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Abstract Clinical exercise stress testing is a common medical test performed in cardiology and
exercise physiology clinics the world over. Measurement of blood pressure (BP) during testing is
mandated. Whilst systolic BP should normally rise with incremental exercise, and diastolic BP re-
mains relatively stable,abnormal responsescanoccur. LowBPor ‘exercisehypotension’ isa known
signal of underlying cardiovascular disease and sign of poor prognosis. On the other hand, obser-
vational evidence suggests an exaggerated BP response is also associatedwith heightened cardio-
vascular disease risk. Historically, research has focused on the BP response to peak or maximum
exercise intensities. However, exaggerated BP during submaximal exercise (light-to-moderate in-
tensity) may expose the presence of high BP otherwise not detected by traditional resting mea-
surement in the clinic. Exaggerated exercise BP is related to subclinical cardiovascular disease
risk markers such as raised arterial stiffness and impaired cardiac structure and function. The
mechanisms underlying such associations are complex, but physiological insight has been gained
fromstudying changes inarterial haemodynamics in response todynamicexercise. Similarly, there
are several knownmodifiers of the exercise BP response, including age, disease status and aerobic
capacity. An area of continued focus is to establish if modifiers, such as aerobic capacity, also
modify associations betweenexercise BPand clinical outcomes throughout the life-course. Future
work is also directed towards filling a crucial evidence gap, providing population-based thresholds
of exercise BP that are associatedwith acute and longer-term outcomes. This should pave theway
for pragmatic research aimed towards enhancing the clinical use of exercise BP.
ª 2017 Association for Research into Arterial Structure and Physiology. Published by Elsevier B.V.
All rights reserved.

* Fax: þ61 (0) 3 6226 7704.
E-mail address: Martin.Schultz@utas.edu.au.

+ MODEL

Please cite this article in press as: Schultz MG, The clinical importance of exercise blood pressure, Artery Research (2017), https://
doi.org/10.1016/j.artres.2017.11.004

https://doi.org/10.1016/j.artres.2017.11.004
1872-9312/ª 2017 Association for Research into Arterial Structure and Physiology. Published by Elsevier B.V. All rights reserved.

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.elsevier.com/locate /artres

Artery Research (2017) xx, 1e5

mailto:Martin.Schultz@utas.edu.au
https://doi.org/10.1016/j.artres.2017.11.004
www.sciencedirect.com/science/journal/18729312
http://www.elsevier.com/locate/artres
https://doi.org/10.1016/j.artres.2017.11.004
https://doi.org/10.1016/j.artres.2017.11.004


Introduction

Clinical exercise stress testing is frequently performed in
cardiology and exercise physiology clinics the world over.
This incremental or ‘graded’ form of exercise testing is
generally carried out to establish presence of exercise
induced myocardial ischaemia and/or arrhythmia, or for
the assessment of aerobic and functional capacity. The
measurement of blood pressure (BP) before, during and in
recovery from exercise forms a mandatory requirement of
each test.1,2 Irrespective of exercise test mode (which may
take the form of a treadmill, cycle, step or walk protocol),
systolic BP should normally rise with incremental exercise,
theoretically reaching maximal value towards peak in-
tensity.3 Diastolic BP should remain relatively stable, likely
reducing at higher exercise intensities in response to
reduction in systematic vascular resistance. Nonetheless,
irrespective of BP status at rest, abnormal exercise BP re-
sponses can occur. Several lines of evidence suggest that
abnormal exercise BP holds clinical relevance in the pre-
diction of cardiovascular risk, as well as revealing the
presence of high BP otherwise missed by traditional resting
measures.4 The aim of this paper was to summarise (our)
recent work underlying the clinical importance of
(abnormal) exercise BP (with a focus on exercise hyper-
tension); whilst describing current and future research
endeavours that will enhance clinical use.

The clinical importance of abnormal exercise
BP

Exercise hypotension

Clinical exercise guidelines define exercise hypotension as a
drop in systolic BP below pre-testing value, or an increase
with subsequent decrease in systolic BP of >10 mmHg with
increasing exercise intensity.1,2 A relatively common con-
dition in individuals referred for clinical exercise testing
(prevalence estimates > 6%),5 exercise hypotension is
known to be associated with presence of underlying cardiac
disease (such as left ventricular dysfunction, ischaemic
heart disease and aortic outflow obstructions). Thus, it has
been incorporated into exercise testing guidelines as an
absolute indication to terminate a clinical test on safety
grounds. The clinical importance of exercise hypotension
may not only be acutely relevant, but may signify future
cardiovascular risk. Indeed, we recently undertook a sys-
tematic review and meta-analysis and found that a hypo-
tensive response to clinical exercise stress testing predicts
longer-term (average follow-up of 4.4 years) fatal and non-
fatal cardiovascular events and all-cause mortality.6 Of
particular note, data indicated the prognostic significance
of exercise hypotension irrespective of disease status,
modality of exercise testing (treadmill or cycle protocols),
exercise intensity, or definition of exercise hypotension.6

More recently, data from the Henry Ford Exercise Testing
(FIT) Project indicated that a reduction in systolic BP during
exercise testing was associated with elevated incidence of
cardiovascular events (myocardial infarction) and all-cause
mortality.7 This association held following adjustment for

important cardiovascular risk factors (including aerobic
capacity).

Exercise hypertension

The clinical importance of exaggerated BP responses to
clinical exercise testing has been long-debated. Precise
definitions of exercise hypertension are unavailable,
although several large studies have indicated that irre-
spective of normal BP at rest some individuals will experi-
ence an abnormal increase in BP (more likely for systolic
BP) which at peak exercise intensity is associated with
adverse cardiovascular outcomes.8,9 We conducted a sys-
tematic review meta-analysis compiling all available data
on subjects without a history of hypertension (in-clinic
BP � 140/90 mmHg) and cardiovascular disease.10 In data
from 46,314 subjects followed for 15 � 4 years, we found
that independent of age, sex, resting BP and multiple
traditional cardiovascular risk factors, that exaggerated BP
during submaximal intensity exercise was associated with a
36% increased cardiovascular event and mortality rate.
Moreover, each 10 mmHg increase in exercise systolic BP at
submaximal intensity was associated with a 4% increased
annual event rate.10 Despite expectation, the BP response
to peak intensity exercise was not predictive of outcome.
Thus, within otherwise healthy individuals, the signal for
heightened risk may be stronger for exercise BP recorded at
a submaximal intensity when measurements may be more
practically feasible and reliable. Nonetheless, whilst some
attempt at defining exercise hypertension at submaximal
exercise workloads (submaximal exercise systolic BP in the
range of 150e180 mmHg) has been made from small
selected study samples,11e14 more definitive conclusions on
thresholds are required in order to be able to fully eluci-
date its prognostic importance.

Exercise hypertension is likely a precursor to future
development of established hypertension, which may un-
derlie its aforementioned prognostic value. Indeed, multi-
ple longitudinal studies have indicated that exercise
hypertension in those with apparently normal BP (in-clinic
BP � 140/90 mmHg) predicts incident hypertension.13,15e18

To consolidate this evidence, we recently integrated data
from 23,207 normotensive subjects followed for an average
5.3 � 2.1 years, in the form of a meta-analysis.19 Our pri-
mary finding was that exercise hypertension independently
predicted future development of hypertension, irre-
spective of exercise mode (i.e. treadmill, step or cycle) or
intensity, and independently of resting BP.19

One of the limitations of studies included in our meta-
analysiswas that in-clinicmeasures of BPwere used to define
those with normal BP at baseline, and the outcome of inci-
dent hypertension at follow-up. It is well known that true BP
control cannot be confirmed in the absence of an out-of-
clinic (ambulatory or home monitoring) BP, because white
coat hypertension (erroneously high BP in the clinic) or
masked hypertension (erroneously normal BP in the clinic)
cannot be ruled out. Thus, risk related to the exercise BP
response could have been potentially over- or under-
estimated in our meta-analysis. We aimed to address the
magnitude of this limitation in a study of non-selected in-
dividuals undergoing clinical exercise stress testing. One
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