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Abstract We investigated eVects of 6 days of endurance
exercise training [cycling at 65% of peak oxygen consump-
tion (VO2peak) for 2 h a day on six consecutive days] on vas-
cular function in young males. Measures of VO2peak, arterial
stiVness, calf vascular conductance and heart rate variabil-
ity were obtained pre- and post-training. Indices of arterial
stiVness were obtained by applanation tonometry to deter-
mine aortic augmentation index normalized to a heart rate
of 75 bpm (AIx@75 bpm), and central and peripheral pulse
wave velocity (CPWV, PPWV). Resting and maximal calf
vascular conductances were calculated from concurrent
measures of blood pressure and calf blood Xow using
venous occlusion strain-gauge plethysmography. Time and
frequency domain measures of heart rate variability were
obtained from recording R–R intervals during supine and
standing conditions. Both CPWV (5.9 § 0.8 vs. 5.4 §
0.8 m/s) and PPWV (9.7 § 0.8 vs. 8.9 § 1.3 m/s) were
reduced following the training program. No signiWcant
changes were observed in AIx@75 bpm, vascular conduc-
tance, heart rate variability or VO2peak. These data indicate
that changes in arterial stiVness independent of changes in
heart rate variability or vascular conductance can be
achieved in healthy young males following only 6 days of
intense endurance exercise.
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Abbreviations
AIx Aortic augmentation index
AIx@75 bpm Aortic augmentation index at 75 beats per

minute
BF Blood Xow
BMI Body mass index
BP Blood pressure
CPWV Central pulse wave velocity
eNOS Endothelial nitric oxide synthase
HF High frequency
HRV Heart rate variability
LF Low frequency
LF/HF Sympathovagal balance
ln Natural logarithm
MAP Mean arterial pressure
NO Nitric oxide
nu Normalized units
PPWV Peripheral pulse wave velocity
PV Plasma volume
PWV Pulse wave velocity
RMSSD Root mean square of the successive R–R

interval diVerences
SD Standard deviation
TP Total spectral power
VC Vascular conductance
VO2peak Peak oxygen consumption

Introduction

The positive eVects of exercise training on cardiovascular
performance have been well documented (DeSouza et al.
2000; Hautala et al. 2004; Tanaka et al. 2000). Several
long-term studies provide evidence of reductions in central
and peripheral arterial stiVness with endurance exercise
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training in both young (Cameron and Dart 1994; Kakiyama
et al. 2005) and older (Collier et al. 2008; Tanaka et al.
2000) populations. An increase in stiVness increases blood
velocity, leading to an earlier reXected arterial wave, aug-
menting the systolic wave form and increasing cardiac load
(Nichols and Edwards 2001). As a result, arterial stiVness is
a risk factor for cardiovascular morbidity and mortality
(Laurent et al. 2001). The training-induced attenuation of
arterial stiVness has been attributed to improved endothelial
function (DeSouza et al. 2000; Martin et al. 1990) and
reductions in sympathetic tone (Hautala et al. 2004; Melan-
son and Freedson 2001) rather than structural alterations
and remodeling given the relatively short time-period
required for adaptation.

Several studies have examined cardiac and metabolic
changes following training lasting only a few days (Gibala
et al. 2006; Goodman et al. 2005; Green et al. 1991, 1999).
However, the vascular responses to short-term training
have not yet been examined. The purpose of this study was
to investigate the eVects of a short-term, intensive endur-
ance intervention on measures of central and peripheral
arterial stiVness in healthy young males. Given evidence of
diVerences in arterial stiVness (Otsuki et al. 2007) between
healthy young males of various exercise capacities, we
hypothesized that 6 days of intensive aerobic training
would reduce central arterial stiVness. Second, we exam-
ined the eVects of training on lower limb vascular conduc-
tance and autonomic nervous system function.

Methods

Seventeen subjects were recruited to the study; however,
three were excluded because they did not meet the inclu-
sion criteria. Thus, 14 males (25 § 4 years) completed the
study. All subjects participated in less than 2 h of low to
moderate physical activity a week and were non-smokers,
non-obese, normotensive, and had no prior history of car-
diovascular, pulmonary, or other metabolic or musculo-
skeletal diseases. All procedures were reviewed and
approved by the University of Toronto Research Ethics
Board, conforming to the Helsinki Declaration on the use
of human subjects and informed written consent was
obtained from all subjects prior to participation.

Subjects reported to the Cardiovascular Regulation Lab-
oratory on eight separate sessions. The Wrst visit consisted
of baseline assessments of anthropometric variables, auto-
nomic nervous system function, arterial stiVness, vascular
conductance and exercise capacity, and a blood sample was
obtained. The training program, which was initiated within
2 weeks of the pre-training assessment, required subjects to
report to the laboratory on six consecutive days. Following
the cessation of the training program, subjects were given

1 day oV before returning for post-training assessments
which mirrored the pre-training assessment. The timing of
the assessments was dependent on subject availability;
however, each subject was required to have their pre- and
post-training assessments at the same time of day. Subjects
were also asked to abstain from physical activity for at least
24 h, caVeine and alcohol consumption for 12 h and food
consumption for 4 h prior to all assessments. Height (m)
and weight (kg) were measured in exercise clothing with
shoes removed and body mass index (BMI) was calculated.

Blood sampling

Duplicate microhematocrit determinations were made from
resting blood samples taken pre- and post-training. Hemat-
ocrit readings were multiplied by 0.8736 to correct for
trapped plasma and to convert venous hematocrit to whole
body hematocrit. The percent change in plasma volume
(PV) following training was calculated from the corrected
hematocrit readings (van Beaumont et al. 1973). Two sub-
jects declined the pre- and post-training blood sampling so
changes in PV were calculated from 12 subjects.

Autonomic nervous system function

Heart rate variability (HRV) was measured as an index of
autonomic nervous system control. All measurements were
performed in accordance with the Task Force of the Euro-
pean Society of Cardiology and North American Society of
Pacing and Electrophysiology (1996) in a quiet, tempera-
ture controlled room (22–26°C, 30–60% humidity) after
15 min of supine rest. Continuous 6 min supine and 6 min
standing R–R intervals were recorded using heart rate mon-
itoring (s810i model, Polar Electro Canada, Lachine, QC,
Canada). Artifacts were corrected for by the Polar Precision
Performance Software Version 4.01.029 (Polar, Kempele,
Finland) by applying a Wlter power set to a minimum beat
protection of 6 bpm. Five min sections of supine and stand-
ing data were selected and exported for analysis using HRV
Analysis Software Version 1.1 (Biosignal Analysis and
Medical Imaging Group, Kulplo, Finland), allowing for
non-parametric and parametric spectral analyses. Fre-
quency domain measures were determined by spectral anal-
ysis of the time course of R–R intervals using Fast Fourier
transformation and included total spectral power (TP), low
frequency (LF, 0.04–0.15 Hz) and high frequency (HF,
0.15–0.50 Hz). Frequency domain measures were trans-
formed using the natural logarithm and are expressed in
ms2. LF and HF are also expressed in normalized units (nu),
calculated by dividing the LF and HF by TP–(very low
frequency). Sympathovagal balance is indicated by the ratio
of the LF to the HF (LF/HF) (Malliani 1999) with heart rate
and the root mean square of the successive R–R interval
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diVerences (RMSSD), a measure of the short-term compo-
nents of HRV, being the time domain measures reported.
The intra-observer reliability coeYcient for these determi-
nations in our laboratory is r = 0.78.

Arterial stiVness

Triplicate measures of supine arterial blood pressure (BP)
were obtained 1 min apart using an automated sphygmoma-
nometer (Dinamap 1846 SX Monitor, Critikon Inc., Tampa,
FL, USA) following 5 min of supine rest. Measures of arte-
rial stiVness were assessed using a semi-automated device
and proprietary software (SphygmoCor, AtCor Medical,
Sydney, Australia). BrieXy, arterial pressure waveforms
were recorded by the application of a pencil-like probe
(Millar Instruments, Houston, TX, USA) to the surface of
the arterial site. An arterial pressure pulse is captured by a
high-Wdelity transducer and recorded for subsequent analy-
sis using both spatial and temporal landmarks (Papaioannou
et al. 2004). The arterial pressure waveform has two compo-
nents: the incident wave generated by ventricular ejection,
which travels distally, and the reXected wave emanating
from peripheral points of resistance, traveling centrally. The
shape of the incident and reXected waves are determined by
the structural and functional characteristics of the vascula-
ture (Nichols and O’Rourke 1998). Arterial stiVness was
determined by analyzing the shape of the arterial pressure
waveform using speciWc spatial landmarks. Aortic augmen-
tation index (AIx), a measure of systemic arterial stiVness,
was determined from peripheral pressure waveforms col-
lected from the right radial artery. The aortic pressure wave-
form was generated by calibrating the average peripheral
waveform against the supine BP, then applying a validated
transfer function (Nichols and O’Rourke 1998). AIx was
then determined from the aortic waveform by dividing the
augmentation pressure, deWned as the diVerence between
the peak pressure and peak Xow, by the pulse pressure. In
order to control for the inXuence of heart rates on AIx

(Wilkinson et al. 2000), AIx data were normalized to a heart
rate of 75 bpm (AIx@75 bpm) by proprietary software.
Following the assessment of AIx, pulse wave velocity (PWV),
which is deWned as the speed of travel of the pulse between
two sites along the arterial branch (O’Rourke et al. 2002),
was calculated. The time delay between sampling sites was
determined by concurrent measurements of QRS complexes
using electrocardiography and arterial waveforms using
applanation tonometry, while distance was measured with
an anthropometric measuring tape using speciWc anatomical
landmarks. For central PWV (CPWV), tonometry measures
were taken at the right carotid and femoral arteries, and for
peripheral PWV (PPWV), at the right femoral and posterior
tibial arteries. The reliability and reproducibility of AIx and
PWV have been demonstrated (Papaioannou et al. 2004;

Salvi et al. 2008; Wilkinson et al. 1998). Unpublished data
from our laboratory indicates a within-observer mean diVer-
ence for AIx, CPWV and PPWV of 0.17 § 4.31%,
0.02 § 0.17, and 0.04 § 0.21 m/s, respectively.

Blood Xow

Resting and maximal Xow-mediated blood Xows
(ml 100 ml¡1 min¡1) of the right calf were measured using
venous occlusion strain-gauge plethysmography (O’Donnell
et al. 2007). Subjects rested in a supine position with their
right foot elevated 20° and secured in a weighted pedal so
that their knee was slightly bent and their lower limb was
parallel to the testing table. An indium–gallium strain gauge
(Vasculab SPG16, Medasonics, Newark, CA, USA) was
placed around the widest part of the belly of the calf muscle
at approximately 10 g of tension. Calf blood Xow was iso-
lated during testing by inXating an exclusion cuV located
proximal to the ankle, above systolic BP (180–200 mmHg).
Venous occlusion was induced by rapid inXation of the
occlusion cuV, located on the thigh proximal to the knee, to
60 mmHg for 7 s followed by rapid (<1 s) deXation for a
period of 7 s with four sequential measurements. Following
resting measures, local calf ischemia was induced for 5 min
by inXating the occlusion cuV to 180 mmHg, immediately
followed by local calf plantar Xexion against a 10 kg mass
using a pedal set at 50 per min. At volitional fatigue (failure
to maintain cadence and/or intolerable pain) the occlusion
cuV was released and maximal blood Xow was measured as
described. Concurrent beat to beat BP was recorded from the
third digit of the right hand using a photoplethysmographic
device (Finometer, Finapres Medical Systems BV, Amster-
dam, The Netherlands). Both BP and blood Xow data were
analyzed using customized software (LabVIEW 7.1, Austin,
TX, USA). Resting and maximal blood Xows were derived
from the maximal slope from the series of time-calf volume
curves, with temporally aligned measures of systolic and
diastolic BP used to determine mean arterial pressure (MAP)
at each blood Xow. Vascular conductance (ml 100 ml¡1

min¡1 mmHg¡1) was calculated.

Exercise test

Graded exercise to exhaustion was performed on a cycle
ergometer before and after training (Monark Ergomedic
828 E, Monark Exercise AB, Sweden). Following a brief
warm up and familiarization with the procedure, subjects
started cycling for 2 min at a resistance of 50 W, with ped-
aling frequency self-selected between 60 and 80 rotations
per min. After the Wrst 2 min, workload was increased by
20 W every min until voluntary exhaustion. Expired gas
was analyzed using a semi-automated metabolic cart fol-
lowing a two-point calibration (HRTrak II Heart Rate
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Tracker, Equilibrated Bio Systems Inc, New York, NY,
USA) and peak oxygen consumption (VO2peak) was deter-
mined from breath-by-breath samples averaged over 20 s.

Training program

A short-term training program was used (Goodman et al.
2005; Green et al. 1999). Exercise was performed in a tem-
perature controlled room (22–26°C, 30–60% humidity).
BrieXy, subjects cycled for 2 h on six consecutive days at a
power equivalent to 65% of their pre-training VO2peak. Sub-
jects who were unable to perform continuous exercise at
their given intensity were permitted to take short breaks
(»5 min), however, they had to complete 2 h of exercise
during each training session. Water was provided
ad libitum and water intake (ml), heart rate (bpm), and rat-
ing of perceived exertion (6–20, Borg Scale) were recorded
after every 30 min of exercise.

Statistical analysis

Statistical analyses were performed using SPSS for Win-
dows (Version 12.0, Chicago, IL, USA). Data are presented
as the mean § SD, and were tested for distributions
patterns using the Normal Q–Q and box plots. Pre- and
post-training values that were normally distributed were
compared using paired t tests. Skewed data were compared
using Wilcoxon signed-rank tests. All comparisons were
based on a 95% conWdence limit with P < 0.05 considered
statistically signiWcant.

Results

Adherence to the supervised training sessions was >99%
(167 of 168 h completed). By the sixth day of training there
were reductions in the amount of breaks taken (22 § 11 vs.
12 § 6 min, P < 0.05) and ratings of perceived exertion
(16 § 1 vs. 15 § 2, P < 0.05). There were no changes in
height, body mass, BMI or BP. PV increased by 7.8%
(P < 0.05). Following training, there was an increase in the
peak power achieved (P < 0.001); however, VO2peak was
unchanged (Table 1).

Pre- and post-training comparisons of arterial stiVness
measures revealed no change in AIx@75 bpm (¡9 § 10 vs.
¡11 § 11%); however, both CPWV (5.9 § 0.8 vs.
5.4 § 0.8 m/s) and PPWV (9.7 § 0.8 vs. 8.9 § 1.3 m/s)
were reduced (Fig. 1). There were no changes between pre-
and post-training measures of resting and maximal calf
blood Xow or vascular conductance (Table 2). No signiW-
cant diVerences between pre- and post-training were
observed in the frequency domain measures of HRV in
both the standing and supine conditions (Table 3). RMSSD

during the standing condition was signiWcantly higher fol-
lowing the training program (Fig. 2).

Discussion

The purpose of the study was to identify the early adaptive
responses of the body to exercise in order to understand the
changes observed with long-term training. We used a 2 h
training protocol which was modeled after other short-term
training studies (Goodman et al. 2005; Green et al. 1999),
and while it is not applicable to the general population, it
was an ampliWed stimulus intended to induce physiological
changes over a short period of time. The primary observa-
tion was a training-induced reduction in CPWV by 9% and

Table 1 Subject characteristics and peak oxygen consumption data
before and after training

BMI body mass index, BP blood pressure, bpm beats per minute,
VO2peak peak oxygen consumption
9 P < 0.001 pre versus post

Variable Pre Post

Height (m) 1.82 § 4.9 1.82 § 5.0

Body mass (kg) 79.1 § 10.8 79.4 § 10.7

BMI (kg/m2) 24.0 § 3.2 24.1 § 3.2

Systolic BP (mmHg) 123 § 12 122 § 12

Diastolic BP (mmHg) 70 § 6 69 § 5

VO2peak (ml kg¡1 min¡1) 42.8 § 6.0 43.0 § 5.3

Peak heart rate (bpm) 187 § 11 182 § 109

Peak power (W) 250 § 39 270 § 349

Fig. 1 Central and peripheral pulse wave velocity following 6 days of
endurance exercise training. CPWV central pulse wave velocity,
PPWV peripheral pulse wave velocity. *P < 0.05 pre versus post
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PPWV by 8%. Additional Wndings include a PV expansion
of 7.8%, and an increase in standing RMSSD.

Central arteries are more susceptible to arterial stiVening
than peripheral arteries due to their higher content of colla-
gen and elastin and chronic exposure to augmented arterial
pressure (Nichols and O’Rourke 1998). Therefore, exercise
intervention studies have focused on measures of central
arterial stiVness because this component of vasculature is
more likely to undergo change following training. The Wnd-
ings from this study are supported by Collier et al. (2008)
who demonstrated similar reductions in CPWV (9.5%) and
PPWV (8.5%) after 4 weeks of training in middle-aged
males and females.

Attributing a sole mechanism to explain the improved
CPWV and PPWV is diYcult. Based on evidence from
long-term training studies, there are several possible mech-
anisms that may be attributed to these changes including
arterial remodeling, improvements in endothelial function
and alterations in sympathetic tone. Vascular function is
aVected through remodeling, as seen by modiWcations in
the collagen and elastin content with increasing age (Seals
et al. 2006). While it is possible to attenuate these changes
with endurance exercise training, it is unlikely to occur
after 6 days. Increased arterial pressure and shear stress
during acute exercise stimulates local release of growth fac-
tors that favor enhanced elasticity of the central vasculature
(Prior et al. 2004). Increased aortic distensibility in rats was
observed after 16 weeks of endurance exercise training,
secondary to increased aortic elastin content and reduced
calcium depositions (Matsuda et al. 1993). Conversely,
structural changes to the artery independent of composition
may have caused the reductions in PWV. Expansive arterial
remodeling occurs from chronic increases in blood Xow
leading to a reduction in the thickness of the intimal and
medial layers (Ben Driss et al. 1997). Increased vessel
lumen diameter has been linked to decreased arterial stiV-
ness (Nichols and O’Rourke 1998). Endurance exercise
training increases aortic (Miyachi et al. 1998) and femoral
(Hayashi et al. 2005; Miyachi et al. 2001) arterial lumens.
While the reductions in CPWV and PPWV may be attrib-

Table 3 Heart rate variability data before and after training

bpm beats per minute, HF high frequency, LF low frequency, ln natural
logarithm, nu normalized units, TP total power

Variable Supine Standing

Pre Post Pre Post

Heart Rate
(bpm)

62 § 7 62 § 7 79 § 12 78 § 9

ln TP 
(ln ms2)

7.2 § 0.9 7.1 § 0.7 7.1 § 1.1 7.2 § 0.8

ln LF 
(ln ms2)

6.4 § 1.0 6.3 § 0.7 6.4 § 1.1 6.7 § 0.8

ln HF 
(ln ms2)

6.0 § 1.0 5.9 § 1.0 4.7 § 1.0 4.9 § 0.9

LF (nu) 60.9 § 18.0 59.6 § 15.8 83.3 § 8.7 84.1 § 8.2

HF (nu) 39.1 § 18.0 40.4 § 15.8 16.6 § 8.5 15.9 § 8.2

LF/HF 2.08 § 1.36 1.88 § 1.19 7.37 § 5.67 8.35 § 8.01

Fig. 2 RMSSD following 6 days of endurance exercise training.
RMSSD root mean square of the successive R–R interval
diVerences.*P < 0.05 pre versus post

Table 2 Resting and maximal blood Xow data before and after training

BF blood Xow, BP blood pressure, MAP mean arterial pressure, VC vascular conductance

Variable Resting Maximal

Pre Post Pre Post

BF (ml 100 ml¡1 min¡1) 3.8 § 3.0 3.9 § 2.1 86.5 § 22.9 88.4 § 21.0

Systolic BP (mmHg) 127 § 17 128 § 18 151 § 27 145 § 28

Diastolic BP (mmHg) 62 § 10 63 § 13 103 § 20 98 § 19

MAP (mmHg) 84 § 11 84 § 14 103 § 20 98 § 19

VC (ml 100 ml¡1 min¡1 mmHg¡1) 0.05 § 0.03 0.05 § 0.03 0.86 § 0.21 0.91 § 0.19
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uted to changes in vessel diameters, changes in arterial
lumen diameter with endurance exercise likely occurs after
prolonged training, rather than only 6 days.

Secondary to reductions in arterial stiVness, we examined
changes in lower limb vascular conductance. Improvements
in vascular function with exercise training have been attrib-
uted to improvements in endothelial function, which is facil-
itated by the vasodilator nitric oxide (NO) (Maiorana et al.
2003). In animals, the removal of the aortic endothelium has
led to increases in aortic PWV (Boutouyrie et al. 1997).
Inhibition of NO with L-NG-monomethyl arginine increases
AIx and PWV (Wilkinson et al. 2002), whereas augmenta-
tion of endothelial function with administration of endothe-
lium-dependent �2 adrenoceptor agonist albuterol decreases
AIx and aortic PWV in healthy subjects (McEniery et al.
2006). Contrary to longer-term training studies in young
(Goto et al. 2003) and old (DeSouza et al. 2000; Martin
et al. 1990) males, we did not observe changes in maximal
calf blood Xow or vascular conductance. The lack of a
change in endothelial function, as demonstrated by vascular
conductance, may be attributed to a diVerent time-course of
change in NO bioavailability. Canine investigations suggest
that improvements in NO-mediated dilation of coronary
arteries occur after 7 days of treadmill exercise (Wang et al.
1993), with increases in endothelial NO synthase (eNOS)
gene expression occurring after 10 days (Sessa et al. 1994).
Increased eNOS gene expression with treadmill training has
also been demonstrated in porcine pulmonary arteries after
7 days of exercise (Johnson et al. 2001). In humans,
increases in plasma concentrations of NO have been demon-
strated after 4 (Kingwell et al. 1997) and 8 (Maeda et al.
2001) weeks of endurance training. Conversely, endurance
training has also reduced levels of the vasoconstrictor endo-
thelin-1 after 8 (Maeda et al. 2001) and 12 (Maeda et al.
2003) weeks. Exercise training improves endothelial-depen-
dent and -independent vasodilatation in individuals with
chronic heart failure (Maiorana et al. 2000) and type 2 dia-
betics after 8 weeks of training. Our subjects had normal
vascular function and maximal blood Xow values compara-
ble to healthy endurance trained males (Martin et al. 1991),
thereby limiting the potential changes that a short-term
training stimulus may have conferred.

Exercise training has been linked to a reduction in pressor
stimuli from exercise and non-exercise sources that may act
on various cardiovascular endpoints. We observed a modest
but insigniWcant reduction in ischemic exercise MAP and
increase in vascular conductance. More signiWcant Wndings
are more likely observed with longer-term training programs
(O’Sullivan and Bell 2001). It is also possible that large-con-
duit arteries are more responsive to change in the short-term
compared to ‘downstream’ resistance vessels, as demon-
strated by Allen et al. (2003), who reported rapid changes in
brachial artery diameter without improvements in hemody-

namics after only 4 days of training. These results are simi-
lar to our Wnding of decreased PWVs and only minor
changes in vascular conductance and blood Xow.

The reduction in the pressor response during ischemic
calf exercise could be indicative of a reduction in sympa-
thetic tone. Long-term endurance exercise training can
increase resting HRV and reduce sympathetic activity. Eight
weeks of moderate to high (70–80% HRmax) aerobic exer-
cise training increased HFnu power and decreased LFnu
power and LF/HF ratio in healthy males, suggesting a shift
in autonomic nervous system control toward parasympa-
thetic dominance (Hautala et al. 2004). No changes in para-
sympathetic (ln HF, HFnu), sympathetic (ln LF, LFnu) or
sympathovagal balance (LF/HF) were observed, which are
attributed to the short length of the training program; how-
ever, an increase in standing RMSSD was manifested. Simi-
lar responses in young males are reported following
16 weeks of training (Melanson and Freedson 2001). The
increase in RMSSD during standing infers an improved
orthostatic tolerance. Therefore, this Wnding is unlikely to
explain the reduction in CPWV and PPWV given that these
measures were performed in the supine position; there was
no correlation between the change in RMSSD and CPWV or
PPWV. Acute PV expansion with saline infusion induces
increases in HF and RMSSD, mediated through barorecep-
tor activation (Spinelli et al. 1999). Moderate exercise train-
ing increases PV and orthostatic tolerance and decreases
baroreceptor sensitivity in healthy subjects (Mtinangi and
Hainsworth 1999). Therefore, the improved orthostatic tol-
erance could be attributed to the PV expansion which is con-
sistent with other short-term training studies (Goodman
et al. 2005; Green et al. 1991). This expansion has been
attributed to an increase in total body Xuids through the
retention of Xuids within the vascular space, and results in
post-training increases in body mass (Convertino 1991). We
observed a modest gain in body mass (0.3 kg) that may be
consistent with the 7.8% PV expansion, however, it may be
PV expansion was speciWc to compartmental shift of Xuids
and proteins from extravascular into intravascular space
(Convertino 1991). We could not identify a correlation
between PV expansion and the increase in RMSSD; how-
ever, this may be due to the small sample size.

An intriguing observation was the absence of change in
aortic stiVness (AIx) despite reductions in both CPWV and
PPWV. Augmentation pressure and pulse pressure were
unchanged post-training resulting in no signiWcant change
in AIx@75 bpm. Given that long-term training studies have
not examined AIx as an index of central arterial stiVness, it
is diYcult to compare the Wndings from this study to evi-
dence from other training studies. In addition, comparisons
to cross-sectional studies are limited. Our failure to detect
changes in AIx@75 bpm is likely due to the young age of
our subjects. This is supported by Tanaka et al. (2000) who
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found no signiWcant diVerences in central arterial compli-
ance (�-stiVness index) in young adults of varying physical
activity levels.

Limitations

The subjects in our study acted as their own controls, similar
to other short-term training studies (Collier et al. 2008;
Goodman et al. 2005; Kakiyama et al. 2005). However, other
training studies, which have used a control group did not
observe changes in arterial stiVness (Casey et al. 2007;
Kawano et al. 2006). We recruited healthy young males who
reported minimal physical activity levels, yet none were
completely sedentary. Consequently, more pronounced gains
may have been demonstrated in a sedentary or older popula-
tion where the likelihood of arterial stiVness is increased.

Post-training measures of VO2peak may have been com-
promised from training fatigue, which is attributed to mus-
cle fatigue and energy depletion (Noakes 2000) and leads to
reductions in performance at anaerobic threshold and maxi-
mal capacity (Lehmann et al. 1993). Despite an increase in
work rate post-training, peak exercise heart rate was lower,
suggesting our subjects failed to reach maximal eVort.
When extrapolating the VO2peak data to the peak heart rates
observed during the pre-training exercise test, VO2peak

increased signiWcantly (42.8 § 6.0 vs. 44.1 § 5.5 ml
kg¡1 min¡1). It is unlikely that measures of arterial stiV-
ness, blood Xow and HRV were aVected by training fatigue
or exercise habitation given that they were taken in the rest-
ing state.

Finally, the small sample size may have limited our abil-
ity to detect changes. The sample size selected for the study
was based on the calculation for the primary outcome mea-
sure, CPWV. In order to detect changes in blood Xow, vas-
cular conductance or HRV, a larger sample size may be
required since estimates of change were based upon long-
term training studies, which may elicit greater changes than
expected in our training model.

Conclusions

The study demonstrated 6 days of endurance exercise training
elicits a decrease in central and peripheral arterial stiVness as
assessed by PWV, which suggest that adaptations in arterial
stiVness observed with long-term training programs can occur
rapidly during an intensive endurance training program.
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