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Abstract No previous studies have examined the effects of

isometric training intensity upon resting blood pressure (BP).

The aims of this study were (a) to compare the effects of leg

isometric training, performed at two intensities, upon resting

systolic-SBP, diastolic-DBP and mean arterial-MAP BP;

and (b) to examine selected cardiovascular variables, in an

attempt to explain any changes in resting BP following

training. Thirty-three participants were randomly allocated

to either control, high- (HI) or low-intensity (LI) training for

8 weeks. Participants performed 4 9 2 min exercise bouts

39 weekly. Resting BP was measured at baseline, 4-weeks

and post-training. SBP, DBP and MAP fell significantly in

both groups after training. Changes were –5.2 ± 4.0,

–2.6 ± 2.9 and –2.5 ± 2.2 mmHg [HI]; –3.7 ± 3.7,

–2.5 ± 4.8 and –2.6 ± 2.5 mmHg [LI] for SBP, DBP and

MAP, respectively. There were no significant changes in BP

at 4 weeks. No significant changes were observed in any of

the other cardiovascular variables examined. These findings

suggest that isometric training causes reductions in SBP,

DBP and MAP at a range of exercise intensities, when it is

performed over 8 weeks. Furthermore, it is possible to

reduce resting BP using a much lower isometric exercise

intensity than has previously been shown.

Keywords Arterial blood pressure � Cardiac output �
Heart rate variability � Total peripheral resistance

Introduction

It is well established that isometric exercise training (IET)

causes a reduction in resting blood pressure (BP) (Wiley

et al. 1992; Ray and Carrasco 2000; Howden et al. 2002;

Taylor et al. 2003; McGowan et al. 2004, 2006b, 2007;

Visocchi et al. 2004; Millar et al. 2008). However, there has not

been any systematic exploration of the extent to which the

intensity of this training influences these reductions. Espe-

cially, it is not clear whether training intensity influences the

magnitude, or the rate, of resting BP reduction. This is lar-

gely because most previous studies have, almost invariably,

used a training intensity of 30% of maximum voluntary

contraction (MVC) (Wiley et al. 1992; Ray and Carrasco

2000; Taylor et al. 2003; McGowan et al. 2006a, b; Millar

et al. 2008). One other study (Wiley et al. 1992) described the

effects of differing isometric handgrip training intensities on

resting BP and found similar reductions in both SBP and

DBP following training performed at 30%MVC for 8 weeks

and 50%MVC for 5 weeks. This suggests that intensity

could play an important role in determining arterial BP

adaptations following IET. However, since other training

variables (contraction duration, session duration, number of

exercise sessions per week, and the arm protocol used) were

also manipulated in the study of Wiley et al. (1992), it is

difficult to attribute the changes in BP observed, solely to the

intensity of IET in their study.

Furthermore, in many previous studies of the effects of

IET upon resting BP, non-invasive physiological measures

of cardiovascular function have been reported, in an

attempt to explain the mechanism responsible for the

reduction in resting BP. Although it would seem to be of

fundamental importance to measure indices which reflect

changes in ‘central’ and ‘peripheral’ components of car-

diovascular adaptation (Wiley et al. 1992) such as cardiac
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output (Q
:
) and total peripheral resistance (TPR), a number

of previous studies have focused on measures of autonomic

function. For example, Taylor et al. (2003) reported that

IET at an intensity of 30%MVC not only resulted in

reduced BP, but also a trend towards a reduction in the low

frequency to high frequency (LF/HF) ratio component of

heart rate variability (HRV). It was suggested that the latter

was reflective of a concurrent reduction in sympathetic and

an increase in parasympathetic, modulation after training.

However, there are no reports of whether the intensity of

training influences the changes in such non-invasive mea-

sures of cardiovascular function. Especially, measures such

as cardiac output, TPR and HRV.

The effects of other types of exercise training upon the

cardiovascular system have been studied extensively. With

activities such as aerobic exercise, training intensity is

often set according to precise heart rate (HR) values by first

determining the relationship between HR and exercise

intensity or oxygen uptake during an incremental exercise

test (Karvonen and Vuorimaa 1988; Gilman and Wells

1993; Swain et al. 1994). By plotting HR versus exercise

intensity or oxygen uptake, the exercise intensity which

equates to a precise heart rate (or HR training zone) may be

determined by interpolation (Karvonen and Vuorimaa

1988). This method of setting aerobic training intensity has

been used widely and has been applied to large heteroge-

neous populations (Skinner et al. 2000). However, such

methods of setting training intensity have not been applied

to isometric exercise because equivalent methods have not

been established.

Recently, Wiles et al. (2008) developed a double-leg

extension protocol incorporating EMG, which would make

it possible to perform IET, at intensities equating to given

HRs, in a similar way to that used previously with aerobic

exercise training. This method is possible because iso-

metric exercise, when performed at a constant EMG (rather

than %MVC), produces a cardiovascular response that

plateaus within 2 min, whereas it continues to rise for at

least 5 min when performed at %MVC (Schibye et al.

1981; Seals 1993; Smolander et al. 1998; Franke et al.

2000). Therefore, the method of Wiles et al. (2008) would

produce a more precise and consistent cardiovascular

response during the 2-min bouts of isometric exercise that

have typically been used in previous training studies

(Wiley et al. 1992; Howden et al. 2002; Taylor et al. 2003;

McGowan et al. 2006a, b, 2007; Millar et al. 2007, 2008).

Furthermore, using EMG to set the training intensity would

make it possible to identify the level of cardiovascular

response, and thus an important component of the training

stimulus, which equates to any BP changes that occur as a

result of IET.

In addition to the considerations regarding the setting of

exercise intensity, previous training studies have almost

exclusively used isometric handgrip exercise with very few

having investigated isometric leg exercise. Therefore, the

aim of this study was to use the proposed ‘constant EMG’

training method of Wiles et al. (2008), to compare the effects

of two specific isometric training intensities upon resting BP.

Furthermore, it was the aim of this study to determine

whether these different training intensities produce con-

comitant changes in selected non-invasive measures of

cardiovascular function including: HRV, cardiac output (Q
:
)

and TPR. We hypothesise that isometric exercise will cause

reductions in resting BP and that these will be greater when

training is performed at a higher intensity.

Methods

Participants

Thirty-three healthy male participants gave written informed

consent to participate in the study. The participants were

aged between 18 and 34 years and had body mass

75.6 ± 12.2 kg and stature 179.4 ± 7.6 cm (mean ± SD).

All participants were physically active, being involved in

exercise on average for approximately 5.2 ± 1.9 h week–1

for at least 3 months prior to the study. Prior to any exercise

testing each individual completed a health and medical

questionnaire, at which time it was confirmed that none of the

participants were suffering from any injury or disease, or

were taking any medication that could affect either their

exercise performance or the cardiovascular variables being

investigated. The study was approved by the University

Ethics Committee and all procedures were conducted

according to the Declaration of Helsinki.

All participants were non-smokers and were required to

maintain their regular dietary habits throughout the testing

period. Participants were also asked to avoid the perfor-

mance of strenuous exercise within 24 h of testing and

agreed to abstain from caffeinated products and alcohol

12 h prior to each of these test dates. All repeat resting

measures were conducted 3 h post-prandially, at approxi-

mately the same time of day (±1 h). Prior to all data

collection, each participant was familiarised to all tests and

procedures undertaken during the study.

Equipment

Arterial BP measurements (SBP, DBP and MAP) were

made using an automated BP monitor (Dinamap Pro 200

Critikon, GE Medical Systems, Slough, Berks, UK) with an

appropriate-sized pneumatic cuff placed around the sub-

ject’s upper left arm. All BP measurements were taken

with the participants seated with their arm supported at

heart level. In all cases three BP measurements were taken,
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each separated by a 1-min recovery, with the lowest value

being used for further analysis.

Heart rate was sampled at a frequency of 1,000 Hz

during the study using a three-lead bipolar ECG arrange-

ment (PowerLab/SP16, model no. ML795) with Chart 5

Pro software version 5.4.2 (ADInstruments, Castle Hill,

Australia). Prior to testing participants were fitted with

three blue sensor T ECG Ag/AgCl electrode pads (Ambu

A/S, Ballerup, Denmark). To ensure an optimal interface

between the skin and the electrode the area was appropri-

ately prepared and the locations for the electrodes were

marked/remarked each session to ensure reliable and con-

sistent electrode placement on each subsequent testing

occasion.

Electrocardiographic recordings of 5-min duration were

analysed for HRV using the Chart version 3.6.3/s HRV

module (ADInstruments Ltd, Castle Hill, Australia), the

methods having been previously described by Perkins et al.

(2006)

Non-invasive measurement of cardiac output (Q
:
) was

performed using the Innocor inert gas rebreathing system

(Innovision A/S, Odense S, Denmark). Participants were

asked to sit in a standardised upright position to prevent

any interference with normal breathing (Damgaard and

Norsk 2005). The pulse oximeter (Innovision A/S, Odense

S, Denmark) was fitted to the index finger on the left hand,

with the sensor cable lightly secured to the subject’s finger

using medical tape. The Innocor cardiac output monitor

was then calibrated prior to assessment. After securing a

nose clip, the participant was asked to breathe ‘‘as normal’’

into the Innocor respiratory valve via a mouthpiece

(Mijnhardt, Holland) and bacterial filter (Vitalograph,

Ennis, Ireland). After 2–3 normal breaths, and at the end of

expiration, the valve was activated so that the participant

breathed in and out (re-breathed) of a 3-l anti-static rubber

bag for a period of 10–20 s. The participant was asked to

empty the bag during each inspiration and breathe, in

synchrony with a graphical tachometer on the computer

screen, at a slightly increased respiration frequency

(approximately 16–20 breaths min–1 as recommended).

After this period the participant was automatically swit-

ched back to breathing ambient air and the test was ended.

Total peripheral resistance was subsequently calculated

using the equation MAP/Q
:

(Walker et al. 1992; Turner

et al. 1996).

Assessment and training were conducted using a Biodex

System 3 Pro isokinetic dynamometer (Biodex Medical

Systems, Inc, Shirley, NY). The dynamometer was inter-

faced with the Powerlab, which was used to synchronise

the time component of EMG and force recordings during

testing. The Biodex was fitted with a modified leg attach-

ment which was inserted into the knee attachment to allow

for isometric double-leg extension exercise to be

performed. The manufacturers claim that the System 3 Pro

isokinetic dynamometer is able to accurately measure

isometric torque up to 650 Nm (Biodex Medical Systems,

Inc, Shirley, NY).

Participants sat in an upright position with 90� of flexion

at the hip, with the thighs supported and the medial borders

of the knees placed together. The seat was then adjusted so

that the axis of rotation of the dynamometer head was in

line with the lateral femoral condyle of the subject’s right

leg. The modified leg attachment/movement arm of the

dynamometer was positioned 1 cm superiorly to the medial

malleoli of the ankles and secured by a strap padded with

3-cm thick high-density foam on the anterior portion of the

shin. Participant specific seat and movement arm positions

were then recorded and used for all future visits. All par-

ticipants were restrained by a waist band and two thoracic

straps crossing over at the sternum, which together acted to

prevent any extraneous movement. In order to ensure a

standardised testing position, both during maximal testing

and the subsequent exercise protocol, participants were

prevented from holding the hand grips on the side of the

seat in any test (Magnusson et al. 1993). The final testing

position is shown in Fig. 1.

The Powerlab chart recorder interfaced with a dual bio-

amplifier and a five lead shielded Bio Amp cable

(MLA2540, ADInstruments Ltd, Castle Hill, Australia)

were used to record EMG. Surface EMG was recorded on

each vastus lateralis of the quadriceps muscle group by

placing two active electrodes (blue sensor T electrode pads,

Ambu A/S, Ballerup, Denmark) 20 mm apart (centre to

Fig. 1 Standardised subject position during isometric testing proce-

dures, showing double-leg attachment for the isokinetic dynamometer

and EMG electrodes placed on the vastus lateralis of each leg
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centre), approximately 5 cm above the patella, on an

oblique angle just lateral to the muscle midline (Cram et al.

1998). A fifth common earth electrode was attached to the

flattened end of the ulna forming the participants’ right

elbow. This arrangement allowed the recording of surface

EMG from two separate limbs simultaneously as depicted

in Fig. 1.

Prior to electrode placement the skin was prepared as

described previously (Hermens et al. 2000). At this point,

the resistance across each pair of electrode was confirmed

as being below the commonly accepted maximum of

10 kX (Hermens et al. 2000) using an impedance meter

(Checktrode model 1089 mkIII, UFI, Morrow Bay, CA,

USA). If this was not the case, the skin was re-prepared

until an acceptable level of resistance was achieved. The

locations for the electrodes were marked/remarked each

session to ensure reliable and consistent electrode place-

ment on each subsequent testing occasion.

The EMG signal was sampled at 2,000 Hz with the

bioamp set to apply a 10-Hz high-pass filter and a 500-Hz

low-pass filter, with a 50-Hz notch filter. The root mean

square (RMS) EMG signals from each leg were then

summed and the total averaged over 1 s to give a single

RMS EMG output representing the combined activity of

both vastus lateralis muscles; which was deemed to rep-

resent the total effort required to maintain a given force per

unit time. This mean RMS was then displayed to the par-

ticipants as millivolts 9 106 in a separate window

(providing a simple whole number to work to) during

subsequent isometric exercise.

Procedures

Once participants were familiarised with the testing pro-

tocols, they performed a resting baseline measures session

where HRV (following 15 min quiet supine rest), BP

(following 5 min quiet seated rest) and Q
:

were assessed in

this specific order. On a separate occasion they then per-

formed an incremental isometric exercise test, which

involved participants performing 2-min work stages start-

ing at 10% peak EMG (EMGpeak) and continuing in steps

of 5% until exhaustion (Wiles et al. 2008). After a mini-

mum of 48 h they then embarked upon an 8 week IET

programme. Following this training period all participants

had their resting measures retaken 72 h after their final

bout of exercise so as to avoid any acute effects which may

persist up to 24 h post exercise (Kenney and Seals 1993).

Subsequent to this, they then performed a final incremental

isometric exercise test. Throughout the 11-week testing

period participants were reminded to comply with the

testing requirements described earlier. Adherence to these

requirements was confirmed verbally at the start of each

session.

Isometric exercise training sessions

Using the data collected from each participant’s incremental

isometric exercise test, mean EMG was plotted against mean

HR for each of the workloads completed. Since this has

previously been shown to produce a reliable linear rela-

tionship (individual r values ranged from 0.91 to 1.00), it was

then possible to interpolate the EMG value required to elicit a

specific HR (Wiles et al. 2008). This information was then

used to determine the initial training intensity to be used by

each subject for an 8-week training period.

At this point the participants were coded up and using

number generation from random.org were randomly assigned

to three equal groups: a high-intensity (HI) training group, a

low-intensity (LI) training group and a control group (C).

It was the intention of this study to import some of the

principles of training prescription that have been used in

previous aerobic training studies, However, the maximal (or

peak) exercising HR achievable during isometric exercise is

much lower than that for aerobic exercise (Chaney 1981). In

the present study the mean peak HR (during the final 30 s of

exercise in the incremental isometric exercise test) was

122.6 ± 19.0 b min–1. This was similar to a mean peak HR

of 125 b min–1, derived from five previous double-leg iso-

metric exercise studies (Lewis et al. 1985; Misner et al. 1990;

Fujisawa et al. 1996; Smolander et al. 1998; Wiles et al.

2008). The selection of 95% and 75% peak HR was based on

pilot work which showed that the minimum %HRpeak that

could be elicited successfully, when using EMG, was

75%HRpeak. Thereafter, 95%HRpeak was selected to provide

the greatest ‘separation’ between the two training intensities,

within the range of HRs that were observed during the

incremental exercise tests. The values of 75% and 95%

HRpeak represented 89 ± 15 and 101 ± 16 b min-1 for the

respective HI and LI groups. These training HR values were

equivalent to 13.9% and 24%EMGpeak, and equated to mean

torque values of 101.8 ± 20.2 Nm (*21%MVC) and

46.6 ± 18.0 Nm (*10%MVC) respectively.

The two training groups both performed three training

sessions per week for an 8-week training period. Each ses-

sion was composed of four 2-min bouts of isometric leg

extension exercise performed at a subject-specific EMG.

Each bout was separated by a 2-min recovery period. Tests

were conducted with a minimum of 24 h recovery in

between. Small adjustment of the training EMG was made

after the first session, if the average HR over the four 2-min

bouts was found to vary by[5% from the expected value.

This small adjustment was based upon a calculation (using

the same methods as above) of the amount of EMG (lV)

required to correct the HR training discrepancy. Once the

training workload was deemed stable the mean HR for each

session was constantly monitored over the 8-week period to

account for any training adaptation.
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Data analyses

Prior to all analysis, data were checked for parametric

assumptions (Field 2000). Due to random allocation of

participants to each of the groups, small (non significant)

differences were evident in initial baseline BP scores at the

onset of the study. Therefore, because Millar et al. (2007)

noted the magnitude of reductions in BP response were

associated with initial scores, analysis of covariance

(ANCOVA) was used to assess if the change scores were

significantly different between groups, using initial base-

line scores as the covariate. An alpha level of \0.05 was

accepted as being statistically significant, and the Bonfer-

roni post hoc procedure was then used to explore any

significant differences detected. Session by session delta

scores were calculated for mean HR (in relation to the HR

training intensity set at the start of the 8 week period) and

EMG (in relation to the specific EMG workload set for

each session). The data for the incremental isometric tests

collected prior to and immediately following 8 weeks of

isometric training were analysed with Microsoft Prism

software which uses ANCOVA to compare the slopes and

intercepts of two linear regression lines. The MVCs from

the two repeated tests were also compared using paired

t-test. To assess the impact of working to constant EMG

versus constant force on the HR response ANCOVA was

used.

Results

Weekly training data

Although every effort was taken to ensure that participants

maintained the required level of isometric effort (based

upon the pre-set target EMG) during each training session,

there was an inevitable amount of day to day variability in

EMG and HR response. The pooled difference between

observed and expected (target) mean HR over the 8-week

training period was calculated as being 1.39 ± 1.96 and

0.00 ± 2.55 b min-1 for the high- and low-intensity

training groups, respectively. Figure 2a, b demonstrates the

variation in EMG and HR response during the weekly

training sessions for all participants.

Training adaptations

Body mass

There was no significant change in body mass over the

duration of the study (75.54 ± 12.14 and 76.07 ± 12.1 kg,

P = 0.57).

Systolic blood pressure

No significant difference in resting SBP was observed

between the groups at 4 weeks into the training regime

(P = 0.26), However, there were significant reductions in

SBP for the LI group (–3.7 ± 3.7 mmHg, P = 0.03) and

the HI group (–5.2 ± 4.0 mmHg, P = 0.02) after 8 weeks

of training compared to the control group. In both the high-

and the LI training group, 9 out of the 11 participants in

each group recorded a reduction in SBP during the 8-week

training period. The control group demonstrated no sig-

nificant change in SBP throughout the total training period

(P [ 0.05 in all cases). See Table 1 for mean SBP values.

Diastolic blood pressure

There were no significant changes in resting DBP in any of

the groups over the first 4 weeks of the training period

(P = 0.09). However, at the end of the 8-week training

period, resting DBP had significantly reduced in both the

training groups when compared to the control group. The

magnitude of the change in resting DBP was similar

between the two groups –2.6 ± 2.9 mmHg (P = 0.02), for

the HI intervention and –2.5 ± 4.8 mmHg (P = 0.03) for
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the lower intensity intervention. Reductions in resting DBP

were noted in eight participants in the HI training group

and seven in the LI group at the end of the 8-week training

intervention. Table 1 demonstrates the DBP responses to

the isometric training intervention.

Mean arterial pressure

There were significant changes in the resting MAP response

following the 8-week training intervention in both the HI

(–2.5 ± 2.2 mmHg, P = 0.03) and the LI (–2.6 ± 2.5

mmHg, P = 0.02) groups when compared to the control

condition. Ten participants in the HI training group reduced

resting MAP following isometric training, compared to eight

participants in the LI group. There were no significant

differences between the groups for resting MAP at 4 weeks

into the intervention (P = 0.39). See Table 1 for resting

MAP values.

Heart rate variability

There were no significant differences between groups for

LFnu (P = 0.26), HFnu (P = 0.31) or HR (P = 0. 59),

total SP (P = 0.61), LFms (P = 0.80), HFms (P = 0.51)

or the LF/HF ratio (P = 0.27). Group mean data for all

HRV components measured at baseline and at the end of

the 8-week training period were not significantly different

for any group (P [ 0.05).

Cardiac output, stroke volume and TPR

No significant changes in cardiac output (P = 0.97), stroke

volume (P = 0.15) or TPR (0.97) were observed between

groups. See Table 2.

Pre- and post-training incremental test data

MVC

There were no significant differences in MVC between the

three groups prior to the onset of training. The HI group

demonstrated a significant rise in MVC over the 8-week

training period (62.19 ± 45.83 Nm, P \ 0.01). There was

no significant change in torque for either the LI or control

groups although the groups demonstrated a mean increase

of 21.77 ± 46.28 and 6.38 ± 42.47 Nm, respectively

(Table 3).

Table 1 A comparison of

group mean BP values over

the 8 week training period

* Post-term SBP, DBP and

MAP in high- and low-intensity

IET groups was significantly

(P \ 0.05) lower after 8 week

of training compared to the

control group

Group Blood pressure

component

Baseline Mid-term Post-term

Mean ± SD (mmHg) Mean ± SD (mmHg) Mean ± SD (mmHg)

High intensity SBP 121.5 ± 4.6 116.7 ± 6.7 116.3* ± 6.9

DBP 68.5 ± 4.6 67.00 ± 4.4 65.8* ± 3.2

MAP 89.3 ± 3.9 87.00 ± 4.0 86.8* ± 3.4

Low intensity SBP 118.0 ± 10.1 116.4 ± 7.6 114.3* ± 8.6

DBP 69.6 ± 9.7 65.5 ± 5.2 67.1* ± 8.3

MAP 89.2 ± 7.4 87.6 ± 6.1 86.6* ± 6.4

Control SBP 116.2 ± 10.4 118.0 ± 8.1 119.1 ± 9.4

DBP 64.5 ± 4.9 66.4 ± 3.6 67.6 ± 7.1

MAP 86.4 ± 4.8 87.0 ± 2.5 88.4 ± 5.2

Table 2 Resting values for cardiac output (CO), stroke volume (SV),

and total peripheral resistance (TPR) measures at baseline and end of

an 8 week training period

Group Measure Baseline End

High Q
:

7.22 ± 0.92 7.43 ± 0.94

SV 103.52 ± 15.56 110.85 ± 18.19

TPr 12.56 ± 1.76 11.87 ± 1.70

Low Q
:

7.18 ± 0.68 7.60 ± 1.22

SV 101.00 ± 19.21 119.52 ± 21.14

TPr 12.49 ± 1.24 11.62 ± 1.71

Con Q
:

7.42 ± 1.18 7.34 ± 1.04

SV 104.82 ± 20.28 109.09 ± 20.61

TPr 11.98 ± 2.48 12.31 ± 2.17

Table 3 Maximal voluntary contraction (MVC) measured at baseline

and at the end of the 8 weeks training period

Group Baseline End

High 489.2 ± 78.4 551.4 ± 72

Low 472.7 ± 105.1 494.4 ± 119.5

Con 488.8 ± 111.0 495.2 ± 110.3
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EMG

Analysis of the corresponding EMGpeak data using the

same test showed no significant change in this variable

over time (P = 0.30) or between groups (P = 0.93).

However, the group 9 time interaction revealed the

control group had a significantly reduced EMGpeak

(–73.07 ± 81.70 lV, P = 0.03) when comparing baseline

assessment and values at the end of the training study

period. There were non-significant increases in EMGpeak of

29.54 ± 79.96 lV and 48.24 ± 134.89 lV in the HI

(P = 0.35) and the LI (P = 0.13) groups, respectively.

Incremental isometric exercise test

The relationship between mean %EMGpeak and HR was

linear in all participants, for both pre- and post tests

(r values ranged from 0.89 to 1.00; P \ 0.05 in all cases).

Comparison of the two incremental tests for the HI training

group revealed no significant difference in the slope

(P = 0.56) and no significant difference in the elevation

(intercept) of the regression lines (P = 0.08) from test 1

performed at baseline and test 2 performed at the end of the

8-week isometric training programme. Comparison of the

two tests for the LI training group revealed a significant

difference in the slope (P = 0.04) of test 1 performed at

baseline and test 2 performed at the end of the 8-week

isometric training programme. Comparison of the two tests

for the control group revealed no significant difference in

the slope (P = 0.26) and no significant difference in the

elevation (intercept) of the regression lines (P = 0.07)

from test 1 performed at baseline and test 2 performed at

the end of the 8-week training period.

Discussion

General overview of findings

The aim of this study was to assess the effects of two

different intensities of training upon resting BP. Other non-

invasive measures of cardiovascular function were made,

in an attempt to explain any changes in BP observed.

Isometric leg training, performed at either of two carefully

controlled intensities, caused a significant reduction in

SBP, DBP and MAP following 8 weeks of training. Since

no differences were identified between training intensities

at 4 weeks, it appears that isometric training intensity

per se is not the determining factor in isometric exercise-

induced reductions in resting BP. However, when com-

pared to the majority of IET studies using constant force,

the intensities that were used were low (equating to

approximately 10 and 20%MVC for what were termed

‘low’ and ‘high’ intensity respectively). This would almost

certainly have involved relatively low levels of central

command and pressor reflex activation and would thus

have altered the nature of the biological stimulus obtained

when performing at these IET intensities compared to the

30%MVC commonly used in previous work. Furthermore,

it is possible that the relative similarity (when expressed as

%MVC) between the two intensities, might explain why no

exercise intensity effect was observed. Nevertheless, LI

IET of the legs, at a mean HR of 89 b min-1 (which

equates to 14%EMGpeak or approximately 10%MVC) in

the present study, was sufficient to elicit significant

reductions in resting BP after 8 weeks. The magnitude of

reduction compares favourably with previous studies, most

of which used handgrip training, in normotensive partici-

pants of similar age (Ray and Carrasco 2000; Howden et al.

2002, McGowan et al. 2007). However, direct comparison

is very difficult because the present study has used a unique

method of IET. The reductions in BP occurred in the

absence of any statistically significant changes in resting

HR, HRV frequency domain components, Q
:
, SV or TPR.

Mechanisms associated with isometric exercise

training-induced reductions in resting BP

Wiley et al. (1992) suggested that, whilst the exact mech-

anisms responsible for the lowered systemic BP have yet to

be elucidated, adjustments in one or more of the compo-

nents determining cardiac output or TPR must be involved.

One popular theory is that IET may alter autonomic bal-

ance by reducing sympathetic nerve activity, which

provides a mechanism by which both Q
:

and TPR could

feasibly be changed (Ray and Carrasco 2000; Taylor et al.

2003). To date the evidence to support this suggestion is

scarce, with a number of seemingly equivocal findings. The

results of previous work using muscle sympathetic nerve

activity (MSNA) as an index of central sympathetic

activity, demonstrated that the reductions in arterial BP

(MAP and DBP only) following isometric (or other forms

of resistance training) are not accompanied by any signif-

icant changes in MSNA (Ray and Carrasco 2000; Carter

et al. 2003).

It has been suggested that the LF/HF ratio obtained from

power spectral analysis of either HRV or BP variability

(BPV) provides a useful non-invasive index of autonomic

function (Pagani et al. 1986; Kamath and Fallen 1993).

Where both of these measures have been recorded, systolic

BPV findings suggest that there may be a reduction in

sympathetic and an increase in parasympathetic modula-

tion, following an appropriate period of isometric training

(Taylor et al. 2003). However, part justification for this

interpretation was based upon a similar trend occurring in

HRV, even though the changes in LF/HF ratio were not
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statistically significant (Taylor et al. 2003). The fact that

there were no significant differences observed in the cur-

rent investigation in any of the HRV components, when the

trained participants were compared to controls, is in

agreement with this previous finding.

Based on this evidence, the HRV results to date do not

support changes in autonomic regulation being the mech-

anism responsible for reductions in resting arterial BP

following IET. However, assuming that the autospectra of

BPV follow the same pattern as those of HRV (Pagani et al.

1986), an apparent discrepancy exists between changes in

LF/HF results observed for these two physiological mea-

sures. One logical suggestion is that, where changes in

arterial BP are being investigated, BPV (as opposed to

HRV) may provide a more sensitive measure of any

accompanying changes in autonomic neural modulation

and may thus be able to provide greater insight into the

underpinning mechanisms responsible for training-induced

reductions in resting BP. Indeed, this argument is further

supported by the fact that Taylor et al. (2003) reported

significant reductions in systolic but not diastolic resting

BP, with a corresponding significant reduction in the

LF/HF ratio derived from systolic BPV, but not diastolic

BPV. Exactly why there are apparent discrepancies in

training-induced reductions in resting SBP and DBP

remains to be elucidated.

The contradiction between our findings and those of

Taylor et al. (2003) in relation to modulation of autonomic

control, might also be explained by the differences in the

initial BP status of participants used in the present study

compared to that of Taylor et al. (2003), who reported

resting BP characteristics of their training group as

156.0 ± 9.4 mmHg and 82.3 ± 9.3 mmHg for systolic

and diastolic, respectively. Indeed, their participants were

classified as hypertensive, compared to those of current

study, who had SBP values of 119.7 ± 7.8 and DBP values

of 69.0 ± 7.4 mmHg. Since previous findings (Julius and

Majahalme 2000; Grassi and Mancia 2004) indicate that

changes in sympathetic autonomic regulation accompany

the development of hypertension, it seems logical to sug-

gest that the potential magnitude of autonomic adjustment

in the participants of Taylor et al. (2003) may have been

much greater, thereby producing a greater BPV and HRV

change, than in the normotensive participants used in the

present study.

It has been suggested that any alteration in autonomic

nervous activity and hence changes in resting BP might

involve adaptations in baroreceptor function (Kiveloff and

Huber 1971; Rowell 1993). Research has shown that bar-

oreflex control of resting BP occurs via modulation of

sympathetic and parasympathetic nerve activity supplying

the heart, and sympathetic innervation of the peripheral

vasculature (Eckberg et al. 1972; O’Leary and Seamans

1993; Fowler and McGuinness 2005). It was hypothesized

that since MAP increases significantly during isometric

exercise, repeated exposures to this pressor response may

serve as a stimulus for baroreceptor resetting (Wiley et al.

1992), presumably to a lower operating point (O’Leary

1996). Since no changes were observed in either resting

LF/HF ratio or Q
:

following 8 weeks of isometric training

in the present study, it seems unlikely that any alterations

in autonomic nervous activity, and therefore baroreceptor

activity, had a significant effect upon cardiovascular

function in our study. However, baroreflex sensitivity was

not measured directly in the present study and it is

acknowledged that subtle changes in autonomic control

might have been obscured by the variability in measure-

ment of HRV.

Furthermore, whilst the HRV and Q
:

findings would

suggest that ANS adaptations are not pivotal in causing the

BP changes, previous work has shown that the primary

means by which the baroreflex regulates BP at rest is

through alterations in vasomotion (Ogoh et al. 2003). As

such, although the LF/HF ratio may provide a ‘general

measure’ of sympathovagal balance, the insight it can

provide, relating to baroreceptor-induced changes in

vasomotion after training, is questionable. However, if the

current HRV findings are evaluated alongside previous

MSNA results (Ray and Carrasco 2000), it seems there is

little evidence to support a reduction in resting sympathetic

vasoactivation, and thus, concomitant changes in barore-

ceptor activity, following isometric training. Although the

idea of permanent baroreceptor resetting is further weak-

ened by the finding that there were no significant changes

in resting TPR observed in or between groups in the current

investigation, the validity of this finding must be ques-

tioned. Since it is a fundamental principle that changes in

BP must be accompanied by changes in either ‘central’ or

‘peripheral’ components of cardiovascular function, the

lack of change in either in the present study, is difficult to

explain. One explanation might come from the method of

deriving TPR. Since the TPR values in this study were

derived using the formulae MAP/Q
:

and the changes in

MAP were relatively small, it is very doubtful that this

measure was sensitive enough to detect the relatively small

changes in TPR that would account for the magnitude of

arterial BP reduction seen in this investigation.

Although the results of the present study suggest sys-

temic changes in BP, there have been a number of recent

reports suggesting that the mechanism responsible for the

BP reductions associated with this type of training may

well have a peripheral locus, with particular attention given

to improvements in endothelium-dependent vasodilatation.

However, in the report of McGowan et al. (2006a, b) where

local changes in flow-mediated dilatation were observed in

medicated hypertensives following IET, it was suggested
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that the changes were unlikely to have made a significant

contribution to the reductions in resting blood. Indeed,

subsequent work by McGowan et al. (2007) demonstrated

that brachial artery endothelium-dependent vasodilatation

remained unchanged in both exercising and non-exercising

vascular beds in normotensive participants following IET,

where resting BP was reduced. One of the main limitations

to these previous ‘mechanistic’ studies is that they have

almost exclusively used the relatively small muscle mass

involved in handgrip exercise.

Therefore, the findings of the present study which also

showed no changes in peripheral resistance, even though

larger muscle mass was utilised, strengthens the evidence

against changes in systemic endothelium-dependent vaso-

dilatation (McGowan et al. 2007). However, it also appears

that the mechanism may be quite different, according to the

participant group studied, with greater changes in hyper-

tensive participants and in those with mildly raised resting

BP at commencement of the training. It is suggested that

future studies seeking to examine the possible mecha-

nism(s) associated with IET-induced reductions in resting

BP, should focus their attention on ‘vascular remodelling’,

which has been shown to occur with other forms of exer-

cise training (Green et al. 2004). Some benefit, in

elucidating the mechanism, may accrue from use of the

carefully controlled (EMG) training of the present study.

Furthermore, the IET protocol utilised allows the use of

much lower intensities than have previously been shown to

reduce resting BP.
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