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ABSTRACT

CURRIE, K. D., M. G. SCHULTZ, P. J. MILLAR, and L. S. PESCATELLO. The Role of Exercise Blood Pressure in Hypertension: Mea-
surement, Mechanisms, and Management. Med. Sci. Sports Exerc., Vol. 57, No. 2, pp. 425-433, 2025. Hypertension affects one in three
adults globally and is the leading modifiable risk factor for cardiovascular disease. Although blood pressure measurements at rest are funda-
mental to the detection and management of hypertension, abnormal blood pressure responses to exercise, namely, an exaggerated exercise blood
pressure (EEBP), can provide additional independent information about current and future hypertension risk. This paper summarizes a symposium
entitled, “The Role of Exercise Blood Pressure in Hypertension: Measurement, Mechanisms and Management” included at the 2023 American
College of Sports Medicine annual meeting, which presented a timely discussion about the clinical utility of EEBP. Here we will summarize the
evidence presented by the speakers including considerations for blood pressure measurement during exercise, an overview of EEBP thresholds and
discussion about the value of EEBP during submaximal exercise for the identification and management of hypertension, a summary of the potential
physiological mechanisms underpinning an EEBP, and a review of exercise prescription guidelines based on new and emerging evidence as they re-
late to the American College of Sports Medicine’s exercise recommendations for hypertension. We conclude by highlighting areas for future research
with the overarching goal of improving the measurement and management of hypertension. Key Words: EXAGGERATED EXERCISE BLOOD
PRESSURE, EXERCISE TESTING, EXERCISE TRAINING, PERIPHERAL VASCULAR RESISTANCE, SUBMAXIMAL EXERCISE

igh blood pressure (BP) or “hypertension” is often re-
ferred to as the “silent killer” because it typically has
no symptoms and is the leading modifiable risk factor
for cardiovascular disease, the leading cause of mortality world-
wide (1). Although hypertension is estimated to affect one out
of every three adults globally, almost half of those do not know
they have the condition (1). Furthermore, of those people receiv-
ing treatment for hypertension, less than a quarter have BP under
control (2). These alarming statistics highlight the importance of
properly identifying individuals with hypertension and develop-
ing effective tools for its prevention, detection, and treatment.
Most of the world defines hypertension as a systolic BP
>140 mm Hg and/or a diastolic BP >90 mm Hg (1,3). In 2017,
the United States (American College of Cardiology and American
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Heart Association) lowered the systolic and diastolic BP thresholds
to 130 and 80 mm Hg, respectively, due to a “pragmatic inter-
pretation of BP-related cardiovascular disease risk and benefit
of BP reduction in clinical trials” (4). The rationale was to mitigate
the deleterious effects of hypertension by identifying and inter-
vening sooner. For example, the TROPHY study demonstrated
that 2 years of treatment with an angiotensin-receptor blocker in
pre-hypertensive middle-aged adults reduced the risk of devel-
oping hypertension over a subsequent 2-yr follow-up (5). A
limitation of this work is the continued reliance on resting BP
measurements to identify at-risk individuals. An ideal risk fac-
tor should be able to delineate future hypertension risk before
resting BP is elevated.

Cardiopulmonary exercise testing is common in clinical car-
diovascular risk assessment and involves the measurement of
exercise BP for safety reasons (6,7). Repeated observational
studies and meta-analyses have shown that an exaggerated ex-
ercise BP (EEBP; also termed a hypertensive response to exer-
cise, exercise-induced hypertension, or exercise hypertension)
has the capacity to identify individuals with masked hyperten-
sion (8), as well as individuals with an elevated risk of develop-
ing hypertension and cardiovascular disease morbidity and
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mortality later in life (9,10). Despite established evidence dem-
onstrating the clinical utility of EEBP, it is not commonly used
for prognostic or diagnostic purposes.

This purpose of this paper is to summarize the proceedings
of a scientific symposium presented at the 2023 annual meet-
ing of the American College of Sports Medicine (ACSM) in
Denver, Colorado. The symposium was entitled “The Role
of Exercise BP in Hypertension: Measurement, Mechanisms
and Management” and featured presentations by Drs. Katharine
Currie, Martin Schultz, Philip Millar, and Linda Pescatello.
Here we will summarize the main topics of the symposium,
which were to 1) review current BP guidelines and outline con-
siderations when measuring BP during exercise testing, 2) dis-
cuss the value of EEBP during submaximal exercise for the
identification and management of hypertension, 3) highlight po-
tential physiological mechanisms underpinning an EEBP, and
4) discuss exercise prescription updates based on new and
emerging evidence as they relate to the ACSM exercise recom-
mendations for hypertension.

BP MEASUREMENT AT REST AND DURING
EXERCISE

Clinical practice guidelines for the measurement of resting
BP in the office have been established by the American College
of Cardiology and American Heart Association (4) and are sum-
marized hereinafter:

* The individual should prepare by avoiding exercise, caf-
feine, and smoking for 30 min and emptying their bladder
before the measurement.

* Ensure proper cuff size and position on the upper arm. The
cuff should be placed directly on the skin and the arm
should be supported at heart level.

* The individual should sit for at least 5 min with their back
supported and feet flat on the floor. There should be no
talking during the measurement.

» BP should be assessed in both arms and the arm with the
higher reading should be used at subsequent visits.

* Systolic BP should be identified as the appearance of the
first Korotkoff sound (phase I), whereas diastolic BP is iden-
tified as the disappearance of all Korotkoff sounds (phase V).
A minimum of two measures should be taken and averaged.

* Measurements can be performed manually by a trained
individual, or with the use of an automatic oscillometric de-
vice; only validated automatic devices are recommended.

During exercise, most of the same recommendations apply
with a few exceptions (6,11). The individual may be positioned
on an exercise ergometer (e.g., treadmill or cycle ergometer)
with the arm supported at heart level. Individuals should refrain
from gripping the handrails of the ergometer as muscle contrac-
tion can increase BP (11,12). Presently, there is no guidance on
which arm to measure exercise BP and limited evidence exists
on whether inter-arm differences in BP at rest persist or appear
during exercise (13). Although bilateral measurements during

exercise would provide more information, they are generally
not feasible, and thus, arm selection at the present time is up
to the observer. Diastolic BP measurement requires the identifi-
cation of the disappearance of the Korotkoff sounds, which can
be challenging during higher exercise intensities when there is
more movement and ambient noise from the ergometer and par-
ticipant (14). Manual measurements (auscultation) are recom-
mended over automated measurements, due to questionable
accuracy of automated (oscillometric) devices (11). The SunTech
Tango M2 exercise BP monitor (SunTech Medical Instruments,
Morrisville, NC) is an automated auscultatory device that de-
termines BP using Korotkoff sounds. It has been shown to
have reasonable accuracy in comparison to intra-arterial BP dur-
ing exercise (15) and showed concordance with manual BP mea-
surements during the early stages of clinical exercise stress testing
(16). It may not always be possible to measure BP during exercise
(e.g., 6-min walk test), and thus, measurements should be per-
formed immediately upon completion of the exercise test. However,
it should be noted that BP can rapidly drop following the cessation
of exercise, and thus, it is perhaps more appropriate to consider such
a measurement and its interpretation as a “post-exercise BP.”

BP RESPONSES DURING EXERCISE: NORMAL
VERSUS EXAGGERATED

During graded aerobic exercise, it is normal for systolic and
mean arterial BP to rise in proportion with exercise intensity,
while diastolic BP remains relatively constant or decreases
slightly (6,17,18). These changes occur due to an accompanying
increase in cardiac output and fall in total peripheral resistance
mediated through a combination of cardiac parasympathetic
withdrawal, systemic sympathetic activation, endothelium-
dependent vasodilation, and local metabolic vasodilation de-
signed to competitively balance the metabolic need for increased
skeletal muscle blood flow with the maintenance of systemic per-
fusion pressure (19). According to the ACSM, systolic BP should
increase approximately 10 mm Hg per 1 metabolic equivalent of
task (MET) (6). The ACSM and American Heart Association
also define an EEBP response to peak/maximal intensity exercise
as a systolic BP >190 mm Hg in women and 210 mm Hg in men,
and/or a peak diastolic BP of >90 mm Hg or if diastolic BP in-
creases >10 mm Hg above baseline during the exercise test (6).
The systolic EEBP thresholds of 190 mm Hg in women and
210 mm Hg in men are consistent with values >90th percentile
obtained in large samples of young healthy adults (20,21). The
European Society of Cardiology uses a peak systolic BP
>200 mm Hg in women or >220 mm Hg in men, and/or a peak
diastolic BP >80 mm Hg in women and >85 mm Hg in men to
identify an EEBP (3). Test termination is recommended in both
sexes if systolic or diastolic BP exceed 250 and 115 mm Hg, re-
spectively (6,7). Data in support of using an absolute systolic
BP threshold to define an EEBP response to peak/maximal ex-
ercise are provided by earlier studies (20,22). However, it is im-
portant to emphasize that, although the current definitions of an
EEBP represent distinct cutoffs, the risk is likely linear, with
meta-analytic work showing each 10 mm Hg increase in peak
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exercise systolic BP associated with a 19% increased risk of in-
cident hypertension (23). In addition, several recent studies
have defined submaximal EEBP thresholds as low as systolic
BP values >150 mm Hg during stages 1 or 2 of a standard Bruce
treadmill protocol (24) through to systolic BP values >170 mm Hg
during stage 2 of a Bruce treadmill protocol (25). However, there
remains no clear definition of EEBP recorded during submaxi-
mal exercise.

Although exercise testing guidelines provide an important
framework to operate within, it is important to consider emerg-
ing evidence. Recent studies have reported a much lower in-
crease in systolic BP per MET. In males 20-59 yr old, the
greatest increase in systolic BP/MET was observed in the oldest
cohort (5059 yr) and was, on average, 8.3 +2.3 mm Hg-MET
(26). In a sample of 7298 males (mean age of 59 + 11 yr), the
median increase was 6.2 + 4.7 mm Hg'MET ' (27). Finally,
Sabbahi et al. (28) demonstrated racial differences with Black
men (42 + 11 yr) demonstrating an average systolic BP increase
of 10.8 £ 5.1 versus 8.2 + 3.7 mm HgMET " in White men
(43 £ 11 yr). Data from healthy (2042 yr (26)) and athletic
(21 £ 2 yr (29)) female participants have reported a systolic
BP/MET slope of 5.0 + 1.1 and 5.1 + 1.6 mm Hg-MET ', re-
spectively. One consideration of these data is that numerous
studies have relied on estimating maximal oxygen consumption
using predictive equations (26,27,29), which, depending on the
equation used, can overestimate maximal METs leading to a
lower systolic BP/MET slope (30).

Considerations for Sex, Age, and Race

The BP responses to exercise will vary based on sex, age, and
race. Sex differences in the systolic BP response to exercise have
been documented; absolute systolic BP increases are smaller in
females compared with males (20,21,31), whereas systolic BP
indexed to workload or METs have been shown to be similar be-
tween sexes (29,30) or higher in females (29,31). Peak systolic
BPs are higher in older ages. In a sample of >10,000 apparently
healthy adults, the 90th percentile for peak systolic BP obtained
during a Bruce protocol in women and men was 190 and
210 mm Hg in 20- to 29-year-olds, and 220 and 234 mm Hg
in 70- to 79-year-olds (21). The trajectory of increase in peak sys-
tolic BP with age also differs by sex. Data from the FRIEND reg-
istry showed that males had an increase in peak systolic BP with
age until the fifth decade, with no noticeable change between the
fifth and seventh decades, whereas females showed a continuous
increase in peak systolic BP to the seventh (32). Racial differ-
ences in peak/maximal systolic BPs have also been reported
(28), whereas other studies demonstrate no difference in submax-
imal (33) or peak/maximal systolic BP between races (20). It is
important to acknowledge that these investigations are compar-
ing adults who identify as Black or White, and therefore, a more
comprehensive examination of the effects of race and ethnicity
on exercise BPs is warranted.

Overall, this information is intended to highlight that a “nor-
mal” BP response to exercise should be interpreted with partic-
ipant demographics in mind. Aside from sex-specific thresholds

for EEBP, there are no recommendations on how to consider
age or race when interpreting exercise BPs. In addition, for fe-
males, there is no recommendation on whether premenopausal
females should be tested in a certain phase of the menstrual cy-
cle. When menstrual cycle was not controlled for, Currie et al.
(34) demonstrated that BP responses to a repeated graded exer-
cise tests were unreliable in a small sample of participants.
Given the lack of evidence on this topic, our recommendation
is to document hormonal contraceptive use or the phase of the
natural menstrual cycle that the premenopausal female is in dur-
ing testing (when possible), and if repeated tests are required, to
attempt to test within the same phase of the menstrual cycle or
hormonal contraceptive use (e.g., during the same dosage of the
active pill for oral contraceptive pill users). At this time, no
recommendation can be made on whether the follicular or lu-
teal phase of the menstrual cycle is preferred (35). We recog-
nize that these recommendations may be challenging to adhere
to in the clinical setting or during the perimenopause transition
when cycles may be inconsistent.

SUBMAXIMAL EXERCISE BP IN THE
DETECTION AND MANAGEMENT OF
UNCONTROLLED HIGH BP

There is now substantial evidence that outlines the clinical
usefulness of assessing exercise BP during submaximal exercise
of a low-to-moderate intensity (36). In a meta-analysis of 46,314
adults, a submaximal, but not maximal, EEBP response was as-
sociated with cardiovascular events and mortality independent of
resting BP and other cardiovascular risk factors (10). These find-
ings are supported by recent data (n = 11,143) indicating that ex-
ercise systolic BP values >170 mm Hg recorded at stage 2 of a
Bruce treadmill protocol were independently associated with a
33% adjusted increased risk of cardiovascular events and mortal-
ity (25), whereas exercise BP recorded during submaximal cy-
cling (100 W) displays a linear relationship with the risk of coro-
nary artery disease (37). Much of the increased cardiovascular
risk related to EEBP when recorded at a submaximal exercise in-
tensity may be attributed to residual risk associated with the pres-
ence of undetected or uncontrolled high BP (and its associated
risk factors). For example, in addition to associations found with
an EEBP recorded at peak/maximal exercise, an EEBP during
submaximal exercise is associated with the future development
of hypertension in those with normal office resting BP at baseline
(25,38), Moore et al. (39) also recently described (by meta-analysis
of cross-sectional studies) a submaximal EEBP to be associated
with the presence of many hypertension-related cardiovascular
disease risk factors, including arterial structure and function,
lipid, metabolic, inflammatory, and kidney function markers.
The prevalence of a submaximal EEBP in those with type 2 di-
abetes, a condition characterized by increased cardiovascular
risk related to poor BP control (40), is greater than those without
(41), with several studies also indicating submaximal EEBP to
be associated with adverse cardiac remodeling (including a
heightened prevalence of left ventricular hypertrophy, a telling
clinical marker of organ damage related to high BP) (39,42).

EXERCISE BLOOD PRESSURE IN HYPERTENSION

Medicine & Science in Sports & Exerciseg 427

Copyright © 2024 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.

wn
4
m
)
>
=
N
@)
<
<
C
=
S
=
®)
p
n




wn
z
Q
<
O
Z
)
=
=
O
O
-
<
O
Ll
(a8
(V)

It is important to note that most studies that have assessed
the relationship between EEBP and hypertension-related car-
diovascular risk have assessed BP via office BP alone. How-
ever, out-of-office methods (such as home or ambulatory BP)
are required to determine BP control and rule out the presence
of masked uncontrolled or white coat hypertension. Twenty-
four-hour ambulatory BP is the gold standard method to assess
BP control because it provides a snapshot of BP load over a lon-
ger duration and during activities of daily life (3,4). Submax-
imal exercise of a light-to-moderate intensity reflects the inten-
sity of daily life ambulatory activities (e.g., walking, light
housework) (6,43), and therefore, measurement of BP during
submaximal exercise is likely a truer reflection of the daily
burden of BP than that of BP measured at rest or indeed during
peak/maximal intensity exercise. To this end, Schultz et al.
(24) reported exercise systolic BP values >150 mm Hg recorded
during stages 1 or 2 of a standard Bruce treadmill protocol
(light-to-moderate intensity) to be associated with the presence
of masked hypertension confirmed by ambulatory BP monitor-
ing. Others have also shown EEBP recorded during submaxi-
mal exercise of a low-to-moderate intensity to identify or rule
out the presence of masked hypertension (8,44,45). These are
important findings because masked hypertension is associated
with 1.5 times the risk of cardiovascular disease (compared with
those with normal BP) and can remain undetected with office
BP measure alone (46). Collectively, this evidence points to-
ward a submaximal EEBP as a useful marker of uncontrolled
high BP and related cardiovascular risk that has gone unde-
tected with traditional office BP measurements.

From a methodological and physiological perspective, there
are several advantages to the measurement of BP during sub-
maximal exercise of low-to-moderate intensity (moderate de-
fined as approximately 46%—63% maximal oxygen consump-
tion or 12—13 on a 20 point rating of perceived exertion scale
(6)). As mentioned, it is comparatively easy to measure (com-
pared with during peak/maximal intensity exercise) due to less
noise and movement artifact (14). Of particular importance,
the assessment of exercise BP during submaximal exercise al-
lows the influence of cardiorespiratory fitness on the response
to be considered. The interplay between cardiorespiratory fitness,
exercise BP, and exercise workload was recently described by
Schultz et al. (47), in relation to clinical interpretation of an
EEBP. Although systolic BP shares a relatively linear relation-
ship with workload (31), those with comparatively lower car-
diorespiratory fitness likely have a steeper rise in systolic BP,
with EEBP (at peak/maximal intensity) occurring early on
during incremental exercise and at a lower relative workload.
This BP response may be considered a “pathological” BP re-
sponse to exercise and is likely indicative of the hypertension-
related cardiovascular risk. On the other hand, with higher car-
diorespiratory fitness, the rate of increase in systolic BP is likely
to be lower, with EEBP at peak/maximal intensity occurring
only after a greater duration of exercise and at a higher relative
workload. This BP response may be considered a “physiologi-
cal” BP response and is likely to occur in the absence of cardio-
vascular dysfunction (48,49). Understanding cardiorespiratory

fitness is therefore of vital importance to differentiate a patho-
logical BP response to exercise from one that is merely a phys-
iological consequence of higher cardiorespiratory fitness. If
exercise BP is only assessed during peak/maximal exercise in-
tensity, where fixed workloads for BP measurement are not
possible, the influence of cardiorespiratory fitness is obscured,
precluding correct clinical interpretation of an EEBP (47). Ex-
ternal workloads can, however, be fixed during submaximal
exercise, and thus, for any given fixed workload during sub-
maximal exercise, the influence of cardiorespiratory fitness
on exercise BP will be clear and allow for correct clinical inter-
pretation of EEBP (47).

There are many clinical contexts in which BP is measured
during exercise. One of the most frequent is by exercise pro-
fessionals (such as exercise physiologists) working within
the (allied) health care sector. Because aerobic exercise testing
is frequently undertaken to assess functional/aerobic capacity
in this setting and with BP measurement, an important safety
requirement (6,11), such professionals are optimally placed to

* use exercise BP to identify people with uncontrolled high BP;

« if EEBP is recorded, make referral to other health care
providers (e.g., general practitioners, primary care physi-
cians) for further assessment of BP,;

* provide education about high BP and how to self-manage/
monitor the condition (e.g., via home BP measurement); and

* undertake exercise and lifestyle interventions to lower BP
and cardiovascular risk.

To help facilitate this process, Schultz and colleagues (50)
recently published recommendations for measuring exercise
BP within exercise-based professions, outlining a “pathway”
for the identification and management of hypertension. The key
components of this clinical pathway include recommendations
as follows:

* Any person completing an exercise test should have BP
measured during exercise to aid in the detection of uncon-
trolled high BP.
» BP should be measured using best-practice technique dur-
ing fixed-workload, submaximal exercise of any modality
that elicits a moderate intensity.
* The preference is for manual BP measurement, undertaken
during exercise (rather than on completion).
* A useful definition of EEBP (based on published evi-
dence indicating associations with cardiovascular dis-
ease risk markers) is exercise systolic BP in the range
of >150-170 mm Hg recorded during submaximal ex-
ercise of a moderate intensity.
» If EEBP is recorded (exercise systolic BP >170 mm Hg),
uncontrolled high BP should be considered and prompt
o correspondence with a general practitioner/primary
care physician encouraging follow-up testing to ascer-
tain BP status;

o guidance for the patient to complete home BP measure-
ment and encouragement to report these findings to their
treating physician; and
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o ongoing exercise and lifestyle intervention that is targeted
to lower high BP and improve overall cardiovascular dis-
ease risk.

These recommendations are currently being reviewed for
professional and societal endorsement in an Australian exer-
cise physiology context as one avenue to improve BP control
rates. However, there is international relevance to this en-
deavor, with calls for greater involvement of the allied health
professions (e.g., physical therapists, exercise physiologists)
to measure and manage high BP (51), which are echoed in
the Surgeon General’s call to improve BP control rates in the
United States (52).

MECHANISMS CONTRIBUTING TO AN EEBP

Given the association between EEBP and cardiovascular risk,
an understanding of the physiological mechanisms underpinning
this response may help to identify potential therapeutic targets.
As mentioned previously, BP represents a controlled variable
of the cardiovascular system, modified by changes in cardiac out-
put and total peripheral vascular resistance. Unfortunately, few
studies have assessed the relative contributions of changes in car-
diac output and peripheral vascular resistance during exercise in
those with an EEBP. In a cohort of young males, cardiac output
index was not different between those with and without an
EEBP, whereas the peripheral vascular index tended to be higher
in those with an EEBP (53). In agreement, middle-aged females
demonstrate higher peripheral vascular resistance at rest and
during exercise in those with the highest tertile of exercise
BP responses, whereas peak cardiac output index and stroke
volume index during exercise were lower (54). These results
suggest that an impairment in the ability to lower peripheral
vascular resistance during dynamic exercise may underlie
the EEBP phenotype. It is important to acknowledge that in
both studies reporting absolute differences in peripheral vas-
cular resistance, the relative changes in peripheral vascular re-
sistance during exercise were similar, in contrast to differing
exercise BP responses between groups (53,54). This aligns with
data from submaximal exercise tests in which the changes in
cardiac index and peripheral vascular resistance index were
similar in a cohort of middle-aged athletes with and without
an EEBP (48). Given the large proportion of cardiac output di-
rected toward active skeletal muscle during maximal exercise
(19), and the impact of baseline cardiac output on the contribu-
tion of changes in regional peripheral resistance on BP (55), fu-
ture studies may require regional assessments of vascular resis-
tance (or better yet, vascular conductance) in active muscle beds
to better elucidate the respective relative contributions to medi-
ating an EEBP. Furthermore, the balance in contribution of car-
diac output and peripheral resistance to EEBP may also differ
between individuals based on cardiorespiratory fitness.

The focus on attenuated reductions in peripheral vascular
resistance during exercise has led to several investigations into
the role of impaired endothelium-dependent vasodilation, ele-
vated arterial stiffness, and/or heightened neurohumoral acti-
vation. The strongest evidence supports alterations in vascular

function, with studies reporting that an EEBP is associated with
attenuated brachial artery flow-mediated vasodilation (56,57),
higher carotid-femoral pulse wave velocity (54), lower aortic dis-
tensibility and increased stiffness (58), and greater carotid artery
intima-media thickness (57). Adults with an EEBP also possess
augmented serum levels of asymmetric dimethylarginine, an en-
dogenous inhibitor of nitric oxide synthesis (59). In line with a
contributory role of reduced endothelium-dependent vasodilation
and reduced nitric oxide bioavailability, those with EEBP dem-
onstrated attenuated forearm blood flow responses to intra-
arterial infusions of acetylcholine and nitric oxide synthase an-
tagonist N®-monomethyl-L-arginine, but not sodium nitroprusside
or norepinephrine (56). Furthermore, resting brachial artery
flow-mediated dilation has been reported to correlate nega-
tively with exercise systolic BP responses (60,61). One impor-
tant consideration of potential mechanisms is that those with
and without an EEBP can have similar resting BP, highlight-
ing the importance of studying potential mechanisms during
exercise. For example, those with an EEBP had similar serum
levels of nitrite/nitrate, an estimate of nitric oxide availability,
and cyclic GMP, a critical intracellular messenger in mediat-
ing smooth muscle relaxation, as controls at rest, but lower cy-
clic GMP concentrations at peak exercise (56). The potent va-
soconstrictor angiotensin II has also been implicated to be in-
volved in mediating an EEBP. In cohorts of middle-aged
adults, those with an EEBP had an augmented rise in angioten-
sin IT during peak exercise, without any differences in plasma
catecholamines (58,62). In support, 2 wk of treatment with
losartan, an angiotensin receptor blocker, did not change resting
BP but reduced peak systolic BP and increased exercise duration
in patients with diastolic dysfunction and an EEBP (63). In con-
trast, it has been reported that plasma norepinephrine is higher
during exercise in those with an EEBP (64). Whether this reflects
increased central sympathetic drive or reduced norepinephrine
reuptake is not known. Direct measurements of muscle sympa-
thetic nerve activity at rest using microneurography have found
no difference in adults with metabolic syndrome with and with-
out an EEBP (65). Whether muscle sympathetic nerve activity
differs during exercise remains unclear.

An attenuated cardiac baroreflex sensitivity has also been re-
ported in those with an EEBP (65,66). However, this measure
reflects reflex cardiac parasympathetic modulation of heart rate
(67) and baroreflex-mediated changes in exercise BP are driven
primarily by changes in total vascular conductance not cardiac
output (68). How changes in cardiac baroreflex sensitivity are
causally linked to an EEBP requires further clarification. To
date, no studies have assessed the role of sympathetic baroreflex
sensitivity in those with an EEBP.

EXERCISE AND HYPERTENSION: A
PRESCRIPTION UPDATE

The proceedings of our scientific symposium to this point
have focused on the acute BP response to submaximal and
maximal exercise and the associated physiological mechanisms
underpinning an EEBP in individuals likely to develop or who
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have hypertension. Here, we will discuss exercise training in
terms of the primary and secondary prevention of hypertension,
as well as the antihypertensive effects of exercise (both in the
short-term following an acute exercise bout, and the chronic ad-
aptations that occur with exercise training). Indeed, habitual
exercise/physical activity has been shown to prevent the devel-
opment of hypertension in an inverse dose response relationship
with the volume of physical activity performed, with each 10
MET-hours per week of physical activity in those with normal
BP reducing the risk of developing hypertension by 6% (69). Ex-
ercise training interventions of varying type, duration, and modal-
ity have been shown to reduce BP, on average, 5-8 mm Hg in
individuals with hypertension, 2 to 4 mm Hg in those with
prehypertension, and 1 to 2 mm Hg in those with normal BP
(70). Thus, the magnitude of the BP reduction is a direct function
of resting BP, with the greatest BP reductions occurring in those
with hypertension, followed by those with prehypertension and
normal BP. For these reasons, exercise is recommended world-
wide as first-line lifestyle therapy to prevent and treat hyperten-
sion (71-75).

An exercise prescription is an individualized physical activ-
ity program framed by the frequency (how often?), intensity
(how hard?), time (how long?), and type (what kind?) or the
FITT principle (6). Based on evidence from a meta-review
of systematic reviews and meta-analyses performed by Physi-
cal Activity Guidelines for Americans Advisory Committee
(74) and the ACSM Pronouncement that followed (70,76),
the current ACSM FITT exercise prescription for hypertension
is engaging in aerobic or dynamic resistance exercise alone or
combined on most, preferably all, days of the week for at least
20 to 30 min-d "' to total at least 90 to 150 min-wk ' of contin-
uous or accumulated exercise of any duration and intensity.
Moderate-intensity exercise should be emphasized, although
depending on clinical presentation and personal preference, light
and vigorous intensity may also be encouraged. Neuromotor and
flexibility may be added, although at the time that these
ACSM recommendations were published, the evidence was
much more compelling for aerobic and dynamic resistance than
neuromotor exercise. Of note, these ACSM recommendations
no longer place emphasis solely on aerobic exercise and encour-
age more exercise options that can be done in less time than
previous ACSM recommendations.

Since the release of the ACSM exercise prescription recom-
mendations for hypertension, new evidence has emerged on
the use of exercise to prevent and treat hypertension. This pro-
ceeding now presents highlights from two reviews by Alves
et al. (77,78) addressing the long-held notion that medications
work better than exercise as antihypertensive therapy (52) and
expansion of the guidelines to include more exercise options.
Naci and colleagues (79) first compared the antihypertensive
effects of exercise and medications on systolic BP among
39,742 healthy adults with normal BP, prehypertension, and
hypertension. They found that aerobic and dynamic resistance
exercise alone or combined and antihypertensive medications
reduced systolic BP by ~9 mm Hg among adults with hy-
pertension. Noone and colleagues (80) then compared the

antihypertensive effects of exercise and medications among
32,404 adults with hypertension and found that the evidence
was insufficient to make the conclusion that the antihyperten-
sive effects of medications were better than exercise.

Following the work of Naci et al. (79) and Noone et al. (80),
Pescatello and colleagues (81) conducted a scoping review
among 28,810 adults with hypertension that contained a network
meta-analysis of 12 randomized control trials that isolated and
directly compared the antihypertensive benefits of exercise and
medication combined to exercise or medication alone, and a
meta-review of 13 meta-analyses of randomized controlled tri-
als and controlled trials that performed medication moderator
analyses. They concluded exercise and medication alone or
combined were effective antihypertensive therapy, and when
combined, they elicited BP reductions of 6-14 mm Hg greater
than medication alone. In addition, exercise alone elicited greater
BP reductions than medications alone by 5-9 mm Hg, although
the evidence was more compelling for systolic than diastolic BP
and alternative (e.g., Qigong, Tai Chi, and Yoga) than traditional
types of exercise (i.e., acrobic and dynamic resistance alone or
combined). Collectively, these findings show exercise measures
up to medication as antihypertensive therapy. In fact, exercise
may elicit greater BP reductions than medications alone, espe-
cially for systolic BP and alternative types of exercise, and
when combined, their antihypertensive effects are greater than
medication alone in the treatment of hypertension.

Three meta-analyses, two by Wu et al. (82,83) and one by
Hanssen et al. (73), which was a consensus document by the
European Association of Preventive Cardiology and the European
Society of Cardiology, and a network meta-analysis by Edwards
et al. (84), now provide evidence the exercise prescription and
hypertension recommendations can be expanded to include not
only aerobic and dynamic resistance exercise alone or combined
but also neuromotor exercise and isometric resistance exercise to
prevent and treat hypertension. Of note, Hanssen and Pescatello
(85) and Alves et al. (77,78) contend to recommend isometric
resistance exercise as standalone antihypertensive therapy is
premature currently due to the small size of this literature that
contains conflicting evidence for individuals with hypertension.
Rather isometric resistance exercise should be recommended
for the primary prevention of hypertension and as secondary
prevention only for individuals with hypertension who are not

TABLE 1. The updated exercise prescription for hypertension (based on data from Refs.
(70,76)).

FITT

Component Exercise Prescription Description

Frequency On most, preferably all, days of the week

Intensity Emphasize moderate, depending on clinical presentation and
preference, Light and vigorous intensity may also be encouraged

Time >20 to 30 min-d~" to total > 90 to 150+ min-wk™" of continuous or
accumulated exercise of any duration

Type Emphasize aerobic? or dynamic resistance” or neuromotor® exercise

alone or combined and include flexibility?

?Prolonged, rhythmic activities using large muscle groups (e.g., walking, cycling, swimming).
b Resistance machines, free weights, resistance bands, and/or functional body weight exercise.
¢ Exercise involving motor skills and/or functional body weight and flexibility exercise such
as yoga, pilates, and tai chi.

9 Static, dynamic, and/or proprioceptive neuromuscular facilitation.

FITT, Frequency, Intensity, Time, and Type of Exercise.
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able or do not adhere to aerobic and dynamic resistance exer-
cise. See Table 1 for the expanded exercise prescription recom-
mendations based on this new evidence for individuals with hy-
pertension that now include neuromotor exercise as an option,
and consideration of isometric resistance exercise in instances
where individuals with physical limitations cannot perform aer-
obic and/or dynamic resistance exercise.

SUMMARY: FUTURE DIRECTIONS

Since the establishment of exercise testing guidelines in the
1970s (86,87), the measurement and interpretation of exercise
BPs have continued to evolve. Like the clinical practice guide-
lines for the measurement of BP during rest, exercise testing
guidelines (6,7) would benefit from expanding upon their cur-
rent recommendations. Some areas worthy of additional inves-
tigation and discussion include the use of manual versus auto-
mated measurements, inter-arm differences in BP during exer-
cise, and the effect of menstrual cycle phase on exercise BPs
and EEBP. As we have summarized, there is a growing body
of evidence that now highlights the clinical usefulness of EEBP
(measured during submaximal exercise) for the identification of
uncontrolled high BP. Despite this, clinical guidelines have not
been updated to affirm the independent (hypertension related)
cardiovascular disease risk associated with EEBP. We therefore
support an updated review of all contemporary evidence sur-
rounding EEBP during submaximal exercise for consideration
for inclusion within exercise testing and hypertension manage-
ment guidelines. To complement, future research should aim to
fill outstanding evidence gaps (including establishing a univer-
sal definition/s of EEBP recorded during submaximal exercise)
and provide practical guidance and implementation strategies
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