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Abstract
After an exercise session, a reduction of bloogguree (BP) is expected, a phenomenon

called post-exercise hypotension (PEH). PEH as edigior of chronic training

responses for BP has been broadly explored. Itesigghat when PEH occurs after
each exercise sessions, its benefits may summatetiowe, contributing to the chronic
adaptation. Thus, PEH is an important clinical taalting as a “single brick” in the

wall, and building the chronic effect of decreasBi®. However, there is large variation
in the literature regarding methodology and reswlteating barriers for understanding
comparisons among PEH studies. Thus, the differeaogong subjects’ and exercise
protocols’ characteristics observed in the studigsstigating PEH must be considered
when readers interpret the results. Further, utaledsng on these factors of influence
might be useful for avoiding misinterpretations future comparisons and how the

subjacent mechanisms contribute to the BP reduefii@n exercise.

Keywords: Blood pressure; aerobic exercise; resistance esercardiovascular; acute
exercise.



Introduction

Hill's initial observations on the behavior of bhbopressure (BP) after
performing an exercise session in 1898 [1] gendratane attention of researchers of
that period. However, the topic was largely ignouvedil 1981, when Fitzgerald, who
was hypertensive, brought the effect of exercis®Brinto a clinical perspective in the
scientific community by describing his own BP dexe after jogging [2].

Since then, many researchers have dedicatedddweers to understand the BP
behavior after an exercise session, a phenomemoedeby Kenney and Seals [3] as
post-exercise hypotension (PEH). PEH is charaaérizy reduction in systolic and/or
diastolic BP after a single bout of exercise tmled control level without any clinical
symptomatic hypotension. Based on this concept PiaB been analyzed as a reduction
in BP below the values observed either immedigtelyr to exercise or on a control day
(e.g. same conditions but without exercise) [3]e Thrrent consensus is that PEH holds
clinical relevance, due to the magnitude of thesgpuee reductions and their duration,
lasting for many hours [3-5]. In addition, BP respes observed in the first hour after
exercise have importance beyond the immediate ymeseduction [6], as it provides
insight to future BP adaptations to training [7-B]may reflect a vulnerable state in
cases developing severe PEH leading to syncope d6]may be a window of
opportunity to understand influencing factors (swah gender or level of physical
fithess, among others) behind the physiologicahgea after exercise [10, 11]. Based
on these important implications, subjects’ and eiserprotocols’ characteristics may be
faced as crucial factors of influence for data rptetation in PEH investigations. In
addition, the mechanisms responsible for PEH ateompletely understood and many

factors may influence them.

POST-EXERCISE HYPOTENSION AS A CLINICAL TOOL
Clinical relevance of post-exercise hypotension

Regular physical exercise has been widely accegdeah important strategy to
control BP [12, 13], a single session of exercssalle to promote PEH, which is more
pronounced and sustained in pre-hypertensive apdrtgnsive individuals than in the
normotensive population [14]. Kenney and Seals9831[3] called attention to PEH,
which must be sustained at an enough level lastagy hours to be considered

clinically relevant.



Recently, a meta-analysis that included 65 studieswed average systolic
pressure reductions of approximately 6 and 8 mmiitég exercise in pre-hypertensives
and hypertensives, respectively [15]. Moreovertdigdiastolic PEH was observed
after aerobic (6/4 mmHg) and resistance (3/3 mmiexggrcises, and for clinical
(laboratory conditions) (5/3 mmHg) and ambulatorgasurements (4/2 mmHg) [15].
Cardoso et al. [16] reported ambulatory systolic ilBBuctions after aerobic exercise,
with magnitudes varying between 2 and 12 mmHg asting up to 16 hours, while
diastolic BP reduced between 1 and 9 mmHg anddagpeto 12 hours. Regarding
resistance exercise, Cardoso et al. [16] repogstblic BP decreases varying between
3 and 12 mmHg with duration up to 10 hours, whilastblic BP reduction ranged
between 3 and 7 mmHg and lasted up to 10 hours.eMeny at that time there were
only five studies. It is important to highlight tharevious studies have reported a mean
reduction of 24-hour systolic BP after an aerobiereise [14, 17], and a recent meta-
analysis with 30 studies showed small-to-moderaductions in mean 24-hour
systolic/diastolic BP after an exercise sessioh (@nHg) [18].

PEH offers to pre-hypertensive and hypertensiwdividuals the benefit of
having their BP transiently lowered during daytimiaen BP usually presents its
highest levels [19]. Importantly, a reduction irstieg arterial pressure of 3 mmHg is
associated with 8% less chance of stroke mortafity 5% less mortality from coronary
heart disease [20]. Thus, the occurrence of PEHadutely reducing pressure, may
directly lead to risk reduction in the earliestges of an exercise training program, if
exercise is performed every day. This may servamasnportant bridge until chronic
reductions in pressure, attributable to routinaning, have occurred.

Post-exercise hypotension: a predictor of chronic Ibod pressure responses to
exercise training

Recently, studies have demonstrated that the acutehe chronic responses of
BP are well-correlated in pre-hypertensive subj¢€is8], as shown in the Figure 1.
Across patients, both systolic and diastolic BPil@kha strong positive correlation
between the fall after a single session of aereliercise and the reduction observed
after 8 weeks of aerobic training. Other studiegeheeported similar associations in
healthy adult women [9], elderly hypertensive wonf@d, 22], and patients with

coronary artery disease [23]. Similar results halge been reported with resistance [9,



21] and concurrent resistance and aerobic exerf22¢sOne exception to this pattern,
is that patients with chronic kidney disease, whgennormal BP that does not decline
in response to exercise training, exhibit PEH whishnot correlated with training
responses [24]. This discrepancy may be relatedthi®® low baseline BP or
pharmaceutical therapy. Nonetheless, collectiviegsé findings indicate that the acute
BP response after a single session of exercisepmeaiict the chronic effect of exercise
training on BP in most relevant patient groups.other words, individual patients
presenting larger PEH would exhibit greater BP o#idas after a period of training.

Clinically, this association may be useful for indualizing exercise
prescription for a training program and it mightiph@voiding the wide variability
observed between subjects [25, 26]. According tghiéeg et al. [27], exercise training
fails to produce BP reductions in approximately 26fochypertensive individuals. It is
possible that acute exercise studies be able tdifgeesponders and non-responders to
a specific exercise protocol without the cost dbmag-term period of training. A fast
identification of such non-responders might helpedirect the treatment towards other
non-pharmacological or pharmacological alternatimethese individuals. Furthermore,
by monitoring the PEH response to a given acuteceses protocol, protocols might be
adjusted until a promising acute effect is generafeiding the subject toward a more
effective exercise protocol for training.

* insert the figure 1 here

Subacute effects of exercise on blood pressure:iage brick in the wall of training
adaptations

As discussed above, daily sessions of exercisétnhigve a clinically relevant
impact by reducing mean BP levels across a prelaaneline [14, 17]. But it has been
suggested that these acute effects have even mgiregect, by being responsible for the
chronic adaptations to exercise training. Nobreg8] [applied the term temporal
summation to this concept, suggesting that theateple*sub-acute effects of exercise”
(i.,e. the post-exercise hypotension from individusssions of exercise) would
superimpose on each other over time, generatingbdreefits (i.e. adaptations) of
exercise training. In this perspective, as showtheFigure 2, PEH may be thought of
as a “single brick” that when added to others @ter PEH episodes) constitutes the

basis of a “large building” (e.g. chronic reductionBP). This concept reinforces the



importance of performing daily sessions of exeréseoptimized BP control, since the
interruption of such regularity would break the peral summation of PEH. While this
narrative is not currently supported by direct expental evidence (no study has
attempted to prevent PEH to see if that would preearonic adaptations to training), it

may be useful in explaining to patients the beaafftcommitting to daily exercise.

* Insert the figure 2 here

Factors of influence on PEH

PEH’s occurrence and magnitude may be influencednbgy factors that are
related to subject's or the exercise protocol’s rabi@ristics. Regarding subject’s
characteristics, the last meta-analysis [15] sugges greater PEH in men when
compared to women, and an inverse association batwé&H and age. In addition,
although normotensive and hypertensive subjectseptd®EH, those whom have higher
BP values before exercise present a greater PEH1R,418], as well the absence of
anti-hypertensive medication in hypertensives [Bgsides hypertension, the presence
of metabolic diseases, such as diabetes mellitd®besity impairs PEH [15]. Status of
training level is important, since sedentary sufsjgresent a greater PEH than athletes
[15]. Finally, some studies suggested a geneticente in PEH, since subjects with
allele | of the angiotensin enzyme conversion pagphism present a greater PEH [29,
30], but the meta-analyses did not identify anyegennfluence on PEH studies [15].

Regarding exercise protocol’s characteristiclaierand resistance exercise has
been shown to promote PEH. For aerobic exercisegel duration and larger muscle
groups involved in exercise promote a greater régluan BP during the recovery
period [15, 31, 32]. Higher intensities are als@wn for promoting greater PEH [14,
15, 33], although when an isocaloric exercise idopmed, the difference is overcame
[34]. In addition, the last meta-analysis did niadfdifference in PEH whether aerobic
exercise is performed continuously, intermitterdlyincreasingly [15]. Finally, recent
studies have observed that BP reduction is gredter a session of exercise performed
in the afternoon [35, 36] and evening [37, 38] tirathe morning in comparison to pre-
exercise levels. In contrast, when a control dagorssidered for analysis, the net effect
of PEH is greater after morning than evening eserdue to the morning exercise
blunts the circadian pattern of increasing BP olexrin the control day beyond to

decrease BP in the exercise day [38]. Regardindaftemeta-analysis, it did not find



differences in PEH between exercise sessions ctediat different times of day [15].
Factors of influence in PEH after resistance eserbave been less studied, but it seems
that higher volume (more exercises, larger muscdssnmore sets and repetitions)
produces a greater PEH [18], while the role of eiserintensity is still not clear [39,
40].

Mechanisms of PEH

Although many studies investigated the mechaniseaponsible for PEH, they
are not completely understood. It is mainly dugh® high variance among subject’s
characteristics, body position during recoverygetgb exercise and other factors [4, 41].
Furthermore, it is worth noting the knowledge abogchanisms of PEH was mainly
generated from aerobic exercise. The reductiotystemic vascular resistance has been
frequently reported [4, 41] and attributed to atcarblunting of sympathetic outflow
through the reset of the operation point in batexetontrol [42], which decreases
sympathetic activity to the vascular beds, fadilitg. vasodilation [43, 44]. Furthermore,
vasoconstriction responsiveness to sympathetivain has also been reported to be
reduced after a session of exercise [45]. Thes#imascular autonomics mechanisms
seem to be involved in maintenance of sustaineddiiadion after a session of exercise.
Additionally, local mechanism has also been atteduo, such as histamine release in
active skeletal muscle acting on H1 and H2 recsptd]. Otherwise, other
vasodilators, such as prostaglandins [46], nitkidle [47], and opioids do not seem to
be involved in PEH [48], although the opioid effectontroversial [49].

Besides of these most common mechanisms, in soraelaspcases when
recovery is conducted in the seated position orsubjects who present vascular
dysfunction, a decrease of cardiac output is tepaesible for PEH [41]. This reduction
is mainly due to a decrease of stroke volume, supgdy a decrease of pre-load [17],
leading to a shift of blood volume [50, 51]. Thecdsse in stroke volume is not
compensated by the increase of heart rate, usaobigrved after an exercise session,
probably due to an alteration in central baroretlertrol [52].

Thus, based on previous explanation, exercise neuce pre-load and
stimulate vasodilation during the post-exercisaqaerThe result of these effects is the
PEH, but the main mechanism responsible for theedse of BP may depend on
factors such as subject’s characteristics, typearcise, and body position during

recovery among others.



Conclusions

PEH is important beyond being an acute BP resptmsexercise, as it may
decrease BP for many hours, reducing acute carstolar risk, and may also provide
information about future chronic adaptations. Altgb this approach shows great
promise as a tool to identify who is responsiveatspecific intervention relative to
others, the readers should be careful since stilggssupport this theory were mostly
conducted with healthy subjects and using few typegxercises. In addition, it is
important to keep in mind that many factors, relatesubjects’ and exercise protocols’
characteristics, influence PEH occurrence, magaitumhd duration. Similarly,
mechanisms responsible for PEH also seem to heeimfed by these characteristics.



Figure Legends

Figure 1 - Systolic and diastolic blood pressurgeatation betweeracute and chronic
effect of exercise. Adapted from Liu et al (20183 dleckesteden et al. (2013).

Figure 2 — lllustration of temporal summation ofspexercise hypotension leading to

chronic blood pressure reductions with a regul@rege program.
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Post-exercise Hypotension as a Clinical Tool: A “8gle Brick” in The Wall

Highlights:

1 — Post-exercise hypotension is encouraged tcsbe as a predictor of chronic blood
pressure responses.

2 — Factors of influence have to be taken into aotto use the PEH as clinical tool.



