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Abstract

Evidence indicates that chronic reductions in blood pressure (BP) due to aerobic exercise depend on the
ability to induce postexercise hypotension (PEH) after each training bout. The purpose of this study was
to investigate PEH after isocaloric bouts of continuous and accumulated running. Ten healthy
prehypertensive men (aged 27.6 ± 3.5 yrs) performed the following bouts of exercise: a) A continuous
bout (CONT) expending a total of 400 kcal; and b) An accumulated bout split into two x 200 kcal
(INTER1 and INTER2) to total 400 kcal at 75% of oxygen uptake reserve. BP, mean arterial pressure
(MAP) and heart rate variability were monitored 10 min before and 60 min after control and all exercise
conditions. The decrease in MAP over time after continuous (400 kcal) and accumulated (2 x 200 kcal)
bouts of exercise was more pronounced than during control (mean diff between 1.6 and 5.4 mmHg, P ≤
0.01), although the magnitude of change was similar between continuous and accumulated bouts (mean
diff = 0.1 mmHg, P = 0.79). Concomitant to the PEH, sympathovagal balance was inversely related to
changes in MAP after isocaloric bouts performed continuously and cumulatively (r = -0.70 and -0.85, P =
0.002 and 0.019, respectively). In conclusion, BP decreased to similar levels after continuous and
accumulated acute aerobic exercise matched for total energy expenditure. Our findings also indicate that
the recovery pattern of cardiac autonomic activity may have an important role in eliciting PEH.

Keywords: aerobic training, blood pressure, energy expenditure, heart rate variability, parasympathetic
modulation, sympathetic modulation.
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Introduction

Regular physical exercise, especially aerobic exercise, is recommended for the prevention, treatment, and
control of hypertension [32]. Accordingly, the American College of Sports Medicine (ACSM)
recommends aerobic exercise for 30 to 60 min per day, equivalent to an energy expenditure of 150 to 400
kcal per day, performed continuously or cumulatively, on most days of the week, to lower blood pressure
by 5 to 7 mmHg among adults with hypertension [32]. There is evidence that the reduction in blood
pressure due to exercise training may be moderated by accumulated acute bouts of exercise [23].

Multiple short bouts, rather than longer continuous bout of physical exertion, have been recommended as
an approach to increasing the leisure time allocated to physical activity and enhancing exercise adherence
among sedentary individuals, of which often have hypertension [9,32]. Nevertheless, data from previous
studies that have investigated differences in the magnitude of postexercise hypotension (PEH) between
continuous and accumulated exercise are controversial. Some studies, for example, suggested that
accumulated acute exercise may elicit greater PEH than continuous acute exercise [2,3,22,30], while
another indicated continuous and accumulated acute exercise bouts elicited similar blood pressure
reductions [28]. However, none of those studies applied isocaloric exercise bouts and, therefore, the
exercise volume performed may have been a potential confounding factor [10] explaining the
inconsistencies in this literature. This is an important methodological issue, since the exercise pressor
response, which seems to influence blood pressure after exercise, has been shown to be affected by the
total amount of muscle work performed and is a surrogate of exercise volume [5,17]. A recent study by
Cunha et al. [13], for example, investigated the effects of short-term maximal exercise performed with
different exercise modes (cycling, walking, and running) on the magnitude of PEH in healthy men, and
observed that only running (exercise mode involving greater energy expenditure) was able to induce PEH.
Within a practical context, whether or not PEH occurs might be a result of total energy expenditure [13].
Consequently, continuous and accumulated aerobic exercise can only be compared if the total work
performed in each type of exercise has been equated. Another important question is whether the
magnitude of PEH depends on the resting blood pressure status of the individual, regardless of whether
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the exercise was performed continuously or cumulatively, since the baseline blood pressure status seems
to be a more important moderator of PEH [33,34].

Heart rate variability (HRV) has emerged as a noninvasive physiological marker for evaluating
modulation of cardiac autonomic nervous system activity, describing shifts in autonomic balance [15],
and being widely used to describe autonomic variation concomitant to PEH. Notably, sympathetic
activation and autonomic balance seem to influence the recovery pattern of blood pressure after exercise
[13,30,36,38]. Although the precise mechanisms involved in PEH remain unknown, it is well accepted
that blood pressure is determined by the relationship between cardiac output (Q) and systemic vascular
resistance (SVR) and that PEH would be due to either central factors (i.e. decreased Q in response to
lower muscle sympathetic nerve activity and consequent baroreflex resetting with decreased efferent
cardiac sympathetic activity) or peripherals factors (i.e. reduction in SVR in response to sustained local
vasodilation by the release of prostaglandins and histamine H1 and H2 receptors) [5,17]. Some indicators
suggest that sympathetic neural activity and baroreflex resetting may be inhibited during PEH, which
could cause a reduction in SVR [18]. However, evidence regarding the role of autonomic activity in PEH
is controversial. Park et al. [30] found a decrease in sympathetic activity and an increase in
parasympathetic activity concomitant to PEH after accumulated bouts of walking (e.g., 4 x 10-min
performed once per hour), while others [13,36,38] suggested a compensatory increase in sympathetic
activity might occur to offset the PEH and the baroreflex resetting. A question therefore arises: to what
extent does PEH accompany a shift in cardiac autonomic balance, as assessed by HRV?

The main aim of the present study was to compare PEH following accumulated and continuous isocaloric
bouts of running in healthy prehypertensive men. A second aim was to investigate the extent to which the
magnitude of PEH is correlated to baseline blood pressure status. Whether sympathetic and
parasympathetic cardiovascular responses assessed by HRV after each acute exercise bout are related to
PEH also was investigated.
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Materials & Methods

Participants

Ten healthy prehypertensive men participated in the study. Inclusion criteria consisted of a mean
screening systolic blood pressure (SBP) of 120–139 mmHg and/or diastolic blood pressure (DBP) of 80–
89 mmHg. All participants were recreationally active (i.e. 20-60 min/session, 2-5 times/wk) for at least
six months prior to the study. The exclusion criteria were: a) cardiovascular disease and diabetes; b) use
of drugs that could affect the cardiovascular responses or any ergogenic substances; c) smoking; and d)
bone, joint, or muscle problems that could limit the performance of exercise. The study was performed in
accordance with the ethical standards required by the journal [19] and was approved by institutional
ethics committee board (0222.0228.000-11). All participants provided written informed consent.

Blood pressure screening was performed by a single evaluator using a calibrated mercury column
sphygmomanometer (Heidji, São Paulo, Brazil) and a stethoscope (Sprague Rappaport, Omron, USA)
after participants remained seated for 10 min, according to the recommendations of the American Heart
Association [31]. Participants were instructed to remain relaxed and to avoid talking during the
measurements. The cuff was placed on the right arm, so that the inferior extremity remained at a level
within 2.5 cm of the antecubital fossa. The arm was supported at heart level, and the bladder of the cuff
encircled 80% of the arm circumference. The mercury column was deflated at 2–3 mmHg/s, until
Korotkoff sounds were heard, which corresponded to systolic (first sound) and diastolic (fifth sound)
values. The readings were registered to the nearest 2 mmHg. Blood pressure was calculated as the mean
of three readings taken on the same day with 5-min intervals between measurements.

Experimental design

A schematic of the study design is shown in Figure 1. In total, each participant visited the laboratory on
four separate days. On the first visit, participants were screened for hypertension followed by
anthropometric measurements. Resting blood pressure and HRV were then measured at rest for 60 min
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(‘control’ condition). Thereafter, subjects were familiarized with the equipment and test protocols to be
used in subsequent visits.

On the second visit, a cardiopulmonary exercise test (CPET) was performed for determining maximal
oxygen uptake (VO2max). The third and fourth visits were separated by 48-72 hr and consisted of
performing isocaloric exercise bouts at 75% of oxygen uptake reserve (VO2R). During one of the visits
the exercise bout was continuous and expended a total of 400 kcal. During the other visit the exercise
bout was intermittent and consisted of 2 x 200 kcal sessions, separated by 1 hr of passive rest, during
which blood pressure and HRV were assessed. Allocation of test order for continuous and intermittent
exercise bouts was randomized and counter-balanced across participants.

Before the exercise and control conditions, baseline assessments were performed during 10 min of bed
rest in a quiet darkened room with the final 5 min used for data collection. Within 5 sec of completing the
exercise (or control session), participants were placed in a supine position, and data collection began 5
min after exercise (or control session) for a period of 60 min in a quiet room kept at a relatively constant
temperature and relative humidity (ranged from 21 to 23°C and 50 to 70%, respectively).

All exercise was performed on a motorized treadmill (Inbramed TM Super ATL, Porto Alegre, RS, Brazil).
All laboratory visits were approximately the same time of day (between 07:00 and 11:00 a.m.).

INSERT FIGURE 1

Blood pressure assessment

Resting blood pressure was assessed by an oscillometric device (Spacelabs MedicalTM model 90207;
Spacelabs Inc., Redmond, WA, USA). The blood pressure monitoring followed standard procedures [35]
and the criteria of the British Hypertension Society [29], including a calibration check before each
experiment according to the manufacturer’s instructions. Blood pressure recordings after exercise bouts
and the non-exercise control session were obtained during 60 min at 20 min intervals in a quiet room and
in a supine position. The control session mimicked the exercise bouts in that subjects remained seated at
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rest for 20 min and blood pressure was assessed by the same protocol as used before and after the exercise
bouts in a supine position.

Heart rate variability assessment

The HR and HRV were recorded concomitantly to the blood pressure assessment, by a telemetric HR
monitor (RS800cx, PolarTM, Kempele, Finland). The R-R intervals were downloaded by Polar Precision
Performance Software (PolarTM, Kempele, Finland) and averaged for each 30 sec window using a
sampling frequency of 1000 Hz. Before analysis, all R-R intervals were visually inspected for artifacts in
order to make interpolation corrections on the sequences [37]. This was necessary in less than 1% of the
sequences in each subject. A Fast Fourier Transform (Welch’s method) with a Hanning window and 50%
overlap was used to estimate the power density spectrum of R-R interval variability using a customized
routine (MathworksTM, Natick, MA, USA). The beat-by-beat R–R interval series were then converted into
equally spaced time series with 200 ms intervals using cubic spline interpolation [37].

The ratio between low frequency and high frequency bands (LF:HF) was used as an index of
sympathovagal balance, with the LF band (0.04-0.15 Hz) being considered as a marker of sympathetic
predominance, and the HF band (0.15-0.50 Hz) as a marker of parasympathetic predominance [8]. The
spectral values were expressed as normalized units (n.u.). To meet the stability requirement for
performing spectral analysis, the first 5 min interval after each exercise bout was omitted from all HRV
analyses. The control session and the HRV analyses following exercise were then used to calculate HRV
indices according to previously established guidelines [37].

Resting VO2 assessment

Resting VO2 was determined prior to calculation of %VO2R using well-controlled procedures
recommended by Compher et al. [7]: abstention of physical exercise, alcohol, soft drinks and caffeine in
the 24 h preceding the assessment, and fasting at least 8 h prior to the assessment. In the laboratory,
subjects remained awake in a quiet environment for 10 min, after which the VO 2 was measured for 40
min in the supine position. The VO2rest was recorded as the average of the last 5 min of steady-state data
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assessed during 35 to 40 min (within-subject coefficient of variation ≤10%) [11]. The VO2rest was always
measured at the same time of the day between 07:00 and 11:00 a.m.

Maximal and submaximal exercise tests

The VO2max was determined using a ramp-incremented CPET protocol as described elsewhere [12].
Initially a non-exercise model, developed to estimate VO2max in a healthy population aged 19 to 80 years
was applied [26]. Based upon the predicted VO2max, the final work rate was calculated using the ACSM
equation for running [1]. The mean ± SD predicted final speed was 13.9 ± 0.8 kmh-1 and workloads
corresponding to 40% and 60% of predicted VO2max were then calculated, respectively, for the 3-min
warm-up [mean ± SD: 5.6 ± 0.3 km.h-1] and initial test workload [mean ± SD: 8.3 ± 0.5 kmh-1]. The
treadmill inclination was set at 1% throughout the test [21]. The test was considered to have elicited peak
capacity when at least three of the following criteria were observed [20]: a) maximum voluntary
exhaustion defined by attaining a 10 on the Borg CR-10 scale; b) ≥ 90% predicted HRmax [220 – age] or
presence of a heart rate (HR) plateau (HR between two consecutive work rates ≤ 4 beats·min-1); c)
presence of a VO2 plateau (VO2 between two consecutive work rates < 2.1 mLkg-1min-1); and d)
respiratory exchange ratio > 1.10.

Based upon the VO2max achieved during the CPET and the VO2rest, values corresponding to 75% VO2R
were calculated to determine the intensity of the two isocaloric exercise bouts [mean ± SD speed sessions:
10.6 ± 1.7 kmh-1], as recommended elsewhere [10]. Each exercise bout was preceded by a 5-min warmup at 5.5 kmh-1 and 1% grade. Expired gases were collected during exercise bouts via the metabolic cart.
The exercise bouts were terminated when each participant had achieved a total energy expenditure of 400
or 200 kcal in continuous or accumulated bouts of acute exercise, respectively.

Expired gases were collected using a VO2000 metabolic cart (Medical GraphicsTM, Saint Louis, MO,
USA) and a silicone face mask (Hans RudolphTM, Kansas, MO, USA). Prior to testing, gas analyzers were
calibrated according to the manufacturer’s instructions using a certified standard mixture of oxygen
(17.01%) and carbon dioxide (5.00%), balanced with nitrogen (AGATM, Rio de Janeiro, RJ, Brazil).
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Flows and volumes of the pneumotacograph were calibrated with a syringe graduated for 3 L capacity
(Hans RudolphTM, Kansas, MO, USA).

Statistical Analyzes

All statistical analyses were performed using IBM SPSS Statistics 22 software (SPSSTM Inc., Chicago, IL,
USA). Descriptive sample data are presented as mean ± SD [14]. The effect of Condition [control,
continuous exercise (CONT), first intermittent exercise bout (INTER1), and second intermittent exercise
bout (INTER2)] and Time [baseline and 60 min postexercise period (time-averaged at 20, 40, and 60
min)] on blood pressure and HRV indices were analyzed using marginal models using the SPSS MIXED
procedure. Marginal models were used, as unlike repeated measures ANOVA, they allow different
covariance structures to be assumed. The best fitting covariance structure was identified as that which
minimized the Hurvich and Tsai’s criterion value. Where there was a statistically significant main effect
for Condition or a significant Condition x Time interaction effect, post hoc pairwise comparisons with
Sidak-adjusted P values were obtained. A custom hypothesis test using the TEST subcommand was used
to investigate whether there were any differences in blood pressure and HRV indices for the mean
recovery responses to the two intermittent exercise bouts (i.e. average of bout 1 and bout 2) versus the
continuous exercise bout. Pearson correlations were used to determine the relationships between changes
in SBP and DBP versus changes in the LF:HF ratio for the 60 min following the exercise bouts. The
LF:HF ratio data were log transformed to correct for non-normal, heteroscedastic residuals derived from
the marginal model. Two-tailed statistical significance was accepted as P < 0.05.

Results

Subject Characteristics

Table 1 shows the mean ± SD values for age, anthropometrical variables, resting physiological variables,
maximal physiological responses from the cardiopulmonary exercise test, and HR, absolute VO2, and
times to achieve 400 (or 200) kcal during continuous and intermittent isocaloric exercise bouts at 75%
VO2R.
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Blood Pressure Response

Figure 2 shows the average blood pressure responses at baseline and during the 60 min following C and
each exercise bout. There were main effects for Condition for SBP (F = 63.0, P < 0.001) and DBP (F =
20.1, P < 0.001), and mean arterial pressure (MAP) (F = 42.7, P < 0.001), with the greatest reductions
observed after INTER2 compared to control, followed by CONT compared to control. Significant
interaction effects for SBP (F = 6.6, P < 0.001), DBP (F = 2.6, P = 0.008), and MAP (F = 4.5, P < 0.001),
however, indicated that the size of the differences between conditions was not constant across time.

At baseline there were no significant differences in blood pressure between conditions, except a 3.6
mmHg (95% CI = 1.4 to 5.8) lower SBP in INTER2 compared to control. Postexercise, the largest
reductions in blood pressure occurred during the first 20 min, with significant differences of 5.0-9.3, 7.28.3, and 4.0-8.7 mmHg observed between control and the postexercise periods for SBP, DBP, and MAP,
respectively. The only non-significant difference was the 3.5 mmHg mean difference in DBP between
control and INTER1 (95% CI = -0.2 to 7.2, P = 0.07). Blood pressure also was significantly lower after
INTER2 compared to INTER1 (SBP: mean diff = 4.3 mmHg, 95% CI = 1.6 to 7.1; DBP: mean diff = 4.8
mmHg, 95% CI = 1.1 to 8.5; MAP: mean diff = 4.7 mmHg, 95% CI = 2.0 to 7.3) and after CONT
compared to INTER1 (SBP: mean diff = 2.1 mmHg, 95% CI = 0.3 to 3.9; DBP: mean diff = 3.7 mmHg,
95% CI = 0.06 to 7.4; MAP: mean diff = 3.2 mmHg, 95% CI = 0.5 to 5.9). Despite blood pressure
increasing over time during the postexercise period, significant differences were still observed between
control and some of the exercise conditions at 40 and 60 min (see Figure 2).

Significant reductions in blood pressure also were observed after INTER2 compared to INTER1 at 40
min (SBP: mean difference = 3.8 mmHg, 95% CI = 1.7 to 5.8; DBP: mean difference = 4.1, 95% CI = 0.4
to 7.8; MAP: mean difference = 4.0 mmHg, 95% CI = 1.3 to 6.7) and 60 min (SBP: mean difference = 2.8
mmHg, 95% CI = 1.2 to 4.4; MAP: mean difference = 3.3 mmHg, 95% CI = 0.6 to 6.0), and between
INTER1 and CONT at 40 min (SBP: mean difference = 2.0 mmHg, 95% CI = 0.2 to 3.8) and 60 min
(SBP: mean difference = 1.6 mmHg, 95% CI = 0.1 to 3.2).
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Custom hypothesis tests showed that there were no significant differences between the average blood
pressure responses across the two intermittent exercise bouts versus CONT for SBP (t = 0.1, P = 0.92),
DBP (t = 0.7, P = 0.48), or MAP (t = 0.3, P = 0.79).

INSERT FIGURE 2

Heart Rate Variability Response

Figure 3 displays the average HRV responses at baseline and during the 60 min following the control
session and each exercise bout. There were significant main effects for Condition for HR (F = 54.0, P <
0.001), LF (F = 88.9, P < 0.001), HF (F = 159.1, P < 0.001), and the LF:HF ratio (F = 184.6, P < 0.001).
Like blood pressure, the greatest changes in HRV indices were observed after INTER2 compared to
control and then after CONT compared to control. Significant interaction effects for HR (F = 17.8, P <
0.001), LF (F = 12.8, P < 0.001), HF (F = 19.1, P < 0.001), and lnLF:HF (F = 22.6, P < 0.001), however,
indicated that the size of the differences between conditions was not constant across time.

At baseline there were no significant differences in HRV indices between conditions. Significant
differences were observed between control and every time point of the post-exercise period for each
condition for all HRV indices, except the difference in HR between control and INTER1 at 60 min (mean
diff = 2 bpm, 95% CI = -5 to 10). Like the blood pressure responses, the greatest differences in HRV
indices between conditions were observed during the first 20 min of postexercise recovery (see Figure 3).

Custom hypothesis tests showed that there were no significant differences between the average HRV
indices responses across the two intermittent exercise bouts versus CONT for HR (t = 1.5, P = 0.13), LF
(t = 0.2, P = 0.81), HF (t = 1.0, P = 0.31), or lnLF:HF (t = 0.8, P = 0.41).

INSERT FIGURE 3
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Relationships between Baseline MAP, Change in MAP, and Change in LF:HF ratio

Figure 4 shows the relationship between the baseline MAP and the change in MAP from pre-to-post
exercise. Significant relationships were observed for CONT, INTER1, and INTER2. Figure 5 shows the
relationship between the change in the LF:HF ratio and the change in MAP from pre-to-post exercise.
Significant relationships were observed for CONT and INTER2, but not for INTER1.

INSERT FIGURE 4

Discussion

The present study adds to current knowledge by investigating whether isocaloric bouts of continuous and
accumulated running exercise would influence PEH in healthy prehypertensive young men. The major
findings were: 1) The magnitude of the blood pressure reductions after continuous and accumulated acute
exercise bouts matched for total energy expenditure were not different; 2) Continuous and a second
accumulated exercise bouts matched for total energy expenditure (i.e. 400 kcal) provided greater PEH
than the first intermittent exercise bout (200 kcal); 3) The magnitude of PEH was significantly correlated
to baseline blood pressure status, where men with the highest baseline MAP experienced the greatest
reduction in MAP after all exercise conditions; and 4) Sympathetic (LF component of HRV) and
parasympathetic (HF component of HRV) activities remained significantly increased and decreased
during the 60 min exercise recovery, resulting in a sympathetic overload (expressed by the LF:HF ratio)
that was inversely correlated with the magnitude of PEH.

Previous studies have reported that the PEH was greater after accumulated compared to continuous bouts,
with a mean difference in SBP and DBP of 2 to 11 and 4 to 6 mmHg, respectively [2,22,30]. On the other
hand, similar to our findings, Miyashita et al. [28] observed that accumulated (10 x 3 min with rest
intervals of 3 min) and continuous (30 min) treadmill walking at approximately 42% VO 2peak (≈260 kcal)
elicited similar SBP and DBP reductions (SBP 114 ± 2/ DBP = and 68 ± 2 mmHg) among 15 healthy,
young, recreationally active men (VO2max = 53.6 ± 2.1 mL·kg-1·min-1). It is worthy noticing that the
studies reporting different blood pressure responses following continuous and accumulated acute aerobic

14

bouts failed to match the exercise sessions for total volume. Jones et al. [22], for instance, measured the
blood pressure response in eight physically active men with normal blood pressure after continuous (30
min) and accumulated (3 x 10 min interspersed with 10 min rest intervals) bouts of cycling at 70%
VO2max. Those authors acknowledged that although the exercise bouts have been superficially matched
for external work (same intensity and duration), the actual energy expenditure was not measured. This
methodological limitation is common to other studies investigating the effects of continuous versus
accumulated acute isocaloric exercise on PEH [2,3,28,30].

The present study tried to overcome this limitation by matching the exercise sessions for energy
expenditure. In contrast to previous studies [2,3,22,30], we found the magnitude of PEH was similar after
the continuous and second accumulated bouts of running (see Figure 2). Moreover, the present study
provides novel information concerning the role of exercise volume vs. intensity for inducing PEH. For
instance, exercise performed with equivalent intensity (i.e. 75% VO2R) but smaller energy expenditure
(e.g. first intermittent bout of 200 kcal) provoked lower acute blood pressure reduction compared to
exercise bouts with greater energy expenditure (e.g. continuous and/or second intermittent bouts matched
for total energy expenditure of 400 kcal) (see Figure 2). Only a few studies have compared the effects of
different exercise durations on PEH. Some of them suggested that longer aerobic bouts would increase
both the magnitude and duration of PEH [25], whereas others showed no impact of exercise duration on
either magnitude or duration of PEH in normotensive [24] and hypertensive subjects [16]. However, none
of these studies matched the exercise bouts for energy expenditure and, therefore, exercise volume, which
seems to be a major determinant of the acute blood pressure response. This fact can partially explain the
conflicting results.

On the other hand, regardless of whether the acute exercise bout is continuous or accumulated, the present
data also concur with previous studies that observed a significant strong correlation between baseline
blood pressure status and the magnitude of PEH [33,34]. In fact, our data showed a significant correlation
between baseline MAP and the extent to which exercise lowered MAP after the continuous exercise bout
(r = -0.64, P = 0.048), the first intermittent exercise bout (r = -0.72, P = 0.020), and second intermittent
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exercise bout (r = -0.76, P = 0.011) (see Figure 4), which in turn are in agreement with the findings of
previous studies claiming that PEH is more marked in people with higher blood pressure status.

In the present study, the HRV analysis indicated that during the recovery period following the running
bouts, sympathetic activity (i.e. LF component) increased while the parasympathetic activity decreased
(i.e. HF component), resulting in higher sympathovagal balance (i.e. InLF:HF ratio) concomitant to the
reduction in blood pressure (see Figures 2 and 3). Moreover, the acute reductions in blood pressure
following aerobic exercise were negatively correlated to changes in sympathovagal balance, meaning that
the greater the magnitude of PEH, the greater the increase in the relative sympathetic activity (see Figure
5). Our findings are in agreement with previous reports,[13,36,38] indicating that reductions in blood
pressure following exercise were the result of a shift in cardiac autonomic balance, characterized by
increased sympathetic and reduced parasympathetic activity. It could be speculated that such increase in
sympathetic activity would be a physiological response to offset the reduction in blood pressure and to
compensate for the resetting of the baroreflex [17], since the operating point of the arterial baroreflex is at
a low blood pressure threshold [4,27]. If this is indeed the case, we can speculate that the PEH would
somehow rely on the ability of peripheral vasodilation mechanisms to compensate for this autonomic
central reaction. Further research is certainly warranted to clarify this issue.

In conclusion, the blood pressure reductions following isocaloric bouts of continuous or accumulated
acute aerobic exercise were of similar magnitude. Additionally, the exercise performed with equivalent
intensity but higher volume (e.g. 400 kcal) promoted greater PEH than bouts with smaller exercise
volume (200 kcal). On the other hand, the PEH is more marked in people with higher resting blood
pressure, regardless of whether the exercise is a continuous bout or two shorter accumulated bouts.
Furthermore, the magnitude of PEH and sympathovagal balance were strongly and inversely correlated
during the post-exercise recovery period. This indicates that the recovery pattern of cardiac autonomic
activity assessed by HRV may have an important role in offsetting the decline in blood pressure after
exercise.
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Table 1. Baseline subjects’ characteristics (N = 10).
Moment
Anthropometric assessment

Variable
Age (yr)

27.6 ± 3.5

Height (cm)

173.9 ± 8.7

Body mass (kg)

78.0 ± 8.5

.

-2

BMI (kg m )
Body fat (%)
Resting assessment
SBP (mmHg)a
DBP (mmHg)a
HR rest (beats·min-1)
LF power (n.u.)
HF power (n.u.)
LF:HF ratio (n.u.)
Resting VO2 (L·min-1)
Maximal cardiopulmonary exercise test VO2max (L·min-1)
HRmax (beats·min-1)
Continuous bout
Heart rate (beats·min-1)
Oxygen uptake (L·min-1)
Time to achieved 400 kcal (s)
Accumulated intermittent bouts
Heart rate (beats·min-1)
Oxygen uptake (L·min-1)
Time to achieved 400 kcal (s)

a

Mean ± SD

25.7 ± 0.9
13.1 ± 3.9
125.9 ±4.3
84.0 ± 3.2
68.3 ± 4.8
42.0 ± 9.5
49.6 ± 7.7
0.9 ± 0.3
0.2 ± 0.1
4.2 ± 0.7
195.8 ± 5.7
174 ± 7
3.0 ± 0.6
1953 ± 362
168 ± 6
2.9 ± 0.6
2288 ± 554

= Average of three screening BPs; BMI = body mass index; VO2 = oxygen uptake; HR = heart rate; SBP

= systolic blood pressure; DBP = diastolic blood pressure; HF = high frequency band; LF = low
frequency band; LF:HF ratio = sympathovagal balance.
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Figure 1. Study design overview. VO2R = oxygen uptake reserve; BP = blood pressure; HRV = heart rate
variability; * Includes 10 min of baseline assessment in supine position; † Includes 5 min warm-up and
passive recovery.
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Figure 2. Mean systolic blood pressure (A), diastolic blood pressure (B), and mean arterial pressure (C)
at baseline and during the 60 min control and postexercise recovery periods. * Significantly lower than
Control. # Significantly lower than first intermittent exercise bout (INTER1) (P < 0.05). Error bars have
been omitted for clarity.
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Figure 3. Mean heart rate (A), LF (B), HF (C), and logarithmically transformed LF:HF ratio (lnLF:HF)
(D) at baseline and during the 60 min control and postexercise recovery periods. * Significantly lower
than Control. # Significantly lower than first intermittent exercise bout (INTER1) (P < 0.05). Error bars
have been omitted for clarity.
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Figure 4. Relationship between baseline mean arterial pressure (MAP) and change in MAP after the
continuous exercise bout (CONT), the first intermittent exercise bout (INTER1), and second intermittent
exercise bout (INTER2).
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Figure 5. Relationship between the change in the LF:HF ratio and the change in mean arterial pressure
(MAP) after the continuous exercise bout (CONT), the first intermittent exercise bout (INTER1), and
second intermittent exercise bout (INTER2).

