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Abstract:

Background: This work aimed to explore whether different forms of a simple isometric exercise test
could be used to predict the blood pressure (BP)-lowering efficacy of different types of isometric
resistance training (IRT) in healthy young adults. In light of the emphasis on primary prevention of
hypertension, identifying those with normal BP who will respond to IRT is important. Also, heightened
BP reactivity increases hypertension risk, and as IRT reduces BP reactivity in patients with hypertension,

it warrants further investigation in a healthy population.

Methods: Forty-six young men and women (24 + 5 years; 116 + 10/ 68 + 8 mmHg) were recruited from
two study sites: Windsor, Canada (n=26; 13 women), and Northampton, United Kingdom (n=20; 10
women). Resting BP and BP reactivity to an isometric exercise test were assessed prior to and following
10 weeks of thrice weekly IRT. Canadian participants trained on a handgrip dynamometer (isometric

handgrip, IHG), while participants in the UK trained on an isometric leg extension dynamometer (ILE).
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Results: Men and women enrolled in both interventions demonstrated significant reductions in systolic
BP (P<0.001) and pulse pressure (PP; P<0.05). Additionally, test-induced systolic BP changes to IHG and
ILE tests were associated with IHG and ILE training-induced reductions in systolic BP after 10 weeks of

training, respectively (r= 0.58 and r=0.77; for IHG and ILE; P<0.05).

Conclusions: The acute BP response to an isometric exercise test appears to be a viable tool to identify

individuals who may respond to traditional IRT prescription.

Introduction

Isometric resistance training (IRT) is recognized as a promising blood pressure (BP)-lowering
therapy by the American Heart Association®. The most recent meta-analysis of randomized controlled
trials cites post-training reductions in resting BP of ~5/4 mmHg (systolic/diastolic BP) *. IRT is most
commonly performed on a programmable handgrip dynamometer (isometric handgrip, IHG) or leg
isokinetic dynamometer (isometric leg extension, ILE), but has also been successfully performed using
spring loaded handgrip devices® and via a double leg wall squat routine®. Protocols usually consist of 4
separate 2 minute periods of exercise (with ~1 minute of rest between each exercise period), sustained
at a moderate intensity (~20-30% of maximal voluntary contraction; MVC) and performed 3 times per

week for up to 10 weeks’.

Although the BP-lowering effects of IRT have been demonstrated across a variety of healthy and
clinical adult populations, the weight of the existing evidence suggests that men, individuals with higher
pre-training resting BP (including patients with diagnosed hypertension) and individuals over 45 years of

2367 Using a retrospective design,

age experience the largest magnitude of IRT-induced BP reductions
Millar and colleagues demonstrated that BP and HR responses to a serial subtraction task but not a cold

pressor task (CPT) was predictive of reductions in resting systolic BP in older, normotensive individuals
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who performed IRT 3 days per week for 8 weeks®. Their findings suggest that IRT-induced reductions in
resting systolic BP are myocardially mediated, as the CPT induces increases in BP peripherally, via
increases in total peripheral resistance®. With respect to hypertension, work from our research group
shows that reductions in resting BP after IRT in this patient cohort are predicted by the acute systolic BP
response to a short isometric exercise test (2 minutes of sustained isometric exercise at 30% MVC) prior
to training®. In other words, individuals with the largest systolic BP increase in response to the test, prior

to training, experienced the greatest post-training resting BP reductions.

Similarly, Liu et al. have reported that the magnitude of the acute BP reductions following a bout
of aerobic exercise can predict the aerobic training-induced resting BP reductions, in middle-aged (45-60
year old) pre-hypertensive individuals®’. An important extension to the work from Badrov and colleagues
is additional evidence suggesting that the magnitude of the haemodynamic response to an isometric
exercise test can also predict the risk of future hypertension®™°. Taken together, a simple isometric
exercise test that is easy to use and can be easily administered in a clinical setting may allow health care
providers the opportunity to (i) identify their patients at risk of future hypertension and (ii) recommend

an IRT intervention as a viable BP-lowering treatment strategy.

In light of the global emphasis on strategies for the primary prevention of hypertension by the
World Health Organization®?, investigating whether this test offers a means of identifying healthy
individuals who will respond to IRT, is important. Also, since it is known that heightened acute BP
responses to exercise can increase the risk of future hypertension? and since IHG training reduces this
BP response in hypertensive patients, the potential of this type of test warrants further investigation,
firstly in healthy cohorts. In those with normal BP, the effectiveness of the acute BP response to an
isometric exercise test, in predicting who will respond to IHG training is unknown, as is its applicability to

ILE training. Assessing two forms of training (IHG and ILE), as well as two protocol-specific isometric tests
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would allow for more therapeutic options to be made available for young, normotensive individuals who

may have preference for one mode of training over the other.

The overall aim of this work was to identify whether the BP-lowering effects of IRT can be
predicted in young healthy normotensive men and women, from a simple 2-minute exercise test. The
purpose of our study was to test the following specific hypotheses: 1) Following 10 weeks of either IHG
or ILE training, performed 3 days per week, resting BP would be reduced by a similar magnitude in both
young men and women, and 2) these reductions would be predicted by the acute systolic BP response

to a protocol-specific simple 2-minute (IHG or ILE) isometric exercise test.
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Methods

Study Design and Experimental Protocol

This two-site investigation was cleared by the University of Windsor and the University of
Northampton Research Ethics Boards, and all participants provided written, informed consent. Following
informed consent, the completion of standard intake questionnaires and the determination of initial
eligibility, participants were familiarized to all parts of the investigation. Baseline tests were then
conducted, under standard laboratory conditions, on 2 separate days, separated by at least 24-hours.
Following baseline testing, participants underwent 10 weeks of IHG (Windsor site) or ILE (Northampton
site) IRT. Post-testing occurred the week following training, at least 48-hours following the last training
session and within 2 hours of baseline testing time. All testing occurred in a quiet, temperature-
controlled room (20-232C), following consumption of a light meal, 24-hour abstinence from alcohol and
vigorous physical activity, and a 12-hour abstinence from caffeine®. Participants voided their bladder
prior to each testing session to avoid a potential rise in BP due to bladder distention™®. Women were
tested in their early follicular phase (days 1-7 of their menstrual cycle) or during placebo pill ingestion

for women taking oral contraceptives.

At both testing sessions, seated resting BP and heart rate (HR) measures were acquired in
triplicate using the dominant arm following a 10-minute seated rest period (Dinamap Carescape v100,
Critikon, Tampa, FL, USA). To assess acute cardiovascular responses (systolic BP, diastolic BP, and HR
response), participants enrolled at the Windsor site performed an IHG exercise test (2-minutes of
sustained isometric exercise at 30% of MVC), while participants at the Northampton site undertook an
ILE test (ILET, 2-minutes of sustained isometric exercise at 20% of MVC). BP and HR responses were

measured every minute via brachial artery oscillometry (Dinamap Carescape v100, Critikon, Tampa, FL,
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USA) at the beginning and throughout each test. Subsequently, participants underwent a minimum
stabilization period of at least 10 minutes to ensure a return of BP and HR to baseline values. Recording

of responses were monitored and verified by at least two study researchers during experimentation.

Training protocols.

Participants performed supervised IRT sessions 3 times per week for 10 weeks. Each exercise
session consisted of 4 separate 2-minute periods of IHG or ILE exercise at 30% or 20% MVC, respectively.
IHG exercise was performed using alternating hands on a computerized handgrip dynamometer
(ZonaPLUS; Zona Health, Boise, Idaho, USA), each interspersed by 1 minute rest. ILE exercise was
performed bilaterally on an isokinetic dynamometer (Biodex Medical Systems Inc. New York, USA)
interspersed by 2-minute rest periods. Performing ILE exercise at 20% of MVC was better tolerated by
participants versus matching intensity at 30% of MVC for IHG exercise. This lower intensity selected for
the ILE training and 2-minute isometric exercise test (20% MVC) is supported by work done by Howden
and colleagues™. These investigators found no significant differences in reductions in systolic BP in
young, normotensive individuals following 5 weeks of IRT when comparing double-arm bicep curl
training at 30% of MVC and ILE training at 20% of MVC. The lower intensity selected for ILE training is

thought to be compensated for by the utilisation of a larger muscle mass>.

Prior to the start of each training session, participants had their resting seated BP and HR
measured following a 10-minute seated rest. MVC scores, protocol compliance (% of time for which the
target % MVC was maintained, for the duration of the protocol) for each bout of exercise, as well as any
changes in diet, exercise, or nutrition over the 10-week intervention period were recorded at each

training session.
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Statistical Analysis

A priori sample size was determined using means and standard deviations from previous IRT

>3 With an assigned a of 0.05 and B of 0.2, a minimum number of 8 participants in each

investigations
group was deemed sufficient to detect a difference in resting BP. In order to examine differences in
baseline data between men and women, one way ANOVAs were performed on all resting variables.
Normality of the data was assessed and a two-way repeated measures ANOVA was used to examine the

efficacy of both the IHG and ILE intervention in lowering resting cardiovascular measures (systolic BP,

diastolic BP, mean arterial pressure (MAP), pulse pressure (PP), and HR) in men and women.

Acute systolic BP responses to the IHG and ILE tests were assessed by calculating the difference
between the peak value attained during the test and the mean baseline resting value for systolic BP*®"’.
Diastolic BP and HR responses were calculated in the same manner. BP adaptations after training were
calculated as residualized change in systolic BP and were used for regression analyses, as baseline BP

and post training BP have known correlated effects®’"*®, These values were obtained by regressing the

change in resting systolic BP following both IRT interventions over the pre-training resting systolic BP.

To determine all potential predictors of training-induced changes after the 10-week training
intervention, baseline diastolic BP, baseline HR, the acute systolic BP, diastolic BP, and HR responses to
the isometric exercise test, sex, HR, BMI, age, training method and level of compliance were entered
into a multi-variate regression. In order to assess any changes in acute cardiovascular responses to the
isometric exercise test, as well as to determine potential sex differences following IRT, a 2-way repeated
measures ANOVA was employed. IBM SPSS Statistics 21 software (SPSS Inc., Chicago, lllinois, USA) was

used for all data analyses and statistical significance was set at P<0.05.
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Results

Study Participants

A total of 46 men and women, without overt hypertension (116 + 10 mmHg/68 + 8 mmHg;
resting BP = SD) were recruited from Windsor, Canada (n=26; 13 women) and Northampton, United
Kingdom (n=20; 10 women). Of the 46 participants recruited, 15 were pre-hypertensive (126 + 5
mmHg/75 + 3 mmHg; 6 women), and 31 were normotensive (111 + 8 mmHg/65 + 7 mmHg; 17 women).
Exclusion criteria for the study included a prior diagnosis of hypertension or cardiovascular disease
(CVD), prescribed anti-hypertensive medication and pharmacotherapies known to effect neurovascular
function, and/or physical limitations hindering proper performance of exercise. Please see Table 1 for

participant characteristics.

All 46 participants enrolled in the two-site study completed the 10-week training protocol
consisting of either 30 IHG or ILE training sessions. Participants were recruited from within the university
and surrounding area at both sites and were primarily students or academic employees. The majority of
participants were recreationally active at baseline. Compliance values for the 26 participants enrolled in
the IHG training was 97%, and averaged 98% for men and 96% for women. The 20 men and women
participating in ILE training had a calculated compliance of 99% and 98%, respectively, with a combined
average of 99%. Upon review of exercise, diet, and medication log books, no significant changes in any
of these variables were recorded in either sex. Importantly, no adverse events were reported by
participants in response to either IHG or ILE testing and training sessions. Lab personnel asked
participants about any pain and/or discomfort at the beginning and throughout both testing and training

sessions, and no adverse events were reported.
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Men and women at both sites did not differ in age, body mass index, or resting diastolic BP (all
P>0.05). Conversely, height and weight at baseline were significantly different between the two groups
for both interventions (P<0.05). Men enrolled in IHG training had higher pre-training resting systolic BP,
MAP, and PP values than women (P<0.05), while these differences were not observed in men
participating in ILE training. Instead, women had significantly higher pre-training resting HR values than
men at the Northampton site where ILE training took place (P<0.05). With respect to site differences,
study participants at the Northampton site had a significantly higher systolic and diastolic BP than
individuals at the Windsor site. However, no differences were detected in BMI between sites. Outcome
variables for the study were not influenced by these initial differences as the multilevel ANOVA that was
employed, accounted for this, and the group x sex interaction was not significant (P>0.05). Refer to

Table 1 for participant baseline characteristics.

Effects of IRT on resting BP and HR

Men and women enrolled in both interventions demonstrated equal, significant reductions in
systolic BP (P<0.001) and PP (P<0.05), and no significant group x sex interactions were observed for
these variables across the interventions (P>0.05). Additionally, significant reductions in MAP were
observed in both men and women who participated in 10-weeks of ILE training. Similarly, no significant
group x sex interaction was observed across the interventions (P>0.05). These findings can be found in

Table 2.

Cardiovascular responses to isometric exercise as a predictor of IRT effectiveness

Men demonstrated a significantly higher systolic BP response to the isometric exercise tests
than women (P<0.05). Test-induced systolic BP responses to IHG and ILE were significantly correlated

with IHG (r=0.58, 95% CI [-0.80, -0.16]) and ILE (r=-0.77, 95% CI [-0.89, -0.54]) training-induced
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reductions in systolic BP, respectively (P<0.05). The significant correlations found in men and women for
each intervention can be found in Table 3 and is illustrated in Figure 1 and Figure 2, respectively. In
contrast, no significant correlations were observed between diastolic BP and HR responses to the IHG and
ILE 2-minute tests with residualized change in systolic BP following IRT in men and women (P>0.05;
Table 3). The regression analysis also revealed that all other variables tested as potential correlates were

not statistically significant (baseline diastolic BP, baseline HR, sex, BMI, age, training method, and

compliance; P>0.05)

Effect of IRT on HR and BP responses to isometric exercise

Following 10 weeks of IHG and ILE training, all measures of cardiovascular responses to the IHG

and ILE 2-minute tests remained unchanged (all P>0.05). These data are presented in Table 4.
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Discussion

The utility of a simple 2-minute isometric exercise test that could identify those at risk of future
hypertension and can predict responsiveness to IRT, carries with it many implications, particularly in
relation to the potential benefits of IRT prescription. In addition, our findings suggest that both common
forms of IRT are equally effective in lowering resting systolic BP in men and women. Perhaps even more
interesting is our finding that the acute response to either isometric exercise test can predict those
participants who will experience the greatest reductions in systolic BP with equal efficacy, in both
normotensive men and women, following either IRT intervention. However, in our study, the tests were
specific to the mode of training. Thus, it is not known whether an IHG test can predict the training-

induced changes in resting BP after ILE.

It is possible that the haemodynamic response to isometric exercise may be associated with
future risk of hypertension. Recently it was shown that a high BP response to a submaximal step test
was associated with an attenuated increase in forearm blood flow and significantly higher plasma
angiotensin Il levels™. These authors suggested that the concerted effect of endothelial dysfunction,
decreased proximal aortic compliance and increased exercise-related neuro-hormonal activation was
probably responsible for the high BP response to exercise. Because isometric exercise is known to elicit a
potent BP response (arguably more so than dynamic exercise) and because IRT has also been shown to
alter markers of endothelial function in both young healthy and medicated hypertensive

152021 4 g possible that this mode of exercise could also be a suitable test to assess future

populations
risk of hypertension. Although there is no direct evidence to prove suitability of an isometric exercise

test to predict future hypertension development, it is an area that warrants further exploration.

As most types of exercise stimuli elicit an acute increase in cardiac outputzz, a rise in systolic BP

is a natural consequence of it. Conversely, diastolic BP remains unchanged or only slightly increased as a
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consequence of metabolic vasodilatation of the peripheral vessels?. However, some researchers have
observed a significantly greater rise in diastolic BP during isometric training versus maximal endurance
training, even in normotensive subjects, suggesting increased resting peripheral vascular resistance and

%26 This hemodynamic pattern can be explained by

impaired capacity for exercise-induced vasodilation
a hyper-reactivity of the sympathetic nerves and an increased vascular response to adrenergic

stimulation, or by a thickening of the arteriolar wall that alters its ability to respond to vasoconstrictor
stimuli®®. Among individuals with such vascular characteristics, higher cardiac output raises systolic BP

and causes marked elevations in diastolic BP, such as those occurring in established hypertension.

Administering a 2-minute isometric exercise test may aid in identifying those with such characteristics.

Our findings reaffirm the association between a high hemodynamic response to an acute
isometric exercise test and reductions in resting BP following repeated exposure (training), as previously
shown by Badrov and colleagues in hypertensive participants®. Tibana and colleagues recently showed
that the acute reduction in 24 hour BP following resistance training was associated with the chronic
reduction in both systolic and diastolic BP?’. Their work suggests that acute post-exercise hypotension
may also be predictive of training-induced reductions in resting BP. As we hypothesized, individuals who
exhibited the highest systolic BP responses to the isometric exercise test elicited the greatest reductions
in BP following IRT. Although the mechanisms that mediate endothelial function are not fully elucidated,
it is thought that improvements in basal/resistance vessel endothelium-dependent vasodilation may

5,21

contribute to an improved total peripheral resistance following IRT>*". It is believed that the stimulus

for these systemic changes and reduction in resting BP may arise from elevated shear stress-induced

changes in the bioavailability and/or bioactivity of nitric oxide?*?.

Understanding the link between
these systemic changes and the acute BP response to an isometric test warrant further investigation to

determine the precise mechanisms responsible.
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In conclusion, our work suggests that determining the acute BP response to an isometric
exercise test would be a viable, simple and efficient tool for healthcare professionals to identify young
individuals who may be at risk of future hypertension development and for whom prescription of IRT
might be a beneficial prevention strategy. Our findings also have implications for identifying individuals
who are least likely to respond to IRT, such that the IRT program could be modified to optimise the BP-
lowering effects in these participants. Future studies should aim to explore how IRT protocols can be
modified, thereby optimizing the effects, even in ‘non-responders’, to ensure that they too experience

reductions in resting BP.

Limitations

We acknowledge the lack of a control group at both sites. Despite the absence of a true control
group, both studies were adequately powered to test sex differences (or lack thereof) in the effects of
IRT in young individuals. Our study also represents the first direct comparison between young men and
women with respect to determining the correlation between the acute response to an isometric
exercise test and the BP-lowering effects of IRT. Estrogen is a known vaso-protective molecule, and
although measuring estradiol would have been ideal, we attempted to control for this by testing women

during their early follicular phase when estrogen is low.

Disclosure

The authors declare no conflicts of interest.

Downl oaded from https://academni c. oup.confajh/article-abstract/doi/10.1093/aj h/ hpx173/ 4259365/ Acut e-r esponse-t o-a- 2-m nut e-i sonetri c- exerci se
by Pennsylvania State University user
on 28 Septenber 2017



15

Reference List

1. Brook RD, Jackson EA, Giorgini P, Mcgowan CL. When and how to recommend “alternative
approaches” in the management of high blood pressure. Am J Med. 2016, 128(6):567-570.

doi:10.1016/j.amjmed.2014.12.029.

2. Inder JD, Carlson DJ, Dieberg G, McFarlane JR, Hess NCL, 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.

3. Millar PJ, Bray SR, Macdonald MJ, Mccartney N. The hypotensive effects of isometric handgrip
training using an inexpensive spring handgrip training device. J Cardiopulm Rehabil Prev. 2008,

28(3):203-207.

4, Wiles JD, Goldring N, Coleman D. Home-based isometric exercise training induced reductions

resting blood pressure. Eur J Appl Physiol. 2017, 117(1):83-93. d0i:10.1007/s00421-016-3501-0.

5. Millar PJ, Mcgowan CL, Swaine IL. Evidence for the role of isometric exercise training in reducing
blood pressure : Potential Mechanisms and Future Directions. Sport Med. 2014, 44(3):345-356.

doi:10.1007/s40279-013-0118-x.

6. Badrov MB, Horton S, Millar PJ, McGowan CL. Cardiovascular stress reactivity tasks successfully
predict the hypotensive response of isometric handgrip training in hypertensives.

Psychophysiology. 2013, 50(4):407-414.

7. 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.

Downl oaded from https://academni c. oup.confajh/article-abstract/doi/10.1093/aj h/ hpx173/ 4259365/ Acut e-r esponse-t o-a- 2-m nut e-i sonetri c- exerci se
by Pennsylvania State University user
on 28 Septenber 2017



10.

11.

12.

13.

14.

15.

16

2007, 12(5):307-314.

Millar PJ, Bray SR, MacDonald MJ, McCartney N. Cardiovascular reactivity to psychophysiological
stressors: association with hypotensive effects of isometric handgrip training. Blood Press Monit.

2009, 14(5):190-195. doi:10.1097/MBP.0b013e328330d4ab.

Liu S, Goodman J, Nolan R, Lacombe S, Thomas SG. Blood pressure responses to acute and
chronic exercise are related in prehypertension. Med Sci Sports Exerc. 2012, 44(9):1644-1652.

doi:10.1249/MSS.0b013e31825408fb.

Chaney RH, Eyman RK. Blood pressure at rest and during maximal dynamic and isometric exercise

as predictors of systemic hypertension. Am J Cardiol. 1988, 62(16):1058-1061.

World Health Organization. 2008-2013 Action plan for the global strategy for the prevention and

control of noncommunicable Diseases.; 2013.

Berger A, Grossman E, Katz M, Kivity S, Klempfner R, Segev S, Goldenberg |, Sidi Y, Maor E.
Exercise blood pressure and the risk for future hypertension among normotensive middle-aged

adults. J Am Heart Assoc. 2015;4(4).

Fagius J, Karhuvaara S. Sympathetic activity and blood pressure Increases with bladder distension

in humans. Hypertension. 1989, 14(5):511-517.

Howden R, Lightfoot JT, Brown SJ, Swaine IL. The effects of isometric exercise training on resting

blood pressure and orthostatic tolerance in humans. Exp Physiol. 2002, 87(4):507-515.

McGowan CL, Levy AS, Millar PJ, Guzman JC, Morillo CA, McCartney N, MacDonald MJ. Acute
vascular responses to isometric handgrip exercise and effects of training in persons medicated

for hypertension. Am J Physiol - Hear Circ Physiol. 2006, 291(4):H1797 LP - H1802.

Downl oaded from https://academni c. oup.confajh/article-abstract/doi/10.1093/aj h/ hpx173/ 4259365/ Acut e-r esponse-t o-a- 2-m nut e-i sonetri c- exerci se
by Pennsylvania State University user

on 28 Septenber 2017



16.

17.

18.

19.

20.

21.

22.

23.

17

Jennings JR, Kamarck T, Stewart C, Eddy M, Johnson P. Alternate cardiovascular baseline

assessment techniques: vanilla or resting baseline. Psychophysiology. 1992, 29(6):742-750.

Somani Y, Baross A, Levy P, Zinszer K, Milne K, Swaine |, McGowan C. Reductions in ambulatory
blood pressure in young normotensive men and women after isometric resistance training and its

relationship with cardiovascular reactivity. Blood Press Monit. 2017, 22(1):1-7.

Llabre MM, Spitzer SB, Saab PG, Ironson GH, Schneiderman N. The reliability and specificity of
delta versus residualized change as measures of cardiovascular reactivity to behavioral

challenges. Psychophysiology. 1991, 28(6):701-711. doi:10.1111/j.1469-8986.1991.tb01017 .x.

Tzemos N, Lim PO, Mackenzie IS, Macdonald TM. Exaggerated exercise blood pressure response
and future cardiovascular disease. J Clin Hypertens. 2015, 17(11):837-844.

doi:10.1111/jch.12629.

McGowan CL, Visocchi A, Faulkner M, Verduyn R, Rakobowchuk M, Levy AS, McCartney N,
MacDonald MJ. Isometric handgrip training improves local flow-mediated dilation in medicated

hypertensives. Eur J Appl Physiol. 2007, 99(3):227-234. doi:10.1007/s00421-006-0337-z.

Badrov MB, Freeman SR, Zokvic MA, Millar PJ, McGowan CL. Isometric exercise training lowers
resting blood pressure and improves local brachial artery flow-mediated dilation equally in men

and women. Eur J Appl Physiol. 2016, 116(7):1289-1296. d0i:10.1007/s00421-016-3366-2.

Williams MA, Haskell WL, Ades PA, Amsterdam EA, Bittner V, Franklin BA, Gulanick M, Laing ST,
Stewart KJ. Resistance exercise in individuals with and without cardiovascular disease: 2007

Update. Circulation. 2007, 116(5):572 LP - 584.

Miyai N, Arita M, Miyashita K, Morioka |, Shiraishi T, Nishio I. Blood pressure response to heart

Downl oaded from https://academni c. oup.confajh/article-abstract/doi/10.1093/aj h/ hpx173/ 4259365/ Acut e-r esponse-t o-a- 2-m nut e-i sonetri c- exerci se
by Pennsylvania State University user

on 28 Septenber 2017



24,

25.

26.

27.

28.

29.

18

rate during exercise test and risk of future hypertension. Hypertension. 2002, 39:761-766.

Wiles JD, Coleman D, Swaine IL. The effects of performing isometric training at two exercise
intensities in healthy young males. Eur J Appl Physiol. 2010, 108(3): 419-428.

doi:10.1007/s00421-009-1025-6.

Singh JP, Larson MG, Manolio TA, Donnell CJO, Lauer M, Evans JC, Levy D. Blood pressure
response during treadmill testing as a risk factor for new-onset hypertension. The Framingham

Heart Study. Circulation. 1999, 99(14): 1831-1836.

Chaney RH. Comparison of blood pressure and rate-pressure product responses in maximal

dynamic and isometric exercise. Ann Acad Med Singapore. 1981, 10(4 Suppl):7-10.

Tibana RA, de Sousa NMF, da Cunha Nascimento D, Pereira GB, Thomas SG, Balsamo S, Simoes
HG, Prestes J. 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.

Green DJ, Maiorana A, O’Driscoll G, Taylor R. Effect of exercise training on endothelium-derived
nitric oxide function in humans. J Physiol. 2004, 561(Pt 1):1-25.

doi:10.1113/jphysiol.2004.068197.

Baross AW, Wiles ID, Swaine IL. Effects of the intensity of leg isometric training on the
vasculature of trained and untrained limbs and resting blood pressure in middle-aged men. Int J

Vasc Med. 2012, 2012:964697. doi:10.1155/2012/964697.

Downl oaded from https://academni c. oup.confajh/article-abstract/doi/10.1093/aj h/ hpx173/ 4259365/ Acut e-r esponse-t o-a- 2-m nut e-i sonetri c- exerci se
by Pennsylvania State University user

on 28 Septenber 2017



19

All Participants (n=46)

IHG ILE
(n=26) (n=20)
Age (years) 25%4 22 +4

Height (cm) 172+11 169 +13
Weight (kg) 72+ 15 73+ 14

BMI (kg/m?) 24 +4 25+ 4

Men (n=23)
IHG

(n=13)

24+ 4
179+8
80+14

25+4

ILE
(n=10)
21+3

182 +5

Women (n=23)
IHG ILE
(n=13) (n=10)
25+5 23+5
1679 157+ 2
63 +11 65+ 15

23+4 265

Table 1. Participant baseline characteristics

Abbreviations: IHG, isometric handgrip; ILE, isometric leg extension; BMI, body mass index.

Values are mean + SD
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Table 2. Resting cardiovascular adaptations to isometric resistance training

Men (n=13) Women (n=13)

IHG (n=26) Pre- Post- P Pre- Post- Pre- Post-

SBP (mmHg) 110+ 9 106 + 8 <0.001 1175 112+5 103 £ 6 100+ 6

DBP (mmHg) 637 63+8 0.94 65+ 7 65+8 62+8 61+8

MAP (mmHg) 797 77+£8 0.08 82+6 807 76+ 7 4+7

PP (mmHg) 46 £ 7 43+ 7 <0.001 52+5  47+6 41 £ 5* 38+ 4

HR (bpm) 66 + 10 65+ 10 0.53 63+8 64+8 69 +11 66 + 11
Men (n=10) Women (n=10)

ILE (n=20) Pre- Post- P Pre- Post- Pre- Post-

SBP (mmHg)  124+7 117+6  <0.001 126+8 118+8 122+5  116+5

DBP (mmHg)  73%5 72+5 040 735 726 735 72+6
MAP (mmHg) 905 87 £ 4 <0.05 91+5 87+4 894 874
PP (mmHg) 51+6 45+ 9 <005 52+6  46+10 49+5 44 +8
HR (bpm) 67+10 669 060  62+7 629  71+11* 70%9

Abbreviations: IHG, isometric handgrip; ILE, isometric leg extension; SBP, systolic blood
pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; PP, pulse pressure; HR,
heart rate

Values are mean + SD; *Significantly different from men (P < 0.05)

No group * time interaction effects were found for any measure (all P>0.05)
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Table 3. Acute cardiovascular responses to isometric exercise tests at baseline and correlation to blood

pressure and heart rate adaptations post-isometric resistance training

A SBP A DBP A HR
(mmHg) r P (mmHg) r P (bpm)
Men
228 -0.66  0.007 115 -0.26  0.39 10t5
IHGT
ILET 35+17 -0.81 0.002 2712 0.18 0.612 27+18
Women
14+3 -0.67 0.005 9t5 -0.28  0.35 8t5
IHGT
ILET 2513 -0.79 0.003 21t16 0.10 0.992 25 3

0.18

0.58

-0.13

-0.46

0.54

0.081

0.66

0.185

Abbreviations: IHGT, isometric handgrip test; ILET; isometric leg extension test; SBP, systolic blood

pressure; DBP, diastolic blood pressure; HR, heart rate; bpm, beats/minute.

Values are mean + SD
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Table 4. Acute blood pressure and heart rate responses to the isometric exercise tests at baseline

and following 10 weeks of IRT training

Men

Pre- Post-
IHG Test
A Systolic BP (mmHg) 22+8 217
A Diastolic BP (mmHg) 11+£5 13+7
A HR (beats/minute) 105 10+3
ILE Test
A Systolic BP (mmHg) 35+14 38+14
A Diastolic BP (mmHg) 2711 268
A HR (beats/minute) 27 +18 25113

Women

Pre-

14 +3

25+13
21 +16

25+ 19

Post-

13+4

28 +13
21+ 17

26 +19

Abbreviations: IHG, isometric handgrip; ILE, isometric leg extension; BP, blood pressure; HR,

heart rate.

Values are mean + SD; RM ANOVA (all P>0.05)
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Figure 1. Correlation analysis of systolic BP reactivity to a 2-minute isometric handgrip test (IHG) and
residualized change in systolic BP with IHG training in men (n=13; r=0.66, r2:0.44, SEE=6.56,
95% Cl [-0.89, -0.17] P=0.007) and women (n=13; r=-0.67, r’=0.46, SEE=2.69, 95% CI [-0.91, -

0.20] P=0.005)

Figure 2. Correlation analysis of systolic BP reactivity to a 2-minute isometric leg extension test (ILE) and
residualized change in systolic BP with IL training in men (n=10; r=-0.81, r’=0.65, SEE=8.83,
95% CI [-0.96, -0.35], P=0.002) and women (n=10; r=-0.79, r’=0.62, SEE=8.67, 95% Cl [-0.95, -

0.32], P=0.003)
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Figure 2
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