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Abstract

Purpose. Previous studies that have examined the impact of exercise intensity on conduit
artery endothelial function have involved large muscle group exercise which induces local
and systemic effects. The aim of this study was to examine flow mediated dilation (FMD)
before and after incremental intensities of handgrip exercise (HE), to assess the role of local
factors such as blood flow and shear rate on post-exercise brachial artery function. Methods.
Eleven healthy men attended the laboratory on 3 occasions. Subjects undertook 30 minutes of
handgrip exercise at 3 intensities (5, 10 or 15% MVC). Brachial artery FMD, shear and blood
flow patterns were examined before, immediately after, and 60 minutes post exercise.
Results. Handgrip exercise increased mean and antegrade shear rate (SR) and blood flow
(BF), and reduced retrograde SR and BF (all P<0.01). Exercise intensity was associated with
a dose-dependent increase in both mean and antegrade BF and SR (interaction, P<0.01).
Post-hoc tests revealed that, whilst handgrip exercise did not immediately induce post-
exercise changes, FMD was significantly higher 60 minutes post-exercise following the
highest exercise intensity (5.9+2.8 to 10.4+5.8%, P=0.01). Conclusions. HE leads to
intensity-and time-dependent changes in conduit artery function, possibly mediated by local
increases in shear, with improvement in function evident at 1 hour post-exercise when

performed at a higher intensity.
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Introduction

It is well established that exercise training reduces cardiovascular risk (Green et al. 2008), in
part due to the direct effects of exercise on the function and health of the vessel wall (Green
2009; Joyner and Green 2009; Laughlin and McAllister 1992). Episodic exercise-induced
increases in blood flow, shear stress and perhaps transmural pressure are now recognized as
important physiological stimuli for training-based improvements in vascular health (Laughlin
et al. 2008; Tinken et al. 2009). Despite the chronic effect of exercise training on the vascular
endothelium being well studied, the acute impacts of distinct forms and intensities of exercise

are less well described.

Vascular function is commonly assessed using the flow-mediated dilation (FMD) technique,
a partially nitric oxide- and endothelium-dependent (Green et al. 2014) conduit artery
response to a brief ischemic stimulus (Corretti et al. 2002; Thijssen et al. 2011) which
predicts cardiovascular events (Gocke et al. 2003; Takase et al. 1998). Studies of the FMD
response to acute exercise have reported increases (Johnson et al. 2012; Tinken et al. 2009;
Tyldum et al. 2009; Zhu et al. 2010), decreases (Dawson et al. 2008; Goel et al. 2007; Jones
et al. 2010; Llewellyn et al. 2012; Rognmo et al. 2008), or no change (Dawson et al. 2008;
Harvey et al. 2005; Jones et al. 2010). These inconsistencies have been linked to
methodological differences between studies, the timing of post-exercise FMD measures and
the possibility of intensity and modality-specific exercise effects (Dawson et al. 2013). A
recent study conducted by Birk and colleagues (Birk et al. 2013) addressed some of these
issues by assessing FMD at multiple time-points following 30 minutes of lower limb cycle
exercise of differing intensities. A ‘biphasic’ response pattern, characterized by an initial
post-exercise FMD reduction, followed by a normalization 60 minutes post-exercise, was

observed. Furthermore, the reduced FMD following cycle exercise was intensity dependent,
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with larger reductions observed following higher exercise intensity (Birk et al. 2013). These
changes in FMD may be related to the pattern of blood flow and shear stress through the
brachial artery during cycling, but endocrine and reflex effects cannot be excluded, given the

systemic nature of exercise stimulus.

The primary aim of the present study was to describe the time-dependent effects of handgrip
exercise, performed at different exercise intensities, on FMD immediately post-exercise and
60-minutes following exercise cessation. Our rationale for adopting handgrip exercise, which
utilizes a small muscle mass, was that it may provide insight into whether localized
mechanisms (particularly those related to changes in blood flow and shear stress) contribute
to the acute effects of exercise on arterial function. We hypothesized that an intensity-
dependent decrease in FMD would occur immediately after exercise, with higher intensities
of handgrip exercise leading to a larger post-exercise reduction in FMD, followed by a return

of function to baseline levels after 60-minutes of recovery.

Keywords: exercise intensity; endothelial function; shear stress; cardiovascular risk
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Abbreviations:

ANOVA: analysis of variance
BF: blood flow

DBP: diastolic blood pressure
FMD: flow mediated dilation
HE: handgrip exercise

LMM: linear mixed model

LSD: least significant difference
MAP: mean arterial pressure
MVC: maximal voluntary contractile
ROS: reactive oxygen species
SBP: systolic blood pressure

SR: shear rate
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Methods

Participants

Eleven healthy male subjects (age: 27+3 years, height: 1.78£0.08 m weight: 75.2+11.5 Kkg)
volunteered for the study. Women were excluded due to the cyclical effects of estrogen on
vascular function (Williams et al. 2001). Based on detailed medical questionnaires, we
excluded subjects with pre-existing medical conditions (including cardiovascular diseases)
and cardiovascular risk factors such as hypertension, hypercholesterolemia and type 1 or 2
diabetes, as well as those taking any medications. The study was approved by the University
of Western Australia’s institutional ethics committee and adhered to the Declaration of
Helsinki. Informed consent was obtained from all participants before undertaking

experimental procedures.

Experimental Design

Participants attended all testing sessions in a fasted state (>6 hrs), having avoided strenuous
exercise, alcohol and caffeine for 18 hours prior to arrival (Thijssen et al. 2011). Participants
undertook 3 separate experimental sessions over two weeks, with a minimum of 48 hours
between sessions. Upon arrival at the laboratory, participants were required to complete an
assessment of maximal voluntary contractile (MVC) handgrip strength. This involved three
maximal contractions, separated by 5 minute rest intervals, using a grip strength
dynamometer. An average of the three contractions was used to calculate MVVC which was
used in subsequent sessions to set exercise intensities. After a 20 minute supine rest period on
a bed, subjects performed 30 minutes of unilateral handgrip exercise (HE) at either 5, 10 or
15% of maximal voluntary handgrip contraction strength (MVC) at a rate of 30 isotonic
contractions a minute, based on similar protocols adopted by our research team (Tinken et al.

2009). The order of testing was randomised between subjects. The arm selected to undertake

Page 6 of 27



102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

Exercise intensity and endothelial function Atkinson et al., 2014

the 30 minute exercise stimulus (preferred vs non-preferred) was also randomised between
subjects, although we maintained the same arm within subjects across all three sessions.
Brachial arterial endothelial function was assessed prior to, immediately after, and 60-
minutes following cessation of handgrip exercise using the flow mediated dilation (FMD)
technique (Thijssen et al. 2011). We also continuously recorded brachial artery diameter,
blood flow and shear rate throughout each HE session. Finally, blood pressure was
continuously monitored throughout the exercise duration (Finapres Medical Systems,

Netherlands),

Experimental Measurements

Assessment of brachial artery endothelial function

After a 20-minute rest period, brachial artery endothelial function was assessed using the
flow-mediated dilation (FMD) technique in accordance with recently published guidelines
(Thijssen et al. 2011). Briefly, the arms were extended to an ~80° angle from the torso. A
rapid inflation/deflation pneumatic cuff (D.E. Hokanson, Bellevue, WA) was placed around
the forearm, distal to the olecranon process. Using a 10-MHz multi-frequency linear array
probe, attached to a high-resolution ultrasound machine (T3000; Terason, Burlington, MA),
an optimal B-mode image of the brachial artery was acquired. Settings were optimized,
recorded and used for subsequent repeat sessions. Following image acquisition, one minute of
baseline imaging was performed, after which the forearm cuff was inflated to 220mmHg for
5 minutes. Thirty seconds prior to cuff deflation, recordings of diameter and velocity resumed
and were continued for 3 minutes following cuff deflation, in accordance with previous
studies (Woodman et al. 2001). This procedure was repeated immediately following cessation

of the handgrip exercise, and again 60-minutes thereafter.
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Brachial artery diameter and blood flow analysis

Brachial artery diameter and velocity were analysed using custom-designed edge-detection
and wall-tracking software, which is largely independent of investigator bias (Woodman et al.
2001). Specific details of analysis techniques are described elsewhere (Thijssen et al. 2009a).
Continuous (30Hz) diameter and velocity data were used to calculate blood flow (the product
of lumen cross-sectional area and Doppler velocity). Shear rate was also calculated as 4 times
mean blood velocity/vessel diameter. Reproducibility of diameter measurements using this
semi-automated software is significantly better than manual methods, reduces observer error
significantly, and possesses an intra-observer coefficient of variation of 6.7% (Woodman et
al. 2001). FMD was calculated in absolute (mm) and relative (%) terms as the increase from
the resting baseline diameter, as described in detail in previously (Thijssen et al. 2011). The
shear rate stimulus to FMD, SRAUC, was calculated in each individual by plotting SR
collected at 30Hz continuously from the time of cuff deflation to the time of peak diameter
attainment, and then summing the areas of successive post-occlusion trapezoids (each with a
base of 3-sec). This approach is consistent with literature best practice and the body of
literature on this topic, largely pioneered by Tschakovsky and Pyke (Thijssen et al. 2011).
We also analysed brachial artery diameter and velocity data across 30-second epochs, at 5
minute intervals, throughout the 30 minute unilateral handgrip exercise bout. In the present
study, all files were coded such that the individual undertaking the automated analysis was
nonetheless blinded to each subject’s identity and the exercise intensity at which the file in

question was collected.

Statistics

Statistical analysis was performed using SPSS 21.0 (SPSS, Chicago, IL) software. A two-way

repeated measures ANOVA was used to compare changes in FMD%, SR, blood pressure
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across ‘time’ (pre, post & 60mins post) and whether these changes occurred across differing
‘intensity’” bouts (5, 10 & 15% MVC). Post-hoc analysis was performed using the least
significant difference (LSD) method. All data are reported as mean (xSD) unless stated
otherwise and statistical significance was assumed at P<0.05. Additional statistics were
adopted in order to account for influences known to affect FMD responses, principally
arterial diameter and SRauc changes (Atkinson et al. 2013). To do so, we analysed the effects
of intensity and time, as well as the interaction effect for FMD, on the change in
logarithmically transformed diameter using a Linear Mixed Model (LMM). This model
incorporated baseline arterial diameter and shear rate area under the curve as covariates,
where these baseline arterial diameter data were specific to each FMD test. This sample size
was similar to those reported in previous studies on the effects of exercise (Johnson et al.
2012; Padilla et al. 2006; Padilla et al. 2011), and we estimated that a 2 % change in FMD
would be detected with 10 participants assuming that the standard deviation of this change is

2 % with statistical power of 80 % (Birk et al. 2013).

Results

There were no differences in resting (pre-exercise) brachial diameter, FMD%, FMDmm,
shear rate or SRauc across the three testing days (P>0.05) (Table 1). Participants completed
30 minutes of isotonic HG exercise (30 contractions per minute) at each exercise intensity.
Mean arterial pressure (MAP), systolic blood pressure (SBP), diastolic blood pressure (DBP)
and heart rate all increased in an exercise intensity “dose-dependent” manner (interaction-
effect: all P<0.05), with the largest elevations seen during 30 minutes of HG exercise at 15%

MVC (Table 2).
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Brachial artery blood flow and diameter during handgrip exercise

Unilateral handgrip exercise resulted in an immediate increase in both mean and antegrade
blood flow and shear rate, which remained elevated throughout the 30-minute exercise bout
(Figure 1a). Higher exercise intensity was associated with a larger increase in both mean and
antegrade blood flow and shear rate across the exercise duration (interaction-effect: P<0.01).
Post-hoc t-tests using an LSD approach revealed differences at all-time points of exercise for
antegrade SR at 15% MVC compared to both 10% (all P<0.01) and 5% (all P<0.01).
Retrograde shear rate during each 30 minute bout of handgrip exercise was reduced (time
effect: P=<0.01), although this reduction did not significantly differ between intensities
(interaction-effect: P=0.07, Figure 1b). Exercise at a low intensity (5% MVC) did not
significantly alter brachial artery diameter following exercise (P=0.64, Table 3), whereas
10% MVC evoked a decrease in diameter 60 minutes post-exercise (P=0.04). At 15% MVC,
diameter increased immediately following exercise (P=0.01), but had returned to baseline

values at 60 minutes (P=0.16).

Brachial artery flow-mediated dilation

Two-way ANOVA revealed a significant time*intensity interaction-effect (P=0.01) for
FMD% (Table 3). Post-hoc analysis revealed a significant increase in FMD 60-minutes after
the 15% MVC handgrip exercise bout (P<0.01), whilst no change in FMD was observed
during at other time-points or exercise intensities. Similar changes were observed for absolute
FMD, with a significant interaction-effect (P<0.01) and a significant increase in FMD 60-
minutes after 15% MVC handgrip exercise session (Table 3). Given that FMD responses are

inversely proportional to baseline arterial diameter (Thijssen et al. 2008), the interaction
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effect observed for FMD% may have been influenced by acute exercise impacts on baseline
arterial diameter (Birk et al. 2013; Dawson et al. 2013; Padilla et al. 2007). In order to
account for potential impacts of baseline diameter, we undertook the LMM for FMD with
baseline diameter as a covariate. This analysis reinforced our initial findings and revealed a
significant interaction effect between time (pre, post, 60-post) and exercise intensity (5, 10

&15% MVC) (P=0.03).

The tabulated FMD% data are summarized in Figure 2, in which change in FMD (expressed
as the immediate post-exercise FMD% minus baseline pre-exercise FMD%) was not
significantly different between exercise intensities (P=0.67, Figure 2A). However, change in
FMD, 60 minutes post-exercise vs baseline, showed a dose-response relationship with
exercise intensity (P<0.01), with a 0.7% decreased FMD at the lowest exercise intensity, and
a 4.5% increased FMD following HG exercise at the highest intensity (t-test: P=0.01, Figure

2B).

The shear rate stimulus to FMD (FMDSRauc) was significantly higher immediately post-
exercise under each of the three conditions (Table 3 P=<0.01), however, it had returned to
pre-exercise levels by the time the 60-minutes post-exercise FMD test was performed (Table
3). There were no differences in FMD SRauc between the exercise conditions (P=0.11).
Statistically accounting for changes in SRauc in our LMM did not alter the significant

interaction effect for FMD 1 hour following 3 different intensities of HG exercise (P<0.01).
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Discussion

The purpose of the present study was to determine the effect of different intensities of
handgrip exercise on post-exercise brachial artery endothelium-dependent conduit artery
function. Previous research has produced conflicting findings pertaining to conduit artery
functional responses to acute exercise, with increases (Johnson et al. 2012; Tinken et al.
2009; Tyldum et al. 2009; Zhu et al. 2010), decreases (Dawson et al. 2008; Goel et al. 2007,
Jones et al. 2010; Llewellyn et al. 2012; Rognmo et al. 2008) and no change (Dawson et al.
2008; Harvey et al. 2005; Jones et al. 2010) reported. As recently reviewed, these disparate
findings may be related to differences in experimental methodology (Dawson et al. 2013),
idiosyncratic effects of distinct exercise modes and intensities (Birk et al. 2013; Dawson et al.
2013; Padilla et al. 2007) and/or the timing of post-exercise measurements. Another issue is
that previous experiments have involved large muscle group “systemic” exercise bouts,
which may induce complex localized, reflex and humoral responses. We adopted handgrip
exercise in the present study in an attempt to understand the localized impacts of distinct

exercise intensities on post-exercise FMD measures of artery function.

Our principal finding was that intensity of handgrip exercise modified the post-exercise FMD
response, with the highest exercise intensity (15% MVC) demonstrating a large and
significant elevation in FMD, one hour post-exercise. The intensity-dependent effect on post-
exercise FMD we observed may be related to the impact of exercise-induced shear stress.
Shear stress patterns are known to directly induce changes in the FMD/endothelial response
to acute exercise (Green et al. 2005; Green et al. 2002; Laughlin et al. 2008; Thijssen et al.
2009c; Tinken et al. 2009). Elevated antegrade shear, in the absence of changes in retrograde
shear, has been linked to improvement in endothelium-dependent vasodilation (Tinken et al.

2009), whilst increases in oscillatory shear and/or retrograde flow may be associated with
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increased endothelin-1 expression (Chappell et al. 1998; Himburg et al. 2007), the up-
regulation of reactive oxygen species (Hwang et al. 2003) and dose-dependent attenuation of
endothelial function in humans (Schreuder et al. 2014; Thijssen et al. 2009c). In contrast to
some forms of lower limb exercise, handgrip exercise is not associated with increases in
retrograde flow and shear during exercise (see Figure 3), due largely to the decrease in distal
vascular resistance (Green et al. 2005; Thijssen et al. 2009b). In contrast, there are large
increases in retrograde shear during the early phases of leg cycling, which induces an
oscillatory pattern of flow and shear in the brachial artery (Green et al. 2005; Green et al.
2002). When comparing shear rate patterns in the current study to our previous studies (Birk
et al. 2013), clear differences can be observed in both the pattern and magnitude of shear
responses to cycle versus handgrip exercise (Figure 3). It is plausible that the increase in
antegrade shear observed, particularly at the highest handgrip exercise intensity in the present
study, induces a post-exercise improvement in FMD. This would be consistent with what is
known regarding the impacts of acute exercise stress on eNOS bioavailability and consequent
chronic adaptation and upregulation (Hambrecht et al. 2003). Our data are also suggestive of
a possible threshold effect of antegrade shear on artery function. We observed significantly
higher antegrade shear at 15% compared to the other exercise intensities and the 15%
condition was the only one associated with an elevation in FMD post exercise. Further
studies will be required to address the idea of an ‘antegrade shear threshold’ and to examine
the impact of shear rate manipulation during handgrip exercise on arterial adaptation in

function and structure.

In the present study, we observed no reduction in FMD in the immediate post-exercise period

in response to any intensity of HE. This contrasts with some previous studies examining the

acute impacts of larger muscle group exercise on arterial function. Studies that have focused
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predominantly on leg exercise with multiple post-exercise FMD measures (Birk et al. 2013;
Johnson et al. 2012), have typically observed a decrement in function immediately following
exercise which appears to be larger at higher intensities. Both localized handgrip exercise and
large muscle group exercise lead to a (dose-dependent) increase in brachial artery blood flow.
Therefore, the distinct immediate post-exercise changes in FMD seen in studies of large
muscle group exercise may relate to the impact of such exercise on retrograde shear, the
production of reactive oxygen species (ROS) (Goto et al. 2003) or increases in adrenergic
tone. However, as we did not assess oxidative stress or adrenergic tone in the present study,
we cannot rule out impacts of handgrip exercise on these parameters. Our findings are
therefore limited to the observation that handgrip and cycling exercise produce distinct
immediate effects on artery function in humans compared to larger muscle group exercise
and it seems reasonable to assume that larger muscle group exercise would have greater

impact on humoral or neural responses.

In another previous study performed by our group, we observed increases in FMD after 30
mins of handgrip exercise, in keeping with the current results. However, in that experiment,
the increase in FMD was observed immediately, rather than one hour after the cessation of
the exercise bout. The magnitude of increase in SR during handgrip exercise in the Tinken et
al. study was similar to that observed in response to the lowest exercise intensity (5% MVC)
in the current experiment, but FMD% increased significantly in Tinken et al., whereas
changes in the current study, though directionally consistent, were more modest. One
possible explanation for this disparity relates to a minor difference in the exercise modality:
although both experiments involved the same contractile frequency (30 per min), the study of
Tinken et al. utilised isometric hand-gripping against a fixed handpiece and resistance,

whereas in the current study subjects performed isotonic exercise using a custom built device
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that allowed movement in the handpiece during contraction. These findings therefore raise
the intriguing possibility that differences may exist between modalities of exercise, even
when identical muscle groups are involved. This finding adds to previous work which
suggested that small differences in the rate of handgrip contraction can alter the FMD
response (Gonzales et al. 2011). Future studies will be necessary to specifically address this

question.

We utilized handgrip exercise as an experimental tool to isolate the localized effects of
exercise and it was not our intention to study whether exercise training of the forearm might
translate into systemic health benefits. Nonetheless, our results warrant future studies that are
focused on the potential differences in factors that may contribute to the distinct changes in
FMD following different modalities of training. Another limitation of our study is that we
were unable to assess responses to an exogenous NO donor. Since it is possible that our
strenuous exercise in the current experiment may have induced an up-regulation of
endothelium-derived vasodilators or augmented smooth muscle cell sensitivity to NO, future

studies should address the impact of exercise intensity on responses to glyceryl trinitrate.

In summary, our findings contribute to the existing literature in that we have studied, for the
first time, the impact of distinct intensities of localized handgrip exercise on artery function.
Impacts of such exercise on arterial function are less likely to have resulted from systemic,
reflex or circulating factors than responses associated with lower limb large muscle group
exercise (Birk et al. 2013). Further studies for the acute and chronic effects of different forms
of exercise will be important to shed light on phenomena which relate initial physiological

challenge to chronic adaptation in humans.
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Table 1. Comparisons between baseline FMD tests and pre-exercise resting shear rate and

blood flow on each of the three testing days, with significance as P<0.05.

5% MVC  10%MVC 15%MVC . .
Handgrip Handgrip Handgrip
Baseline FMD Test
Diameter (mm) 3.82+0.42 3.91+0.39  3.89+0.58 0.39
FMD (%) 6.54+2.98 6.41+1.64  5.93+2.77 0.73
FMD (mm) 0.02+0.01 0.02+0.01  0.02+0.01 0.69
Baseline mean SRauc (10*s™)  17.9+9.0 16.6+7.7 16.7+8.2 0.82

Values are mean + SD. MVC: Maximal Voluntary contraction, SRauc: shear rate area under

curve. P value reflects one-way ANOVA
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Table 2. Hemodynamic parameters (5 min averages) at baseline and 30 minutes of unilateral handgrip exercise at distinct intensities (5, 10 and
15% MVC) with corresponding one-way ANOVA effects for time and two-way ANOVA (Time 2 levels, Intensity 3 levels).

Handgrip Exercise Time (minutes) ANOVA
0 30 Time Intensity Time*Intensity
MAP
5% 9319 99+14*
10% 90+7 100+10* <0.01 0.02 <0.01
15% 905 108+£10*
DBP
5% 72£15 74+£12
10% 715 78+8* <0.01 0.05 <0.01
15% 70+5 84+8*
SBP
5% 130+16 138+17*
10% 126+9 137+10* <0.01 0.09 0.02
15% 126+9 144+7*
PP
5% 58+12 64+9
10% 5516 59+5* <0.01 0.03 0.97
15% 56 +9 61+6*
HR
5% 58+6 5916
10% 5815 63+8* <0.01 <0.01 <0.01
15% 5916 66+10*

Data are presented as mean + SD. *indicates statistically significant from baseline (0 values) by t-test at P<0.05
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Table 3. Diameter, SRauc and FMD responses pre, post and 60-minutes after cessation of 30 minutes of unilateral handgrip exercise at distinct

intensities (5, 10 and 15% MVC).

5% MVC Handgrip 10% MVC Handgrip 15% MV C Handgrip 2-way ANOVA
Post Post Post . . Intensity

Pre Post 60mins Pre Post 6omins Pre Post 60mins Intensty ~ Time *Time
Diameter
(mm) 3.8+0.4 3.8+0.3 3.9+0.5 3.9+0.4 4.0+0.5 3.8+0.4*  3.9+0.6 4.1+0.5* 3.8+0.4 0.50 <0.01 0.01
FMD (mm) 0.02+0.01 0.03+0.01* 0.02+0.01 0.02+0.01 0.03+0.01 0.03+0.01 0.02+0.01 0.02+0.02  0.04+0.02* 0.64 0.16 0.01
FMD SRauc - * *
(10°5Y) 17.949.0 24.2+9.7 17.2+7.7  16.6x7.7 30.0£14.1* 20.0£115 16.7#8.2 32.4%18.5 17.3£9.0 0.25 <0.01 0.11
FMD (%) 6.5+3.0 7.9+3.2 5.9+3.1 6.4+1.6 6.6+3.1 7.0+4.4 5.9+2.8 6.2+5.5 10.4+5.8* 0.73 0.20 0.01
FMD (%) 2.8%1.3 3.4%1.3 2.5%1.3 2.7£0.7 2.8+1.3 3.0£1.8 2.5%1.2 2.6+£2.3 4.4+2 4% 0.48 0.04 <0.01
ADJUSTED 8+1. Azl 51, .7%0. 8+1. 0+1. 51, 6+2. Ax2, . . .

Data are presented as mean + SD. *indicates statistically significant from baseline values at P<0.05 by t-test. FMD (%) ADJUSTED values

indicated FMD when statistically accounting for changes in baseline diameter and SRauc using a Linear Mixed Model (LMM).
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Figure Legends

Fig. 1 a. Brachial artery antegrade shear rate before and during 30 minutes of handgrip
exercise at 5% (black bars), 10% (light grey bars) and 15% (dark grey bars) MVC. b.
Brachial artery retrograde shear rate before and during 30 minutes of handgrip exercise at 5%

(black bars), 10% (light grey bars) and 15% (dark grey bars) MVC. Error bars represent SD.

Fig. 2 a. Change in FMD expressed as the immediate post-exercise FMD% minus baseline
FMD% at 5% (black bars), 10% (light grey bars) and 15% (dark grey bars) MVC. b. Change
in FMD expressed as the 60 minutes post-exercise FMD% minus baseline FMD% at 5%
(black bars), 10% (light grey bars) and 15% (dark grey bars) MVC. Error bars represent SD.
Significance value P<0.05. * indicates statistical significance between highest (15% MVC)
and lowest (5% MVC) intensity. Tindicates statistical significance between moderate (10%

MVC) and highest (15% MVC) intensity

Fig. 3 Brachial artery mean (average of the last 15mins) antegrade shear rate (black bars)
during a. 30 minutes of handgrip exercise at 5, 10 and 15% MVC, compared to b. 30 minutes
of cycle exercise at 50, 70 and 85% VO, max. Brachial artery mean (average of the last
15mins) retrograde shear (grey bars) during c. 30 minutes of handgrip exercise at 5, 10 and
15% MVC, compared to d. 30 minutes of cycle exercise at 50, 70 and 85% VO max. Error

bars represent SD.
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