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Introduction

Comprehensive exercise-based cardiac rehabilitation (CR) is a secondary prevention tool 

used worldwide to improve prognosis in patients with various forms of cardiovascular 

disease (CVD). A key component of a comprehensive CR program is exercise training 

which has been shown to reduce the incidence of falls1 and mortality as well as improve 

quality of life, frailty, and cardiovascular fitness (defined as peak oxygen uptake [VO2]), 

which is an independent predictor of hospitalizations and mortality in patients with CVD.2 

Moderate-intensity continuous training (MICT) has traditionally been a foundation of 

aerobic based exercise prescription resulting in short- and long-term clinical benefits for 

CVD patients.3

High-intensity interval training (HIIT) has recently emerged as an alternative or adjunct 

strategy to MICT and has been shown to result in similar or greater improvements in peak 

VO2 compared to MICT.4 Specifically, HIIT has been found to be as effective, if not 

superior, to MICT with respect to improving clinical outcomes for older patients with CVD, 

including quality of life (QoL),5 heart rate (HR) response to exercise,6 and myocardial 

function7. Importantly, HIIT also appears to be as safe as MICT for older CR patients.8,9 
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HIIT involves repeated bouts of relatively higher-intensity exercise interspersed with periods 

of lower-intensity recovery.10 Unfortunately, to date, there is no clear consensus on the 

optimal HIIT prescriptive variables that elicit the greatest benefits for patients at high risk of 

or with overt CVD.

The most common uncertainties surrounding the prescription and implementation of HIIT 

for older CVD patients include the specific exercise intensity for the high and low intervals, 

durations and ratio of high and low intervals, the method to prescribe exercise intensity (e.g. 

% peak HR, rating of perceived exertion, etc.), and patient safety. This review will discuss 

the principles of HIIT prescription and provide suggestions for the prescribing of HIIT for 

CVD patients in the CR setting. Further, we will discuss specific HIIT considerations in 

relation to frailty, falls, and other risks associated with older age in CVD patients. We will 

discuss the physiological mechanisms by which HIIT contributes to improvements in peak 

VO2. Finally, we discuss the impact and safety of HIIT in older patients with coronary artery 

disease and heart failure in the CR setting.

General Principles and Specific Considerations for Prescribing HIIT for 

Older Adults with CVD

i. Common Methods for Prescribing the Intensity of HIIT

The American College of Sports Medicine provides guidance on objective and subjective 

methods for prescribing exercise intensity, which result in improvements in peak VO2,11 

some of which have been used to prescribe HIIT for older CR patients with CVD6,12–14. The 

most common objective metrics include the heart rate measured at peak exercise (peak HR), 

peak VO2, and metabolic equivalents (METs). Subjective measures that are commonly used 

include the Borg rating of perceived exertion (RPE, Borg: 6–20) and the perceived dyspnea 

on exertion (DoE: 0–10) scales. For patients with CVD, the methodology used to measure 

these objective and subjective measurements have been discussed previously.11 In this 

section, we discuss the advantages and disadvantages of these objective and subjective 

methods for prescribing exercise intensity during HIIT in older CR patients. In addition, we 

propose a guide for prescribing intensity for HIIT in older CR patients.

Peak VO2 is the gold standard measure of exercise capacity and/or physical fitness. 

Additionally, peak HR is a widely used metric to prescribe exercise intensity due to its 

relative ease of acquisition. The % peak VO2 and % peak HR methods for determining 

optimal exercise intensity during HIIT are the most widely researched and have the most 

robust evidence supporting their efficacy12,15,16; however, known limitations exist for using 

% peak VO2 and % peak HR. First, patients entering into CR who undergo baseline exercise 

stress testing may not reach a true maximum HR or VO2 due to early termination of the 

exercise stress test for a variety of reasons including heightened symptomology, early onset 

of peripheral fatigue, and/or anxiety.17,18 Additionally, some CR patients may have 

conditions for which maximal exercise stress testing may be contraindicated and thus only 

perform submaximal exercise testing because of specific clinical conditions such as 

advanced heart failure, known obstructive left main coronary artery stenosis, and moderate 

to severe aortic stenosis.17,18 Second, a large proportion of patients in CR are prescribed rate 
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modulating pharmacotherapy (e.g. beta-blocker medication), which blunts the HR response 

at rest and during exercise and may lead to lower peak HR and VO2 values during the 

exercise stress test.19 Third, not all CR centers are equipped with cardiopulmonary exercise 

testing equipment, which would preclude the direct measurement of peak VO2. Finally, peak 

HR prediction equations (e.g. 220-age) can underestimate or overestimate measured peak 

HR20–22 leading to an inappropriate prescription of exercise intensity for exercise training 

purposes.

Although there are several considerations when using % peak VO2 and % peak HR for 

prescribing exercise intensity, they are the most widely used methods to prescribe exercise 

intensity for HIIT in older CR patients.12,15,16 Specifically, two recent multi-center 

randomized controlled trials, the Study of Aerobic Interval Exercise Training in CAD 

patients (SAINTEX-CAD, mean age: 58±9 years)5 and the Study of Myocardial Recovery 

after Exercise Training in Heart Failure (SMARTEX-HF, age range: 58–68 years),15 used % 

peak HR (i.e. 90–95% peak HR) to prescribe exercise intensity for HIIT. These studies 

found that although HIIT resulted in improved peak VO2 (~23%), not all patients were able 

to maintain the prescribed exercise intensity5,23 (i.e. 51% of the patients in the HIIT group 

exercised at a lower intensity than prescribed15). As a result, supplementary strategies may 

be advantageous to optimize exercise intensity prescription during HIIT in the CR setting 

particularly in older adults who may present with additional co-morbidities and/or 

musculoskeletal concerns.

The RPE (6–20) and DoE scales (0–10) are the two most common subjective methods used 

to prescribe exercise intensity24–26 and recent studies highlight the practical importance of 

incorporating subjective measures of intensity for older adults in the CR setting.5,23 Previous 

studies have shown that RPE is significantly related to HR, ventilation, and VO2 in patients 

with heart failure (HF),24,26 coronary artery disease (CAD), and atrial fibrillation,25 and is 

not influenced by beta-blocker mediation.26 The European Association for Cardiovascular 

Prevention and Rehabilitation, American Association of Cardiovascular and Pulmonary 

Rehabilitation (AACVPR), and Canadian Association of Cardiac Rehabilitation have 

published a joint position statement10 recommending the use of RPE and DoE scales as the 

primary prescription tool for exercise intensity or as an adjunct to objective measures in CR. 

Ferdinando et al. demonstrated that RPE is an easy-to-use and validated method for 

prescription of intensity in HIIT.24 In contrast, Aamot et al. recently demonstrated that when 

RPE was solely used in CR the exercise intensity was below target intensity during the HIIT 

bouts suggesting that the combination of both an objective and subjective metric may be 

needed to prescribe exercise intensity for HIIT in older adults with CVD.27 In attempt to 

provide clinicians and researchers with a framework for implementation of HIIT in CR, 

where the majority of participants are older patients with CVD, we recommend using a 

combination of objective and subjective measures to prescribe exercise intensity of HIIT. 

Specifically, the breadth of literature supports a protocol that prescribes high-intensity 

intervals at an exercise intensity between 85–95% peak HR and RPE between 15–17 (Borg) 

and low-intensity intervals at 50–75% peak HR and RPE between 12–14 (Borg) with 

differing high- and low-intensity interval durations dependent on the patients level of 

deconditioning, symptomology, disease severity, and comorbidity burden. While using 

objective and subjective measures to prescribe exercise intensity, there may be instances 
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when discrepancies can occur between peak HR and RPE (e.g., peak HR is <85%, but RPE 

is >15). In this case, we recommend using RPE as the primary method because of limitations 

associated with peak HR and to optimize patient adherence to HIIT in the CR setting.

Older patients with CVD present with predictable complexity that make specific 

considerations necessary when HIIT is prescribed in the CR setting. Specifically, older 

patients may exhibit frailty, multimorbidity, impaired balance and cognition as well as other 

liabilities with age.1 As a result, the approach to HIIT may need to be modified to best 

accommodate these factors and to facilitate HIIT adherence in this population. The primary 

strategies to alter the HIIT protocol are by modifying the exercise modality (especially for 

patients with musculoskeletal conditions and higher risk of falling) and utilizing subjective 

measures to prescribe exercise intensity (i.e. RPE) to a greater extent than objective 

measures.

Short-, Medium-, and Long-interval HIITs for Older CVD Patients

The duration and ratio of high-intensity and low-intensity intervals are key parameters that 

differentiate HIIT from MICT and contribute to the HIIT-enhanced physiological response 

and health benefits. 28,29 There are three classical categories for HIIT used for competitive 

sports that differ in both duration and exercise intensity: Long, Medium, and Short. Each 

category of HIIT protocols elicit specific physiological responses and can be sports-

specific30,31 (see Table 1). Interval training for CVD patients in CR settings is often termed 

HIIT or aerobic interval training and defined as ‘near maximal’ efforts gene rally performed 

at an intensity below peak VO2 or peak power output that elicits ≥80% peak HR (often in the 

range of 85%−95%). It is important to note that for many deconditioned individuals, this 

may be similar to that encountered during activities of daily living.32 There are also three 

types of HIIT protocols widely used in CVD patients with varying durations of the high and 

low-intensity intervals, while the exercise intensity is typically constant at 85–95% peak 

VO2 or peak HR (see Table 1).

Long-interval HIIT is the most widely used protocol for older patients with CVD. This may 

include 4 sets of high-intensity intervals, each lasting 4 minutes interspersed with 3 sets of 

low-intensity intervals, each lasting 3 minutes. 4–6,12,13,33–35 Medium-interval HIIT, such as 

8×2 min high-intensity intervals interspersed with 7×2 min low-intensity intervals have also 

been used, albeit to a lesser extent, in older patients with CVD.36 For older patients with HF 

with reduced ejection fraction (HFrEF, NYHA II-III), medium- and short-interval protocols 

have been used14,23,37 such as 10×1 min high-intensity intervals interspe rsed with 9×2 min 

low-intensity intervals. All three protocols are safe and contribute to significant 

improvements in peak VO2 and QoL.5,6,8,9,23 At this time, there are no studies that have 

compared long, medium, and short-interval HIIT in CVD patients to determine the most 

appropriate duration. However, a recent meta-analysis found that long-interval HIIT may 

elicit greater improvements in peak VO2 compared to short-interval HIIT.38 However, as 

previous studies have found, some older CVD patients newly enrolled in CR may not be able 

to maintain the long-intervals at high-intensity. Thus, over the course of CR, health care 

providers or clinical exercise physiologists may recommend CR patients begin with short-, 

then progress to medium-, and finally progress to long-intervals as they accumulate the 
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benefits of exercise training and increase their exercise tolerance. As detailed in Figure 1, 

based on the evidence described, we propose the use of short-interval protocols for CVD 

patients with low exercise capacity (<5 METs) or in the beginning stage of CR (0–4 weeks), 

and the use of medium- or long-interval protocols for CVD patients with intermediate or 

high exercise capacity (≥5 METs) as well as for those in the improvement (4–12 weeks) and 

maintenance stages (>12 weeks) of CR (see Figure 1).

Physiological Mechanisms by which HIIT contributes to Improved peak VO2

Despite compelling evidence that HIIT is a useful strategy to improve peak VO2 in 

individuals with and without CVD,12,38 the specific mechanisms underpinning the increased 

peak VO2 in these patients have not been well documented. Peak VO2 is primarily 

determined by the systems that transport and utilize oxygen including the respiratory 

(oxygen uptake from the atmosphere), heart (oxygen transport), peripheral vasculature 

(oxygen transport, tissue perfusion, tissue diffusion), and skeletal muscle (oxygen extraction 

and utilization) as highlighted in Figure 2.18 In this section, we review the physiological 

adaptations in response to HIIT in terms of these systems.

i. The impact of HIIT on the respiratory system:

Respiratory muscle dysfunction is a common manifestation in patients with CVD, especially 

older patients with HF, and contributes to exercise intolerance.39–41 Tasoulis et al.42 

demonstrated that 12 weeks of HIIT significantly improved respiratory muscle function in 

older patients with HF. Moreover, Dunham et al.43 demonstrated that 4 weeks of both HIIT 

and MICT elicited significant increases in respiratory muscle function (HIIT ~43%, MICT 

~25%), with a greater increase with HIIT. Furthermore, Tasoulis42 and Christensen44 have 

shown that HIIT improves pulmonary VO2 kinetics, ventilatory drive (P0.1/ PImax), and 

ventilatory patterns (resting inspiratory flow (VT/TI) and VT/TI at identical exercise testing 

workloads) in patients with HF42 and healthy adults.44 Thus, HIIT has the potential to 

improve the pulmonary systems ability to take in oxygen for distribution to working skeletal 

muscle during exercise. This has important implications for overall exercise capacity/

tolerance in older patients undergoing CR.

ii. The impact of HIIT on the cardiovascular system:

Peak stroke volume (SV), HR, and cardiac output (CO), as well as blood volume are 

cardinal parameters that influence peak VO2 according to the Fick equation.45 Astorino et al.
46 recently showed that 10 sessions of short-interval HIIT increased peak CO. This finding is 

supported by previous studies demonstrating that 6 weeks of long-interval HIIT increased 

resting SV and CO, peak exercise CO, plasma volume and hemoglobin mass with greater 

improvement than47,48 or similar to49,50 MICT. Additionally, resting heart rate variability 

(HRV) is a predictor of peak VO2 and an independent predictor of all-cause mortality.51,52 

An increase (improvement) in HRV has been identified as one of the early cardiac 

adaptations in response to exercise training likely due to improvement of intrinsic heart rate 

(SA node) and vagal activity (parasympathetic activity)5354. Alansare et al. 55 demonstrated 

that 8 sessions of short-interval HIIT is superior to MICT at improving HRV in sedentary 

adults. These studies suggest that HIIT may have a greater effect on improving 

Dun et al. Page 5

Clin Geriatr Med. Author manuscript; available in PMC 2020 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cardiovascular and autonomic nervous system function than MICT in sedentary adults; 

however, additional research is warranted to extend these findings to older patients with 

CVD in the CR setting. Collectively, HIIT appears to be more effective or at least equivalent 

to MICT with respect to increasing peak SV, HR, and CO, and improving cardiovascular and 

autonomic nervous system function, which together contributes to improved peak VO2.

Flow-mediated dilation (FMD), an indicator of endothelial function, is closely associated 

with peak VO2 where individuals with lower FMD exhibit lower peak VO2.56 Van et al. 

reported that both MICT and HIIT improved peak VO2 and FMD in CVD patients 

undergoing CR, with a close relationship between the improvement in peak VO2 and FMD. 

A meta-analysis by Ramos57 reported 12 weeks of MICT and long-interval HIIT increased 

brachial artery FMD by 2.15 and 4.31%, respectively, with a greater improvement 

demonstrated in the HIIT group. Moreover, Mora et al.58 recently demonstrated 6 months of 

long-interval HIIT reduced arterial stiffness in patients with metabolic syndrome. Thus, 

while the available research is suggestive that HIIT has the capacity to improve vascular 

function, more studies are necessary to fully elucidate the impact of HIIT on vascular 

function in older patients undergoing CR.

iii. The impact of HIIT on the skeletal muscle system:

Skeletal muscle total fiber amount and type proportions, capillary density, mitochondrial 

content, and function all play a role in regulating the efficiencies of oxygen extraction and 

utilization of energy substrates, such as fat and glucose, and as a result significantly 

contribute to exercise tolerance.59 Early studies investigating the effect of HIIT on skeletal 

muscle fiber type changes date back 30 years to a landmark study by Simoneau60 who 

showed that HIIT significantly increased total muscle fiber quantity and the proportion of 

type I fibers, and decreased the proportion of type IIb fibers, while the proportion of type IIa 

remained unchanged in the vastus lateralis muscle of healthy adults. A recent study by Tan61 

further showed that 18 sessions of short-interval HIIT over 6 weeks increased the total 

amount of type I and II muscle fibers, capillary density and the protein expression of 

cytochrome oxidase IV (a marker of skeletal muscle oxidative capacity), in overweight 

women. Besides skeletal muscle structure alterations induced by HIIT, several studies 

also62–64 demonstrate that HIIT improves skeletal muscle deoxygenation, indicative of 

oxygen extraction, as well as the content and activity of glucose and fat oxidative 

metabolism markers in patients with obesity62,63 and HF.64 In summary, HIIT is a powerful 

strategy to improve skeletal muscle total fiber amount and type proportions, capillary 

density, as well as mitochondrial content and function. However, very few studies have been 

conducted in this area specific to older patients with CVD and thus additional research is 

critical to extend these findings to the older patients in the CR setting.

Application of HIIT for Older Patients with Cardiovascular Disease

i. HIIT for Older Patients with CAD

Guiraud et al.65 and Ribeiro et al.66 reviewed the application of HIIT in CR globally and 

patients with CAD, respectively in 2012 and 2017. To further evaluate the effects of HIIT 

exclusively in older patients with CAD using recent data, we reviewed randomized 
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controlled trials from the last 5 years that compared the effects of HIIT and MICT in older 

patients with CAD (Table 2). All reviewed studies demonstrated that both MICT and HIIT 

led to improvements in peak VO2,4–6,12,13,33,36 oxygen pulse,36 ventilatory efficiency (i.e. 

VE/VCO2 slope),36 oxygen uptake efficiency slope (OUES),13,36, QoL,5 HR recovery,6 and 

submaximal HR during cardiopulmonary exercise stress testing.4

Of these seven studies, four studies reported a superior effect of HIIT over MICT in 

improving peak VO2
4,6,33 and oxygen pulse.36 For example, Keteyian et al.4 found that 

long-interval HIIT and MICT resulted in significant decreases in resting HR, systolic blood 

pressure, and increases in peak VO2 in older patients with CAD, with greater improvements 

observed in the HIIT group. These results are consistent with the result of Kim et al.6 who 

demonstrated that the 6 weeks of HIIT resulted in greater increases in peak VO2 and HR 

recovery after exercise in CR patients with CVD compared to MICT.

Three studies5,13,33 demonstrated that HIIT and MICT elicited numerous physiologic 

benefits for patients with CAD to a similar degree. For example, a multicenter randomized 

controlled trial, SAINTEX-CAD,5 included 200 older patients with CAD and examined the 

impact of 12 weeks of either HIIT (4×4 min at 90–95 % peak HR, with 3 min active 

recovery) or MICT (32 min at 70%−75% peak HR) on peak VO2, peripheral endothelial 

function, cardiovascular risk factors, and QoL. The improvements in peak VO2, endothelial 

function, QoL, and resting diastolic blood pressure were similar for HIIT and MICT groups.

Collectively, HIIT appears to be more effective or at least equally beneficial compared to 

MICT in terms of improving peak VO2 for older patients with CAD. However, future studies 

are needed to determine the long-term effect of HIIT on mortality, morbidity, re-

hospitalization and recurrent MI in older patients with CAD.

ii. HIIT for Older Patients with HF

We reviewed randomized controlled trials for the last five years that compared the effects of 

HIIT and MICT in older patients with HF (Table 2). Among all reviewed studies, four 

studies recruited HF patients with reduced ejection fraction (HFrEF),14,23,35,67 one study 

recruited HF patients with preserved ejection fraction (HFpEF),34 and one study recruited 

heart transplant patients.37

With respect to HFrEF patients, a multi-center randomized controlled trial, SMARTEX-

HF15, included 210 older patients with HFrEF and examined the impact of 12 weeks of 

either HIIT (4×4 min at 90–95% peak HR, with 3 min active recovery) or MICT (32 min at 

60%−70% peak HR) on left ventricular end-diastolic diameter (LVEDD) and peak VO2. The 

authors report a significant decrease in LVEDD and increase in peak VO2 in both HIIT and 

MICT groups compared to the control group from pre to post-training, with no differences 

between the HIIT and MICT groups.

In HFpEF patients, Andadi et al.34 compared the effects of 4 weeks of HIIT (4×4 min a t 

85–90% peak HR, with 3 min active recovery) versus MICT (30 min at 70% peak HR) on 

peak VO2, left ventricular diastolic dysfunction, and endothelial function in older patients 
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with HFpEF. HIIT improved peak VO2 and left ventricular diastolic dysfunction, while no 

changes were observed following MICT.

In heart transplant patients, Dall et al.37 used a randomized, controlled crossover trial to 

study the impact of 12 weeks of HIIT and MICT on peak VO2, endothelial function, arterial 

stiffness, QoL, anxiety, depression, and biomarkers, such as glucose, insulin, IL-6, 

adiponectin. There were significant improvements in peak VO2, SF-36 physical function 

score, and depression score in HIIT compared to MICT. In contrast, arterial stiffness, 

biomarkers, and endothelial function did not change following HIIT or MICT.

In summary, HIIT can elicit numerous physiologic benefits in older patients with HF, such 

as peak VO2, QoL, left ventricular diastolic function, and endothelial function. However, 

future large prospective studies are needed to determine if HIIT is superior to MICT with 

respect to different types of HF patients, (i.e. HFrEF, HFpEF and patients following heart 

transplant).

Safety Considerations of Using HIIT for Older Patients with CVD in CR 

Settings

The safety of HIIT for clinical populations is an important topic, especially for older patients 

with CVD where the potential for adverse events is heighted.68 It must be noted that HIIT 

protocols have been modified for clinical populations to include less strenuous exercise 

intensities (i.e. usually 85–95% of HRpeak) compared to those used for athletes. Rognmo Ø 

et al.9 examined the risk of cardiovascular events during HIIT and MICT among 4,846 CR 

patients with CVD (mean age of 58 years). These authors report only 1 fatal cardiac arrest 

during MICT and 2 nonfatal cardiac arrests during HIIT. Further, the rate of complications 

to number of patient-exercise hours was 1 per 129,456 hours of MICT and 1 per 23,182 

hours of HIIT. The SMARTEX-HF Study23 demonstrated no differences between the HIIT 

and MICT groups in terms of total number of serious adverse events during the 12-week 

intervention and follow-up period (i.e. from weeks 13 to 52) in older HFrEF patients. Thus, 

current studies suggest the risk of a cardiovascular event is low for both HIIT and MICT in 

older patients with CVD in the CR setting.

As always, it is important to recognize standard CR procedures whenever developing an 

exercise prescription using either HIIT or MICT. These procedures, as described in the joint 

position statement of the European Association for Cardiovascular Prevention and 

Rehabilitation, AACVPR and Canadian Association of Cardiac Rehabilitation,69 include 

performing a pre-exercise evaluation, recognizing the relative and absolute indications for 

avoiding and terminating exercise, as well as taking into account special considerations for 

older CVD patients who may present with various co-morbidities attributable to ageing 

(frailty, sarcopenia, balance disorders, cognitive decline, etc.).

Conclusions and Perspectives

As part of a comprehensive CR program, HIIT results in similar or even superior 

physiologic exercise training adaptations compared to MICT. These physiological 
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adaptations contribute to greater improvements in risk factors and exercise capacity/

tolerance for these patients. It should be recognized that numerous studies have 

demonstrated that HIIT is a safe exercise training strategy. Because solely using an objective 

or subjective method for determining the appropriate intensity of exercise is prone to 

misrepresent actual exercise intensity, it may be more appropriate to use a combination of 

objective and subjective methods when prescribing HIIT in clinical populations. Exercise 

training using high-intensity (85–95% peak HR or peak VO2 and RPE 15–17) with low-

intensity intervals (50–75% peak HR or peak VO2 and RPE 12–14) is proposed for older 

patients undergoing CR. With respect to the duration of HIIT, we propose short-interval 

HIIT for patients with low exercise capacity or in the initial stage of CR (0–4 week), and 

medium- or long-interval HIIT for patients with intermediate or high exercise capacity (≥ 5 

METs) and in the improvement (4–12 week) and maintenance stages (> 12 week) of CR.
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SYNOPSIS

Recently, high-intensity interval training (HIIT) has been recognized as a safe and 

effective alternative to moderate-intensity continuous training (MICT) for older patients 

with CVD in cardiac rehabilitation (CR) settings in an effort to improve health outcomes. 

The effect of HIIT and specific HIIT protocols for older patients with CVD, and the 

contributing mechanisms underlying the improvements in peak oxygen uptake (VO2), an 

independent predictor of all-cause and cardiovascular mortality, have not been adequately 

reviewed. This brief review firstly considers general principles and suggestions for 

prescription of HIIT for older patients with CVD. Further, specific challenges pertaining 

to older adults will be discussed, including complexities related to frailty and other 

physiological limitations that are common in older patients with CVD. Second, we 

discuss the physiological mechanisms by which HIIT contributes to improvements in 

peak VO2. Third, we report the effects of HIIT on cardiovascular health in older patients 

with coronary artery disease and heart failure.
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KEY POINTS

• High-intensity interval training has been shown to result in greater 

improvements in peak oxygen uptake (VO2) when compared to moderate-

intensity continuous training for patients at high risk of developing and those 

with overt cardiovascular disease (CVD).

• The presence of CVD and frailty increase with advanced age. High-intensity 

interval training has shown positive effects in improving cardiovascular 

outcomes and frailty in older adults.

• High-intensity interval training can be prescribed using a combination of 

objective and subjective measures of exercise intensity with similar results for 

older CVD patients in cardiac rehabilitation settings.

• Multisystem integrative physiologic adaptations in respiratory, cardiovascular, 

and skeletal muscle systems induced by high-intensity interval training 

contribute to improvements in peak VO2.
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Figure 1: Principles of HIIT Prescription and Progression
Representative examples of long-, medium- and short-interval HIITs. The short-interval 

HIIT may be appropriate for CVD patients with low functional capacity (<5 METs) or in the 

initiation stage of CR (0–4 weeks), and the medium- or long-interval HIIT protocols may be 

recommended for CVD patients with intermediate or high functional capacity (≥5 METs) 

and in the improvement (4–12 weeks) and/or maintenance stages (>12 week) of CR. The 

exercise intensity is constant for each of these HIIT protocols with the high and low-

intensity intervals eliciting 85–95%HRpeak at RPE of 15–17 and 50–75% peak HR at RPE 

of 12–14, respectively. Abbreviation: CR, cardiac rehabilitation; FC, functional capacity; 

high-intensity interval training, HIIT.
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Figure 2: Key Physiologic Mechanisms of HIIT for Improvement of peak VO2
This summary figure illustrates the key physiologic systems that contribute to the increased 

VO2peak with HIIT. As discussed in the text, HIIT enhances the functions of the respiratory, 

cardiovascular and skeletal muscle systems contributing to the improvement in VO2peak. © 

Mayo Foundation for Medical Education and Researc h. All rights reserved.
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Table 1.

Short-, Medium- and Long-interval HIITs for Athletes and Older Patients with CVD

Interval 
Duration 
Category

Duration (high-/low-
intervals)

Intensity Ratio of 
Interval 
Duration

Key Goals or Benefits

Athletes30,31 Long 3–15/3–15 min 85–90% peak HR or peak 
VO2

1:1 Improving function of aerobic 
metabolism system

Medium 1–3/1–3 min 95–100% peak HR or peak 
VO2

1:1 Improving functions of 
anaerobic and aerobic 
metabolism systems

Short 10–60/10–60 s 100–120% peak HR or 
peak VO2

1:1 Improving function of ATP-
CP system

Older Patients 
with CVD

Long 3–4/3–4 mins 85–95% peak HR or peak 
VO2

1:1 VO2peak,VE/VCO2,VAT, 

QoL
4–6,12,13,33–35

Medium 1–2/1–4 mins 85–95% peak HR or peak 
VO2

1:1–4 VO2peak, VO2/Pulse 

QoL
15,36,67

Short 15–60/15–120 s 85–95% peak HR or peak 
VO2

1:1–8 VO2peak,VO2/Pulse14,28,29,70

ATP-CP, adenosine triphosphate-creatine phosphate; CVD, cardiovascular disease; HR, heart rate; QoL, quality of life; VAT, ventilatory anaerobic 
threshold; VE, ventilation; VCO2 volume of carbon dioxide produced; VO2, volume of oxygen consumed.
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