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ABSTRACT

Moderate-intensity continuous training (MICT) has long been considered the most effective
exercise treatment modality for the prevention and management of cardiovascular disease,
but more recently high-intensity interval training (HIIT) has-emerged-inte-the-chinical
environment has been viewed as a potential alternative to MICT in accruing such benefits.
HIIT was initially found to induce significant improvements in numerous physiological and
health-related indices, to a similar if not superior extent to MICT. Since then, many studies
have attempted to explore the potential clinical utility of HIIT, relative to MICT, with respect
to treating numerous cardiovascular conditions such as coronary artery disease, heart failure,
stroke, and hypertension. Despite this, however, the efficacy of HIIT compared-to-MHCTwith
respeetto in reversing the specific symptoms and risk factors of these cardiovascular

pathologies

not well understood. H-addition; HIIT is often perceived as very strenuous, which could
potentiathy render it unsafe for those at risk of or afflicted with cardiovascular disease, but
these issues are also yet to be reviewed. Furthermore, the optimal HIIT protocol for each of
the cardiovascular disease cohorts has not been established. Thus, the purpose of this review
article is to (i) evaluate the efficacy of HIIT relative to MICT in the prevention and
management of cardiovascular conditions, and (ii) explore any potential safety issues
surrounding the suitability and/or tolerability of HIIT for patients with cardiovascular disease,
as well as the potential optimal prescriptive variables of HIIT for application in the clinical

environment.
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A sedentary lifestyle is accompanied by changes to the cardiovascular structure and
function which, with their complications, increase cardiovascular disease (CVD) risk and
contribute to increased morbidity and mortality in all age groups.® Indeed, declines in
cardiorespiratory fitness and endothelial function are greatly implicated in the development
and progression of CVDs.® Low levels of cardiorespiratory fitness are associated with an
increased risk for cardiovascular and all-cause mortality in people of all ages,? while impaired
endothelial function results in a chronic inflammatory process accompanied by a loss of
antithrombotic factors and an increase in vasoconstrictor and prothrombotic factors in
addition to abnormal vasoreactivity. This sequence leadsleading to atherosclerosis and, in
turn, cardiovascular events.” The current epidemiological state of CVD is such that by the
year 2030, it will be responsible for approximately 23 million deaths on an annual basis,® thus
emphasising a great need to develop potent, cost-effective interventions that alleviate the

associated health burdens.

Modifiable lifestyle changes such as increasing physical activity levels are widely
acknowledged to be the first-line of approach to CVD prevention and/or management.
Endurance exercise training, in particular, is known to induce numerous favorable
adaptations including improved skeletal muscle oxidative capacity,® peripheral vascular
structure and function, including popliteal artery distensibility and flow-mediated dilation
(FMD),*® muscle microvascular density,** and muscle O utilization kinetics.* These
adaptations have significant scientific and clinical relevance linked with the effective
management of people at risk of developing, or afflicted with, many chronic cardiovascular
disorders including coronary artery disease (CAD),*?* heart failure,'>18 stroke,**? and
hypertension.!22! However, the specific modality of exercise and associated prescriptive
variables required to accrue such clinical benefits is a contentious issue, with no clear

recommendations for the prevention and/or management of cardiovascular disorders.



Moderate-intensity continuous training (MICT) has traditionally been considered the
most beneficial training modality for patients with CVD.?22 In fact, current CVD prevention
and rehabilitation guidelines suggest performing 150 — 180 minutes of MICT (50 — 70% peak
oxygen uptake [VOzpea]) per week for the delivery of health benefits.Z More recently,
however, high-intensity interval training (HIIT) has raised considerable interest in the clinical
context as a potential alternative to MICT for reducing the risk of CVD as well as improving
the health and wellbeing outcomes of those affected.?®3* It may be thought that the higher
intensity of exercise as-with-HHT may increase the risk of an acute cardiovascular event in
comparison to MICT. However, HIIT applied in the settings discussed in this paper has been
shown to be low risk and is adapted to maintain safety (See safety issues/clinical perspectives

section).

HIIT is characterized by brief, intermittent bursts of high intensity exercise,
interspersed with periods of rest or low-intensity exercise (active recovery). A growing body
of research suggests that HIIT has the capacity to induce changes in numerous physiological
and health-related markers to a similar or even superior extent to MICT.*>%7 As such, the use
of HIIT has also been shown to be very beneficial for CVD cohorts, with particular relevance
to improving numerous risk factors in-cardiovascular-disease-cohorts; including
cardiorespiratory fitness (VOzpeak),282° endothelial function,*®! left ventricular®>% and
overall myocardial function,® and specific blood pressure dynamics,®* to a similar, if not
superior magnitude to MICT. What is perhaps most intriguing about these findings is that the
volume of exercise and time spent training has generally been significantly lower with HIIT
relative to MICT. Given that “lack of time” remains one of the most commonly cited barriers
to regular exercise participation,®-° the use of HIIT may be particularly important from a

clinical and public health perspective in the prevention/management of chronic disease.



HIIT has long been used in the athletic setting as a means of enhancing physical
performance,*:#¢ but only more recently in the clinical context for the prevention and
management of chronic disease. Thus, the utility of HIIT, relative to MICT, in ameliorating
the specific symptoms and adverse effects of those at risk of or afflicted with CVD is not well
understood. Indeed, previous reviews have attempted to explore the efficacy of HIIT in
comparison to MICT in the prevention/management of CVD,1735364748 byt it is noteworthy
that the number of studies providing a direct comparison between HIIT and MICT in relation
to treatment effects were limited at their respective times, making it difficult to determine the
dominant exercise treatment modality in the clinical environment. However, recently, a
number of comparative studies have been published emerged-into-the-literature, 19204955
making it timely to once again revisit, update and summarize the available information. Thus,
the aim of the current work is to build on previous literature exploring the effectiveness of
HIIT relative to MICT in the prevention/management of numerous cardiovascular
pathologies including coronary artery disease, heart failure, stroke, and hypertension, with
particular relevance to physiological adaptations, clinical benefits and potential underlying
mechanisms. A further aim is to explore any potential safety issues of HIIT for clinical
populations, and provide optimal prescriptive variables of HIIT for effective therapeutic

exercise prescription and application in the clinical setting.
LITERATURE SEARCH METHODOLOGY

The National Library of Medicine (PubMed) database was used to search for relevant articles
between January 2000 and August 2015. The specific search terms used in isolation and/or
combination were ‘high-intensity’, ‘interval’ ‘intermittent’, ‘continuous’, ‘endurance’,
‘training’, ‘cardiovascular’, ‘cardiac’, and ‘disease’. Reference lists of all articles obtained
from this search were also examined for additional relevant articles. The inclusion/exclusion

criteria for all articles in this review were such that they needed to provide information



relating to the physiological responses induced by HIIT and/or MICT with particular

relevance to the prevention and/or management of cardiovascular disease.
HIIT VS. MICT IN THE MANAGEMENT OF CVD

HIIT has been shown to be potentially beneficial for patients with specific

13,14,51,52,55,

cardiovascular pathologies including coronary artery disease, % heart failure,*™>

18:49.50.54 stroke, %20 and hypertension.2213453 The following-sections-discuss-the-effectiveness

CAD

CAD is one of the leading causes of mortality, with more than 17 million deaths
worldwide.®” CAD is a result of atherosclerosis, which has been associated with low levels of
cardiorespiratory fitness (VOzpeak),? endothelial dysfunction and inflammatory reaction.%®° In
fact, the level of cardiorespiratory fitness, in particular, appears to have the greatest impact on
cardiac and all-cause mortality in patients with CAD,?%° given its known influence on
numerous cardiovascular risk factors such as levels of inflammatory/hemostatic biomarkers,
blood pressure, lipids, anthropometric measures, glucose tolerance and insulin sensitivity.®
Thus, physical exercise that improves VOzpeak IS strongly recommended for this cohort, and
previous research suggests that HIIT may be equivalent to or even superior to MICT in
producing such benefits in patients with CAD.?%52556263 Moholdt et al®? and Tschentscher et
al®® reported similar increases in VOzpeak (~3.3 vs. ~2.3 ml.kg™t.min") and peak work capacity
(~22.8% vs. ~21.1%) following a period (4 and 6 weeks) of HIIT and MICT, respectively??
In addition, Rognmo et al?® examined 11 weeks of HIIT (80 — 90% VOzpeak) Vs. MICT (50 —
60% VO2peak) With respect to improving aerobic capacity and reported greater increases

(17.9% vs. 7.9%) in VO2peak following the HIIT program. Moreover, a meta-analysis by



Elliot and colleagues®? on HIIT vs. MICT, which included 229 CAD patients in total, found a
significantly greater increase in VOzpeak (~1.53 ml.kg.min™) following HIIT relative to
MICT, respectively. Based on these findings, HIIT may be more effective than MICT in
improving aerobic exercise capacity in CAD patients, which could have many benefits with
respect to improving quality of life as well as morbidity and mortality rates. The specific
mechanisms underpinning the increased VOzpeak in CAD patients following HIIT have not
been well documented, but could perhaps be related to increased protein levels of peroxisome
proliferative activated receptor-y coactivator-1a (PGC-1a), a critical factor coordinating the
activation of metabolic genes required for substrate utilization and mitochondrial

biogenesis.33%®

With regard to HIIT-induced cardiovascular (endothelial) adaptations in patients with
CAD, previous research has also shown promising results, comparable to those found
following MICT. Specifically, HIIT has been shown to improve FMD, a marker of brachial
artery endothelial-dependent function, both acutely (pre, 0.25 + 0.13 mm vs. post, 0.29 + 0.13
mm) and chronically (pre, 4.6 + 3.6% vs. post, 6.1 + 3.4%) to a similar magnitude as
MICT,54% perhaps due to increased nitric oxide bioavailability (i.e., a pivotal regulator of
FMD and endothelial function).®® In addition, heart rate recovery (i.e., change in heart rate
from peak exercise to one minute after peak exercise with the patient standing)®” and heart
rate variability (i.e., cardiac autonomic function), which are inversely related to risk of
mortality in CAD patients,® have also been shown to improve with HIIT,%%° although this is
not consistent with all trials,”® perhaps due to the variability of the pre-training states of the
samples employed. Nevertheless, the improved FMD and vascular endothelial function seen
with HIIT®® may be of significant importance given that stiffening of the large elastic

arteries and concomitantly impaired endothelial function play central roles in the etiology of



atherogenesis and endothelial dysfunction which are associated with an increased risk of

mortality in CAD patients.®

Unfortunately, very little evidence currently exists concerning the long-term effects of
HIIT in comparison to MICT in patients with CAD. The one study of Moholdt et al®?
included a 6-month follow-up after the initial 4 weeks of HIIT vs. MICT, and found VO2peak
to be significantly higher with HIIT, indicating that HIIT provides more favorable long-term
effects than MICT for CAD patients. Other available long-term HIIT intervention studies in
these patients have omitted the use of a full MICT program,**¢° making comparative
judgements between HIIT and MICT difficult. Another study by Moholdt and colleagues®®
compared the long-term effects of a 4-week HIIT program against a standard care,
hospitalized residential rehabilitation program (consisting of outdoor walking, cross-country
skiing, indoor cycling, ball games and strength training (80% of sessions were endurance
based)) in patients with CAD, and reported increases in VOzpeak (~18.8% and ~17.4%) and
quality of life following both interventions at a 6-month follow-up, with no significant
differences between interventions. Madssen et al*® determined whether a 12-month
maintenance program consisting of home-based HIIT (3 sessions per week) would improve
VO2zpeak iN CAD patients any more than usual care offered by the rehabilitation clinic (i.e.,
patients are encouraged to be physically active but not given any concise exercise
prescription) and found no changes in VOzpeak, quality of life and blood biomarkers at 12
months’ follow-up. However, since the home-based HIIT program in the latter study was
unsupervised with only one-third of patients reporting full adherence to the program, the lack
of improvements in VO2peak at 12 months follow-up could be attributed to a lack of adherence

to the prescribed HIIT program.

Collectively, evidence supporting the use of HIIT in improving the health and

wellbeing of patients with CAD is promising and, for the most part, may also suggest that



HIIT is somewhat more beneficial than MICT. However, additional long-term studies in this
patient group that directly compare HIIT with MICT in terms of induced physiological
adaptations (i.e., VO2peak, FMD, endothelial function), quality of life, morbidity and mortality
are required before HIIT can be widely recommended in this cohort as an alternative to

MICT.
Heart Failure

Heart failure constitutes a serious health problem in modern societies as a major cause
of morbidity and mortality.>"* Patients with heart failure suffer from a severely reduced
quality of life due to their exercise intolerance and associated inability to perform daily
activities.”?’® Such adverse effects, however, can be ameliorated by exercise training.
Previous studies have also compared the utility of HIIT against MICT in patients with heart
failure, with respect to improving exercise capacity and quality of life.16:28323377 Angadi et
al*? reported significantly greater increases in VOzpeax (pre, ~19.2 vs. post, ~21.0 ml/kg/min-
1Y in a cohort of heart failure patients with preserved ejection fraction (HFpEF) following 4
weeks of HIIT, whereas no such changes were observed following MICT. Wisloff et al*® also
reported similar findings, in that VVOzpeak increased markedly more in post-infarction heart
failure patients with HIIT than MICT (~46% vs. ~14%). In addition, a meta-analysis by
Haykowsky and colleagues? which included 7 randomized trials on the efficacy of HIIT vs.
MICT with regards to improving VO2peak in heart failure patients with reduced ejection
fraction (HFrEF), found HIIT to be more effective (weighted mean difference, 2.14 mi/kg
Ymin). Furthermore, increases in VOzpeak cONcomitant with improved functional capacity
(distance walked during a 6-minute walk test)’” and quality of life®® have also been shown to
be greater with HIIT relative to MICT in patients with heart failure. These findings suggest
that HIIT may be superior to MICT in alleviating the symptoms and adverse effects seen in

patients with heart failure. Although it is currently unknown whether treatment effects may



vary between specific heart failure populations (HFpEF, HFrEF, post-infarction), the use of
HIIT indeed appears to be more promising than MICT in each of these cohorts, and thereby
has some potential to be considered ahead-ef superior to MICT for the effective management
of the condition. The greater beneficial effects of HIIT may be, in part, due to a greater
generation of large shear stress forces within the endothelium leading to improvements in
endothelial function, and promotion of an increase in muscle mass, hence improving oxygen
metabolism.’® However, it must be noted that endurance training-induced increases in
VO2zpeak could also occur independent of any changes in endothelial function in patients with
heart failure,”® suggesting that other mechanisms {i-e-skeletal-muscle-adaptations) such as a
greater O utilization in skeletal muscle via PGC-1a-mediated mitochondrial function and/or
Ca?* cycling in skeletal muscle by sarcoplasmic reticulum (SR) ATPase (SERCA) may be
more responsible for the superior increase in VOazpeak Seen with HIIT in patients with heart

failure.3380-82  adit ok???

His-also-ofrelevant Of note, that not all studies have shown superior results with
HIIT. Koufaki et al*® reported similar increases in VOzpeak following HIIT and MICT in a
group of HFrEF patients, which contrasts with the studies above. As the training protocols
were not isocaloric (of similar dose), the authors suggested that the lack of a superior HIIT
effect could perhaps be attributed to the lower amount of total work performed with HIIT
compared to MICT in the study (HIIT, ~588 kcal/week vs. MICT, ~705 kcal/week).
However, this explanation seems rather flawed when considering the work of lellamo and
colleagues®® where similar improvements in VO2peak Were also found in post-infarction heart
failure patients following isocaloric HIIT and MICT training programs. It is thus feasible that
other factors, such as inconsistencies in methodologies, subject characteristics, as well as the
physical activity levels of the subjects employed, are more responsible for the lack of a

superior HIIT effect seen in these two studies. Nevertheless, it must be noted that HIIT was
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not found to be inferior to MICT, indicating that it is still a very potent, time-efficient

modality that improves exercise capacity in HF patients.

A known cardiac feature of heart failure is the progressive chamber dilation and
deterioration in pump function resulting in increased hemodynamic load and neurohormonal
stress. This process, termed left ventricular (LV) remodeling, is also associated with
increased morbidity and mortality.323384858687.88 |nterestingly, HIIT has also been shown to
reverse LV remodeling more favorably than MICT.*?22 Wisloff et al® found 12 weeks of
HIIT to significantly reduce LV end-diastolic (18%) and end-systolic volumes (25%) and
increase LV EF (35%), compared to MICT. Similarly, Angadi et al*? reported significant
improvements in LV diastolic function (pre, 2.1 £ 0.3; post, 1.3 + 0.7) with 4 weeks of HIIT,
but no changes were seen following MICT. The mechanisms by which HIIT may improve
LV function in patients with heart failure are not well understood, but may relate to improved
atrial myocyte Ca?* handling via increased activity of SERCA 2a, resulting in increased SR
Ca?* content, and improved myocyte contractility, as reported by Johnsen et al.®® Thus, HIIT
also appears to be more effective than MICT in terms of improving LV function which may,
in fact, promote a greater quality of life and reduce the rate of morbidity and mortality among

the population.
Stroke

Stroke is a leading cause of disability worldwide, associated with various physical
impairments that trigger a vicious cycle of limited activity and deconditioning, which in turn
exacerbates the risk of recurrent stroke and major cardiovascular events,8%90:91.92.93
Cardiorespiratory fitness levels among stroke patients have been found to be as low as 50 —
80% of the age- and sex-matched values in sedentary individuals,®** which even falls short

of the level required for independent living.®® The use of aerobic exercise training may
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therefore be of significant importance among stroke patients, as it could theoretically break
the vicious cycle of physical inactivity and functional decline by improving VOzpeak, physical
function, and quality of life. Despite the sound theoretical rationale for aerobic exercise
training, no data currently exist concerning the comparison of HIIT with MICT for improving
aerobic fitness and functional performance in stroke patients, and the available research is
thus limited to studies that have examined the utility of HIIT and MICT

independently.19:20:27:97-101

MICT has been shown to improve VOzpeax (6.3 mi/kg™/min™ and ~17%) in patients
with stroke significantly more than conventional care (physiotherapy)®® and reference
rehabilitation programs (stretching and low-intensity walking).% In addition, meta-
analyses!?®% have also confirmed the potent beneficial effects of MICT, with documented
significant effect sizes in favor of MICT to improve VOqpeak in patients with chronic stroke.
To the authors’ knowledge, the only MICT intervention study that failed to show a significant
effect on cardiorespiratory fitness was Moore et al.1% It has been suggested that the 4-week
training period used in their study may have been too short to induce a substantial
cardiovascular effect in chronic stroke patients who may have lived an inactive lifestyle for
extended periods.*® The fact that the total duration of MICT has been at least 8 weeks among

the studies that found positive effects on VO2zpeak may also support this notion,%7:98:100,101,103-110

On the other hand, the application of HIIT in stroke rehabilitation appears to be sparse
and conflicting. Askim et al*® reported no changes in VOzpeak following 6 weeks of HIIT in a
selected group of stroke patients, although significant improvements were observed in the 6-
minute walk test (pre, ~410 m vs. post, ~461 m). In contrast, Gjellesvik et al?” demonstrated
considerable increments in VOgzpeak (pre, ~2.32 vs. post, ~2.60 L/kg*/min) following initial
HIIT which also remained significantly elevated at 1-year follow-up (2.59 L/kg*/min™).

Given that exercise prescriptive variables were similar between studies (4 x 4-minute work

12



periods at an intensity between 85 — 95% of peak heart rate, interspersed with 3-minute rest
periods), one may speculate that inter-study differences in subject characteristics (level of

stroke [mild, moderate], pre-training state) led to this discrepancy.

Thus, both HIIT and MICT could perhaps prove beneficial for stroke patients with
respect to improving cardiorespiratory fitness, which in most cases also seems to associate
with improved functional performance and general wellbeing, as reflected by numerous
studies showing improvements in walking endurance (6-minute walk test) (~53 m), speed
(~0.14 m/s), economy (pre, 1.12 vs. post, 1.04 L/kg*/min?), and quality of life, parallel to
VOgpeak.2"9798:100.10L.107 The ynderlying mechanisms for the HIIT- and MICT-mediated
improvement in VOapeak in those with stroke remain to be determined but could perhaps be
attributable to an enhanced ability of the skeletal muscles to utilize Oz via improved
mitochondrial function.’®® However, in view of the current literature, the use of MICT
appears to be more promising than HIT for improving aerobic fitness and health outcomes
among stroke patients. But more research is obviously required on the use of HIIT and, more
importantly, on the direct comparison of HIIT to MICT with respect to stroke rehabilitation,
before definitive judgements can be made. Furthermore, it must be noted that because up to
75% of stroke patients have coexisting cardiac disease,'** which has been shown to be a
major causative factor increasing the risk of cardiac arrest during exercise,**? the foremost
priority in formulating any form of aerobic exercise training into stroke rehabilitation should
be to screen and monitor all exercise prescriptions carefully on an individual basis before

making any practical applications.!*3

Hypertension

Hypertension is the most common risk factor for cardiovascular events such as CAD,

heart failure and stroke, affecting approximately one billion individuals worldwide. 114115 |n
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fact, the association between blood pressure (BP) and greater incidence of CVD begins with
BP levels as low as 115/75 mmHg, and then becomes stronger for each 20/10 mmHg increase
in systolic/diastolic BP.!'® Regular exercise is a well-established intervention for the
prevention and treatment of hypertension, since it can reduce the risk of hypertension in
normotensive populations,''’18 reduce BP in hypertensive cohorts, 319121 and also improve
several factors involved in the pathophysiology of hypertension.?6:122123 Traditionally, MICT
has been recommended as part of the battery of interventions for effective management of the
condition,*?41% however, several studies suggest that HIIT may be superior to MICT for
improving various health indices in hypertensive individuals as well as those at high familial

risk for hypertension,26.30-122.126

Higher levels of cardiorespiratory fitness (VO2peak) are associated with a lower
incidence of hypertension.*?’-12° In fact, 21% of hypertension cases could be avoided simply
by increasing cardiorespiratory fitness levels,?® and the use of HIIT has generally been
shown to be more effective than MICT in this context.?63%3122 |n g pilot study by Tjgnna et
al®! on subjects with metabolic syndrome (including hypertension patients), VOzpeak Was
found to increase significantly more with HIIT (~35%) than with MICT (~16%). Similarly,
Ciolac et al?® reported HIIT to be superior to MICT for improving VOzpeak (~15% vs. ~8%) in
a cohort at high familial risk for hypertension. This potential advantage of HIIT for
improving VOzpeak in hypertensive and high-risk cohorts may have many important clinical
implications with regards to reducing the risk of cardiovascular events and mortality, but

additional longer-term studies with follow-ups are required to confirm this.

Studies examining HIIT vs. MICT with respect to mediating cardiovascular
adaptations in hypertensive patients or those at high risk for hypertension also suggest greater
benefits with the use of HIIT.26:303L122 Although resting® and ambulatory*®!2° BP seem to

reduce to a similar extent with HIIT and MICT, the BP response to exercise!?’ and heart
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failure response following the cessation of exercise?? have been shown to improve
considerably more with HIIT compared to MICT. Such hemodynamic changes may have
important implications for hypertension prognosis given that exaggerated BP responses to
exercise and impaired heart failure responses following exercise are associated with several
pathophysiological abnormalities of hypertension,3%133 and are independent risk factors for
CVD and mortality.**%-13* Moreover, arterial stiffness, which is accelerated with
hypertension®*® and purported to be an independent predictor of cardiovascular and all-cause
mortality in hypertensive patients,*® has also been shown to improve significantly more with
HIIT (pre, ~9.44 vs. post, ~8.90 ms™?).26:3031 |n fact, MICT interventions have thus far failed
to show any significant effect on arterial stiffness in hypertensive patients,>0-137:138
Furthermore, Tjgnna and colleagues® showed HIIT to be more effective than MICT with
respect to improving nitric oxide availability (36%) and endothelial function (~9% vs. ~5%)
in subjects with metabolic syndrome (most of which were hypertensive). This finding of a
greater endothelial benefit with HIIT is also corroborated by Ciolac et al?® where HIIT was
found to be superior to MICT in improving resting, exercise and recovery levels of plasma
nitrite/nitrate and endothelin-1 in subjects at high risk for hypertension. Based on these
findings, HIIT appears to be more effective than MICT with respect to reversing the
cardiovascular abnormalities associated with hypertension which may, in turn, reduce the risk
of cardiovascular events and mortality. The mechanisms underpinning the superiority of HIIT
in mediating cardiovascular adaptations in hypertensive patients (or those at high risk) are not
fully understood, but it seems reasonable to suggest that HIIT and MICT affect shear stress in
the arterial wall differently during exercise training, and this may in fact yield differential

molecular responses, 2631126

Although the specific mode of action contributing to hypertension is not fully

understood, increased activation of the sympathetic nervous system has been documented to
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play a pivotal role in the pathogenesis.'® Interestingly, HIIT has also been shown to reduce
markers of sympathetic activity (norepinepherine levels) to a greater extent than MICT in a
cohort at high familial risk for hypertension.?® Notwithstanding that more research is needed
examining HIIT vs. MICT with respect to mediating sympathetic activity, the use of HIT
also currently appears to be more promising for the improvement of neural/hormonal factors

involved in the pathogenesis of hypertension.
PRACTICAL PERSPECTIVES AND APPLICATIONS
Safety Issues/Clinical Perspectives

HIIT may be superior if not similar to traditional MICT for managing and offsetting
cardiovascular-related disease, despite a considerably lower training volume and time
commitment compared to MICT 2829335355638 gy;ch findings could indeed lead some to
question the longstanding utility of MICT, in that it should perhaps be replaced with HIIT.
This is a potentially controversial paradigm shift given the potential increase in adverse event
risk associated with exercising at higher intensities, particularly in the clinical population
where the likelihood of an untoward episode is already at a heightened state. It must be noted,
however, that the HIIT protocols employed by studies for clinical populations?9.33:62.140-144

have generally been modified to be less strenuous for greater tolerance and applicability.

These “low-risk” HIIT protocols are usually characterized by a lower absolute
intensity of the work bout but with a longer duration of work and shorter rest periods
compared to the more traditional sprint interval training protocols,'>¢ and have been shown
to be effective in the treatment of the above reviewed CVDs.?82%:3353556398 Rognmo et al'#’
also reported the use of such a HIIT protocol to be safe for clinical populations with the risk
of a cardiovascular event being low. Moreover, evidence suggests that HIIT is perceived to

be more enjoyable than traditional MICT,48 which may have certain important clinical
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implications in terms of exercise adherence. Thus, the use of HIIT could perhaps be
considered ahead of MICT in the clinical environment owing to its similar/superior potency

in the treatment of CVD, and more enjoyable and time-efficient nature.
Exercise Prescriptive Variables

There is currently no clear consensus on the optimal HIIT prescriptive variables that
elicit the greatest benefits for each clinical population, as there is a lack of evidence available
coneerning-the-comparison-of comparing the varying HIIT prescriptive variables with
respectto the effective management of a specific pathology. Also, it does not seem ideal to
provide optimal recommendations for HIIT protocols based on those used by previous studies
in clinical populations, given that the protocols have greatly varied in terms of exercise
intensity, timing of the work:recovery cycles, type and intensity of recovery, and the number
of intervals.28:29.33.535563,98,140-144 Njoreover, it is feasible that the optimal HIIT protocol for the

management of one condition may not be the optimal protocol for others.

However, of all the established risk factors for CVD, impaired aerobic fitness appears
to have the strongest relationship to mortality.2*° Hence, improving aerobic capacity should
be the most important clinical target, particularly for CVD populations with a higher than
normal risk of morbidity and mortality. Improved aerobic fitness would also, for the most
part, reduce the symptoms of any such associated CVD and subsequently improve general
health, wellbeing, and quality of life,2%313397.98.100.10L107 Based on these considerations, it
seems more meaningful to determine the optimal HIIT prescriptive variables for CVD
populations with respect to improving VOzpeak rather than ameliorating any other symptoms
and risk factors associated with a specific pathology. Table 1 displays the HIIT prescriptive

variables used by previous studies to improve VOzpeak in patients with CVD.
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It is evident from the literature6:27:29.31.323355 that the use of 4 bouts of 4-minute work
intervals at 85 — 95% MHR with 3 minutes of active recovery at 70% MHR, performed 3
times a week for as little as 2 weeks can promote significant improvements in aerobic
capacity in numerous CVD cohorts. Thus, a HIIT protocol with similar prescriptive variables
should, in theory, improve the aerobic fitness levels of those at risk of, or afflicted with CVD,
and subsequently prove beneficial with respect to the prevention/management of any such
symptoms associated with cardiac pathologies. However, whether this particular prescription
of HIIT is optimal with regards to improving the aerobic capacity of patients with CVD and
reducing morbidity and mortality rates within the clinical population, is currently unknown

and requires further research.

CONCLUSIONS

The current guidelines for the prevention/management of CVVD emphasise the
importance of incorporating endurance exercise training into daily routines, as it is known to
induce numerous favorable physiological adaptations which are linked with the reversal of

risk factors associated with the development and progression of cardiac pathologies.

Reports of HIIT being similar to or even superior to MICT with respect to stimulating

physiological remodelling,

commitment; have prompted many researchers to question the longstanding utility of MICT
in the clinical environment and explore the efficacy of HIIT in the treatment of many

cardiovascular disorders including CAD, heart failure, stroke, and hypertension. Indeed, the
use of HIIT also appears to be very promising in the prevention/management of all of these
cardiac pathologies, with similar, or in many cases superior effects to MICT with respect to
improving aerobic capacity, endothelial function, LV function, and BP. Such improvements

will have important clinical implications for the improvement of health, wellbeing, and
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quality of life, as well as morbidity and mortality rates within the CVD population. What is
more, in the vast majority of studies, the total exercise volume and time commitment has
been significantly lower with HIIT, and yet its use still showed an array of positive
physiological benefits that are at least comparable to MICT. Thus, HIIT has the potential to
be a particularly useful treatment modality for those at risk of or afflicted with CVD, by
serving as a more time-efficient alternative to MICT that renetheless still induces significant

positive adaptations aligned with reduced morbidity and mortality.

It is also important to note that HIIT has been shown to be safe, tolerable and
enjoyable for patients with CVD, thus eliminating any major concerns of an increased
adverse event risk with the use of such exercise. The optimal prescriptive variables of HIIT,
however, that induce the greatest benefits with respect to successfully preventing and/or
managing each of the cardiovascular pathologies are unknown, as there is virtually no
research available on the comparison of varying HIIT prescriptive variables for the optimal
treatment of a specific cardiac pathology. Hence, while more research is required on the
optimal HIIT prescriptive variables, it is noteworthy that of all established risk factors,
impaired aerobic capacity appears to be the most greatly implicated in the development and
progression of CVD, and also has the strongest link to morbidity and mortality. Thus, it may
be more useful to develop optimal HIIT programs for CVD patients based on improving
aerobic fitness rather than reversing the specific symptoms and risk factors associated with a
pathology. In this context, the use of 4 bouts of 4-minute work intervals at 85 — 95% MHR,
interspersed with 3 minutes of active recovery at 70% MHR, performed 3 times a week for as
little as 2 weeks has been shown to be very promising, and can, theoretically, induce the
relevant physiological responses constituting to increased aerobic fitness and act to improve

health and wellbeing, as well as morbidity and mortality. In view of the current literature, this
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particular prescription appears to be optimal and thus may have an important clinical

relevance.

REFERENCES

1. Mallion JM, Chamontin B, Asmar R, et al. Twenty-four-hour ambulatory blood
pressure monitoring efficacy of perindopril/indapamide first-linecombination in
hypertensive patients: the REASON study. Am J Hypertens. 2004; 17: 245-5.

2. Myers J, Prakash M, Froelicher V, et al. Exercise capacity and mortality among men
referred for exercise testing. N Engl J Med. 2002; 346: 793-801.

3. Poirier P, Després JP. Exercise in weight management of obesity. Cardiol Clin. 2001;
19: 459-70.

4. Woodcock J, Franco OH, Orsini N, et al. Non-vigorous physical activity and all-cause
mortality: systematic review and meta-analysis of cohort studies. Int J Epidemiol.
2011, 40: 121-38.

5. Yancy CW, Jessup M, Bozkurt B, et al. 2013 ACCF/AHA guideline for the
management of heart failure: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice Guidelines. J Am
Coll Cardiol. 2013; 62: e147-239.

6. Seals DR, Edward F. Adolph Distinguished Lecture: The remarkable anti-aging
effects of aerobic exercise on systemic arteries. J Appl Physiol. 2014; 117: 425-39.

7. Bonetti PO, Lerman LO, Lerman A. Endothelial dysfunction: a marker of
atherosclerotic risk. Arterioscler Thromb Vasc Biol. 2003; 23: 168-75.

8. WHO (World Health Organization). Global Atlas on Cardiovascular Disease
Prevention and Control. 1st edition. 2012; World Health Organization, Geneva.

20



10.

11.

12.

13.

14.

15.

16.

Gibala MJ, Little JP, van Essen M, et al. Short-term sprint interval versus traditional
endurance training: similar initial adaptations in human skeletal muscle and exercise
performance. J Physiol. 2006; 575: 901-11.

Rakobowchuk M, Tanguay S, Burgomaster KA, et al. Sprint interval and traditional
endurance training induce similar improvements in peripheral arterial stiffness and
flow-mediated dilation in healthy humans. Am J Physiol Regul Integr Comp Physiol.
2008; 295: R236-42.

McKay BR, Paterson DH, Kowalchuk JM. Effect of short-term high-intensity interval
training vs. continuous training on O2 uptake Kinetics, muscle deoxygenation, and
exercise performance. J Appl Physiol. 2009; 107: 128-38.

Lamina S, Okoye GC. Therapeutic effect of a moderate intensity interval training
program on the lipid profile in men with hypertension: a randomized controlled trial.
Niger J Clin Pract. 2012; 15: 42-7.

Madssen E, Arbo I, Grangien I, et al. Peak oxygen uptake after cardiac rehabilitation:
a randomized controlled trial of a 12-month maintenance program versus usual care.
PL0S One. 2014; 9: €107924.

Warburton DE, McKenzie DC, Haykowsky MJ, et al. Effectiveness of high-intensity
interval training for the rehabilitation of patients with coronary artery disease. Am J
Cardiol. 2005; 95: 1080-4.

Davies EJ, Moxham T, Rees K, et al. Exercise training for systolic heart failure:
Cochrane systematic review and meta-analysis. Eur J Heart Fail. 2010; 12: 706-15.
Koufaki P, Mercer TH, George KP, et al. Low-volume high-intensity interval training
Vs continuous aerobic cycling in patients with chronic heart failure: a pragmatic
randomised clinical trial of feasibility and effectiveness. J Rehabil Med. 2014; 46:

348-56.

21



17.

18.

19.

20.

21.

22.

23.

24,

Meyer P, Gayda M, Juneau M, et al. High-intensity aerobic interval exercise in
chronic heart failure. Curr Heart Fail Rep. 2013; 10: 130-8.

Taylor RS, Sagar VA, Davies EJ, et al. Exercise-based rehabilitation for heart failure.
Cochrane Database Syst Rev. 2014; 4: CD003331.

Askim T, Dahl AE, Aamot IL, et al. High-intensity aerobic interval training for
patients 3-9months after stroke. A feasibility study. Physiother Res Int. 2014; 19: 129-
39.

Boyne P, Dunning K, Carl D, et al. Within-session responses to high-intensity interval
training in chronic stroke. Med Sci Sports Exerc. 2014; 47: 476-84.

Tsai JC, Chang WY, Kao CC, et al. Beneficial effect on blood pressure and lipid
profile by programmed exercise training in Taiwanese patients with mild
hypertension. Clin Exp Hypertens. 2002; 24: 315-24.

Boutcher SH, Dunn SL. Factors that may impede the weight loss response to exercise-
based interventions. Obes Rev. 2009; 10: 671-80.

Mezzani A, Hamm LF, Jones AM, et al. Aerobic exercise intensity assessment and
prescription in cardiac rehabilitation: a joint position statement of the European
Association for Cardiovascular Prevention and Rehabilitation, the American
Association of Cardiovascular and Pulmonary Rehabilitation and the Canadian
Association of Cardiac Rehabilitation. Eur J Prev Cardiol. 2013; 20: 442-67.

Piepoli MF, Corra U, Benzer W, et al. Secondary prevention through cardiac
rehabilitation: from knowledge to implementation. A position paper from the Cardiac
Rehabilitation Section of the European Association of Cardiovascular Prevention and

Rehabilitation. Eur J Cardiovasc Prev Rehabil. 2010; 17: 1-17.

22



25.

26.

27.

28.

29.

30.

31.

32.

Wu T1, Gao X, Chen M, et al. Long-term effectiveness of diet-plus-exercise
interventions vs. diet-only interventions for weight loss: a meta-analysis. Obes Rev.
2009; 10: 313-23.

Ciolac EG, Bocchi EA, Bortolotto LA, et al. Effects of high-intensity aerobic interval
training vs. moderate exercise on hemodynamic, metabolic and neuro-humoral
abnormalities of young normotensive women at high familial risk for hypertension.
Hypertens Res. 2010; 33: 836-43.

Gjellesvik TI, Brurok B, Hoff J, et al. Effect of high aerobic intensity interval
treadmill walking in people with chronic stroke: a pilot study with one year follow-up.
Top Stroke Rehabil. 2012; 19: 353-60.

Haykowsky MJ, Timmons MP, Kruger C, et al. Meta-analysis of aerobic interval
training on exercise capacity and systolic function in patients with heart failure and
reduced ejection fractions. Sports Med. 2013; 111: 1466-9.

Rognmo @, Hetland E, Helgerud J, et al. High intensity aerobic interval exercise is
superior to moderate intensity exercise for increasing aerobic capacity in patients with
coronary artery disease. Eur J Cardiovasc Prev Rehabil. 2004; 11: 216-22.
Guimarées GV, Ciolac EG, Carvalho VO, et al. Effects of continuous vs. interval
exercise training on blood pressure and arterial stiffness in treated hypertension.
Hypertens Res. 2010; 33: 627-32.

Tjgnna AE, Lee SJ, Rognmo @, et al. Aerobic interval training versus continuous
moderate exercise as a treatment for the metabolic syndrome: a pilot study.
Circulation. 2008; 118: 346-54.

Angadi SS, Mookadam F, Lee CD, et al. High-intensity interval training vs.
moderate-intensity continuous exercise training in heart failure with preserved

ejection fraction: A pilot study. J Appl Physiol. 2014; 119: 753-8.

23



33.

34.

35.

36.

37.

38.

39.

40.

41.

Wislaff U, Staylen A, Loennechen JP, et al. Superior cardiovascular effect of aerobic
interval training versus moderate continuous training in heart failure patients: a
randomized study. Circulation. 2007; 115: 3086-94.

Molmen-Hansen HE, Stolen T, Tjonna AE, et al. Aerobic interval training reduces
blood pressure and improves myocardial function in hypertensive patients. Eur J Prev
Cardiol. 2012; 19: 151-60.

Gibala MJ, Little JP, Macdonald MJ, et al. Physiological adaptations to low-volume,
high-intensity interval training in health and disease. J Physiol. 2012; 590: 1077-84.
Gibala MJ, Jones AM. Physiological and performance adaptations to high-intensity
interval training. Nestle Nutr Inst Workshop. 2013; 76: 51-60.

Weston KS, Wislgff U, Coombes JS. High-intensity interval training in patients with
lifestyle-induced cardiometabolic disease: a systematic review and meta-analysis. Br J
Sports Med. 2014; 48: 1227-34.

Kimm SY, Glynn NW, McMahon RP, et al. Self-perceived barriers to activity
participation among sedentary adolescent girls. Med Sci Sports Exerc. 2006; 38: 534-
40.

Stutts WC. Physical activity determinants in adults. Perceived benefits, barriers, and
self efficacy. AAOHN J. 2002; 50: 499-507.

Trost SG, Owen N, Bauman AE, et al. Correlates of adults' participation in physical
activity: review and update. Med Sci Sports Exerc. 2002; 34: 1996-2001.

Buchheit M, Laursen PB. High-intensity interval training, solutions to the
programming puzzle: Part I cardiopulmonary emphasis. Sports Med. 2013; 43: 313-

38.

24



42.

43.

44,

45.

46.

47.

48.

49,

50.

Buchheit M, Laursen PB. High-intensity interval training, solutions to the
programming puzzle. Part Il: anaerobic energy, neuromuscular load and practical
applications. Sports Med. 2013; 43: 927-54.

Gist NH, Fedewa MV, Dishman RK, et al. Sprint interval training effects on aerobic
capacity: a systematic review and meta-analysis. Sports Med. 2014; 44: 269-79.
Kubukeli ZN, Noakes TD, Dennis SC. Training techniques to improve endurance
exercise performances. Sports Med. 2002; 32: 489-5009.

Laursen PB, Jenkins DG. The scientific basis for high-intensity interval training:
optimising training programmes and maximising performance in highly trained
endurance athletes. Sports Med. 2002; 32: 53-73.

Sloth M, Sloth D, Overgaard K, et al. Effects of sprint interval training on VO2max
and aerobic exercise performance: A systematic review and meta-analysis. Scand J
Med Sci Sports. 2013; 23: e341-52.

Guiraud T, Nigam A, Gremeaux V, et al. High-intensity interval training in cardiac
rehabilitation. Sports Med. 2012; 42: 587-605.

Kessler HS, Sisson SB, Short KR. The potential for high-intensity interval training to
reduce cardiometabolic disease risk. Sports Med. 2012; 42: 489-5009.

Chrysohoou C, Angelis A, Tsitsinakis G, et al. Cardiovascular effects of high-
intensity interval aerobic training combined with strength exercise in patients with
chronic heart failure. A randomized phase Il clinical trial. Int J Cardiol. 2015; 179:
269-74.

Chrysohoou C, Tsitsinakis G, Vogiatzis I, et al. High intensity, interval exercise
improves quality of life of patients with chronic heart failure: a randomized controlled

trial. QIM. 2014; 107: 25-32.

25



51.

52.

53.

54.

55.

56.

S7.

Currie KD, Bailey KJ, Jung ME, et al. Effects of resistance training combined with
moderate-intensity endurance or low-volume high-intensity interval exercise on
cardiovascular risk factors in patients with coronary artery disease. J Sci Med Sport.
2014; 18: 637-42.

Elliott AD, Rajopadhyaya K, Bentley DJ, et al. Interval training versus continuous
exercise in patients with coronary artery disease: a meta-analysis. Heart Lung Circ.
2015; 24: 149-57.

Mohr M, Nordsborg NB, Lindenskov A, et al. High-intensity intermittent swimming
improves cardiovascular health status for women with mild hypertension. Biomed Res
Int. 2014; 728289.

Pinkstaff SO. Much potential but many unanswered questions for high-intensity
intermittent exercise training for patients with heart failure. Heart Fail Clin. 2015; 11:
133-48.

Tschentscher M, Eichinger J, Egger A, et al. High-intensity interval training is not
superior to other forms of endurance training during cardiac rehabilitation. Eur J Prev
Cardiol. 2014; 23: 14-20.

Munk PS, Staal EM, Butt N, et al. High-intensity interval training may reduce in-stent
restenosis following percutaneous coronary intervention with stent implantation A
randomized controlled trial evaluating the relationship to endothelial function and
inflammation. Am Heart J. 2009; 158: 734-41.

Uhlemann M, Adams V, Lenk K, et al. Impact of different exercise training
modalities on the coronary collateral circulation and plague composition in patients
with significant coronary artery disease (EXCITE trial): study protocol for a

randomized controlled trial. Trials. 2012; 13: 13-167.

26



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Landmesser U, Hornig B, Drexler H. Endothelial function: a critical determinant in
atherosclerosis? Circulation. 2004; 109: 1127-33.

Libby P, Aikawa M, Jain MK. Vascular endothelium and atherosclerosis. Handbk
Exp Pharmacol. 2006; 176: 285-306.

Keteyian SJ, Brawner CA, Savage PD, et al. Peak aerobic capacity predicts prognosis
in patients with coronary heart disease. Am Heart J. 2008; 156: 292-300.

Mora S, Cook N, Buring JE, et al. Physical activity and reduced risk of cardiovascular
events: potential mediating mechanisms. Circulation. 2007; 116: 2110-8.

Moholdt T, Aamot IL, Grangien I, et al. Aerobic interval training increases peak
oxygen uptake more than usual care exercise training in myocardial infarction
patients: a randomized controlled study. Clin Rehabil. 2012; 26: 33-44.

Moholdt TT, Amundsen BH, Rustad LA, et al. Aerobic interval training versus
continuous moderate exercise after coronary artery bypass surgery: a randomized
study of cardiovascular effects and quality of life. Am Heart J. 2009; 158: 1031-7.
Currie KD, McKelvie R, Macdonald MJ. Flow-mediated dilation is acutely improved
after high-intensity interval exercise. Med Sci Sports Exerc. 2012; 44: 2057-64.
Currie KD, Dubberley JB, McKelvie RS, et al. Low-volume, high-intensity interval
training in patients with CAD. Med Sci Sports Exerc. 2013; 45: 1436-42.

Currie KD. Effects of acute and chronic low-volume high-intensity interval exercise
on cardiovascular health in patients with coronary artery disease. Appl Physiol Nutr
Metab. 2013; 38: 359.

Nishime EO, Cole CR, Blackstone EH, et al. Heart rate recovery and treadmill
exercise score as predictors of mortality in patients referred for exercise ECG. JAMA.

2000; 284: 1392-8.

27



68.

69.

70.

71.

72.

73.

74.

75.

Cole CR, Blackstone EH, Pashkow FJ, et al. Heart-rate recovery immediately after
exercise as a predictor of mortality. N Engl J Med. 1999; 341: 1351-7.

Moholdt T, Bekken Vold M, Grimsmo J, et al. Home-based aerobic interval training
improves peak oxygen uptake equal to residential cardiac rehabilitation: a
randomized, controlled trial. PL0oS One. 2012; 7: e41199.

Currie KD, Rosen LM, Millar PJ, et al. Heart rate recovery and heart rate variability
are unchanged in patients with coronary artery disease following 12 weeks of high-
intensity interval and moderate-intensity endurance exercise training. Appl Physiol
Nutr Metab. 2013; 38: 644-50.

Stewart S, Maclintyre K, Hole DJ, et al. More 'malignant’ than cancer? Five-year
survival following a first admission for heart failure. Eur J Heart Fail. 2001; 3: 315-
22.

Haykowsky MJ, Brubaker PH, John JM, et al. Determinants of exercise intolerance in
elderly heart failure patients with preserved ejection fraction. J Am Coll Cardiol.
2011; 58: 265-74.

Hundley WG, Bayram E, Hamilton CA, et al. Leg flow-mediated arterial dilation in
elderly patients with heart failure and normal left ventricular ejection fraction. Am J
Physiol Heart Circ Physiol. 2007; 292: H1427-34.

Kitzman DW, Little WC, Brubaker PH, et al. Pathophysiological characterization of
isolated diastolic heart failure in comparison to systolic heart failure. JAMA. 2002;
288: 2144-50.

Kitzman DW, Higginbotham MB, Cobb FR, et al. Exercise intolerance in patients
with heart failure and preserved left ventricular systolic function: failure of the Frank-

Starling mechanism. J Am Coll Cardiol. 1991; 17: 1065-72.

28



76.

77.

78.

79.

80.

81.

82.

83.

84.

Malik FA, Gysels M, Higginson 1J. Living with breathlessness: a survey of caregivers
of breathless patients with lung cancer or heart failure. Palliat Med. 2013; 27: 647-56.
Freyssin C, Verkindt C, Prieur F, et al. Cardiac rehabilitation in chronic heart failure:
effect of an 8-week, high-intensity interval training versus continuous training. Arch
Phys Med Rehabil. 2012; 93: 1359-64.

Smart NA, Dieberg G, Giallauria F. Intermittent versus continuous exercise training
in chronic heart failure: a meta-analysis. Int J Cardiol. 2013; 166: 352-8.

Kitzman DW, Brubaker PH, Herrington DM, et al. Effect of endurance exercise
training on endothelial function and arterial stiffness in older patients with heart
failure and preserved ejection fraction: a randomized, controlled, single-blind trial. J
Am Coll Cardiol 62: 584-92, 2013.

Coats AJ. Exercise training for heart failure: coming of age. Circulation. 1999; 99 (9):
1138-40.

Harrington D, Anker SD, Chua TP, e al. Skeletal muscle function and its relation to
exercise tolerance in chronic heart failure. J Am Coll Cardiol. 1997; 30: 1758-64.
Minotti JR, Johnson EC, Hudson TL, et al. Skeletal muscle response to exercise
training in congestive heart failure. J Clin Invest. 1990; 86: 751-8.

lellamo F, Manzi V, Caminiti G, et al. Matched dose interval and continuous exercise
training induce similar cardiorespiratory and metabolic adaptations in patients with
heart failure. Int J Cardiol. 2013; 167: 2561-5.

Chen YM, Li ZB, Zhu M, et al. Effects of exercise training on left ventricular
remodelling in heart failure patients: an updated meta-analysis of randomised

controlled trials. Int J Clin Pract. 2012; 66: 782-91.

29



85.

86.

87.

88.

89.

90.

91.

92.

Haykowsky MJ, Liang Y, Pechter D, et al. A meta-analysis of the effect of exercise
training on left ventricular remodeling in heart failure patients: the benefit depends on
the type of training performed. J Am Coll Cardiol. 2007; 49: 2329-36.

Johnsen AB, Hgydal M, Rgsbjgrgen R, et al. Aerobic interval training partly reverse
contractile dysfunction and impaired Ca2+ handling in atrial myocytes from rats with
post infarction heart failure. PLoS One. 2013; 8: €66288.

Kitzman DW, Gardin JM, Gottdiener JS, et al. Importance of heart failure with
preserved systolic function in patients > or = 65 years of age. CHS Research Group.
Cardiovascular Health Study. Am J Cardiol. 2001; 87: 413-9.

Owan TE, Hodge DO, Herges RM, et al. Trends in prevalence and outcome of heart
failure with preserved ejection fraction. N Engl J Med. 2006; 355: 251-9.

Appelros P, Gunnarsson KE, Terént A. Ten-year risk for myocardial infarction in
patients with first-ever stroke: a community-based study. Acta Neurol Scand. 2011;
124: 383-9.

Hardie K, Hankey GJ, Jamrozik K, et al. Ten-year risk of first recurrent stroke and
disability after first-ever stroke in the Perth Community Stroke Study. Stroke. 2004;
35: 731-5.

Kuwashiro T, Sugimori H, Ago T, et al. Risk factors predisposing to stroke recurrence
within one year of non-cardioembolic stroke onset: the Fukuoka Stroke Registry.
Cerebrovasc Dis. 2012; 33: 141-9.

Michael KM, Allen JK, Macko RF. Reduced ambulatory activity after stroke: the role
of balance, gait, and cardiovascular fitness. Arch Phys Med Rehabil. 2005; 86: 1552-

6.

30



93.

94.

95.

96.

97.

98.

99.

100.

101.

Weimar C, Benemann J, Michalski D, et al. Prediction of recurrent stroke and
vascular death in patients with transient ischemic attack or non disabling stroke: a
prospective comparison of validated prognostic scores. Stroke. 2010; 41: 487-93.
Mackay-Lyons MJ, Makrides L. Longitudinal changes in exercise capacity after
stroke. Arch Phys Med Rehabil. 2004; 85: 1608-12.

Pang MY, Eng JJ, Dawson AS. Relationship between ambulatory capacity and
cardiorespiratory fitness in chronic stroke: influence of stroke-specific impairments.
Chest. 2005; 127: 495-501.

Cress ME, Meyer M. Maximal voluntary and functional performance levels needed
for independence in adults aged 65 to 97 years. Phys Ther. 2003; 83: 37-48.

Globas C, Becker C, Cerny J, et al. Chronic stroke survivors benefit from high-
intensity aerobic treadmill exercise: a randomized control trial. Neurorehabil Neural
Repair. 2012; 26: 85-95.

Mackay-Lyons M. Aerobic treadmill training effectively enhances cardiovascular
fitness and gait function for older persons with chronic stroke. J Physiother. 2012; 58:
271.

Macko RF, Ivey FM, Forrester LW, et al. Treadmill exercise rehabilitation improves
ambulatory function and cardiovascular fitness in patients with chronic stroke: a
randomized, controlled trial. Stroke. 2005; 36: 2206-11.

Pang MY, Charlesworth SA, Lau RW, et al. Using aerobic exercise to improve
health outcomes and quality of life in stroke: evidence-based exercise prescription
recommendations. Cerebrovasc Dis. 2013; 35: 7-22.

Pang MY, Eng JJ, Dawson AS, et al. The use of aerobic exercise training in
improving aerobic capacity in individuals with stroke: a meta-analysis. Clin Rehabil.

2006; 20: 97-111.

31



102. Moore JL, Roth EJ, Killian C, et al. Locomotor training improves daily
stepping activity and gait efficiency in individuals poststroke who have reached a
"plateau” in recovery. Stroke. 2010; 41: 129-35.

103. Ivey FM, Ryan AS, Hafer-Macko CE, et al. Treadmill aerobic training
improves glucose tolerance and indices of insulin sensitivity in disabled stroke
survivors: a preliminary report. Stroke. 2007; 38: 2752-8.

104. Lennon O, Carey A, Gaffney N, et al. A pilot randomized controlled trial to
evaluate the benefit of the cardiac rehabilitation paradigm for the non-acute ischaemic
stroke population. Clin Rehabil. 2008; 22: 125-33.

105. Luft AR, Macko RF, Forrester LW, et al. Treadmill exercise activates
subcortical neural networks and improves walking after stroke: a randomized
controlled trial. Stroke. 2008; 39: 3341-50.

106. Mackay-Lyons M, Thornton M, and Macdonald A. Cardiovascular fitness
training for a patient in the early stages of recovery post stroke. Physiother Can. 2011;
63: 377-82.

107. Macko RF, Ivey FM, Forrester LW, et al. Treadmill exercise rehabilitation
improves ambulatory function and cardiovascular fitness in patients with chronic
stroke: a randomized, controlled trial. Stroke. 2005; 36: 2206-11.

108. Pang MY, Ashe MC, Eng JJ, et al. A 19-week exercise program for people
with chronic stroke enhances bone geometry at the tibia: a peripheral quantitative
computed tomography study. Osteoporos Int. 2006; 17: 1615-25.

109. Potempa K, Lopez M, Braun LT, et al. Physiological outcomes of aerobic

exercise training in hemiparetic stroke patients. Stroke. 1995; 26: 101-5.

32



110. Quaney BM, Boyd LA, McDowd JM, et al. Aerobic exercise improves
cognition and motor function poststroke. Neurorehabil Neural Repair. 2009; 23: 879-
85.

111. Roth EJ. Heart disease in patients with stroke: incidence, impact, and
implications for rehabilitation. Part 1: Classification and prevalence. Arch Phys Med
Rehabil. 1993; 74: 752-60.

112. Kohl HW, Powell KE, Gordon NF, et al. Physical activity, physical fitness,
and sudden cardiac death. Epidemiol Rev. 1992; 14: 37-58.

113. Billinger SA, Arena R, Bernhardt J, et al. Physical activity and exercise
recommendations for stroke survivors: a statement for healthcare professionals from
the American Heart Association/American Stroke Association. Stroke. 2014; 45:
2532-53.

114. Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure. Hypertension. 2003; 42: 1206-52.

115. Lawes CM, Vander Hoorn S, Rodgers A. Global burden of blood-pressure-
related disease, 2001. Lancet. 2008; 371: 1513-8.

116. Lewington S, Clarke R, Qizilbash N, et al. Age-specific relevance of usual
blood pressure to vascular mortality: a meta-analysis of individual data for one
million adults in 61 prospective studies. Lancet. 2002; 360: 1903-13.

117. Chase NL, Sui X, Lee DC, et al. The association of cardiorespiratory fitness
and physical activity with incidence of hypertension in men. Am J Hypertens. 2009;
22: 417-24.

118. Hayashi T, Tsumura K, Suematsu C, et al. Walking to work and the risk for

hypertension in men: the Osaka Health Survey. Ann Intern Med. 1999; 131: 21-6.

33



119. Ciolac EG, Guimarées GV, D Avila VM, et al. Acute effects of continuous
and interval aerobic exercise on 24-h ambulatory blood pressure in long-term treated
hypertensive patients. Int J Cardiol. 2009; 133: 381-7.

120. Ciolac EG, Guimarédes GV, D'Avila VM, et al. Acute aerobic exercise reduces
24-h ambulatory blood pressure levels in long-term-treated hypertensive patients.
Clinics. 2008; 63: 753-8.

121. Pescatello LS, Kulikowich JM. The after effects of dynamic exercise on
ambulatory blood pressure. Med Sci Sports Exerc. 2001; 33: 1855-61.

122. Ciolac EG, Bocchi EA, Greve JM, et al. Heart rate response to exercise and
cardiorespiratory fitness of young women at high familial risk for hypertension:
effects of interval vs continuous training. Eur J Cardiovasc Prev Rehabil. 2011; 18:
824-30.

123. Cornelissen VA, Fagard RH. Effects of endurance training on blood pressure,
blood pressure-regulating mechanisms, and cardiovascular risk factors. Hypertension.
2005; 46: 667-75.

124, Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, Macera
CA, Heath GW, Thompson PD, and Bauman A. Physical activity and public health:
updated recommendation for adults from the American College of Sports Medicine
and the American Heart Association. Med Sci Sports Exerc. 2007; 39: 1423-34.

125. Pescatello LS, Franklin BA, Fagard R, et al. American College of Sports
Medicine position stand. Exercise and hypertension. Med Sci Sports Exerc. 2004; 36:
533-53.

126. Ciolac EG. High-intensity interval training and hypertension: maximizing the

benefits of exercise? Am J Cardiovasc Dis. 2012; 2: 102-10.

34



127. Barlow CE, LaMonte MJ, Fitzgerald SJ, et al. Cardiorespiratory fitness is an
independent predictor of hypertension incidence among initially normotensive healthy
women. Am J Epidemiol. 2006; 163: 142-50.

128. Blair SN, Goodyear NN, Gibbons LW, et al. Physical fitness and incidence of
hypertension in healthy normotensive men and women. JAMA. 1984; 252: 487-90.

129. Carnethon MR, Gidding SS, Nehgme R, et al. Cardiorespiratory fitness in
young adulthood and the development of cardiovascular disease risk factors. JAMA.
2003; 290 (23): 3092-100.

130. Carnethon MR, Jacobs DR Jr, Sidney S, et al. Influence of autonomic nervous
system dysfunction on the development of type 2 diabetes: the CARDIA study.
Diabetes Care 26. 2003; 26: 3035-41.

131. Fei DY, Arena R, Arrowood JA, et al. Relationship between arterial stiffness
and heart rate recovery in apparently healthy adults. VVasc Health Risk Manag. 2005;
1: 85-9.

132. Huang PH, Leu HB, Chen JW, et al. Heart rate recovery after exercise and
endothelial function--two important factors to predict cardiovascular events. Prev
Cardiol. 2005; 8: 167-70.

133. Sharabi Y, Ben-Cnaan R, Hanin A, et al. The significance of hypertensive
response to exercise as a predictor of hypertension and cardiovascular disease. J Hum
Hypertens. 2001; 15: 353-6.

134. Myers J, Tan SY, Abella J, et al. Comparison of the chronotropic response to
exercise and heart rate recovery in predicting cardiovascular mortality. Eur J

Cardiovasc Prev Rehabil. 2007; 14: 215-21.

35



135. Benetos A, Adamopoulos C, Bureau JM, et al. Determinants of accelerated
progression of arterial stiffness in normotensive subjects and in treated hypertensive
subjects over a 6-year period. Circulation. 2002; 105: 1202-7.

136. Laurent S, Boutouyrie P, Asmar R, et al. Aortic stiffness is an independent
predictor of all-cause and cardiovascular mortality in hypertensive patients.
Hypertension. 2001; 37: 1236-41.

137. Ferrier KE, Waddell TK, Gatzka CD, et al. Aerobic exercise training does not
modify large-artery compliance in isolated systolic hypertension. Hypertension. 2001;
38: 222-6.

138. Seals DR, Tanaka H, Clevenger CM, et al. Blood pressure reductions with
exercise and sodium restriction in postmenopausal women with elevated systolic
pressure: role of arterial stiffness. J Am Coll Cardiol. 2001; 38: 506-13.

139. Ciolac EG, Bocchi EA, Bortolotto LA, et al. Haemodynamic, metabolic and
neuro-humoral abnormalities in young normotensive women at high familial risk for
hypertension. J Hum Hypertens. 2010; 24: 814-22.

140. Drigny J, Gremeaux V, Guiraud T, Gayda et al. Long-term high-intensity
interval training associated with lifestyle modifications improves QT dispersion
parameters in metabolic syndrome patients. Ann Phys Rehabil Med. 2013; 56: 356-
70.

141. Karstoft K, Winding K, Knudsen SH, et al. The effects of free-living interval-
walking training on glycemic control, body composition, and physical fitness in type
2 diabetic patients: a randomized, controlled trial. Diabetes Care. 2013; 36: 228-36.

142. Little JP, Gillen JB, Percival ME, et al. Low-volume high-intensity interval
training reduces hyperglycemia and increases muscle mitochondrial capacity in

patients with type 2 diabetes. J Appl Physiol. 2011; 111: 1554-60.

36



143. Schjerve IE, Tyldum GA, Tjgnna AE, et al. Both aerobic endurance and
strength training programmes improve cardiovascular health in obese adults. Clin Sci.
2008; 115: 283-93.

144, Wallman K, Plant LA, Rakimov B, et al. The effects of two modes of exercise
on aerobic fitness and fat mass in an overweight population. Res Sports Med. 2009;
17: 156-70.

145. Bayati M, Farzad B, Gharakhanlou R, et al. A practical model of low-volume
high-intensity interval training induces performance and metabolic adaptations that
resemble "all-out’ sprint interval training. J Sports Sci Med. 2011; 10: 571-6.

146. Gaesser GA, Angadi SS. High-intensity interval training for health and fitness:
can less be more? J Appl Physiol. 2011; 111: 1540-1.

147. Rognmo @, Moholdt T, Bakken H, et al. Cardiovascular risk of high- versus
moderate-intensity aerobic exercise in coronary heart disease patients. Circulation.
2012; 126: 1436-40.

148. Bartlett JD, Close GL, MacLaren DP, et al. High-intensity interval running is
perceived to be more enjoyable than moderate-intensity continuous exercise:
implications for exercise adherence. J Sports Sci. 2011; 29: 547-53.

149. Halcox JP, Schenke WH, Zalos G, et al. Prognostic value of coronary vascular

endothelial dysfunction. Circulation. 2002; 106: 653-8.

37



