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Summary 

Short-term changes in arterial stiffness with exercise are proposed to better reflect vascular 

impairments than resting measures alone, and are suggested as a prognostic indicator of 

cardiovascular risk in older adults.  Arterial stiffness indices are reliable at rest, but the time-course 

and reliability of post-exercise changes in arterial stiffness in older adults is unknown. The precision 

of post-exercise changes in arterial stiffness should be determined prior to their use in large 

prospective trials. This study assessed the between-day reliability of the changes in pulse wave 

velocity (PWV), augmentation index (AIx75) and reflection magnitude (RM) following an exercise 

bout in older adults. Ten older adults (71±5y) were tested on three separate days, 7 days apart. PWV, 

AIx75 and RM were assessed at rest, immediately post, and at 20, 40 and 60 min during recovery 

after moderate-intensity cycling. Intraclass correlation coefficient (ICC) and reliability coefficient 

(RC) were used to assess the relative and absolute reliability of arterial stiffness responses. PWV 

increased, and RM decreased immediately after exercise (P<0.05), and returned to baseline during 

recovery. AIx decreased during recovery (P<0.001). Resting ICC values were 0.91(PWV), 0.72 

(AIx75) and 0.40 (RM). Reliability of the immediate changes following exercise was high for PWV 

(ICC:0.87, RC:1.9 m.s-1), and moderate for AIx75(ICC:0.64, RC:7%) and RM(ICC:0.59, RC:9%). 

Reliability of the post-exercise responses was similar to that at rest for all measures of arterial stiffness. 

These findings indicate that post-exercise changes in arterial stiffness indices are reliable in healthy 

older adults, and supports further investigation of the prognostic value of these responses.  

 

KEY WORDS: Pulse wave velocity, augmentation index, reflection magnitude, blood pressure, 

cardiovascular risk, ageing. 
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INTRODUCTION  

Arterial stiffness increases with age (McEniery et al. 2005) and is one of the earliest detectable 

manifestations of adverse structural and functional vascular changes, contributing to the pathogenesis 

of cardiovascular disease (Steppan et al. 2011) and end-organ damage (Lee et al. 2010). Carotid to 

femoral pulse wave velocity (PWV) is the criterion measure for the non-invasive assessment of 

central aortic arterial stiffness (Cecelja et al. 2012), the region which exhibits the greatest age-related 

stiffening (Mitchell et al. 2004, Wilkinson et al. 2010, Lee Stoner 2012). Augmentation index (AIx) 

provides an integrated summary of wave reflection timing and amplitude (Nichols et al. 2002), 

defined as the central augmentation pressure as a percentage of pulse pressure. Wave separation 

analysis enables the calculation of reflection magnitude (RM) expressed as the ratio of reflected 

(backward, Pb) to forward (Pf) pressure waves (Westerhof et al. 2006). While resting indices of 

arterial stiffness are used to determine the risk of cardiovascular disease development and mortality 

(Mitchell et al. 2010, Chirinos et al. 2012), the augmented haemodynamic changes with exercise may 

be more sensitive for revealing vascular abnormalities and cardiovascular risk in healthy adults. 

Arterial stiffness increases immediately after exercise before returning to, or below, resting levels 

during a period of recovery in healthy, younger adults (Mutter et al. 2017). However, the increase in 

arterial stiffness after exercise has been shown to be exaggerated, and remain above baseline levels 

during recovery in adults with known cardiovascular risk factors, such as obese individuals (Shim et 

al. 2011, Bunsawat et al. 2017) and adults with untreated hypertension (Gkaliagkousi et al. 2014). 

Increases in sympathetic nerve activity (Smith et al. 2015), oxidative stress (Kawamoto et al. 2016) 

and endothelial dysfunction (Duprez 2010) following exercise are implicated in arterial stiffening, 

and it is also these underlying mechanisms that contribute to the long-term development of 

cardiovascular disease and mortality (Dhalla et al. 2000, Widmer et al. 2014, La Rovere et al. 2015). 

Sustained elevations in arterial stiffness expose the brain and kidneys to high pulsatile central blood 

pressure and microcirculatory dysfunction (Lee and Oh 2010), which are linked to future risk of 

stroke and hypertension. For example, an increase in PWV after exercise was strongly associated 
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with abnormal markers of kidney function in older adults (Keith et al. 2013), and therefore monitoring 

changes in arterial stiffness and central blood pressure during the short-term recovery period after 

exercise may provide important prognostic information and assist to identify at-risk older adults.  

Using non-invasive oscillometric assessment (SphygmoCor Xcel; AtCor Medical, Sydney Australia), 

the reliability of resting PWV and AIx75 is well established in middle- and older-aged adults (ICC 

0.75-0.99) (Hwang et al. 2014, Mitchelmore et al. 2017). Exercise may provide a greater signal to 

noise ratio for improving the sensitivity of arterial stiffness measures,  and reports of  reliable changes 

in PWV (ICC: 0.94) (Keith et al. 2013) and AIx75 ( ICC: 0.82) (Lim et al. 2016) in response to 

exercise in younger adults support the use of this approach.  There remains a need to determine the 

test reliability (precision) across repeated assessments in older adults, who would benefit the most 

from accurate CVD risk prognosis. This would enable the smallest detectable changes in arterial 

stiffness with exercise to be established, and therefore support the potential use of these measures for 

the assessment of cardiovascular risk and prognosis. Therefore, by conducting three repeated 

assessments that were each separated by one week, this study aimed to determine the reliability of 

PWV, AIx75, and RM at rest, immediately after, and during post-exercise recovery following a bout 

of moderate-intensity cycling exercise in older adults.    

 

MATERIALS AND METHODS 

Participants 

Ten healthy older participants (71±5 years) were recruited through local community announcements 

and a University alumni group. Participants were included if they were aged 60-86 years, non-

smokers, BMI<39, and had no musculoskeletal problems that limited exercise participation. 

Participants were excluded if they had a history of cardiovascular, metabolic or renal disease. 

Participants with medically untreated hypertension (defined as an average SBP ≥140 mmHg and/or an 
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average DBP ≥90 mmHg) were also excluded. All participants were fully informed of the study 

procedures and provided written informed consent prior to participation. The study conformed to the 

Declaration of Helsinki (1964) and was approved by the institutional ethics committees.  

General experimental procedures 

Participants visited the exercise physiology laboratory at the University of the Sunshine Coast on 4 

occasions, each separated by at least 7 days. During the first visit, anthropometric data were collected 

before undertaking a maximal incremental cycling test for the determination of peak power output 

(PPO) and peak cardiorespiratory fitness (V̇O2peak). Each participant then underwent three repeat 

experimental visits at the same time of the day in order to reduce the potential confounding influence 

of diurnal variation on cardiovascular function (Dhaun et al. 2014). Each experimental visit (visits 2-

4) consisted of a bout of moderate-intensity cycling exercise. Measures of arterial stiffness (PWV, 

RM, AIx) were made while participants were supine; 1) at rest before exercise, 2) immediately after 

exercise (0-5 min), and 3) during 60 min of recovery. Prior to attending the laboratory on each 

occasion, participants were instructed to abstain from exercise for 24h, caffeine and alcohol for 12h, 

and to be fasted for 3h.   

Maximal incremental cycling test : An incremental cycling test was conducted to determine peak 

oxygen uptake (V̇O2peak). The test was performed on an upright cycle ergometer (Lode Corival, Lode 

B.V., Groningen, Netherlands) until volitional exhaustion (McDermott et al. 1998). Oxygen uptake 

was measured using a Parvo Medics TrueOne 2400 metabolic cart and software (Parvo Medics, East 

Sandy UT, USA). Following a 3-min warm up at 0 W, the test commenced at 20 W and increased by 

10 W per min until volitional exhaustion. Heart rate (HR) via 12-lead ECG (Mortara Inc., WI, USA) 

and rating of perceived exertion (RPE), using the 0-10 Borg scale (Pfeiffer et al. 2002), were 

measured every 60s during the test. Maximal effort during the test was confirmed based on the 

presence of the following: heart rate >90% of age-predicted maximum; respiratory exchange 

ratio >1.15; RPE >9; a sustained fall in pedal cadence (>10 revolutions per minute, RPM). VO2peak 



6 
 

was determined as the highest 15s average over the last 60s of peak exercise. From this, peak power 

output (PPO) at VO2peak was used to calculate the workload for the moderate-intensity exercise bout 

in the experimental visits (Ferguson 2014). 

Moderate-intensity continuous exercise (visits 2-4): Participants performed a bout of cycling 

exercise consisting of a 3-min standardised warm-up at 0W, followed by 24 min of moderate-intensity 

continuous cycling (40% PPO) at a cadence of 60 RPM (Lode Corival, Lode B.V., Groningen, 

Netherlands). This protocol was designed to align with current exercise session recommendations for 

older adults (20 to 30 min at 40 to 60% of heart rate reserve or 40 to 60% PPO)(Garber et al. 2011). 

During exercise, HR (using 12-lead ECG) and RPE were measured every 60s. Brachial blood pressure 

was measured every 6-min using a manual sphygmomanometer.  

Arterial stiffness measurements: Indices of arterial stiffness (PWV, RM and AIx) were measured 

at baseline after 15 min of quiet rest in the supine position, using the SphygmoCor XCEL device 

(AtCor Medical, West Ryde, NSW, Australia). Measurements were repeated immediately following 

exercise (0-5 min) and at 20, 40 and 60 min during exercise recovery. Participants were instructed to 

remain quiet and still for 5 min before and during each arterial stiffness measurement. The 

measurement of wave reflection characteristics (AIx and RM) preceded PWV at all time-points, and 

a complete cycle for all arterial stiffness measurements took ~5 min.  

Wave reflection characteristics: Brachial artery waveforms were recorded on the right upper arm, 

following manufacturer guidelines (Hwang et al. 2014) by inflating a brachial cuff to supradiastolic 

pressure, approximately midway between the shoulder and the elbow. Each measurement cycle 

commenced with three repeat measurements of brachial blood pressure, and an average of the last 

two measurements were used. Subsequently, a corresponding aortic pressure waveform was 

generated by applying proprietary digital signal processing and transfer function (Butlin et al. 2012), 

from which central systolic (cSBP), diastolic (cSDP), pulse pressure (cPP), augmentation pressure 

(AP), AIx, RM, Pf and Pb were derived. Central pulse pressure was calculated as the difference 
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between cSBP and cDBP. Augmentation pressure is defined as the difference between cSBP and the 

pressure at the inflection point caused by the merging of forward and reflected pulse wave. AIx was 

defined as the augmentation pressure expressed as a percentage of pulse pressure. As AIx is 

significantly affected by heart rate, the index was corrected for a heart rate at 75 beats per minute 

(AIx75). Wave separation analysis was applied using SphygmoCor CVMS software (AtCor Medical, 

Sydney, Australia). This method creates an assumed triangular-shaped flow wave by aligning the 

start, peak, and end of the flow wave with the foot, inflection point, and notch of the aortic pressure 

wave, respectively (Westerhof et al. 2006). Based on the assumed flow wave, the aortic forward (Pf) 

and backward (Pb) pressure waveforms were calculated. Reflection magnitude (RM) was calculated 

as the ratio of Pb to Pf and expressed as a percentage: RM = Pb/Pf *100. 

Pulse wave velocity (PWV): To assess carotid-femoral PWV, carotid pulse waves were obtained by 

applanation tonometry of the right carotid artery, and femoral pulse waves were obtained by 

sphygmomanometry of the right thigh using a thigh cuff. The tonometer was positioned at the site of 

the carotid pulse whilst a femoral cuff was placed at mid-thigh. Following the operator’s guidelines 

(SphygmoCor Xcel V1), the distance between the carotid and femoral arteries was measured from 

the carotid site above the suprasternal notch to the proximal edge of a thigh cuff over the femoral 

artery at the leg midway between the hip and the knee. The distance from the inguinal fold to the 

femoral cuff was standardised at 200 mm.  This distance and the same placement of the thigh cuff 

was then used for all repeat sessions for each individual. In the supine position, participants were 

asked to breathe steadily and remain relaxed to facilitate an optimal carotid pulse tonometry 

measurement. Once a regular carotid pulse was detected, femoral pulse waves were collected 

simultaneously by partially inflating the thigh cuff to 80 mmHg. PWV was then determined by 

calculating the ratio of the distance between the pulse measuring sites to the time delay between the 

carotid and femoral pulse waves (Wilkinson et al. 2010).  
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Statistical Analyses: 

Arterial stiffness indices (PWV, AIx75 and RM) were measured at 1) rest (pre-exercise), 2) 

immediately post-exercise (0 min post), and 3) during 0-60 min of post-exercise recovery, on three 

separate occasions. Using the trapezoidal rule (Tallarida and Murray 1987), total area under the curve 

(AUC) of arterial stiffness indices (0-60 min post-exercise) was calculated to quantify total recovery. 

Data were also calculated as changes from rest (delta) to account for the small, but non-significant 

day-to-day variance in resting arterial stiffness values. All data were initially tested for normality and 

screened for outliers. To determine whether there were any significant changes in arterial stiffness 

indices at rest or following exercise between the three visits we initially included all data in a two-

way (visit*time) linear mixed model (LMM). A two-way (visit*time) LMM was also used to detect 

differences in post-exercise delta measures of arterial stiffness between visits. All analyses were 

performed using SPSS (version 21; SPSS, Chicago, IL, USA). All data are presented as mean (95% 

confidence interval; 95% CI), unless otherwise specified, and statistical significance was set at P<0.05. 

For P values < 0.000, the value is reported as P<0.001. 

The reliability of arterial stiffness indices (PWV, AIx75 and RM) at 1) rest, 2) immediately post-

exercise, and 3) the recovery AUC, across the three repeated visits, was initially determined 

comparing the mean differences between the three visits using a one-way LMM, and was further 

characterised using the intraclass correlation coefficient (ICC), the coefficient of variation (ratio of 

standard deviation to the mean, CV %), standard error of the mean (SEM), and the reliability 

coefficient (RC) (Weir 2005). ICC was used to assess the relative reliability of arterial stiffness 

indices, as ICC accounts for both the consistency of arterial stiffness from test to re-test (within-

participant change), as well as the systemic change in the mean between visits. The ICC was 

calculated as the ratio of the squared between subject variance to the sum of squares of between and 

within subject variance [SDb
2/ (SDb

2+ SDw
2)]. ICC values above 0.75 were considered to indicate 

excellent reliability, 0.40–0.74 good reliability, and less than 0.40 suggests poor reliability (Fleiss 

1999). The RC was used as a measure of absolute reliability, which accounts for variability in arterial 
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stiffness due to random and systemic measurement error. The RC quantifies absolute reliability 

measurement error in the same units as the measurement itself. RC was calculated by multiplying the 

within-participant SEM by 2.77 (√2*1.96) (Weir 2005, Vaz et al. 2013).  

Results 

Participant Characteristics 

Participant characteristics are presented in Table 1. V̇O2peak was 24.6 ml.kg-1.min-1 (95%CI 18.9 to 

30.3), which can be characterised as fair according to normative age- and sex-specific data (Garber 

et al. 2011).  

Exercise variables 

Heart rate increased by 21 bpm (95%CI 18 to 29, P=0.003) during cycling exercise and did not differ 

between visits (P=0.465). Similarly, MAP increased by 8 mmHg (95%CI 4 to 10, P=0.002) during 

cycling exercise, with no differences observed between visits (P=0.840). RPE increased by 2 (95%CI 

1 to 3, P<0.001) during exercise, and did not differ between visits (P=0.431). 

Resting and post-exercise measures of arterial stiffness 

Figure 1 shows the mean responses for PWV (Fig 1A), AIx75 (Fig 1B) and RM (Fig 1C) at rest and 

at each time point after exercise for the three repeat visits. There was no difference in resting values 

of arterial stiffness indices between visits. PWV increased from baseline to immediately after exercise 

[mean increase at 0-5min post of 0.6 m.s-1 (95%CI 0.26 to 0.96, P<0.001)], before returning to near 

baseline levels. The increase in AIx75 was negligible immediately after exercise, before decreasing 

below baseline levels at 40 and 60 min post-exercise (60 min decrease of 3.5 % (95%CI 1.4 to 5.7, 

P<0.001). RM decreased immediately after exercise [mean decrease at 0-5 min post of 10.1 % 

(95%CI 5.3 to 14.8, P<0.001)] before returning to near baseline levels.  
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A main effect for “visit” was observed for PWV (Fig 1A), where mean PWV (across all time points) 

during visit 3 was lower compared to visit 1 (P<0.001) and visit 2 (P=0.042). Conversely, AIx75 (Fig 

1B) was higher during visit 1 compared to visit 2 (P=0.006), but not compared to visit 3 (P=0.084). 

There were no significant visit*time interactions for PWV, AIx75, and RM (Fig 1A-C), indicating 

that the response to exercise (time effect) was consistent across visits.  This was confirmed when the 

change in each variable from baseline (delta) was assessed, which showed that there was no difference 

in the arterial stiffness response across the visits (Table 2).   

Reliability of arterial stiffness at rest, immediately post-exercise, and during recovery 

Measures of reliability, and the corresponding mean data, for the indices of arterial stiffness at rest, 

immediately post-exercise, and during recovery, across the three visits are shown in Table 3. 

Reliability of PWV at rest was excellent (ICC>.75), and more reliable than the other resting measures 

of vascular stiffness, particularly RM for which the reliability was borderline good-poor (ICC: 0.40). 

Reliability of the post-exercise measures of vascular stiffness was similar to that observed at rest for 

PWV and AIx; whereas reliability was slightly improved for RM with an increase in the ICC (0.40 

to 0.59) and a reduction in the reliability coefficient (11 to 9%) post-exercise compared with rest. 

Recovery of each vascular stiffness measure during the 60-min period after exercise (area under the 

curve) did not change across the three visits, and the reliability of these recovery measures was similar 

to that observed at rest, as indicated by the comparable ICC and CV% values (Table 3). 

Discussion 

The present study examined the between-day reliability of exercise-induced, short-term changes in 

arterial stiffness in healthy older adults. Our main findings were that carotid-femoral PWV and AIx75 

can be measured reliably in healthy older individuals at rest, immediately after, and during one hour 

of recovery from moderate-intensity cycling exercise across three separate occasions. Whilst, RM 

demonstrated poor reliability at rest, we demonstrate that this index can be measured reliably 

immediately after and during recovery from exercise. 
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Reliability of resting arterial stiffness indices  

We show that the between-day relative reliability of resting carotid–femoral PWV was excellent in 

older adults (ICC: 0.91), consistent with a recent study using the same device in young individuals 

(ICC: 0.98) (Hwang et al. 2014). Furthermore, the ICC values (0.72-0.57) for AIx75, Pf and Pb at 

rest were consistent with recent studies (ICC, AIx75:0.70-0.75; Pf: 0.66; Pb: 0.76) in young and older 

individuals (Stoner et al. 2016, Mitchelmore et al. 2017). Despite good reliability of the forward and 

backward pressure wave, the reliability of RM at rest was poor, as also observed previously (Stoner 

et al. 2016). RM is an index that may be sensitive to small changes (Weir 2005), and vulnerable to 

signal noise (variance) compared with PWV and AIx75. The excellent relative reliability of PWV at 

rest corresponded with an absolute reliability (RC: 1.9 m.s-1) similar to that reported by Keith et al. 

(2013) (1.5 m.s-1). While the clinical meaningfulness of this smallest detectable change remains to be 

fully established in older adults, it has previously been shown that a 1.0 m.s-1 (or 1SD) increase in 

PWV is associated with a 10% increase in cardiovascular risk (Vlachopoulos et al. 2010).  

Time-course of the changes in arterial stiffness after exercise. 

PWV increased immediately after exercise, followed by a transient return to baseline. We also 

observed a transient decrease in AIx75 and reflection magnitude to below resting levels after exercise. 

These observations are the first in older individuals and are similar to the responses recently reviewed 

in healthy younger adults (Mutter et al. 2017). While resting measures of arterial stiffness reflect 

structural and functional mechanisms, beneficial reductions in arterial stiffness during recovery 

following acute exercise in healthy adults are suggested to be functional and are likely mediated by 

reductions in central blood pressure (Millen et al. 2016), vasoconstrictors (endothelin-1) (Schreuder 

et al. 2014) and sympathetic nerve activity (Heffernan et al. 2007), alongside increases in nitric-oxide 

bioavailability and endothelial function (Campbell et al. 2011). Elevations in arterial stiffness 

following exercise in obese and hypertensive adults (Shim et al. 2011, Gkaliagkousi et al. 2014, Moon 

et al. 2015, Bunsawat et al. 2017) are potentially detrimental, and may be due to underlying 
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dysfunction of these mechanisms. Indeed, there is evidence of altered sympathetic baroreflex 

sensitivity that is exacerbated with exercise (Okada et al. 2013), revealing underlying dysfunction 

that is not evident at rest (Shim et al. 2011). As wave reflection characteristics are reported to 

represent reflected pressure waves from peripheral arteries and are influenced by changes in 

downstream artery function, it is likely that the decreases we observed in wave reflection (AIx75 and 

reflection magnitude) following exercise, in contrast to the negligible changes in PWV, are primarily 

due to peripheral vasodilation and the reduced vascular resistance within the exercising limbs.  

Reliability of arterial stiffness indices during exercise recovery  

The reliability of post-exercise recovery measures of arterial stiffness was similar to that observed at 

rest. Reliability of the recovery of arterial stiffness following exercise was excellent for PWV and 

AIx75, but poor for RM despite good reliability of its determinants (Pf: ICC 0.68, Pb: ICC 0.75). Our 

results for AIx75 were in agreement with a recent study in younger adults that assessed the reliability 

of the changes in AIx75 during 30 min of recovery after incremental cycling exercise (ICC: 0.82) 

(Lim et al. 2016). An earlier return of the reflected wave has been observed in older adults 

(Namasivayam et al. 2009), and likely causes the movement of the inflection point (the point where 

the forward and backward wave meet (Westerhof et al. 2006)) into late systole that makes these 

indices less distinguishable (O’Rourke et al. 2005, Westerhof et al. 2012). In addition, our assessment 

of the AUC of the complete recovery period likely increases the variability of this index compared to 

measurements at a single time point. In combination with the low ICC values for RM at rest, RM may 

not be sensitive to meaningful post-exercise changes in older individuals. We show that the post-

exercise response of PWV and AIx75, but not RM, have strong reliability in older adults.  

The clinical significance of changes in arterial stiffness after exercise is not yet established, and this 

study provides the basis for future research in this area. Given the excellent reliability of the PWV 

response to exercise in older adults, the utility of this measurement as a prognostic marker should be 

considered. The reliability coefficient, or smallest detectable change, in the immediate response of 
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PWV after exercise (1.9 m.s-1) was similar to the change in PWV previously observed after exercise 

(increase of ~2.0 m.s-1) in adults with untreated grade I hypertension (Gkaliagkousi et al. 2014). 

Conversely, an increase in PWV of 1.3 m.s-1 following exercise has been associated with abnormal 

kidney function in middle-aged adults (Keith et al. 2013), however our data suggests that this is below 

the smallest detectable change in older adults. For future studies exploring the utility of the immediate 

change in PWV following exercise, we estimate that a cohort of 8 (assuming a sample SD of 1 m.s-1) 

to 17 (SD of 2 m.s-1) participants per group (with >80% power) would be required to reveal significant 

differences that correspond with the smallest detectable change (1.9 m.s-1) in the PWV response.  

A strength of this study is that we report the between-day reliability of resting and post-exercise 

arterial stiffness indices in older healthy individuals, using an observer-independent portable device. 

Our study also included males and females within the target age-range, which helps to generalise our 

findings to older healthy adults. There are also some limitations. Our results are not necessarily 

transferable to older individuals with cardiovascular disease, for which these measurements would be 

of particular interest. Furthermore, future studies may wish to confirm our findings using high-

intensity or maximal exercise as this is associated with the greatest exercise-induced risk (Rognmo et 

al. 2012). Nonetheless, moderate-intensity exercise, as used in this study, is recommended for older-

adults in line with current exercise guidelines for health in older adults (Garber et al. 2011).  

Conclusion 

This study established the reliability of arterial stiffness indices at rest, immediately after moderate-

intensity cycling exercise and during supine recovery in healthy older adults. We demonstrated that 

post-exercise measures of arterial stiffness are as reliable as measurements under resting conditions. 

These findings provide new information about the smallest detectable changes in arterial stiffness 

with exercise, and the potential use of these measures for the assessment of cardiovascular risk. 

Further investigation of the physiological determinants and clinical significance of post-exercise 

measures of arterial stiffness is warranted.  
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Tables and captions 

Table 1. Participant characteristics and cardiorespiratory fitness.  

BMI: body mass index; BP: blood pressure; VO2peak: Peak oxygen consumption. 

Variable 

Age, years 

Male, % 

Weight, kg 

Height, cm 

BMI, kg. m2 

Heart rate, bpm 

Systolic BP, mmHg 

Diastolic BP, mmHg 

Mean± SD 

71 ±5 

70 

70 ±12 

173 ±11 

24 ±3 

59 ±6.5 

130 ±16 

75 ±9 

Maximal incremental cycling test 

VO2peak, ml.kg-1.min-1 

Peak power output, W 

Peak heart rate, bpm 

24.6±8.0 

140 ±51 

144 ±19 

 

 



Table 2. Change of PWV, Alx75 and RM from baseline at 0, 20, 40 and 60 min post exercise.  

Alx75, augmentation index normalised to a heart rate of 75 bpm; RM, reflexion magnitude; PWV, pulse wave velocity, ∆ denotes delta (change). 

 

 

Table 2 

Visit 0 min post 20 min post 40 min post 60 min post P-Value Variable 

 Visit 1 0.9±1.0 0.4±0.6 0.5±0.7 0.6±0.8 Visit :0.241 

∆PWV (m.s-1) Visit 2 0.5±0.8 0.2±0.7 0.2±1.0 0.4±1.2 Time:0.019 

 Visit 3 0.4±0.4 0.3±0.8 0.4±0.8 0.4±0.9 Visit*time:0.398 

 Visit 1 -0.1±9 2.6±7 -2.5±5.2 -3.6±4 Visit :0.851 

∆AIx@75 (%) Visit 2 2.4±4 1.7±2 -2.9±4 -3.6±4 Time:0.001 

 Visit 3 1.0±6 1.2±4.6 -3.7±3 -3.4±5 Visit*time: 0.943 

` Visit 1 -14.9±15 -3.4±15 -6.1±10 -0.1±13 Visit: 0.211 

∆RM (%) Visit 2 -9.1±10 -9.4±10 -3.1±10 -3.3±11 Time: 0.001 

 Visit 3 -6.1±8 -2.9±9 1.7±12 -3.4±10 Visit*time:0.398 



22 
 

 

Table 3. Reliability of arterial stiffness indices at rest, immediately post exercise and during 
exercise recovery. 

P<0.05 indicates significant difference between visits; data are presented as mean± SD; ICC, intraclass correlation; 
Immediately post (0 min); CV%, coefficient of variation; SEM, standard error of the mean; RC, reliability coefficient; 
Alx75, augmentation index normalised to a heart rate of 75 bpm; Pf, forward pressure wave; Pb, backward pressure wave; 
RM, reflexion magnitude; PWV, pulse wave velocity; HR, heart rate; SBP, systolic blood pressure; DBP diastolic blood 
pressure. 

Variable  Visit 1 Visit 2 Visit 3 ICC CV% SEM RC P- value 

PWV (m.s-1) 

Rest 11.2 ±2.4 11.2 ±2.1 10.7 ±2 0.91 5.0 0.7 1.9 0.84 

Immediately post 12.2 ±2 11.79 ±2.4 11.31 ±2 0.87 6.5 0.7 1.9 0.26 

Recovery (AUC) 721 ±150 692 ±133 677 ±129 0.94 4.9 56 154 0.78 

Alx@75 (%) 

Rest 25 ±9 22 ±8 23 ±8 0.72 14.0 3 7 0.24 

Immediately post  25 ±10 24 ±8 24±5 0.67 16.7 2 7 0.99 

Recovery (AUC) 1441 ±365 1284 ±416 1330 ±400 0.84 11.7 166 462 0.68 

Pf (mmHg) 

Rest 24.5 ±7 23.7 ±6 23.3 ±5 0.71 9.4 1.8 4.8 0.12 

Immediately post 31.2 ±8 28.4 ±6 27.3 ±6 0.54 13.2 2.0 5.6 0.38 

Recovery (AUC) 1586 ±276 1570 ±311 1414 ±349 0.68 8.9 131 364 0.44 

Pb (mmHg) 

Rest 18.2 ±3 17.4±2 17.8 ±3 0.54 9.0 0.8 2.2 0.34 

Immediately post 19.4 ±4 18.9 ±4 19.5 ±5 0.73 10.5 1.3 3.6 0.94 

Recovery (AUC) 1093 ±187 1072 ±141 1052 ±242 0.75 7.6 73 202 0.90 

RM (%) 

Rest 75.5 ±13 74.6 ±13 74.5 ±11 0.40 11.5 4 11 0.98 

Immediately post 61 ±11 66 ±11 68 ±10 0.59 9.8 3 9 0.26 

Recovery (AUC) 4190 ±432 4102 ±532 4195 ±399 0.38 9.1 180 500 0.89 

HR (b.min-1) 

Rest 60±8 60±8 59±7 0.70 4.9 3 7 0.78 

Immediately post 70±8 69±10 68±10 0.62 5.7 3 8 0.81 

Recovery (AUC) 534±170 590±190 580±185 0.77 4.8 170 502 0.62 

SBP 
(mmHg) 

Rest 127±18 120±13 118±12 0.80 5.0 5 12 0.78 

Immediately post 134±17 130±18 128±13 0.81 5.8 5 14 0.71 

Recovery (AUC) 10220±1250 10025±1180 9800±930 0.85 3.5 355 984 0.65 

DBP(mmHg) 

Rest 75±13 70±9 71±10 0.76 5.3 3 9 0.53 

Immediately post 78±9 76±12 75±10 0.89 4.7 3 8 0.64 

Recovery (AUC) 6090±780 5900±780 5740±730 0.91 3.5 242 650 0.57 
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Figure 1. PWV (A), Alx75 (B) and RM (C) at rest and post-exercise during visit 1 
(white circles), visit 2 (white triangles) and visit 3 (white squares). Error bars represent 
SD.*indicates significant change across time compared to baseline; post hoc analysis of visit effect revealed 
mean PWV was lower during visit 3 compared to visit 1 (p<0.001) and 2 (p=0.042), and mean AIx75 was 
higher in visit 1 compared to visit 2 (p=0.006). 
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