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Mansueto Gomes-Neto''>** André R Duries?,
Helena F Correia dos Reis"3, Victor R Nevess,
Bruno P Martinez'” and Vitor O Carvalho®*®

Abstract

Background: Exercise is an effective strategy for reducing total and cardiovascular mortality in patients with coronary
artery disease. However, it is not clear which modality is best. Ve performed a meta-analysis to investigate the effects of
high-intensity interval versus moderate-intensity continuous training of coronary artery disease patients.

Methods: We searched MEDLINE, PEDro, LILACS, SciELO and the Cochrane Library (from the earliest date available to
November 2016) for controlled trials that evaluated the effects of high-intensity interval versus moderate-intensity
continuous training for coronary artery disease patients. Weighted mean differences and 95% confidence intervals
were calculated, and heterogeneity was assessed using the * test.

Results: Twelve studies met the study criteria, including 609 patients. High-intensity interval training resulted in
improvement in peak oxygen uptake weighted mean difference (1.3 ml/kg/min, 95% confidence interval: 0.6—1.9,
n=1594) compared with moderate-intensity continuous training. No significant difference in physical, emotional, and
social domain of quality of life was found for participants for participants in the high-intensity interval training group
compared with the moderate-intensity continuous training group. Sub-analysis of three studies with isocaloric exercise
training showed no significant difference in peak oxygen uptake weighted mean difference (0.4 ml/kg/min, 95% confidence
interval: —0.1-0.9, n = 137) for participants in the high-intensity interval training group compared with moderate-inten-
sity continuous training group.

Conclusions: High-intensity interval training may improve peak oxygen uptake and should be considered as a compo-
nent of care of coronary artery disease patients. However, this superiority disappeared when isocaloric protocol is
compared.
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Background

Exercise-based cardiac rehabilitation is a safe and well-
established intervention to improve aerobic exercise
capacity, muscle strength, metabolic parameters, qual-
ity of life and survival in patients with coronary artery
disease.'

Despite the well-known benefits of exercise-based
cardiac rehabilitation, the most efficient modality and
intensity are still under discussion.? Traditional exercise
prescription includes moderate continuous aerobic
exercise training: however, since the recommendation
of the American Heart Association in 2007, a strong
clinical interest has emerged in high-intensity interval
training.” Thus, high-intensity interval training, is cur-
rently considered as an alternative for moderate con-
tinuous exercise within a cardiac rehabilitation
program.®

A recent systematic review and meta-analysis’
showed a superiority of the high-intensity interval
training in comparison to moderate continuous training
on brachial artery vascular function. Other systematic
reviews® '* also showed the superiority of the high-
intensity interval training on exercise capacity in
patients engaged with an exercise-based cardiac
rehabilitation program. However, these studies per-
formed the search in May 2015° and May’ and
December 2013.'° Since then new studies have been
completed and published. In addition, an important
aspect to be considered in the comparison of different
exercise protocols is the energy expenditure during the
training. Isocaloric protocols aim to adjust the energy
expenditure within aerobic exercise sessions performed
with different intensities.'"

Vromen et al. performed a meta-regression analysis
to determine a ranking of the individual effect of the
training characteristics on the improvement in exercise
capacity of an aerobic exercise training program in
chronic heart failure patients, and concluded that
total energy expenditure appeared to be the only train-
ing characteristic with a significant effect on improve-
ment in exercise capacity.'> However, the concept of
isocaloric exercise training has never been investigated
in meta-analyses involving patients with coronary
artery disease.

The aim of this systematic review with meta-analysis
was to analyze the published randomized controlled
trials (RCTs) that investigated the effects of high-
intensity interval versus moderate-intensity continuous
training on exercise capacity and quality of life in
patients with coronary artery disease. Moreover, this
systematic review aims to perform a sub-analysis of
the studies that performed an isocaloric exercise train-
ing protocol.

Methods

This systematic review was completed in accordance
with PRISMA guidelines."?

Eligibility criteria
This systematic review included RCTs that studied the
effects of high-intensity interval training compared to
continuous exercise training in individuals with coron-
ary artery disease (history of coronary artery disease
with angina pectoris or myocardial infarction diag-
nosed by American Heart Association standard cri-
teria,'*  angiographically  documented,  and/or
percutaneous coronary intervention). To be eligible,
the trial had to randomize patients with coronary
artery disease to a group of high-intensity interval
training or to moderate-intensity continuous training.
Studies that enrolled patients with other cardiac or
respiratory diseases were excluded. The outcomes of
interest were peak oxygen uptake (VO,; ml/kg/min)
and quality of life.

Search methods for identification of studies

We searched for references on MEDLINE, PEDro,
LILACS, SciELO and the Cochrane Library up to
November 2016 without language restrictions. We
used a standard protocol for this search and, whenever
possible, used a controlled vocabulary (MeSH term for
MEDLINE and Cochrane and Emtree for Embase). In
our search strategy, we used three groups of keywords
and their synonyms: study design, participants, and
interventions.

The strategy developed by Higgins and Green'> was
used for the identification of RCTs in PUBMED/
MEDLINE. To identify the RCTs in other databases
we adopted a search strategy using similar terms. We
checked the references of the articles included in this
meta-analysis to identify other potentially eligible stu-
dies. For ongoing studies, authors were contacted by
e-mail for confirmation of any data or obtaining add-
itional information.

Data collection and analysis

Titles and abstracts were independently checked by
two reviewers. If at least one of the reviewers con-
sidered one reference eligible, the full text was
obtained for complete assessment. Then, two
reviewers independently assessed the full text of
selected articles to verify if they met the criteria for
inclusion or exclusion. Two authors independently
extracted data from the published reports using
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standard data extraction forms adapted from Higgins
and Green."

Aspects of the study population, intervention per-
formed, follow-up period and rates of missing data,
outcome measures, and results were reviewed.

Quality of meta-analysis evidence

The quality of studies included in this systematic review
was scored by two researchers using the PEDro scale,
which is based on important criteria, such as concealed
allocation, intention-to-treat analysis, and the ade-
quacy of follow-up. These characteristics make the
PEDro scale a useful tool for assessing the quality of
rehabilitation trials.'®'® Any disagreements in the
rating of the studies were resolved by a third reviewer.

Statistical assessment

Pooled-effect estimates were obtained by comparing the
least square mean change from baseline to endpoint for
each group, and were expressed as the weighted mean
difference between groups. When the standard devi-
ation (SD) of change was not available, the SD of the
baseline measure was used for the meta-analysis.
Calculations were done using a fixed-effects and
random-effects model. If the trial was a multiple-arm
RCT, all relevant experimental intervention groups
(high-intensity interval versus moderate-intensity con-
tinuous training) had data extracted. In follow-up
reports with multiple endpoints, only data closest to
the end of the exercise program were included. In
cross-over trials, size effects were only extracted at the
first cross-over point.

We compared high-intensity interval versus moder-
ate-intensity continuous training, and also performed a
sub-analysis of the studies that compared an isocaloric
exercise training protocol. An o value <0.05 was con-
sidered significant. Heterogeneity among studies was
examined with Cochran’s Q and I? statistic, in which
values greater than 50% were considered indicative of
high heterogeneity'® and the random-effects model was
chosen. Analyses were performed with Review
Manager (Version 5.3).%°

Results
Description of selected studies

The initial search led to the identification of 609
abstracts, from which 23 studies were considered as
potentially relevant and were retrieved for detailed ana-
lysis. After a complete reading of 23 articles, eight were
excluded and 15°'3* met the eligibility criteria. Of

these, three were duplicates (studies that used the
same participants). The study by Pattyn et al.*® used
the same participants as the study by Conraads et al.;>*
the study by Moholdt et al. in 2012%7 used the same
participants as the study by Moholdt et al. in 2011,%
and the study by Rognmo et al.>> used the same par-
ticipants as the study by Amundsen et al.?! Finally, 12
studies met the eligibility criteria. Figure 1 shows the
PRISMA flow diagram of studies in this review. Each
of the papers was scored using the PEDro scale meth-
odology by both reviewers. The results of the assess-
ment of the PEDro scale, with a mean value of 5.1, are
presented individually in Table 1.

Study characteristics

The number of participants randomized in this meta-
analysis ranged from 14** to 200.* The mean age of
participants ranged from 58-65 years. Twelve studies
included patients of both genders and two studies
included only men.**' Sample size, outcomes, and
results of included studies are summarized in Table 1.

Characteristics of intervention programs

The characteristics of the high-intensity interval train-
ing and moderate-intensity continuous training have
been reported in most studies (Table 2). Only five stu-
dies used isocaloric exercise training.?>232%-33-34

Peak VO2. Twelve studies assessed peak VO, as out-
come. The studies showed a baseline average of
24ml/kg/min and a post-intervention average of
28 ml/kg/min. The meta-analyses showed (Figure
2(a)) a significant improvement in peak VO, of
1.3ml/kg/min (95% confidence interval (CI): 0.6-1.9,
n=>594) for participants in the high-intensity interval
training group compared with the moderate-intensity
continuous training group. The meta-analyses of stu-
dies that did not use isocaloric exercise training
showed (Figure 2(b)) a significant improvement in
peak VO2 of 1.9ml/kg/min (95% CI: 1.1-2.6,
n=446) for participants in the high-intensity interval
training group compared with the moderate-intensity
continuous training group.

Five studies used isocaloric exercise train-
ing.?>232%33:3% However, the Madssen et al. study
presented data as median (CI) and was not included
in the meta-analysis. Our sub-analysis of four studies
with isocaloric exercise training showed (Figure 2(c)) a
no significant difference in peak VO, of 0.7 ml/kg/min
(95% CI: —0.1-0.9, n=137) for participants in the high
intensity interval training group compared with moder-
ate intensity continuous training group.
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Figure 1. Search and selection of studies for systematic review according to Preferred reporting items for systematic reviews and

meta-analyses (PRISMA). RCT: randomized controlled trial.

Quadlity of life. Four studies assessed quality of life (a
total of 394 patients).*>?"*32 In the study by
Conraads et al.** the quality of life, assessed by SF-12
questionnaire, improved significantly on the physical
and mental domains in the high-intensity interval train-
ing group. In the studies by Moholdt et al.>***” the qual-
ity of life, assessed by the MacNew questionnaire,
showed improvements in both groups. The study by
Jaureguizar et al.’! assessed the quality of life by
SF-36 and MacNew questionnaires and showed no dif-
ference between groups. Due to the difference between
the instruments on the assessment of quality of life, we
performed a meta-analysis for the physical component
and mental component of SF-12 and SF-36 with stan-
dardized mean difference. No significant difference in
the physical, emotional, and social domains of quality
of life of the MacNew questionnaire was found for par-
ticipants in the high-intensity interval training group
compared with moderate-intensity continuous training
group (Figure 3(a)). No significant difference in the

physical component and mental component was
found for participants in the high-intensity interval
training group compared with moderate-intensity con-
tinuous training group (Figure 3(b)).

Discussion

Our meta-analyses showed that high intensity interval
training was more efficient than moderate intensity con-
tinuous training on peak VO, gain of patients with
coronary artery disease. However, when we analyzed
the studies with an isocaloric exercise training protocol,
the superiority of the high-intensity exercise training on
peak VO, disappeared. (Figure 1(b)) The quality of life
showed no difference on physical, emotional, and social
domains between groups.

Exercise training is well established as an important
non-pharmacological therapy in adults with chronic
diseases, and it is endorsed by the main guidelines
around the world.*>7 Although the overall level of
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Test for overall effect: Z = 3.58 (P=0.003)

(a) HIT MICT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V,Random, 95%CI IV,Random, 95%ClI
Cardozo et al, 2015 38 5 23 01 6 24 3.8%  3.70[0.55, 6.85]

Conraads et al, 2015 5169 85 4467 89 7.4% 0.70[-1.32,2.72] e
Currie et al, 2013 47 2.3 11 3.6 1.7 1 9.1% 1.10[-0.59, 2.79] ———
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Figure 2. Change in peak oxygen uptake (peak VO,) — high-intensity interval training (HIIT) versus moderate-intensity continuous

training (MICT). (a) Change in peak VO, — all studies; (b) change

in peak VO, - non-isocaloric studies; (c) change in peak VO, —

isocaloric studies. Review Manager (RevMan). Version 5.3 The Cochrane Collaboration, 2013. Cl: confidence interval; SD: standard

deviation.

evidence is moderate, high-intensity interval training is
a safe and simple intervention that could potentially be
beneficial for patients with coronary artery disease.*® In
a large meta-analysis of patients with heart failure, no
deaths were attributed to exercise training regardless of
intensity.'> Rognmo et al., examined the risk of cardio-
vascular events during organized high-intensity interval
exercise training and moderate-intensity training
among 4846 patients with coronary heart disease in
three Norwegian cardiac rehabilitation centers and con-
cluded that the risk of a cardiovascular event was low.*’

The strength of the present study is the update of the
systematic review and a sub-analysis of the studies that
used an isocaloric exercise training protocol. In add-
ition, the eligibility of peak VO, and quality of life as

outcomes is relevant because peak VO, is the gold
standard method to assess aerobic exercise capacity
and is related to quality of life and prognosis in patients
with chronic conditions.*®***! However, the result of
this meta-analysis is limited by the lack of high-quality
studies and we are not able to make judgments about
the best method of exercise-based cardiac
rehabilitation.

Determining the most appropriate exercise prescrip-
tion (intensity, frequency, duration, and timing) is
important to achieve the best results of peak VO, and
quality of life. The results of our meta-analyses are in
accordance with previous systematic reviews that inves-
tigated the effect of high-intensity interval training
versus moderate-intensity continuous training on peak
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Figure 3. Change in quality of life — high-intensity interval training (HIIT) versus moderate-intensity continuous training (MICT). (a)
Change in MacNew domains of quality of life; (b) change in physical and mental component. Review Manager (RevMan). Version 5.3
The Cochrane Collaboration, 2013. Cl: confidence interval; SD: standard deviation.

VO, in patients with coronary artery disease.®!°

However, the novelty of this systematic review is the
lack of superiority of the interval exercise training on
peak VO,, when the studies with isocaloric exercise
protocols were considered.

A previous systematic review involving exercise
training parameters in patients with heart failure sug-
gests the use of high total energy expenditure as a main
goal for exercise-based cardiac rehabilitation.'> The
authors showed that total energy expenditure was the
strongest variable associated with gain in peak VO, in
patients with heart failure.'*> Considering our results, its
plausible to speculate that the total energy spent on

exercise training is more important than exercise inten-
sity in patients with coronary disease. The conclusion
from the studies on high-intensity interval training that
we found is in accordance with the results found by
other systematic reviews regarding the effectiveness of
high-intensity interval training in healthy young to
middle-aged adults*® and patients with cardiac
disease.

This review highlights the paucity of high-quality
research addressing high-intensity interval training in
patients with coronary artery disease. Given the signifi-
cant heterogeneity found in the primary analyses due
the variance in exercise protocols (variable intensities
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and different durations of the exercise programs), cau-
tion is warranted when interpreting our results.

Further investigations into the prescription of the
exercise training variables (e.g. intensity, bouts, fre-
quency, duration, etc.) are recommended to enhance
our understanding of the real positive effects of high-
intensity interval training.

Conclusion

This systematic review found that the high-intensity
interval training was superior to continuous exercise
training on peak VO, gain. However, this superiority
disappeared in our sub-analysis of isocaloric protocols
in patients with coronary artery disease. Moreover,
there was no difference between high-intensity interval
training and continuous exercise training effects on
quality of life.
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