recruitment and data collection), into three groups: home-based isometric handgrip training, supervised isometric handgrip training and control group. Allocation was concealed to the researchers conducting measurements.

Interventions

Patients assigned to the home-based and supervised isometric handgrip training group trained three times per week, for a total of 12 weeks. Each session consisted of four sets of 2-min isometric contractions (alternating the hands) performed using a handgrip dynamometer using (Zhongshan Camry Electronic Co., Ltd., Zhongshan Guangdong, China) at 30% of MVC and 1-min rest interval, load adjustments were performed in the sixth week (Farah et al., 2014).

The MVC was evaluated for both arms prior to the start of the study in all patients. The MVC test was conducted by requesting participants to undertake three measurements on each arm, with an interval of 1 min between each maximal effort. The result was the highest value of the three measurements. The intraclass correlation coefficient for the MVC test was 0.986 for the non-dominant arm and 0.989 for the dominant arm (Farah et al., 2014).

The only baseline difference between the two training groups was that the supervised group trained in the University laboratory, whereas the home-based group did their first session in the laboratory, to become familiarized with the technique and to adjust the load, thereafter the patients performed all sessions at home.

Patients assigned to the control group were advised to maintain dietary habits and physical activity levels. The isometric exercise program was offered to the control group after completion of the study for ethical reasons.

Cardiovascular Parameters Measurements

Prior to all cardiovascular measurements, the patients were instructed to: (a) eat a light meal before arriving at the laboratory; (b) to avoid moderate-to-vigorous physical activity for at least 24 h prior to the visit, and; (c) avoid smoking, alcohol and caffeine ingestion for at least 12 h. In the laboratory, a rest period of 10 min in the supine position was required prior to the measurements. All measurements were taken in the supine position in a quiet environment, with a controlled temperature between 22 and 24°C. In addition, all data were collected by researchers blinded to the group allocations.

Cardiovascular measurements were obtained at baseline and after 12 weeks of intervention. Brachial, central, and ambulatory BP, arterial stiffness, heart rate variability, vascular function, oxidative stress and inflammation markers were obtained at the same time of day. The assessments followed the same order: heart rate variability, brachial and central BP, arterial stiffness, and vascular function. Ambulatory BP and blood sample collection were taken on another day. The post intervention assessments were obtained at least after 72 h of the last exercise session.

Brachial BP

Brachial BP measurements were performed using Omron HEM equipment 742. After remaining in a supine position for 10 min, at least three consecutive measurements within an interval of 4 mmHg were performed with 1-min interval between measurements. Measurements were performed on the right arm and with the proper cuff size for arm circumference. The value used was the average of the last two measures (Sociedade Brasileira de Cardiologia et al., 2010). Intraclass correlation coefficient for systolic BP was 0.85 and diastolic BP 0.92 (Gerage et al., 2015).

Central BP

Central systolic and diastolic BP were obtained by pulse wave analysis, recorded in the left radial artery using applanation tonometry (SphygmoCor, AtCor Medical, Australia) and the validated transfer function algorithm provided by the Sphygmocor® software obtained the central values of systolic diastolic and mean BP (equivalent to the pressure wave measured by an invasive catheter (Siebenhofer et al., 1999). To enhance the accuracy of measurements, only those values whose quality index exceeded 90% were utilized.

Ambulatory BP

The ambulatory BP readings over a 24-h period were obtained using a oscillometric device (Dyna-MAPA, Cardios, Brazil) programmed to take measurements every 15 min during the daytime and 30 min at night time, using the procedures previously described (O’Brien et al., 2013; Rodrigues et al., 2014). Additionally, patients were advised to report major routine activities, such as: meals, displacements, medications, bedtime, and wake-up. These reports were taken into account during the ambulatory BP data analysis.

Arterial Stiffness Markers

Pulse wave velocity was measured using high-fidelity applanation tonometry (Sphygmocor, ATCOR Medical, Australia) following the guidelines of the Clinical Application of Arterial Stiffness, Task Force III (Van Bortel et al., 2002). For the central pulse wave velocity (cPWV), the distance between the suprasternal notch and carotid artery and the distance between the suprasternal notch and the femoral artery were measured using a standard tape. The distance between the two arteries was divided by the time difference in both markers. For the measurement of the peripheral pulse wave velocity (pPWV), the distance between the suprasternal notch and the femoral artery, and the suprasternal notch and the dorsalis pedis artery were also measured using a standard tape. The distance between the two arteries was divided by the time difference in both markers. Simultaneously an electrocardiogram was assessed to obtain heart rate and, according to a “foot-to-foot” method, the time difference between the points was measured.

Heart Rate Variability

Heart rate variability was assessed from the RR intervals obtained by a heart rate monitor (RS800CX, Polar Electro, Finland). Patients remained in the supine position for 10 min and we analyzed at least 5 min of stationary R-R interval data. All analyses were performed with Kubios HRV software (Biosignal Analysis and Medical Imaging Group, Joensuu, Finland) by a single evaluator blinded to the group allocations. Intraclass correlation coefficient for this evaluator ranged from 0.990 to 0.993 (Farah et al., 2016), using the recommendations of the Task Force for heart rate variability (Malik et al., 1996).

The following time-domain variables were examined for each recording: standard deviation of all RR intervals (SDNN), root mean square of the squared differences between adjacent normal RR intervals (RMSSD), and the percentage of adjacent intervals over 50 ms (PNN50). Additionally, frequency-domain variables were calculated via an autoregressive method. The signals operating at frequencies between 0.04 and 0.4 Hz were considered physiologically significant with the low frequency component represented by oscillations between 0.04 and 0.15 Hz, and high frequency component represented by oscillations between 0.15 and 0.4 Hz. The power of each spectral component was normalized by dividing the power of each spectrum band by the total variance, minus the value of the very low frequency band (<0.04 Hz) and multiplying the result by 100. To interpret the results, the low frequency and high frequency normalized components were considered, respectively, as representative of predominantly combined parasympathetic-sympathetic and parasympathetic modulation of the heart, and the ratio between these bands (LF/HF) was defined as the cardiac sympathovagal balance.

Vascular Function

Brachial artery diameter and blood flow velocity were measured using a high-resolution duplex-Doppler ultrasound (Apogee 3500, SIUI, China) following the relevant guideline (Thijssen et al., 2011). Resting brachial artery diameterand blood velocity waveforms were continuously recorded over 120 s. Recordings of all vascular variables were analyzed offline using specialized edge-detection software (Cardiovascular Suite, Quipu, Italy).

Oxidative Stress and Inflammation Markers

Blood samples (4 ml) were collected in tubes containing EDTA in the hospital, homogenized by inversion, and then were centrifuged at 1500 rpm for 15 min. Thereafter, the plasma were separated, placed in Eppendorf tubes, and kept at -80°C until analysis. Oxidative stress was assessed on plasma samples by the quantification of the advanced oxidized protein products (AOPP), which reflects protein oxidation of inflammatory nature and malondialdehyde (MDA), a final product of the lipoperoxidation reaction. Total thiol levels, were measured to estimate non-enzymatic antioxidant defenses. AOPP (Witko-Sarsat et al., 1996) and MDA (Spirlandeli et al., 2014) levels were assessed by the methods previously described and plasmatic total thiols were quantified by the protocol described by Costa et al. (2006). Evaluation of interleukin-1β (IL-1β), interleukin-10 (IL-10), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), C-reactive protein (CRP) were performed in plasma samples using available commercial kits, following the manufacturer’s instructions (Invitrogen, Carlsbad, CA, United States). For the CRP analysis, plasma samples were diluted 4000 times, for the other analysis, the samples were used without previous dilution. All the assays were determined in duplicates. The coefficient of variation for all measurements was less than 8% (IL-1B 1.7%, IL-10 2.2%, IL-6 1.1%, TNF-a 7.8%, PCR 5.2%, AOPP 3.4%, MDA 2.1%, Total Thiols 1.5%).

Statistical Analysis

The data were stored and analyzed using the Statistical Package for the Social Sciences (SPSS Version 17.0 for Windows). Normality was checked using the Shapiro-Wilk test and the Levene test was used to analyze the homogeneity of variances. Continuous variables were summarized as mean, standard deviations or 95% confidence interval, whereas categorical variables were summarized as relative frequencies. The clinical characteristics among groups compared using one-way analysis of variance for continuous variables and chi-square test for categorical variables.

To compare the effects of interventions on cardiovascular risk indicators, Generalized Estimating Equations (GEE) were used, followed by a post hoc pairwise comparison using the Bonferroni correction for multiple comparisons. Effect size (ES) was used to estimate the magnitude of differences within the same group. The significance level was set at P < 0.05 (two-tailed testing) for all analyses.

RESULTS

Recruitment and intervention periods occurred between July 2015 and August 2016. The study flowchart is shown in Figure 1. Some subjects reported pain in the hand joints during exercise, but this was not sufficient to leave the study. One woman from the home-based group reported dyspnea during exercise in the second week and tachycardia in the sixth and eighth weeks, however, clinical examinations were performed and no abnormalities were observed. All baseline characteristics were similar among the groups (Table 1). Seventy percent of the patients were women, age range 38–79 years old (95% confidence interval 56.7–62.4 years old).


[image: image]

FIGURE 1. Flowchart of study. IHT, isometric handgrip training. BP, blood pressure. HRV, heart rate variability.



TABLE 1. General characteristics of experimental groups at baseline.
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Supervised handgrip training produced a significant (P < 0.05) decrease in brachial systolic (132 ± 4 vs. 120 ± 3 mmHg, ES = 0.94) and diastolic BP (71 ± 2 vs. 66 ± 2 mmHg, ES = 0.69), which was not observed for home-based and control groups (Systolic BP – Home-based: 130 ± 4 vs. 126 ± 3 mmHg, ES = 0.24; Control: 129 ± 5 vs. 126 ± 4 mmHg, ES = 0.17; Diastolic BP – Home-based: 73 ± 3 vs. 71 ± 3 mmHg, ES = 0.16; Control: 73 ± 2 vs. 73 ± 2 mmHg, ES = 0.0) (see Figure 2). Supervised handgrip training caused a significant reduction in central BP (Systolic: 120 ± 5 to 109 ± 4 mmHg, ES = 0.61;Diastolic: 73 ± 2 vs. 67 ± 2 mmHg, ES = 0.83; mean BP: 93 ± 2 to 84 ± 3 mmHg, ES = 0.83). Home-based handgrip training reduced mean BP (94 ± 3 vs. 89 ± 3 mmHg, ES = 0.40), whereas no difference was found for central systolic (119 ± 4 vs. 115 ± 3 mmHg, ES = 0.27) and diastolic BP (74 ± 3 vs. 71 ± 3 mmHg, ES = 0.24) (Figure 3). A significant positive correlation was observed between change in brachial and central BP in the supervised group (systolic BP: r = 0.779, p = 0.002; diastolic BP: r = 0.919, p < 0.001). Patients in the home-based group who responded to training had higher baseline systolic BP compared to non-responders (139 ± 5 vs. 120 ± 3 mmHg, p = 0.005).
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FIGURE 2. Effects of home-based and supervised isometric handgrip training onbrachial blood pressure. ∗ significant difference from Pre.
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FIGURE 3. Effects of home-based and supervised isometric handgrip training on central blood pressure. ∗significant difference from Pre; ‡significant difference from control group.



No significant pre-post intervention differences were observed among the groups for ambulatory BP, arterial stiffness, heart rate variability parameters, vascular function, oxidative stress and inflammatory markers (P > 0.05) (Tables 2, 3). Results of additional analyses in hypertensive participants who did not take beta blocker medication are presented in the Supplementary Document 1.

TABLE 2. Effects of home-based and supervised isometric handgrip training and control on ambulatory blood pressure in hypertensives.
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TABLE 3. Effects of home-based and supervised isometric handgrip training and control on cardiovascular parameters in hypertensives.
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DISCUSSION

The main finding of this study was that 12 weeks of supervised isometric handgrip training significantly reduced brachial BP, and demonstrated for the first time that supervised isometric handgrip training also decreased central systolic and mean BP in hypertensives. In contrast, home-based isometric handgrip training did not improve brachial, central, ambulatory BP, arterial stiffness, heart rate variability, vascular function, oxidative stress and inflammatory markers in hypertensive subjects.

The beneficial effects of supervised isometric handgrip training on brachial BP observed in this study correspond with previous findings (Cornelissen and Smart, 2013; Carlson et al., 2014; Inder et al., 2016; Jin et al., 2017). Our study demonstrated a net-effect reduction of approximately 9 and 6 mmHg for brachial systolic and diastolic BP, respectively, corresponding to a moderate-high ES (0.94 and 0.69). A recent meta-analysis demonstrated reductions of 8 mmHg for systolic BP and 4 mmHg for diastolic BP (Jin et al., 2017), which are similar to the results of our present study. The analysis of individual responses also confirmed the beneficial effects of supervised isometric handgrip training on brachial BP. In fact, 85% of patients reduced systolic BP by more than 5 mmHg and 77% of patients reduced diastolic BP by more than 2 mmHg.

In addition to the improvements in brachial BP, we demonstrated for the first time that supervised isometric training reduced central BP, which is considered a better discriminant of cardiovascular risk and target organ damage than brachial BP (Wang et al., 2009). The observed reductions of 6 and 4 mmHg for central systolic and diastolic BP, respectively, are estimated to reduce the risk of cardiovascular mortality by approximately 25% (Wang et al., 2009). Individual analyzes demonstrated reduced central BP, in approximately 90% of patients, in the supervised isometric handgrip training group, demonstrating efficacy of this intervention.

Ambulatory BP did not change after isometric handgrip training. Similarly, Stiller-Moldovan et al. (2012) did not observe reduced ambulatory BP after 8 weeks of supervised isometric handgrip training in medicated hypertensive participants. Recently, Pagonas et al. (2017) also did not observe reductions in ambulatory BP after supervised in hypertensive individuals. Previous studies have shown that ambulatory BP is a better marker of cardiovascular risk than office BPs (brachial or central BP) (Huang et al., 2011). Therefore, these results suggest that the isometric handgrip training may not be effective in reducing the cardiovascular risk of hypertensive patients. However, in the present study there was 40% attrition for the ambulatory BP analysis, which may have influenced statistical power (Supplementary Document 2).

In contrast to our hypothesis, the results of the present study indicated no effects of home-based isometric handgrip training on BP, suggesting that patients did not correctly perform or did not perform the isometric handgrip training. The absence of a long familiarization period to isometric exercise (as patients only performed one familiarization session), the raised perception of forearm discomfort in the last seconds of exercise (Brown and Bray, 2015), and the low educational level of the patients may explain our results.

Cardiac autonomic modulation did not change after 12-weeks isometric handgrip training. Stiller-Moldovan et al. (2012) also did not observe an improvement after 8 weeks of supervised isometric handgrip training in medicated hypertensive participants. These results remained even after exclusion of patients taking beta-blockers. In contrast, Taylor et al. (2003) noted marked improvements in high frequency spectral power in uncontrolled hypertensive after supervised isometric handgrip training. These results taken together may suggest that isometric handgrip training could present some improvement in cardiovascular parameters in patients with poorly controlled BP levels. However, future studies should consider focusing on target populations of hypertensive subjects with BP above the normal range.

Increased oxidative stress and inflammation are thought to play a key role in the pathophysiology of hypertension (Vaziri and Rodriguez-Iturbe, 2006). Improvements in oxidative stress were proposed as a potential mechanism to improve BP after isometric handgrip training in a single group small study (Peters et al., 2006). Interestingly, supervised handgrip exercise appears to improve central BP independently of oxidative stress and inflammation. Our data demonstrated no significant change in oxidative stress (AOPP, MDA, total thiols) or inflammatory mediators (IL-1β, IL-10, IL-6, TNF-α, and CRP) after 12 weeks. These responses may be expected as cardiac autonomic function was unchanged (Johnston and Webster, 2009), as was body composition. Since isometric handgrip exercise does not promote fat reduction and increased lean mass, it is therefore unsurprising that there was no improvement in the inflammatory and oxidative stress profiles (Wu et al., 2013).

Arterial stiffness did not change after the intervention, suggesting exercise does not alter the vessel structure in the short term. These responses coupled with no change in the cardiac autonomic modulation, oxidative stress and cytokines, suggest that other mechanisms may act to reduce BP after isometric exercise. A recent study observed that isometric handgrip acutely increases spontaneous cardiac baroreflex sensitivity (Teixeira et al., 2018). Given that acute exercise responses have been related to chronic training effects, it is possible that baroreflex sensitivity may explain the anti-hypertensive effects of isometric exercise (Somani et al., 2017). Thus, future studies should analyze the chronic effects of isometric exercise on baroreflex sensitivity.

Isometric handgrip training has emerged as a potential new tool to improve BP in the hypertensive population (Cornelissen and Smart, 2013; Carlson et al., 2014; Inder et al., 2016; Jin et al., 2017; Carey et al., 2018) Advantages of this exercise modality include simplicity and a reduced time commitment to perform the protocol, which could be performed at home. However, the results of the current study failed to show efficacy of using of this exercise modality at home. Future studies should also address whether other devices or monitoring strategies can improve the effectiveness of home-based isometric handgrip training.

A major limitation of our study was that the isometric handgrip equipment used for training does not log are cord of training sessions, thus, it is not possible to affirm that participants adhered to the intervention. The sample size did not allow for stratified analysis by medication, which would enable an understanding of the mechanism(s) of blood pressure lowering after isometric handgrip training. There was standardization of the time of day that the intervention was performed, which may have generated different cardiovascular responses (de Brito et al., 2015). Baroreflex sensitivity was not measured and the understanding of the mechanisms of blood pressure lowering after isometric handgrip training was limited. Finally, generalizability of results to other populations (advanced hypertension or clinical other populations) should be performed with caution.

In conclusion, 12-weeks supervised isometric handgrip training reduced brachial and central BP, although these variables were unchanged in the home-based handgrip training group. In addition, neither supervised or home-based training improved ambulatory BP, arterial stiffness, heart rate variability, vascular function, oxidative stress and inflammatory mediators.

AUTHOR CONTRIBUTIONS

BF, SR, LV, RR-D, and MB were responsible for the conception and design of the study. BF, SR, GS, and MC worked on data collection. MC, RD, and PM worked on data analysis. All authors read contributed to the writing and approved the final version of the manuscript.

FUNDING

Supported by grants from “Conselho Nacional de Desenvolvimento Científico e Tecnológico – CNPQ” (#448759/2014-4), “Fundação de Amparo à Ciência e Tecnologia do Estado de Pernambuco” – FACEPE (APQ-1177-4.09/14), and “Coordenação de Aperfeiçoamento de Pessoal de Nível Superior – CAPES.”

ACKNOWLEDGMENTS

We also thank Cardios Sistemas Com. Ind. Ltda. for supplying Dyna-MAPA device.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphys.2018.00961/full#supplementary-material

REFERENCES

Brown, D. M., and Bray, S. R. (2015). Isometric exercise and cognitive function: an investigation of acute dose-response effects during submaximal fatiguing contractions. J. Sports Sci. 33, 487–497. doi: 10.1080/02640414.2014.947524

Carey, R. M., Whelton, P. K., and 2017 Acc/Aha Hypertension Guideline Writing Committee (2018). Prevention, detection, evaluation, and management of high blood pressure in adults: synopsis of the 2017 american college of cardiology/american heart association hypertension guideline. Ann. Intern. Med. 168, 351–358. doi: 10.7326/M17-3203

Carlson, D. J., Dieberg, G., Hess, N. C., Millar, P. J., and Smart, N. A. (2014). Isometric exercise training for blood pressure management: a systematic review and meta-analysis. Mayo Clin. Proc. 89, 327–334. doi: 10.1016/j.mayocp.2013.10.030

Casey, D. P., Curry, T. B., Joyner, M. J., Charkoudian, N., and Hart, E. C. (2011). Relationship between muscle sympathetic nerve activity and aortic wave reflection characteristics in young men and women. Hypertension 57, 421–427. doi: 10.1161/HYPERTENSIONAHA.110.164517

Cornelissen, V. A., and Smart, N. A. (2013). Exercise training for blood pressure: a systematic review and meta-analysis. J. Am. Heart Assoc. 2:e004473. doi: 10.1161/JAHA.112.004473

Costa, C. M., Santos, R. C. C., and Lima, E. S. (2006). A simple automated procedure for thiol measurement in human serum samples. J. Braz. Patol. Med. Lab. 42, 345–350. doi: 10.1590/S1676-24442006000500006

de Brito, L. C., Rezende, R. A., da Silva, N. D. JR., Tinucci, T., Casarini, D. E., Cipolla-Neto, J., et al. (2015). Post-Exercise hypotension and its mechanisms differ after morning and evening exercise: a randomized crossover study. PLoS One 10:e0132458. doi: 10.1371/journal.pone.0132458

Farah, B. Q., Correia, M., Rodrigues, S. L. C., Cavalcante, B. R., and Ritti-Dias, R. M. (2014). Reliability of handgrip maximal voluntary contraction in hypertensive adults. Braz. J. Phys. Act. Health 19, 590–596.

Farah, B. Q., Germano-Soares, A. H., Rodrigues, S. L. C., Santos, C. X., Barbosa, S. S., Vianna, L., et al. (2017a). Acute and chronic effects of isometric handgrip exercise on cardiovascular variables in hypertensive patients: a systematic review. Sports 5:55. doi: 10.3390/sports5030055

Farah, B. Q., Vianna, L. C., Rodrigues, S. L. C., Correia, M. A., Teixeira, A. L., de Andrade, F. M. D., et al. (2017b). Effects of isometric handgrip training in patients with cardiovascular disease: rationale and design of the ISOPRESS network. Motriz Rev. Educ. Física 23:e101719.

Farah, B. Q., Lima, A. H., Cavalcante, B. R., de Oliveira, L. M., Brito, A. L., de Barros, M. V., et al. (2016). Intra-individuals and inter- and intra-observer reliability of short-term heart rate variability in adolescents. Clin. Physiol. Funct. Imaging 36, 33–39. doi: 10.1111/cpf.12190

Gerage, A. M., Benedetti, T. R., Farah, B. Q., Santana Fda, S., Ohara, D., Andersen, L. B., et al. (2015). Sedentary behavior and light physical activity are associated with brachial and central blood pressure in hypertensive patients. PLoS One 10:e0146078. doi: 10.1371/journal.pone.0146078

Herder, C., Schamarek, I., Nowotny, B., Carstensen-Kirberg, M., Strassburger, K., Nowotny, P., et al. (2017). Inflammatory markers are associated with cardiac autonomic dysfunction in recent-onset type 2 diabetes. Heart 103, 63–70. doi: 10.1136/heartjnl-2015-309181

Huang, C. M., Wang, K. L., Cheng, H. M., Chuang, S. Y., Sung, S. H., Yu, W. C., et al. (2011). Central versus ambulatory blood pressure in the prediction of all-cause and cardiovascular mortalities. J. Hypertens. 29, 454–459. doi: 10.1097/HJH.0b013e3283424b4d

Inder, J. D., Carlson, D. J., Dieberg, G., McFarlane, J. R., Hess, N. C., and Smart, N. A. (2016). Isometric exercise training for blood pressure management: a systematic review and meta-analysis to optimize benefit. Hypertens. Res. 39, 88–94. doi: 10.1038/hr.2015.111

Jin, Y. Z., Yan, S., and Yuan, W. X. (2017). Effect of isometric handgrip training on resting blood pressure in adults: a meta-analysis of randomized controlled trials. J. Sports Med. Phys. Fitness 57, 154–160. doi: 10.23736/S0022-4707.16.05887-4

Johnston, G. R., and Webster, N. R. (2009). Cytokines and the immunomodulatory function of the vagus nerve. Br. J. Anaesth. 102, 453–462. doi: 10.1093/bja/aep037

Kearney, P. M., Whelton, M., Reynolds, K., Muntner, P., Whelton, P. K., and He, J. (2005). Global burden of hypertension: analysis of worldwide data. Lancet 365, 217–223. doi: 10.1016/S0140-6736(05)17741-1

Kinlay, S., Creager, M. A., Fukumoto, M., Hikita, H., Fang, J. C., Selwyn, A. P., et al. (2001). Endothelium-derived nitric oxide regulates arterial elasticity in human arteries in vivo. Hypertension 38, 1049–1053. doi: 10.1161/hy1101.095329

Lewington, S., Clarke, R., Qizilbash, N., Peto, R., Collins, R., and Prospective Studies Collaboration (2002). Age-specific relevance of usual blood pressure to vascular mortality: a meta-analysis of individual data for one million adults in 61 prospective studies. Lancet 360, 1903–1913.

Malik, M., Bigger, J. T., Camm, A. J., Kleiger, R. E., Malliani, A., Moss, A. J., et al. (1996). Heart rate variability. standards of measurement, physiological interpretation, and clinical use. task force of the european society of cardiology and the north american society of pacing and electrophysiology. Eur. Heart J. 17, 354–381. doi: 10.1093/oxfordjournals.eurheartj.a014868

McGowan, C. L., Levy, A. S., Millar, P. J., Guzman, J. C., Morillo, C. A., McCartney, N., et al. (2006). Acute vascular responses to isometric handgrip exercise and effects of training in persons medicated for hypertension. Am. J. Physiol. Heart Circ. Physiol. 291, H1797–H1802. doi: 10.1152/ajpheart.01113.2005

McGowan, C. L., Visocchi, A., Faulkner, M., Verduyn, R., Rakobowchuk, M., Levy, A. S., et al. (2007). Isometric handgrip training improves local flow-mediated dilation in medicated hypertensives. Eur. J. Appl. Physiol. 99, 227–234. doi: 10.1007/s00421-006-0337-z

Millar, P. J., Levy, A. S., McGowan, C. L., McCartney, N., and MacDonald, M. J. (2013). Isometric handgrip training lowers blood pressure and increases heart rate complexity in medicated hypertensive patients. Scand. J. Med. Sci. Sports 23, 620–626. doi: 10.1111/j.1600-0838.2011.01435.x

Millar, P. J., McGowan, C. L., Cornelissen, V. A., Araujo, C. G., and Swaine, I. L. (2014). Evidence for the role of isometric exercise training in reducing blood pressure: potential mechanisms and future directions. Sports Med. 44, 345–356. doi: 10.1007/s40279-013-0118-x

O’Brien, E., Parati, G., Stergiou, G., Asmar, R., Beilin, L., Bilo, G., et al. (2013). European society of hypertension position paper on ambulatory blood pressure monitoring. J. Hypertens. 31, 1731–1768. doi: 10.1097/HJH.0b013e328363e964

Pagonas, N., Vlatsas, S., Bauer, F., Seibert, F. S., Zidek, W., Babel, N., et al. (2017). Aerobic versus isometric handgrip exercise in hypertension: a randomized controlled trial. J. Hypertens. 35, 2199–2206. doi: 10.1097/HJH.0000000000001445

Peters, P. G., Alessio, H. M., Hagerman, A. E., Ashton, T., Nagy, S., and Wiley, R. L. (2006). Short-term isometric exercise reduces systolic blood pressure in hypertensive adults: possible role of reactive oxygen species. Int. J. Cardiol. 110, 199–205. doi: 10.1016/j.ijcard.2005.07.035

Rodrigues, L. B., Forjaz, C. L., Lima, A. H., Miranda, A. S., Rodrigues, S. L., Cardoso, C. G., et al. (2014). A single bout of resistance exercise does not modify cardiovascular responses during daily activities in patients with peripheral artery disease. Blood Press. Monit. 19, 64–71. doi: 10.1097/MBP.0000000000000022

Siebenhofer, A., Kemp, C., Sutton, A., and Williams, B. (1999). The reproducibility of central aortic blood pressure measurements in healthy subjects using applanation tonometry and sphygmocardiography. J. Hum. Hypertens. 13, 625–629. doi: 10.1038/sj.jhh.1000887

Sociedade Brasileira de Cardiologia, Sociedade Brasileira de Hipertensão, and Sociedade Brasileira de Nefrologia (2010). VI Brazilian guidelines on hypertension. Arq. Bras. Cardiol 95(Suppl. 1), 1–51.

Somani, Y. B., Baross, A. W., Brook, R. D., Milne, K. J., McGowan, C. L., and Swaine, I. L. (2017). 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. 31, 362–368. doi: 10.1093/ajh/hpx173

Spirlandeli, A. L., Deminice, R., and Jordao, A. A. (2014). Plasma malondialdehyde as biomarker of lipid peroxidation: effects of acute exercise. Int. J. Sports Med. 35, 14–18. doi: 10.1055/s-0033-1345132

Stiller-Moldovan, C., Kenno, K., and McGowan, C. L. (2012). Effects of isometric handgrip training on blood pressure (resting and 24 h ambulatory) and heart rate variability in medicated hypertensive patients. Blood Press. Monit. 17, 55–61. doi: 10.1097/MBP.0b013e32835136fa

Sun, Z. (2015). Aging, arterial stiffness, and hypertension. Hypertension 65, 252–256. doi: 10.1161/HYPERTENSIONAHA.114.03617

Taylor, A. C., McCartney, N., Kamath, M. V., and Wiley, R. L. (2003). Isometric training lowers resting blood pressure and modulates autonomic control. Med. Sci. Sports Exerc. 35, 251–256. doi: 10.1249/01.MSS.0000048725.15026.B5

Teixeira, A. L., Ritti-Dias, R., Antonino, D., Bottaro, M., Millar, P. J., and Vianna, L. C. (2018). Sex differences in cardiac baroreflex sensitivity after isometric handgrip exercise. Med. Sci. Sports Exerc. 50, 770–777. doi: 10.1249/MSS.0000000000001487

Thijssen, D. H., Black, M. A., Pyke, K. E., Padilla, J., Atkinson, G., Harris, R. A., et al. (2011). Assessment of flow-mediated dilation in humans: a methodological and physiological guideline. Am. J. Physiol. Heart Circ. Physiol. 300, H2–H12. doi: 10.1152/ajpheart.00471.2010

Van Bortel, L. M., Duprez, D., Starmans-Kool, M. J., Safar, M. E., Giannattasio, C., Cockcroft, J., et al. (2002). Clinical applications of arterial stiffness, Task Force III: recommendations for user procedures. Am. J. Hypertens. 15, 445–452. doi: 10.1016/S0895-7061(01)02326-3

Vaziri, N. D., and Rodriguez-Iturbe, B. (2006). Mechanisms of disease: oxidative stress and inflammation in the pathogenesis of hypertension. Nat. Clin. Pract. Nephrol. 2, 582–593. doi: 10.1038/ncpneph0283

Wang, K. L., Cheng, H. M., Chuang, S. Y., Spurgeon, H. A., Ting, C. T., Lakatta, E. G., et al. (2009). Central or peripheral systolic or pulse pressure: which best relates to target organs and future mortality? J. Hypertens. 27, 461–467. doi: 10.1097/HJH.0b013e3283220ea4

Whelton, P. K., Carey, R. M., Aronow, W. S., Casey, D. E. Jr., Collins, K. J., et al. (2018). 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: a report of the american college of cardiology/american heart association task force on clinical practice guidelines. Hypertension 71, 1269–1324. doi: 10.1161/HYP.0000000000000066

Witko-Sarsat, V., Friedlander, M., Capeillere-Blandin, C., Nguyen-Khoa, T., Nguyen, A. T., Zingraff, J., et al. (1996). Advanced oxidation protein products as a novel marker of oxidative stress in uremia. Kidney Int. 49, 1304–1313. doi: 10.1038/ki.1996.186

Wu, S. H., Shu, X. O., Chow, W. H., Xiang, Y. B., Zhang, X., Cai, Q., et al. (2013). Adiposity and fat distribution in relation to inflammation and oxidative stress in a relatively lean population of Chinese women. Dis. Markers 34, 279–293. doi: 10.3233/DMA-130969

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The reviewer WS and handling editor declared their shared affiliations.

Copyright © 2018 Farah, Rodrigues, Silva, Pedrosa, Correia, Barros, Deminice, Marinello, Smart, Vianna and Ritti-Dias. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fphys-09-00961-t001.jpg
Variables

Age (years)
Weight (kg)

Height (m)

Body mass index (kg/m?)

Brachial systolic BP (mmHg)
Brachial diastolic BP (mmHg)
Maximal voluntary contraction (kgf)
Education level (% low)

Sex (% women)

Galcium channel blocker (%)
Diuretic (%)

p-blocker (%)

ACE inhibitor (%)

Angiotensin receptor blockers (%)

Values are presented as mean =+ standard error or frequency. BF, blood pressure; ACE, angiotensin converting enzyme.

Controln =16

58+3
83.4£3.9
1.61£0.02
31.7+£13
132+4
12
299423
40

69

23

7

23

15

61

Home-based n = 18

6142
80.9 + 4.0
1.61+0.02
311+12
1304
73+3
317+21
65

72

17

44

22

33

77

Supervise n = 14

59 £2
79158
1.62 +£0.03
209417
1295
73x2
20.7 £3.1
79

69

19

38

20

6

81

0.753
0.827
0.970
0.655
0.908
0.825
0818
0.312
0.933

0.083
0.953
0.124
0.386





OPS/images/fphys-09-00961-t002.jpg
Variables

24h

Systolic blood pressure (mMmHg)
Mean blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Awake period

Systolic blood pressure (mmHg)
Mean blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Asleep period

Systolic blood pressure (mmHg)
Mean blood pressure (mmHg)
Diastolic blood pressure (mmHg)

Supervised

Pre

12144
98+4
79+4

122+ 4
100+ 4
80+4

118+ 56
96 +5
763

Post

12243
98+2
7943

128+3
99+ 2
79£3

11544
B+4
T4k4

Home-based

Pre

M7£2
93+2
7242

M7 £2
93+2
73+£3

115+£3
91+£2
70+3

Post

M7 £2
93+2
73+3

121£2
96 +2
B5x2

116+ 4
92+4
244

Control

Pre

11544
90+2
70+2

M7+£4
9242
EY

106+ 4
83+3
63+3

Post

1156£5
90£3
70+3

17£5
93+4
71+3

109+ 4
85+3
64+ 3

0.650
0.463
0.340

0.627
0.611
0.626

0.973
0.971
0.843





OPS/images/fphys-09-00961-t003.jpg
Variables Supervised

Pre
Arterial stiffness parameters
Pulse pressure (mmHg) 139+33
Augmentation index (%) 26.6+4.0
Central PWV (m/s) 84+£04
Peripheral PWV (m/s) 83+03
Heart rate variability
SDNN (ms) 394
RMSSD (ms) 314
PNNSO (%) 12+4
Low frequency (nu) 53+6
High frequency (nu) 4746
LF/HF 200074
Vascular function
Resting brachial diameter (cm) 4014021
Resting shear rate (s) 122 £ 10
Oxidative stress and inflammation markers
AOPP (1tM) 88+ 21
MDA (itM) 154 +£0.22
Total Thiols (M) 264 £ 19
IL-6 (pg/mL) 1.36 % 0.09
IL-10 (pg/mL) 46+05
IL-1b (pg/mL) 0.32 +0.02
CRP (pg/mL) 899 + 201
TNF-alpha (pg/mL) 32£02

*Significant difference from pre.

Post

11.6£26

254+4.0
7.7+03
85+03

38+4
32+5
183£5
57+£7
43£7
2.26 £0.54

4.11+£0.22
106 £+ 14

22+ 6"
1.16£0.14
234 £32
1.42 £0.19
40+0.6
0.30 £ 0.02
977 + 269
49+0.7

Home-based

Pre

182+2.1
272+22
98+05
8904

29+ 4

21+4

5£3

54+ 5

46+ 5
1.88 + 0.50

417+£0.21
111 £15

11
1.52£0.14
260 £ 31
124 £0.15
52+04
0.37 £ 0.02
1812 £ 279
35+02

Control
Post Pre
13220 185+22
272427 279+£32
88+0.3 87+£05
89+05 93+04
31+4 38+6
27+ 4 33+8
9+4 10+4
47 +5 52+3
535 48 £ 3
1.16£0.23 1.28£0.21
397 £0.27 3.83+0.20
110+ 10 1M1 £15
57+25 67 +£26
1.12£0.13 1.53+£0.18
326 £ 95 281+ 13
1.49 £ 0.16 1.36 £0.25
49404 47+£06
0.34 £ 0.03 0.37 £ 0.02
1446 + 485 1126 + 226
39406 96+38

Post

133+ 1.8
201 +24
88+05
9.4 +04

39+3
30+4
103
5243
48+3
1.42 £0.24

3.99+£0.20
96 £ 12

1143
1.20 &+ 0.06
310+ 76
1.67 £0.16
44 %05
0.43 £ 0.04
1188 + 322
6.6+1.1

0.620
0.841
0219
0.960

0.924
0.470
0.687
0.302
0.302
0.215

0.122
0.694

0.032
0.906
0.453
0.669
0.952
0.328
0.592
0.141





OPS/images/cross.jpg
3,

i





OPS/images/fphys-09-00961-g003.jpg
Central systolic BP (mmHg)

‘entral diastolic BP (mmHg)

C

‘entral mean BP (nmHg)

C

200 Control Home-based Supervised
180
160
140 - ry
120 9+5 i @119+ 543 2045

® 11955 ® 1184 € 1153 & 10945
100
80

oI

Pre Post Pre Post Pre Post

120 Control Home-based Supervised
*r—
100
*
80 I
, @ 7413 » 7322

® 7412 ® 7412 @ 7143 8 6742
60
40

Pre Post Pre Post Pre Post
140 Control Home-based Supervised
120
100 *

@ 93+3 ® 9242 @ 9443 & 5043 @ 9342 it
- @ 84+3
60

‘ Pre Post Pre Post Pre Post

G: 0.766
T: 0.001
GxT: 0.019

G:0.292
T:0.001
GxT: 0.032

G: 0.469
T:0.001
GxT: 0.005






OPS/images/fphys-09-00961-g001.jpg
Enrolment

Allocation

Follow-up

Analysis

Assessed for eligibility (n = 84)

v

Excluded (n=12)
Not meeting inclusion criteria (n= 3)
Refused to participate (n=7)

Randomized (n=72)

l

v

l

Home based IHT (n=24)

Supervised IHT (n=24)

Control group (n=24)

|

Dropouts (n=6)

Refused to participate (n = 3)
Personal problems (n=1)
Changed in type or dose of
antihypertensive drugs (n=2)

Dropouts (n=10)

Refused to participate (n = 3)
Personal problems (n = 3)

Health reasons non-cardiovascular (n
= l)

Changed in type or dose of
antihypertensive drugs (n=1)

Dropouts (n=38)

Refused to participate (n=1)
Personal problems (n=1)

Health reasons non-cardiovascular (n
= 1)

Changed in type or dose of
antihypertensive drugs (n=13)

v

¥
Analysed (n=18)

Office BP (n=17)

Central BP (n=17)

Ambulatory BP (n=10)

HRV measures (n=14)

Arterial stiffness markers (n=17)

Analysed (n=14)

Office BP (n=13)

Central BP (n=13)

Ambulatory BP (n=10)

HRV measures (n=14)

Arterial stiffness markers (n=13)

Analysed (n=16)

Brachial BP (n= 16)

Central BP (n= 16)

Ambulatory BP (n=10)

HRV measures (n=16)

Arterial stiffness markers (n=16)






OPS/images/fphys-09-00961-g002.jpg
Office systolic BP (mmHg)

Office diastolic BP (mmHg)

200
180
160
140
120
100+

80+

@ 12945

Control

\1

812654 @ 1304

Home-based

Supervised

.G #1524

ot

8 12044

120-

100-

80

60

401

® 7382

Control

Post Pre

® 73+2

® 7343

Home-based

*r———o

Post Pre

Supervised

@713 w712

Post

ot
xR

@ 06+2

G: 0.874
T:<0.001
GxT: 0.041

G: 0.455
T:0.002
GxT: 0.049

Post

Pre

Post Pre

Post






OPS/images/cover.jpg
, frontiers
in Physiology

Supervised, but Not Home-Based,
Isometric Training Improves
Brachial and Central Blood
Pressure in Medicated
Hypertensive Patients: A
Randomized Controlled Trial





OPS/images/logo.jpg
' frontiers
in Physiology





