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Abstract 24 

Objective: This study investigated pulse wave analysis in normotensive and hypertensive men after cycling 25 

bouts with different intensities and amounts of energy expended. Methods: Twenty-four men were 26 

assigned into normotensive [n=14; age:40.7±2.8yr; 24-h ambulatory systolic/diastolic BP 27 

(SBP/DBP):121±2/74±1mmHg] and hypertensive [n=10; age:39.2±2.3yr; 24-h ambulatory 28 

SBP/DBP:139±3/86±2mmHg] groups. Participants undertook a maximal cardiopulmonary exercise test, a 29 

non-exercise control session (CTL), and three cycling bouts [two prolonged bouts expending 300 kcal at 30 

50% (i.e. P-MOD) and 70% (i.e. P-VIG) oxygen uptake reserve (VO2R) and one short bout expending 150 31 

kcal at 50% VO2R (i.e. S-MOD)] performed in a randomized order. Central systolic blood pressure (cSBP), 32 

pulse pressure (cPP), augmentation pressure (AP), augmentation index (AIx), heart rate (HR), and AIx 33 

adjusted for HR (AIx@75) were determined 10 min before, and 30- and 70-min post-intervention. Results: 34 

Compared to CTL, only the P-VIG changed the cSBP [70-min (∆ -11.7mmHg)], cPP [70-min (∆:-35 

7.4mmHg)], AP [30-min (∆:-5.7mmHg); 70-min (∆:-7.3mmHg)], AIx [30-min (∆:-15.3 %); 70-min (∆:-36 

16.4 %)], AIx@75 [30-min (∆:-12.8 %); 70-min (∆:-13.9 %)], and HR [70-min (∆:9.9bpm)] in hypertensive 37 

group. However, all exercise bouts mitigated the increased cSBP responses post-CTL in the hypertensive 38 

group. Conclusion: The present study provides evidence that vigorous-intensity aerobic exercise reduces 39 

acute central pressure and pulse wave reflection in hypertensive men.  40 

Keywords: Blood pressure; Energy metabolism; Exercise; Hypertension; Post-exercise hypotension; Pulse 41 

wave analysis. 42 
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INTRODUCTION 43 

Lifestyle changes such as regular exercise, especially aerobic exercise, have been recommended as non-44 

pharmacological interventions for the initial management of hypertension and for reducing cardiovascular 45 

events [1]. According to the American College of Sports Medicine guidelines, hypertensive adults should 46 

engage in 30-60 min of moderate-intensity aerobic exercise on most days of the week to elicit chronic 47 

reductions in blood pressure of approximately 5 to 7 mmHg [2]. Emerging literature, however, suggests 48 

that the acute and chronic reductions in blood pressure observed after exercise have a dose-response 49 

relationship with exercise intensity [3]. Consequently, exercise programs that incorporate vigorous-50 

intensity aerobic exercise also have been recommended for hypertensive individuals [4]. Evidence supports 51 

the hypothesis that the chronic reductions in blood pressure from engaging in long-term aerobic exercise 52 

programs are largely due to the summative effects of the reductions in blood pressure observed after each 53 

bout of aerobic exercise [see 5 for a review]. 54 

Early research investigating the blood pressure lowering effects of exercise used peripheral brachial artery 55 

pressures [see 6 for a review]. Current evidence, however, supports the notion that central pressure, 56 

influenced by pulse wave reflection and arterial stiffness, is a stronger predictor of adverse cardiovascular 57 

events. This is because the heart, kidneys, and major arteries supplying the brain are exposed to central 58 

pressures, highlighting the importance of blood pressure evaluation in other segments of the arterial tree 59 

beyond brachial blood pressure [7]. Indeed, the importance of central pressure and pulse wave reflection 60 

for predicting the risk of cardiovascular events appears clearly established and highlights the need for 61 

research investigating the direct impact of aerobic exercise on central hemodynamic markers [8]. 62 

Systematic reviews and meta-analyses have observed that chronic aerobic exercise appears to improve 63 

arterial stiffness and pulse wave reflection in adults [9,10]. It remains unclear, however, to what extent 64 

aerobic exercise affects the acute central responses of systolic/diastolic blood pressure (cSBP/cDBP), 65 

augmentation pressure [AP (i.e. augmentation of cSBP induced by return of the reflected wave)], central 66 

pulse pressure [cPP (i.e. cSBP minus cDBP)], and the augmentation index [AIx (ratio between AP and 67 

cPP)]. Some studies observed a decrease in pulse wave reflection during the postexercise period [11,12], 68 

while others did not observe such acute changes [12,13], or noted increased responses after exercise [14]. 69 

A question arises as to what could explain these contrasting research findings. Acute reductions in 70 
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peripheral blood pressure have been observed after aerobic exercise bouts requiring only 40% of maximal 71 

aerobic capacity [15]. Accordingly, another unanswered question is whether exercise bouts performed with 72 

different intensities and amounts of energy expended influence the postexercise central pressure and pulse 73 

wave reflection. Finally, there is a lack of research investigating these acute responses in hypertensive 74 

adults.  75 

Given these limitations, the purpose of this study was to investigate the acute central pressure and pulse 76 

wave reflection responses in normotensive and hypertensive men following submaximal cycling bouts with 77 

different intensities and amounts of energy expended. We hypothesized that aerobic exercise performed 78 

with greater intensity and volume would result in greater acute changes in central pressure and pulse wave 79 

reflection, particularly in individuals with high blood pressure levels.  80 

METHODS 81 

Participants 82 

Potentially eligible participants were recruited from our outpatient clinics. Considering the lack of 83 

knowledge of cutoff values for central pressure and pulse wave reflection at rest and during postexercise 84 

recovery, data from a control group with normal blood pressure were also analyzed to provide reference 85 

values for comparison with the individuals with hypertension.  86 

A randomized controlled clinical trial was performed to evaluate apparently healthy men, aged between 25-87 

55 years, with body mass indexes of 18.5-34.9 kg/m², and resting systolic (SBP) and diastolic (DBP) blood 88 

pressures lower than 160 and 100 mmHg, respectively. The following exclusion criteria were applied: a) 89 

evidence of secondary hypertension; b) diabetes mellitus; c) renal disease with glomerular filtration rates < 90 

60ml/min/1.73m2; d) coronary artery disease, clinically evidenced by a previous myocardial infarction 91 

and/or coronary revascularization; e) clinical signs of heart failure or history of stroke; f) any condition, 92 

disease or therapy that might compromise the safety of physical exercise; and g) use of antihypertensive or 93 

any other medication that could influence cardiovascular and respiratory responses to exercise.  94 

Thirty candidates initially volunteered to participate in the study, with 27 considered eligible after the initial 95 

health screening. Three participants dropped out of the experimental sessions and were not considered for 96 
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analysis. The remaining 24 participants were assigned into normotensive (n=14) and hypertensive (n=10) 97 

groups, through ambulatory blood pressure monitoring (ABPM) results after a non-exercise control session 98 

(CTL). The study gained approval from the institutional ethics committee (CAAE: 30358614.9.0000.5259) 99 

and participants were informed of the benefits and risks of the study prior to signing an institutionally 100 

approved informed consent document to participate in the study. 101 

Procedures 102 

Each participant visited the laboratory five times. During the first visit, a pre-participation questionnaire 103 

for assessment of cardiovascular risk was applied, the blood pressure at-office and anthropometric profile 104 

were evaluated, blood samples were taken, resting oxygen uptake (VO2) was determined, and then a 105 

maximal cardiopulmonary exercise test (CPET) was performed on a cycle ergometer (Cateye EC-1600, 106 

CateyeTM, Tokio, Japan). The seat height of the ergometer was adjusted for each participant and 107 

standardized across all exercise bouts for a given participant. Following the outcome of blood sample 108 

analysis, participants who remained eligible underwent either a CTL session, or three cycling bouts 109 

separated by a minimum interval of 48 h, which possessed the following combination of short vs. prolonged 110 

and moderate vs. vigorous exercise: 1) energy expenditure of 150 kcal performed at 50% oxygen uptake 111 

reserve (VO2R) (S-MOD); 2) energy expenditure of 300 kcal performed at 50% VO2R (P-MOD); and 3) 112 

energy expenditure of 300 kcal performed at 70% VO2R (P-VIG). The order of CTL and the cycling bouts 113 

was established according to a randomized, counterbalanced crossover design. Before the exercise and CTL 114 

conditions, baseline assessments consisting of measurement of central and peripheral blood pressures, were 115 

performed after 10 min of bed rest in a quiet environment. The CTL mimicked the exercise bouts in that 116 

participants remained seated at rest for 20 min. Within 5 sec of exercise (or CTL) termination, participants 117 

were placed in the supine position, and acquisition markers for central wave reflection were collected after 118 

30 and 70 min of recovery in a quiet room, kept at a relatively constant temperature and relative humidity 119 

ranging from 21 to 23°C and 50 to 70%, respectively. After 30 min of recovery from CTL, 24-h ambulatory 120 

blood pressure monitoring (ABPM) was performed to confirm or not the diagnosis of hypertension. All 121 

visits were conducted at approximately the same time of day, between 07:00 and 11:00 a.m. 122 

Blood samples analysis 123 
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Biochemical analysis was performed from venous blood samples taken after 8 to 12 h of fasting. 124 

Hemoglobin, total-cholesterol, high-density lipoprotein [HDL]-cholesterol, triglycerides, glucose, and 125 

creatinine were analyzed using enzymatic methods, while the low-density lipoprotein [LDL]-cholesterol 126 

fraction was estimated using the Friedewald equation when the triglyceride concentration did not exceed 127 

400 mg/dL. The glomerular filtration rate was estimated by the CKD-EPI creatinine equation [16]. 128 

Blood pressure assessment 129 

Blood pressure was measured using an automated Omron 705IT device (OmronTM Healthcare Co., Kyoto, 130 

Japan). Participants laid in a quiet and comfortable environment to stabilize blood pressure. Three 131 

measurements were performed at 10-min intervals during 30 min of rest, with resting blood pressure 132 

calculated as the mean of the three readings. Participants were classified as normotensive or hypertensive 133 

from 24-h ABPM using an automatic noninvasive ambulatory monitor (SpacelabsTM Medical, Redmond, 134 

WA, USA) according to the British Hypertension Society guidelines [17]. Measurements were taken every 135 

20 min during the daytime or awake period (between approximately 7 a.m. to 10 p.m.) and every 30 min 136 

during the night or sleep time (between approximately 10 p.m. and 7 a.m.). Recordings were averaged over 137 

24 h through the ABP Report Management System Software (v.2.00.09) (SpacelabsTM Medical, Redmond, 138 

WA, USA). Normotensives were defined as those with 24-h SBP < 130 mmHg and 24-h DBP < 80 mmHg, 139 

and hypertensives as those with 24-h SBP ≥ 130 mmHg or 24-h DBP ≥ 80 mmHg. 140 

Pulse wave reflection assessment 141 

Central hemodynamic markers were evaluated using a SphygmoCorTM system (AtCor Medical Pty Ltd, 142 

Sydney, Australia), which employs the principle of applanation tonometry, as previously described [18]. In 143 

brief, from radial artery recordings, central pressure was derived with the use of a generalized transfer 144 

function, which is an accurate estimate of the central pressure waveform. Waveforms of radial pressure 145 

were calibrated according to mean arterial pressure and diastolic blood pressure measured in the brachial 146 

artery. The AP is the pressure added to the incident wave by the returning reflected wave and represents 147 

the aortic blood pressure that the left ventricle must overcome during systole. AIx was calculated as the AP 148 

divided by the cPP and was expressed as a percentage.  149 
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Maximal and submaximal exercise tests 150 

The ramp-incremented maximal CPET was performed as described elsewhere [19]. The incremental test 151 

was considered maximal if the participant satisfied at least three of the four following criteria: a) maximum 152 

voluntary exhaustion as reflected by a score of 10 on the Borg CR-10 scale; b) 90% of the predicted 153 

maximal heart rate [HRmax = 220 – age], or presence of a heart rate plateau (HR between two consecutive 154 

work rates ≤ 4 bpm); c) presence of a VO2 plateau (VO2 between two consecutive work rates < 2.1 mL·kg-155 

1·min-1); and d) a maximal respiratory exchange ratio (RERmax) > 1.10. All participants were verbally 156 

encouraged to provide a maximal effort. 157 

Based on the VO2max obtained in the CPET, and on the resting VO2, the values corresponding to 50% and 158 

70% VO2R were calculated to determine the intensity of the cycling bouts. The absolute VO2 value 159 

corresponding to a given %VO2R was used to calculate the associated cycling power by applying the 160 

equation: VO2 cycling = 3.5 + 12.24 x power x BW-1, where VO2 is in mL·kg-1·min-1, power is in watts, 161 

and body weight is in kilograms [20]. Cycling cadence was maintained at 70 (±5) revs·min-1 throughout the 162 

bouts and, when necessary, power output was adjusted to maintain the target metabolic intensity. The 163 

energy expenditure was calculated individually from the VO2 and VCO2 in L/min, using the Weir equation: 164 

Energy expenditure in kcal = [(3.941 × average VO2) + (1.106 × average VCO2)] × exercise time in minutes 165 

[21]. The first 5-min interval of each exercise bout was omitted from all analyses, to negate the confounding 166 

effects of the anaerobic energy component of total energy expenditure associated with the initial (fast) 167 

VO2 on-kinetics. 168 

Pulmonary gas exchange was determined during rest, the CPET, and the submaximal cycling bout using a 169 

VO2000 analyzer (Medical GraphicsTM, Saint Louis, MO, USA) and a silicone face mask (Hans 170 

RudolphTM, Kansas, MO, USA). The gas exchange variables were 30-s stationary time-averaged, which 171 

provided a good compromise between removing noise in the data while maintaining the underlying trend. 172 

Prior to testing, the gas analyzers were calibrated according to the manufacturer’s instructions using a 173 

certified standard mixture of oxygen (17.01%) and carbon dioxide (5.00%), balanced with nitrogen 174 

(AGA®, Rio de Janeiro, RJ, Brazil). The flows and amounts of energy expended of the pneumotacograph 175 

were calibrated with a syringe graduated for a 3 L capacity (Hans RudolphTM, Kansas, MO, USA). Heart 176 
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rate was measured continuously using a cardiotachometer (V800, PolarTM, Kempele, Finland) and beat-by-177 

beat data were 30-s stationary time-averaged. 178 

Statistical Analyses  179 

Data normality was tested using the Shapiro-Wilk test and data are presented as the mean and standard 180 

error of the mean. Baseline differences between groups were checked using independent-samples t-test. 181 

Changes in central pressure and pulse wave reflection were calculated as ∆ values [i.e. difference between 182 

post- and pre-intervention values]. Possible differences in regard to central pressure and pulse wave 183 

reflection between groups (i.e. normotensive vs. hypertensive), experimental sessions [i.e. intensity and 184 

(CTL vs. S-MOD vs. P-MOD) volume (CTL vs. P-MOD vs. P-VIG) main effects], and time (i.e. 30- and 185 

70-min post-intervention) were tested by factorial ANOVA followed by Sidak post hoc tests in the event 186 

of significant F ratios. All statistical analyses were performed using IBM Statistical Package for the Social 187 

Sciences (SPSS®) version 22 (SPSSTM Inc., Chicago, IL, USA) and statistical significance was accepted as 188 

P ≤ 0.05. 189 

RESULTS 190 

Table 1 shows the mean ± SEM values for age, anthropometric profile, biochemical markers, peripheral 191 

and central pressures, pulse wave reflection, maximal physiological responses from the CPET, and times 192 

to achieve 150 kcal at 50% VO2R and 300 kcal at 50% and 70% VO2R during the continuous cycling bouts, 193 

respectively. Participants assigned to the hypertensive group had significantly higher body mass indexes (P 194 

= 0.015) and resting peripheral and central pressures (P < 0.001) than those in the normotensive group. 195 

INSERT TABLE 1 196 

Figure 1 shows the mean ± SEM values for central pressure and pulse wave reflection in the normotensive 197 

and hypertensive groups following 30 and 70 min of recovery from CTL and each cycling bout. Significant 198 

main effects were found for exercise intensity and intensity vs. group interaction for cSBP (F = 3.1; P = 199 

0.011), cPP (F = 3.4; P = 0.007), AP (F = 2.9; P = 0.016), AIx@75 (F = 2.4; P = 0.039), and HR (F = 2.4; 200 

P = 0.039), which revealed that the differences between CTL and exercise conditions increased in the 201 

hypertensive group, especially after P-VIG. Compared to CTL, cSBP [70-min (mean diff: -11.7 mmHg, P 202 
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= 0.009)], cPP ([70-min (mean diff: -7.4 mmHg, P = 0.044)], AP [30-min (mean diff: -5.7 mmHg, P = 203 

0.018), 70-min (mean diff: -7.3 mmHg, P = 0.001)], AIx [30-min (mean diff: -15.3 %, P = 0.045), 70-min 204 

(mean diff: -16.4 %, P = 0.030)], and AIx@75 [30-min (mean diff: -12.8 %, P = 0.048), 70-min (mean diff: 205 

-13.9 %, P = 0.028)] where significantly reduced after P-VIG. All these reductions occurred concomitantly 206 

with the increase in HR [70-min (mean diff: 9.9 bpm, P = 0.007)] (see Figure 1). There was no significant 207 

main effect for group (P > 0.05), neither for volume vs. group interaction (P > 0.05). Furthermore, post hoc 208 

pairwise comparisons revealed significant increases over time post-CTL for cSBP (mean diff: 9.2 mmHg, 209 

P = 0.05) in the hypertensive group, which in turn were mitigated in all exercise conditions. In the 210 

normotensive group, HR was significantly decreased between 30- and 70-min after the P-VIG (mean diff: 211 

-6.5 bpm; P = 0.002). 212 

INSERT FIGURE 1 213 

DISCUSSION 214 

The present study adds to current knowledge by investigating whether aerobic exercise bouts of different 215 

intensities and amounts of energy expended would influence the acute central pressure and pulse wave 216 

reflection responses in normotensive and hypertensive men. The major findings were: 1) exercise intensity 217 

is of primary importance for exercise prescription in hypertensive men, since only the vigorous-intensity 218 

exercise (i.e. 300 kcal at 70% VO2R) was able to induce a significant reduction in central pressure and pulse 219 

wave reflection; 2) regardless of volume, moderate-intensity aerobic exercise bouts (i.e. 150 or 300 kcal at 220 

50% VO2R) may mitigate the increased cSBP response observed post-CTL in hypertensive men, but 221 

without affecting the acute pulse wave responses; and 3) the recovery pattern of central pressure and pulse 222 

wave reflection responses seems to be affected by clinical blood pressure status. The hypertensive group, 223 

for example, exhibited a delayed hypotensive response (i.e. ↓ cSBP and cPP only detected at 70 min of 224 

recovery) following the P-VIG, which occurred via reduction of pulse wave reflection. On the other hand, 225 

there was an absence of central pressure reduction in the normotensive group, since the pulse wave 226 

reflection markers remained unchanged throughout the recovery period. 227 

To date, most of the available studies have investigated the acute central pressure and pulse wave reflection 228 

responses to aerobic exercise in healthy subjects [11,12,22], or using mixed samples, such as 229 
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prehypertensive and hypertensive individuals [23,24], metabolic syndrome and hypertension [25], and 230 

patients with peripheral and hypertensive arterial disease [26], and have reported contradictory findings. A 231 

possible explanation for these inconsistent findings may be due to methodological issues, such as no control 232 

group (i.e. a normotensive group), adopting a pre-post intervention design without a control condition on a 233 

separate day, and lack of clear adoption of components for aerobic exercise prescription (e.g. intensity, 234 

time, type, volume) to facilitate the practical application of the findings for the initial management of 235 

hypertension.  236 

In this context, the absence of an acute central pressure reduction (i.e. ↔ cSBP) in 25 untreated hypertensive 237 

patients aged 18 to 65 yr, throughout 60-min of recovery from a maximal treadmill CPET, has been reported 238 

by Gkaliagkousi, Gavriilaki [24]. Boutcher, Hopp [13] also observed no reduction in pulse wave reflection 239 

(i.e. ↔ AIx) after 30-min of recovery from a single bout of cycling at 60% VO2max, in 40 normotensive 240 

men aged between 18 and 27 yr who had either a family history or no family history of hypertension. In 241 

contrast, Millen, Woodiwiss [23] observed that a 50-min vigorous exercise bout promoted acute changes 242 

in central pressure and pulse wave reflection markers (e.g. baseline vs. 15-min postexercise: ↓cSBP: -10 243 

mmHg; ↓AP: -7.1 mmHg; ↓AIx: -18.5%; ↓AIx@75:  -6.1%; ↑HR: 25 bpm), in 20 pre-hypertensive and 244 

hypertensive men and women aged between 30 and 57 yr (VO2max: 26.5 ± 4.6 mL·kg-1·min-1). However, 245 

the authors prescribed different exercise intensities (e.g. 60 to 75% VO2max) and modalities (e.g. stationary 246 

bike and/or a treadmill). The interaction between exercise intensity, duration and mode determines the 247 

energy expenditure, which reflects the volume of the exercise bout (kcal·bout-1). It is therefore unclear 248 

whether the findings of Millen, Woodiwiss [23] were due to differences in exercise intensity, the isolated 249 

effect of exercise mode, or exercise volume. Our findings support the notion that reductions in acute central 250 

pressure and pulse wave reflection after aerobic exercise primarily depend on exercise-intensity.  251 

The systematic review and meta-analysis of Ashor, Lara [9] investigated the chronic effects of aerobic, 252 

resistance, and concurrent training on pulse wave velocity and AIx, which are commonly used as markers 253 

of arterial stiffness. After reviewing forty-two randomized controlled studies, the authors concluded that 254 

only aerobic exercise was able to significantly improve pulse wave velocity and AIx, while exercise 255 

intensity rather than exercise volume (e.g. frequency and duration of bouts) was positively associated with 256 

improvement in AIx. Nevertheless, such changes after short-term aerobic exercise (i.e. ≥ 4 weeks) appear 257 
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to depend on the level of baseline arterial stiffness and exercise intensity. Greater baseline arterial stiffness 258 

(e.g. hypertensive patients) and vigorous compared to moderate intensity exercise appear to elicit greater 259 

chronic changes in arterial stiffness and pulse wave reflection following aerobic exercise, which is in 260 

agreement with the acute changes observed in the present study. 261 

Additionally, the evaluation of postexercise pulse wave reflection has usually been performed only once, 262 

and the assessment time has not exceeded 30-min after the end of the exercise [23,25]. In the present study, 263 

assessment time influenced the observation of main outcomes, especially in hypertensive men. Although 264 

vigorous-intensity exercise has been able to reduce the pulse wave reflection markers (i.e. AP, AIx, and 265 

AIx@75) throughout the recovery period, reductions in cSBP and cPP were observed only after 70-min 266 

from exercise termination. In the normotensive group, regardless of the exercise condition and the time of 267 

evaluation, it was not possible to observe significant changes in the reflection markers or central pressure. 268 

These results seem to agree with other studies that also did not observe acute benefits of aerobic exercise 269 

in the reflection markers when performed with healthy individuals [27-29], although other studies have 270 

observed a reduction, especially for AIx, after aerobic exercise [30,31]. 271 

Moreover, postexercise responses may also differ depending on the reflection indicators of the pulse wave 272 

used. Radhakrishnan, Swaminathan [25] have emphasized the importance of using AIx@75 due to the 273 

influence of heart rate on AIx. Increased heart rate reduces the absolute duration of the cardiac cycle, which 274 

in turn causes the reflex wave to occur during diastole, with a consequent reduction of AIx and increased 275 

coronary perfusion. On the other hand, when it occurs during systole it is related to myocardial overload 276 

and, consequently, to increased oxygen uptake. This behavior suggests that reductions in AIx could occur 277 

only as a result of the increase in HR that occurs soon after exercise, regardless of changes in pulse wave 278 

reflection. Thus, normalization of AIx by a HR of 75 bpm would abolish the influence of a shorter cardiac 279 

cycle, thus favoring beneficial AIx results, without necessarily modifying vascular properties. On the other 280 

hand, there is evidence that the statistical model used in the HR correction factor is inappropriate [32], since 281 

the method assumes that the relationship between HR and arterial stiffness is the same for all populations. 282 

Although the use of AIx normalization is still controversial in the assessment of vascular function, the 283 

largest study (n=253) conducted to assess the relationship between HR and arterial stiffness reported a 284 
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strong association between elevated HR and reduced blood pressure, carotid artery distension and increased 285 

pulse wave velocity [33]. This result suggests that the relationship between HR and arterial stiffness may 286 

change if HR remains chronically elevated. Thus, current recommendations suggest the use of AIx@75 287 

only in cases of acute evaluations, as there may be compensations in wave morphology with increased HR. 288 

In longitudinal studies, this indicator should be used with caution in the interpretation of results, since HR 289 

behaviour may help explain changes in arterial stiffness [32]. In this sense, the present study opted to use 290 

both pulse wave reflection indexes (AIx and AIx@75). As observed in hypertensive men, only P-VIG was 291 

able to reduce these rates, even with the concomitant increase in HR throughout the recovery period (see 292 

Figure 1A-F). In addition, significant differences were observed between groups for AIx@75 at 70 min 293 

recovery. This result confirms that the intensity of the exercise added to the initial pressure levels is decisive 294 

in producing acute effects on the pulse wave reflection. 295 

Among the studies that observed acute reductions in central pressure and pulse wave reflection over a 30-296 

min recovery period [11,12,22,34], only the study by Nieman, Dew [34] applied an experimental control. 297 

Physiological responses were investigated over a 5-h period following a 2-h treadmill run at 75% VO2max 298 

in trained men (n=8, age 39.3 ± 2.3 yr, VO2max: 54.8 ± 1.7 mL·kg-1·min-1) and women (n=8, age 35.8 ± 2.8 299 

yr, VO2max: 49.6 ± 1.8 mL·kg-1·min-1), with significant reductions in AIx@75 restricted to the female 300 

runners. Regardless of the findings, the lack of ecological validity of the exercise protocol adopted in this 301 

study is evident, especially within the context of training programs for the initial management of 302 

hypertension. However, in the present study, the mean cSBP data between 30 and 70-min of recovery post-303 

CTL revealed an increased response of these markers only in the hypertensive group, which in turn was 304 

mitigated after all exercise bouts (see Figure 1A). In practical terms, it is feasible that the adoption of a pre-305 

post intervention design without an experimental control may lead to a misinterpretation of the data due to 306 

the interaction between the normally higher pre-exercise (or baseline) values versus the low values 307 

postexercise. 308 

Some limitations of the present study must be recognized. Firstly, only middle-aged individuals with mild 309 

arterial hypertension were included, which may have reduced the difference between the groups. It is known 310 

that hypertension is closely linked to increased arterial stiffness, and both of these factors are associated 311 

with advancing age. Although this was not the objective of the present study, mainly due to the risk of 312 
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immediate complications resulting from the practice of vigorous exercises in this population, further studies 313 

should be carried out with older hypertensive patients to investigate if  they present similar responses with 314 

matched middle-aged men. Secondly, a short-duration vigorous intensity exercise bout was not included, 315 

therefore, it is not possible to say whether this would elicit the same responses observed in the prolonged 316 

vigorous intensity exercise bout. Additional research is therefore needed to verify these responses for 317 

different levels of blood pressure and exercise protocol. 318 

 319 

 320 

In conclusion, a single bout of vigorous-intensity cycling can lower central pressure and reduce pulse wave 321 

reflection only in hypertensive men. Regardless of exercise-related energy expenditure, aerobic bouts 322 

performed at moderate-intensity did not affect the acute pulse wave reflection among hypertensive and 323 

normotensive men, but in the former this may be a strategy to mitigate the increased central pressure 324 

responses observed after non-exercise days. Taken together, these findings may have important 325 

implications within the context of aerobic exercise prescription for the initial management of hypertension.  326 
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Table 1. Baseline participant characteristics.  423 

Assessments Variable 
Normotensive group (n =14) Hypertensive group (n =10) 

P-value 
Mean ± SEM Mean ± SEM 

Anthropometric  

Age (yr) 40.7 ± 2.8  39.2 ± 2.3  0.823 

Height (cm) 177.6 ± 3.5  177.3 ± 2.8 0.901 

Body mass (kg) 81.6 ± 1.3 92.1 ± 2.2 0.042 

Body mass index (kg/m2) 25.7 ± 0.9  29.3 ± 1.0 0.015 

 Hemoglobin (g/dl) 15.1 ± 0.3 15.0 ± 0.4 0.848 

 Glucose (mg /dl) 

Creatinin (mg/dl) 

88 ± 3 90 ± 3 0.742 

 Creatinine (mg/dl) 1.0 ± 0.1 1.0 ± 0.0 0.482 

Biochemical Glomerular filtration rate (mg/min) 96 ± 6 88 ± 4 0.992 

 Total cholesterol (mg/dl) 207 ± 9 218 ± 13 0.467 

 HDL-cholesterol (mg/dl)  56 ± 4 48 ± 3 0.197 

 LDL-cholesterol (mg/dl)   126 ± 8 145 ± 11 0.155 

 Triglycerides (mg/dl)  126 ± 22 127 ± 20 0.989 

Blood pressure and 

pulse wave reflection markers 

Office systolic blood pressure (mmHg) 113 ± 2 133 ± 4 < 0.001 

Office diastolic blood pressure (mmHg) 71 ± 1 84 ± 4 < 0.001 

24h-ambulatory systolic blood pressure (mmHg) 121 ± 2 139 ± 3 < 0.001 

24h-ambulatory diastolic blood pressure (mmHg) 74 ± 1 86 ± 2 < 0.001 

Aortic systolic blood pressure (mmHg) 101 ± 1 116 ± 4 < 0.001 

Aortic diastolic blood pressure (mmHg) 71 ± 1 84 ± 3 < 0.001 

Aortic pulse pressure (mmHg) 30 ± 1 32 ± 2 0.386 

Augmentation pressure (mmHg) 5 ± 1 4 ± 2 0.628 

Augmentation index (%) 14 ± 3 12 ± 4 0.681 

Incremental exercise test 

Maximal oxygen uptake (mL·kg-1·min-1) 31.3 ± 1.8 26.7 ± 0.8 0.056 

Maximal heart rate (beats·min-1) 179.8 ± 1.8 176.3 ± 3.1 0.313 

Maximal power output (W) 223.2 ± 7.6 207.8 ± 15.0 0.328 

Cycling bouts 

Time to achieve 150 kcal at 50% VO2R (min) 23.0 ± 0.8 22.1 ± 1.1 0.482 

Time to achieve 300 kcal at 50% VO2R (min) 43.5 ± 1.7 44.3 ± 1.9 0.762 

Time to achieve 300 kcal at 70% VO2R (min) 34.6 ± 1.4 33.6 ± 1.1 0.584 

SEM = standard error of the mean. 424 



20 
 

 425 

Fig. 1 Mean ± SEM changes in cSBP (A), cPP (B), AP (C), AIx (D), AIx@75 (E), and HR (F) at 30 and 70 min of recovery in each condition (∆ = post- minus pre-426 

intervention assessment). NT = normotensive group; HT = hypertensive group; CTL = control session (non-exercise day); %VO2R = percentage of oxygen uptake 427 

reserve; cSBP = central systolic blood pressure; cPP = central pulse pressure, AP = augmentation pressure; AIx = aumengtation index; AIx@75 = heart rate-corrected 428 

augmentation index; HR = heart rate; S-MOD = energy expenditure of 150 kcal performed at 50% VO2R; P-MOD = energy expenditure of 300 kcal performed at 50% 429 

VO2R; P-VIG = energy expenditure of 300 kcal performed at 70% VO2R. P values indicate significant differences between normotensive and hypertensive groups. 430 

*: Significant difference compared to CTL (P < 0.05). †: Significant between 30- and 70-min post-intervention (P < 0.05). 431 


