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ABSTRACT

Arterial blood pressure (BP) can be reduced below pre-exercise levels after a single bout
of exercise. This post-exercise reduction in BP is termed “postexercise hypotension”
(PEH). The aim of this review was to present current studies exploring the mechanisms
of PEH and discuss potential factors influencing the magnitude and the duration of PEH.
The mechanisms underlying PEH point to centrally mediated decreases in sympathetic
nerve activity (due to decreased neural afferent input to the nucleus tractus solitarius and
baroreceptor resetting to lower BP) and to local vasodilatory mechanisms (histamine
binding to H1 and H2 receptor). The exercise characteristics (intensity, duration, and
mode) and the participant characteristics (such as fitness status, baseline BP, body
adiposity, gender, and hydration status) influence PEH. Earlier studies using aerobic
exercise in normotensive and hypertensive individuals, suggested that PEH is a low-
threshold event; however, most recent studies seem to agree, that at least in the first few
post exercise hours, PEH is exercise intensity dependent. Studies using intermittent
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aerobic, resistance, and concurrent exercise (combined aerobic and resistance) also
showed promising results on PEH. Equivocal results regarding the duration and
magnitude of PEH are possibly associated with the muscle mass activated, the weight-
load, and/or the number of repetitions and sets used in the different studies. Although
most studies suggest that moderate to high intensity exercise induces greater PEH in
normotensive and hypertensive individuals, exercise prescription should be
individualized and caution should be taken in patients with multiple risk factors and
chronic diseases.

Keywords: Postexercise hypotension; aerobic exercise; resistance exercise; hypertension;
baroreflex; blood pressure; exercise intensity.

1. INTRODUCTION

Arterial pressure, the product of cardiac output and total peripheral resistance, can be
reduced below pre-exercise levels after a single bout of moderate exercise [1]. This post-
exercise reduction in blood pressure is termed “postexercise hypotension” (PEH) and can
last up to a few hours. PEH occurs in normotensive as well as in hypertensive individuals [1].
Therefore, PEH could be an effective non-pharmacological strategy for individuals in
prehypertensive or hypertensive states.

The extent and the duration of PEH is influenced by several factors, such as exercise type,
intensity, duration, pre-exercise blood pressure levels, fitness/training status, and sex [2].
Knowledge of the factors influencing PEH is potentially useful in designing first line
strategies against hypertension and providing a better understanding of blood pressure
regulation during exercise in health and disease. Therefore, the aim of this review was to
present potential factors influencing post-exercise hypotension and discuss controversial
results.

Following a brief summary of the neural factors controlling blood pressure during exercise,
this paper will provide a review of current studies exploring the mechanisms of PEH. Finally,
this paper will discuss controversial results on the intensity, type, and mode of exercise
affecting PEH.

2. CONTROL OF BLOOD PRESSURE DURING EXERCISE
2.1 Neural Control

The cardiovascular adjustments to exercise are controlled by the activities of “feedforward”
mechanisms, such as the central command (i.e. signals from the motor cortex or subcortical
nuclei responsible for recruiting motor units), and by “feedback” mechanisms, such as the
arterial and cardiopulmonary baroreceptors, the chemoreceptors, and a reflex originating in
the skeletal muscle, known as the “exercise pressor reflex” [3-6] (see Fig. 1).

Briefly, arterial baroreceptors, originating in the carotid sinus and the aortic arch, project in
the nucleus tractus solitarius (NTS) and respond to brief changes in blood pressure. During
exercise, input of baroreceptors to the NTS, causes a reset of the baroreceptors operating
curve, “allowing” the rise in blood pressure. The second mechanism, the exercise pressor
reflex, originates in the skeletal muscles and consists of group Il and group IV afferent nerve
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endings. Group Il fibers respond to mechanical stimuli (changes in muscle length and
pressure), whereas, group IV fibers respond mainly to alterations in the concentration of
metabolites (lactic acid, H*, diprotonated phosphate, etc) [3,6]. Integration of these neural
signals occurs in the NTS. More specifically, afferent signals convey information to the
caudal ventrolateral medulla (via glutaminergic synapses) and release the neurotransmitter
substance P, providing an inhibitory (GABAergic) input to neurons in the rostral ventral
lateral medulla (RVLM) [6-8]. These actions result in an exacerbation of the sympathetic
outflow to the heart, evoking increases in heart rate, cardiac output and/or peripheral
resistance [6,8]. Consequently, blood pressure and blood flow to the active muscles is
enhanced. At the same time, sympathetic vasoconstriction in inactive muscles (e.g.
splanchnic and renal circulations) assists in maintaining blood pressure at an acceptable
level during exercise [4,9].

During Exercise e | .||"'"-
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Fig. 1. A simplified illustration of the blood pressure control during exercise
Input from baroreceptors and from mechanical and metabolic fibers arising from the active muscles
(the exercise pressor reflex) contact second-order neurons in the nucleus tractus solitarius (NTS).
More specifically, the afferent signals convey to the caudal ventral lateral medulla (CVLM). The
neuronal output from CVLM provides an inhibitory GABAergic input to the rostral ventral lateral medulla
(RVLM). In turn, the output of the RVML neurons increases sympathetic nerve activity, resulting in
increases in heart rate, cardiac output, and blood pressure during exercise [3,4,6-8]

2.2 Local Mechanisms
Within the active muscles, local mechanisms, such as endothelium-mediated dilation,

byproducts of metabolism, erythrocyte-dependent regulation, etc, induce vasodilation,
facilitating the distribution of flow to the active area [10-13].
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3. MECHANISMS OF POSTEXERCISE HYPOTENSION

The mechanisms underlying postexercise hypotension point to centrally mediated decreases
in sympathetic nerve activity and peripheral/local vasodilatory mechanisms. These
mechanisms work independently and synergistically controlling blood pressure during and
after exercise. Despite extensive research, the exact mechanisms are still not completely
understood.

3.1 Neural Mechanisms

During exercise, the activation of the muscle afferents induces the release of substance P,
which stimulates the GABA interneurons of the NTS and activates the neurokinin-1 receptor
(NK1-R) [14]. Prolonged activation of the NK1-R during exercise, results in an internalization
of the receptor [7]. At the cessation of exercise, this internalization of NK-1, diminishes the
NTS GABA interneurons input [14,15] and baroreflex is resetting to lower operating levels.
These actions induce an inhibition of sympathetic neurons and a reduction in total peripheral
resistance [16]. The final outcome is a reduction in blood pressure after exercise [7].

3.2 Peripheral Mechanisms

In the early post-exercise phase, hypotension has been linked in part, to vasodilation
induced by histamine binding to H1 and H2 receptors (located on vascular endothelial cells
and vascular smooth muscle cells, respectively). Administration of an H1 receptor antagonist
(fexofenadine hydrochloride) to normotensive young men and women markedly reduced
vasodilation after exercise (cycling at 60% VO2peak for 1 hour) and blunted postexercise
hypotension at 30min after the exercise bout [11]. However, at 60 and 90min after the
exercise bout vasodilation became minimal. On the other hand, administration of an H2-
receptor antagonist (ranitidine) dampen the increase in vascular conductance and blunted
the decrease in mean arterial pressure at 60min after the exercise bout (cycling at 60% VO2
peak for 1 hour) [12]. These studies suggest that there is a time course for differential
vasodilation, where the H1-receptor is involved in the early post exercise phase and the H2
in a more delayed and sustained phase [12]. Importantly, the postexercise H1- and H2-
receptor—-mediated skeletal muscle vasodilation also benefits glucose regulation in healthy
humans [17], providing an additional benefit of exercise.

Other studies investigated the involvement of nitric oxide in PEH [18-21]. Although early
evidence in rats suggested that there is an association of nitric oxide and postexercise
vasodilation through reductions in a-adrenergic receptor sensitivity [22], studies by Halliwill
and colleagues in humans did not find a direct involvement of nitric oxide synthase in PEH.
More specifically, administration of a nitric oxide synthase inhibitor (L-NMMA) did not prevent
postexercise hypotension indicating that PEH was not attributed to the increased nitric oxide
(NO) production during exercise (60 min of upright cycling at 60% VO2peak) [23]. In
contrast, data from Campell et al. showed that administration of L-NMMA attenuated the
decrease in arterial stiffness after maximal exercise (assessed by femoral pulse wave
velocity) [18]. Differences in the intensity (i.e. submaximal exercise vs. incremental maximal
testing) and the duration of the exercise bout could partially explain the discrepant results,
since the NO production has been reported to be affected by exercise intensity [20]. In
addition, differences in the participant characteristics could also partially explain the
equivocal results, since NO production during the postexercise recovery has been observed
in individuals carrying the allele | of the angiotensin converting enzyme (ACE) gene [21].
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Further studies that will examine the direct effects of NO-mediated vasodilation in PEH are
needed.

The hydration status of the participant especially when exercising in a warm/hot environment
and the postural position of the participant (i.e. the presence of venous pooling and reduced
preload) also affect PEH [10,13,24-26]. In addition, changes in baroreflex sensitivity and/or
metaboreflex function due to excess adiposity (obesity) can also affect the neural control
during exercise and recovery. Dipla et al. [28] showed that obese children exhibit less
vasodilation during the early postexercise recovery period than lean children [28]. The
involvement of excess postexercise oxygen consumption (EPOC) to PEH has also been
investigated [30]. However, data by Williams, Pricher, & Halliwill, (2005) did not find a link
between PEH and EPOC [30]. Lastly, the gender effect on PEH has been examined by a
few studies. These studies suggested that although PEH is evident in both males and
females, the mechanisms involved in hypotension might be different. In endurance trained
women hypotension during the postexercise period was depended mainly on vasodilation,
whereas, in endurance trained men hypotension was the result of reductions in cardiac
output. Further studies that will examine the exact mechanisms for these differences are
needed. An illustrative summary of possible mechanisms influencing PEH is presented in

(Fig. 2).

At exercise cessation

Reduced afferent input
within the nucleus Histamine binding
tractus solitarius to H1 and H2 receptors

Baroreceptor resetting Other factors

Exercise characteristics
G
Reduced sympathetic ’\:_'fc”c om?et( ?)
nerve activity : rgtj:ssit?/ us
Hypertension

Other factors
Fluid reductions
Reduced cardiac output

o Body posture (venous pooling)
Vasodilation Gender

Postexercise hypotension /

Fig. 2. Possible mechanisms influencing postexercise hypotension
During exercise recovery, decreases in sympathetic nerve activity due to decreased afferent input to
the nucleus tractus solitarius (from the exercise pressor reflex) and baroreceptor resetting to lower
pressure, as well as and histamine receptor activation cause vasodilation and promote hypotension.
The exercise characteristics, the environmental temperature, and the participant characteristics also
play a role in the post-exercise hypotension [10-12,14,16,24]
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4. EXERCISE CHARACTERISTICS AND POSTEXERCISE HYPOTENSION

The exercise characteristics affect the duration and the magnitude of PEH. First, studies
using aerobic exercise will be presented in this review. Results regarding the effects of
exercise intensity and muscle mass involved on PEH will be discussed. Next, studies using
resistance exercise will be presented, followed by studies using other exercise modes.
(Table 1) summarizes the outcome of the studies.

4.1 Aerobic Exercise

4.1.1 Exercise intensity

Studies investigating the effects of exercise intensity on post-exercise hypotension have
produced controversial results. Some studies report that lower levels of physical exertion can
produce similar results to vigorous exercise on PEH [1,31,32], whereas, other studies
support that higher exercise intensity is associated with greater reductions in blood pressure
[33]. More specifically, earlier studies in hypertensive individuals reported that aerobic
exercise at 30%-<60% of VO2peak was as effective as exercise at 60%-75% VO2peak over
the course of nine hours post-exercise [32,34]. In addition, Marceau et al. [35] reported that
when sedentary individuals with mild to moderate hypertension underwent 10 weeks of
supervised exercise training at either 50% or 70% of VO2max, comparable decreases in
average 24-hour blood pressure were observed. In contrast, to these studies supporting that
PEH is a low-threshold event [1], Forjaz et al. [33] showed that 45min on a cycle ergometer
at 30% of VO2 peak were not sufficient to induce reductions in blood pressure after exercise
in normotensive individuals, whereas exercise of similar duration at 50% and 75% of
VO2peak decreased significantly systolic and diastolic pressure below pre-exercise levels.
The magnitude of decrease, however, was greater in the higher intensity exercise. The
superiority of higher compared to lower intensity exercise on promoting PEH was also
observed in mildly hypertensive older women [20]. In addition, Quinn [36] showed that high
intensity exercise (at 75% VOypeak) elicited greater blood pressure reductions than lower
intensity (at 50% VO2peak) in men and women with stage | hypertension. Moreover, the
participants in that study maintained the significant reductions in blood pressure for 13 and
11 hours (in systolic and diastolic pressure, respectively) after the 75% bout compared to 4
hours (in both systolic and diastolic pressure) after the 50% bout. In support of these
findings, Eicher et al. [37] also showed that in males with stage | hypertension the post-
exercise reduction in blood pressure was linked to aerobic exercise intensity (40%, 60%, and
100% of V02peak) in a “dose response” fashion. Santana et al. [20,21] proposed that the
greater release of nitric oxide in the higher exercise intensities is possibly involved in the
intensity dependent effect on PEH. However, Halliwill and colleagues did not find a direct
involvement of nitric oxide synthase on PEH in humans, as previously mentioned [23].

Another factor that should be taken into consideration when discussing the effects of
exercise intensity on PEH, is whether the magnitude or the duration of PEH has been
investigated. Smelker et al. [38] examined whether the duration of PEH is intensity
dependent in men with stage | hypertension. Participants exercised at different intensities
(cycling at a power output corresponding to 70, 80, 90, and 100% of the ventilatory
threshold); post-exercise blood pressure was measured at different time points. The authors
reported that although PEH was evident following all exercise intensities, a dependency on
exercise intensity was apparent only in the first 30 to 60min after the exercise bout, whereas,
at 120min a similar reduction in blood pressure was observed in all exercise intensities.
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Furthermore, Jones et al. [39] questioned that the intensity per se affects PEH and
investigated whether the total work performed over the exercise bout is the main contributor
to the magnitude of PEH. Participants in that study completed three sessions: 30min of
cycling at either moderate or high intensity cycling (40% or 70% VO2peak), and cycling at
40% VO2 peak for a time required to match the total work done in the high intensity trial. The
authors concluded that the acute post-exercise reduction in BP was similar following high
intensity short duration exercise and moderate intensity longer duration exercise that was
matched for total work performed.

4.1.2 Effects of muscle mass involved

MacDonald et al. [40] investigated the effects of muscle mass involved during aerobic
exercise on PEH, in recreationally active, borderline hypertensive men. Their data showed
that 30 min of arm ergometry (at 65% VO2 peak) or 30min of leg ergometry (at 70% VO2
peak) did not directly influence the magnitude of PEH, but the duration of the response was
more prolonged following exercise with greater muscle mass involved (i.e. leg exercise).
This effect was possibly associated with a greater histamine receptor activation following
dynamic exercise involving greater muscle mass [41].

4.1.3 Intermittent vs. continuous aerobic exercise

In normotensive endurance trained men, high intensity interval exercise resulted in a similar
magnitude of decrease in blood pressure to steady-state aerobic exercise (cycling) [42],
although differential changes in stroke volume and total peripheral resistance were observed
in the two exercise modes. Only a few studies used intermittent exercise in hypertensive
individuals, since continuous aerobic exercise has been traditionally, recommended [1].
However, recent data showed that intermittent exercise (1min at 80% of heart rate reserve
with 2min at 50%) exerted beneficial effects in medicated hypertensive patients, increasing
the percentage of time with normal ambulatory blood pressure values over 24 hours after the
exercise session [43]. A study by Lacombe et al. [44] also showed that older prehypertensive
adults experienced similar PEH following equicaloric bouts of intermittent (5x2:2min at 85%
and 40% of VO2 peak) and steady state (21min at 60% maximal oxygen uptake) exercise,
despite differences in the regulation of blood pressure during exercise between the two
exercise modes (i.e. larger alterations in heart rate variability and baroreceptor sensitivity
elicited by the intermittent exercise) Future studies should, however, examine the effects of
isoeffort or isostrain exercise when comparing the effects of intermittent and steady state
exercise, to isolate the effects of the exercise mode (continuous vs. intermittent) from those
of the effects of exercise intensity.

4.2 Aerobic vs. Resistance Exercise

Various studies have been conducted to clarify the relationship between the type of exercise
and the magnitude of PEH. Most studies exploring PEH, however, used aerobic exercise,
since the occurrence of PEH following resistance exercise was initially controversial [1]. The
two exercise modalities are characterized by distinct acute cardiovascular effects and
differential flow patterns. Aerobic and dynamic exercise is characterized by a widened pulse
pressure (increased systolic and minimal changes in diastolic blood pressure), an increase
in cardiac output, and a decrease in total peripheral resistance. In contrast, static (isometric)
exercise induces large increases in intramuscular pressure, resulting in decreased blood
flow to the active skeletal muscle. In an attempt to maintain perfusion, the exercise pressor
reflex is activated, and sympathetic tone increases, resulting in marked increases in blood
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pressure. The different mechanical and metabolic responses between aerobic and
resistance exercise result in different chronic adaptations. Endurance exercise training
results in improved muscle oxidative capacity and an increase in capillarization (via
increases in angiogenetic peptides, such as the vascular endothelial growth factor (VEGF),
whereas resistance exercise training leads to increases in muscle size and strength and
increased insulin sensitivity [45-47].

Most studies using resistance exercise, showed promising results on PEH following an acute
exercise session. Equivocal results regarding the duration and magnitude of PEH, are
possibly associated with the exercise protocol used, the muscle mass activated, the weight-
load, and the number of repetitions and sets used in the different studies. In trained
normotensive men, high-volume multiple-set resistance training sessions were required to
induce PEH [48]. More specifically, when either arm or leg exercise were performed, using 6
or 10 sets of 10 repetitions at a 12RM workload, an hour after exercise, PEH was observed
only after 10 sets of leg exercise [48]. When a work-matched low-intensity (at 20-40% of 1-
RM) and a high-intensity (70-80% of 1-RM) resistance exercise bout were used, higher
intensity was required to induce PEH in normotensive young men [49,50]. The effectiveness
of high-intensity (80% of 1-RM) over low-intensity (50% of 1-RM) resistance exercise was
also demonstrated in a recent study performed in hypertensive individuals [51]. High
intensity resistance exercise of sufficient duration (approximately 25 min), has also been
demonstrated as more efficient at promoting PEH in normotensive middle-aged individuals
with type Il diabetes [52] than low intensity training. There is evidence, however, of low
intensity resistance exercise (40% of 1-RM) being at least as effective as high intensity
resistance exercise (80% of 1-RM) in promoting PEH in normotensive individuals [53].

Despite the promising results of resistance exercise on PEH, studies in hypertensive
individuals are limited. Mota et al. [54] compared the effects of 20min treadmill running (at
70-80% of heart rate reserve) vs. 20 min of resistance exercise (20 repetitions at 40% of 1
RM), on the blood pressure responses in hypertensive individuals (40-44 years old) treated
with antihypertensive medication. The authors observed a hypotensive response after both
exercise modalities during the 7 postexercise hours (free-living). The highest reduction in
mean arterial pressure was observed at 30 and 45min of recovery. The reduction in systolic
pressure was longer after aerobic than resistance exercise. However, resistance exercise
evoked lower diastolic pressure values than aerobic at the early post exercise phase (15min
of recovery).

The effects of duration of rest intervals on PEH during strength training has been examined
by de Salles et al. [55] using 3 sets of 10 repetitions per exercise at 70% of 10RM, with 1 vs.
2 minutes' rest interval between sets. The investigators proposed that longer duration
intervals were associated with a greater PEH at 60 min after the session in older men (64-69
years). In contrast, when the effects of active vs. passive intervals between exercise series
(3 sets, 15 repetitions, 60% load of 15 repetition maximum (RM), with an interval of 90 s
between sets) [56] on PEH were investigated in hypertensive women (60-65 years), active
intervals resulted in significantly higher PEH.

The fitness/training status of the participants and the pre-exercise blood pressure levels also
seem to affect the PEH response [57]. Moraes et al. [58] showed that when the stimulus is
new, an acute moderate-intensity session with three sets of 12 repetitions (at 60% of 1RM,
seven exercises), can result in a reduction of blood pressure by an average of approximately
22/8mm Hg (systolic/diastolic arterial pressure, respectively); however, this exercise load is
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not sufficient to induce PEH after 12 weeks of training in stage 1 hypertensive patients not
using antihypertensive medication.

4.3 Concurrent Exercise and Other Exercise Modalities

Keese et al. [59] showed that a concurrent exercise session (6 resistance exercises of 2 sets
at 80% 1RM, plus 20 minutes of cycle ergometer at 65% of VO2peak) was as effective as an
aerobic session of similar duration (50min on a cycle ergometer at 65% of VO2peak).
However, the aerobic session and the concurrent exercise session exhibited decreases in
systolic pressure that lasted longer (120 vs. 80min) than a session of resistance exercise
alone (8 exercises, 3 sets at 80% of 1RM). In agreement with these results, Teixeira et al.
[60] did not find a potentiating effect of concurrent exercise (30min, cycle ergometer at 75%
of VO2 peak plus resistance exercise involving 3 sets of 6 exercises, 20 repetitions at 50%
of 1RM) in PEH compared to aerobic exercise only. However, both aerobic and concurrent
sessions induced greater PEH than resistance exercise alone.

Again, the intensity of the concurrent training is an important factor that should be taken into
consideration, when planning an exercise session to induce greater hypotensive benefits.
Keese et al. [61] investigated the effect of intensity of the concurrent exercise in
normotensive young men (2 sets of 6 exercises at 80% 1RM followed by 30 min of cycle
ergometer exercise at 50%, 65%, and 80% of VO2 peak). Their results showed that although
the magnitude of systolic blood pressure reduction was similar after all concurrent exercise
sessions, PEH lasted approximately 1h longer following the higher intensity sessions.

Results from studies using other exercise modalities such as water exercise are limited. In
normotensive untrained women an acute session of chest-deep water- or land-walking (at
40% of VO2 peak for 45 minutes) induced decreases in systolic and diastolic pressure,
whereas, in trained normotensive women, the effects on PEH were less pronounced [62]. In
individuals with prehypertension and hypertension the magnitude of PEH during free-living
conditions was not different after an acute session of land exercise and water exercise,
however, the duration of PEH was longer after the land exercise than the water exercise
(24h vs. 9h, respectively) [63].

Table 1. The effects of single bouts of aerobic exercise (AE), resistance exercise (RE)
and concurrent exercise (CE, aerobic and resistance exercises) protocols on post-
exercise hypotension (PEH)

Study Participants Exercise protocol Effects on post-exercise
hypotension
MacDonald J 10 active AE: 30-min cycling at PEH after both protocols;
et al. [31] normotensives 50% and 75% VOgpeak No effect of exercise
intensity
Pescatello 6 mildly AE: 30-min cycling at In Hypertensives: PEH after
LS etal. [32] hypertensive 40% and 70% of VOg,eax  both protocols. No effect of
men and 6 exercise intensity;
normotensives In Normotensives: No PEH
Forjaz CL 23 AE: 45-min cycling at PEH after 50 and 75% of
etal. [2] normotensives 30%, 50%, and 75% of VOgpeak; Greater and longer
VOgpeak PEH after more intense
exercise
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Study Participants Exercise protocol Effects on post-exercise
hypotension
Santana HA 23 elderly mildly  AE: High-intensity PEH after both protocols;
et al. [20] hypertensive exercise AE: Moderate-  Effect of exercise intensity
women intensity 20 min exercise on PEH
at 90% of VT
Pescatello 49 men with AE: Cycling at 40% and  PEH after both protocols;
LS et al. [34] high normal to 60% of VOypeak At 5h post-exercise: PEH
stage 1 greater in 60% vs. 40%;
hypertension At 9h post-exercise: No
effect of intensity
Quinn TJ 16, stage 1 and  AE: 30-min cycling at In Hypertensives: PEH after
et al. [36] 2 non- 50% and 75% of VOypeak  both protocols. Greater and
medicated longer PEH after 75% vs.
hypertensive 50%;
men and In Normotensives: No PEH
women and 16 after both protocols
normotensive
Eicher JD 45 men (44 yrs.  AE: Cycling at 40%, Less T in ambulatory SBP
et al. [37] old ) with BP 60%, and 100% of and greater din ambulatory
145/85 VOapeak DBP after protocols; Effect
of exercise intensity on
PEH
Smelker CL 10 subjects with  AE: 25-min cycling at PEH after all protocols;
et al. [38] stage 1 70%, 80%, 90%, and Significant effect of
hypertension 100% of VT exercise intensity on PEH
Jones H 7 normotensive  AE: 30-min cycling at PEH only after 40% and
et al. [39] physically active 40% and 70% of 70% protocols matched for
males (28 yrs. VOqpeak, and at 40% with  work; Effects of exercise
old) same total work to 70% intensity and total work
MacDonald 9 recreationally  AE: 30-min arm- PEH after both protocols;
JRetal. [40] active, cranking at 65% VO, No effect of exercise
borderline and 30-min cycling at modality on magnitude of
hypertensives 70% VO gpeak PEH; Effect of exercise
modality on PEH duration
Rossow L 25 endurance- AE: High-intensity PEH after both protocols;
etal. [42] trained men and interval No effect of exercise
women AE: Steady-state protocol on PEH
aerobic magnitude; No gender
effect on PEH, irrespective
of protocol
Ciolac EG 52 treated AE:Continuous exercise  PEH after Continuous
et al. [43] hypertensives (60% of HR reserve) exercise; PEH after Interval
AE: Interval exercise (2 exercise (¥ SBP and
min at 50% and 1 minat  tended to | DBP)
80% of HR reserve)
Lacombe SP 13 pre- AE: Continuous exercise PEH after both protocols;
et al. [44] hypertensive (21-min at 60% VO,peak)  No effect of exercise

men

AE: Interval exercise (5
reps of 2-min at 85%

protocol on PEH magnitude
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Study Participants Exercise protocol Effects on post-exercise
hypotension
VOgpeak With 2-min 40%
VOZpeak)
Liu S et al. 17 young AE: 120-min at 60% PEH after both protocols;
[57] (28yrs. old) and  VO,peax No effect of exercise
18 middle-aged  AE: 120-min at 80% protocol on PEH magnitude
(52 yrs. old) VOopeak
Polito MD 24 trained men RE: Arm exercise, 6 Arm exercise: No PEH;
et al. [48] (23 yrs. old) sets of 10 reps at 12RM  Leg exercise: PEH only
RE: Leg exercise, 10 with 10 sets;
sets of 10 reps at 12RM  Effect of muscle mass on
PEH
Rossow LM 10 young, RE: 20% 1RM PEH occurred only after
et al. [49] normotensive RE: 70% 1RM high-intensity resistance
men RE: 20% 1RM, BF exercise
restricted
Duncan MJ 16 resistance- RE: 40% 1RM PEH (I SBP) occurred only
et al. [50] trained men (23 RE: 80% 1RM after high-intensity
yrs. old) resistance exercise
Brito EF 10 hypertensive RE: 50% 1RM T PEH and forearm
etal. [51] elderly RE: 80% 1RM vascular resistance after
individuals (65 high-intensity vs. low-
yrs. old) intensity resistance
exercise
Simoes GC Middle-aged RE: 3x16 reps, 43% PEH after 43% of 1RM;
et al. [52] type Il diabetics 1RM No PEH after 23% 1RM;
and RE: 3%30 reps, 23% Effect of exercise intensity
nondiabetics 1RM on PEH
Rezk CC 17 RE: 40% 1RM In low-intensity: PEH;
et al. [53] normotensives RE: 80% 1RM In high-intensity: PEH
({SBP and «<>DBP)
Mota MR 15 medicated AE: 20-min, 70-80% of ~ PEH ({SBP and DBP) after
et al. [54] hypertensives HR reserve) both protocols
(43 yrs. old) RE: 20 reps, 40% 1RM
de Salles BF 17 RE: 3x10 reps, 70% PEH after both protocols;
et al. [55] normotensive 10RM with 1 and with 2~ Greater PEH magnitude for
older men (68 min rest interval the 2-min rest protocol
yrs. old)
Brito AF 21 elderly RE: Arm 3 x 15 reps at In leg exercises: Greater
et al. [56] hypertensive 60% of 15RM with PEH in active vs. passive
women (61 yrs.  active and passive rest rest ({SBP and DBP);
old) RE: Leg 3 x 15 reps at In arm exercises: Greater
60% of 15RM with PEH in active vs. passive
active and passive rest rest ({SBP only)
Keese F 21 healthy men  RE: 3 sets at 80% 1RM 7 duration of PEH after AE
et al. [59] (21 yrs. old) AE: 50-min, 65% and CE vs. RE;

VOZpeak
CE: Resistance and

No differences in PEH after
AE and CE
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Study Participants Exercise protocol Effects on post-exercise
hypotension
aerobic
Teixeira L 20 healthy RE: 3 x 20 reps at 50%  PEH ({SBP and DBP) after
et al. [60] individuals 1RM all protocols;
AE: 30-min, 75% T magnitude of PEH
VO2peak (YSBP) after AE and CE vs.
CE: Resistance and RE;
aerobic 1 duration of PEH ({DBP)
after AE vs. CE and RE
Keese F 21 healthy men  CE: Three protocols of PEH after all CE protocols;

et al. [61] (21 yrs. old)

CE (2 sets for 6

exercises at 80% 1RM
and 30-min cycling at
50%, 65%, or 80% of

Vozpeak)

T PEH in CE protocol with
higher intensity of aerobic
exercise

Rodriguez D 23 untrained (n

45-min walking at 40%

Untrained: PEH ({SBP,

et al. [62] =12)and of VOgpeak in water and DBP, and MAP) after water
trained (n =11)  onland walking, but no PEH after
normotensive land walking;
women Trained: PEH ({SBP only)
after water and land
walking;
Water walking promotes
PEH
Terblanche 21 men and Water exercise PEH after both water and
E et al. [63] women (52 yrs.  Land exercise land protocols;
old) The magnitude of PEH is

similar for land and water
exercises;

The duration of PEH longer
for land exercise

J=decrease; T=increase; «»=no change; VO2peak=peak oxygen consumption;, PEH=post-exercise
hypotension; SBP=systolic blood pressure; DBP=diastolic blood pressure; MAP=mean arterial
pressure; HR=heart rate; VVT=ventilatory threshold; RM=repetition maximum; BF=blood flow;
RE=resistance exercise; AE=aerobic exercise; CE=combined (aerobic and resistance) exercise

5. CONCLUSION AND RECOMMENDATIONS

Summarizing, although PEH has been observed after aerobic exercise performed at
intensities ranging from 40% to>70% of VO2 peak, most studies seem to agree that at least
in the first few post exercise hours PEH is intensity dependent. Future studies should be
conducted to further unravel the exact mechanisms of the intensity dependency of
postexercise hypotension. Hypotensive effects of exercise performed around the anaerobic
threshold appears to be more effective. Concurrent exercise, as well as resistance exercise
of moderate to high intensity and greater muscle mass involved show promising results on
PEH. However, exercise prescription should be individualized and caution should be taken in

patients with multiple risk factors and other chronic diseases.
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