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Objective. The purpose of this study is to compare the effects of high-intensity interval training (HIIT) versus moderate-intensity
continuous training (MICT) on exercise capacity and several prognostic markers in patients with coronary artery disease (CAD)
and heart failure (HF).Methods. This systematic review is registered on the INPLASY website (number: INPLASY202080112). We
conducted a comprehensive search in eight databases of literature before September 13, 2019. Trials comparing HIIT and MICT in
participants with CAD or HF aged 52–78 years were included. Exercise capacity (peak oxygen consumption (peak VO2)) and
prognostic markers, such as the anaerobic threshold (AT), minute ventilation/carbon dioxide production (VE/VCO2) slope, left
ventricular ejection fraction (LVEF), and prognostic value of the predicted VO2 max per cent (the predicted VO2 peak (%))
were examined. Results. A total of 15 studies were included comprising 664 patients, 50% of which were male, with an average
age of 60:3 ± 13:2 years. For patients with CAD, HIIT significantly improved peak VO2 values (95% CI 0.7 to 2.11) compared
with MICT, but peak VO2 values in patients with HF did not seem to change. For training lasting less than eight weeks, HIIT
significantly improved peak VO2 values (95% CI 0.70 to 2.10), while HIIT lasting 12 weeks or longer resulted in a modestly
increased peak VO2 value (95% CI 0.31 to 5.31). High-intensity interval training significantly increased the AT when
compared with MICT (95% CI 0.50 to 1.48). High-intensity interval training also caused a moderate increase in LVEF (95% CI
0.55 to 5.71) but did not have a significant effect on the VE/VCO2 slope (95% CI −2.32 to 0.98) or the predicted VO2 peak
(95% CI −2.54 to 9.59) compared with MICT. Conclusions. High-intensity interval training is an effective therapy for
improving peak VO2 values in patients with CAD. High-intensity interval training in the early stage (eight weeks or fewer) is
superior to MICT. Finally, HIIT significantly improved prognostic markers, including the AT and LVEF in patients with CAD
and HF.

1. Introduction

It has been well established that cardiovascular diseases are a
leading cause of disability and death worldwide, and among
them, the most common are coronary artery disease (CAD)
[1] and heart failure (HF) [2]. Despite great progress in diag-
nostic and therapeutic strategies for CAD and HF over the
past few decades, the prognosis remains poor, placing a high
burden on healthcare systems worldwide.

Cardiac rehabilitation is an important component of sec-
ondary prevention of cardiovascular diseases. Some evidence
suggests that cardiac rehabilitation can reduce the mortality
risk and improve the prognosis among patients with cardio-
vascular diseases [3, 4], and one of the most indispensable
elements of such an intervention is participation in exercise
training [5]. Although exercise training has positive effects
on CAD and HF, such as increasing exercise capacity and
improving left ventricular function [6, 7], the most effective
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treatment options are likely dependent upon the type of
exercise undertaken [8]. Currently, an increasing number
of studies show high-intensity interval training (HIIT) may
elicit greater benefits than moderate-intensity continuous
training (MICT) in terms of the quality of life and exercise
capacity (as measured by the peak oxygen consumption
(peak VO2) value) of patients with CAD [9] and HF [10].
However, HIIT remains a controversial alternative exercise
modality due to its feasibility, safety and long-term adher-
ence. Due to a lack of a systematic review, the objective of
our meta-analysis was to compare the effects of HIIT and
MICT on the exercise capacity in patients with CAD and
HF. The secondary aims were to compare the effects of HIIT
and MICT on the prognostic characteristics of the anaerobic
threshold (AT), left ventricular ejection fraction (LVEF), the
minute ventilation/carbon dioxide production (VE/VCO2)
slope and the predicted VO2 peak (%) in a group of patients
with CAD and HF.

2. Methods

2.1. Data Sources. We conducted a comprehensive literature
search in the following eight electronic databases from data-
base inception through September 13, 2019: PubMed,
Cochrane Library, Embase, ClinicalTrials, Web of Science,
Wanfang Data, China Biology Medicine databases, and the
China Knowledge Network. The Medical Subject Heading
database was employed to establish all related articles on HIIT
and cardiac rehabilitation. This systematic review was regis-
tered on the INPLASY website (number: INPLASY2020
80112). The organisation which was responsible for the integ-
rity and conduct of the report was the First Hospital of Hebei
Medical University. The protocol for this systematic review
was registered and is available on the INPLASY (http://
inplasy.com/) website (10.37766/inplasy00000000).

The following keywords were used as the search terms:
‘rehabilitation/rehabilitations, cardiac’; ‘cardiovascular reha-
bilitation/rehabilitations’; ‘high-intensity interval trainings’;
‘exercises/exercise, high-intensity intermittent’; ‘sprint inter-
val training’ and their related terms (as shown in Table 1).
The reference lists of all included studies were also searched
to identify other appropriate studies. No language limita-
tions were imposed.

2.2. Study Selection. After removing all duplicates, two
researchers (Yahui Wang and Yebo Wang) independently
reviewed all titles and abstracts to identify potentially eligible
studies that primarily reported the effect of HIIT on the peak
VO2 value in patients with CAD and HF. This meta-analysis
was conducted in accordance with the guidelines of the Pre-
ferred Reporting Items for Systematic Review and Meta-
analyses [11]. The selection criteria were as follows: (1)
included adult patients (aged ≥18 years) with CAD and HF
(LVEF < 45%); (2) measured at the least peak oxygen uptake
(peak VO2); and (3) included a comparator group that com-
pleted MICT (matched to HIIT). The exclusion criteria were
as follows: (1) nonfull articles and nonrandomised con-
trolled trials; (2) missing or insufficient original data; (3)
EF was not reported in patients with HF (LVEF > 45%);

and (4) studies did not meet the Weston et al. [12] inclusion
criteria for both groups. Other outcomes of interest included
the AT, VE/VCO2 slope, predicted VO2 peak, and LVEF.

2.3. Data Synthesis and Analysis. Two researchers (Jun Xing
and Lizhuang Zhang) independently extracted all relevant
data and stored them in a database for analysis; the data
included baseline and postintervention mean ± standard
deviation and the number of participants in each group.
The mean difference and 95% confidence intervals (95%
CI) for each parameter were calculated using the Review
Manager version 5.3 software. If necessary, study authors
were contacted for missing values. We used the Cochrane
Collaboration’s tool to assess risk of bias in the included tri-
als. Heterogeneity was quantified using the I2 statistic; I2

values of 25%, 50%, and 75% represented low, moderate,
and high heterogeneity, respectively. An I2 > 50% indicated
significant heterogeneity, and we used the random effects
model for meta-analyses; otherwise, a fixed effects model
was used [13]. Subgroup and sensitivity analyses were con-
ducted to identify possible sources of heterogeneity by dis-
ease categories (CAD versus HF) and the duration of the
exercise programmes (<8 weeks, 8–12 weeks, and ≥12
weeks). We used the Begg adjusted rank correlation test
[14] and Egger’s regression asymmetry test [15] to assess
publication bias when there were 10 or more studies. No evi-
dence of publication bias was found. The analyses were per-
formed using the STATA software (v 14.0, StataCorp LLC).

3. Results

3.1. Study Screening, Selection, and Evaluation

3.1.1. Study Selection. After a primary search of eight data-
bases, 279 articles were obtained. The subject of 18 papers
overlapped with other publications. A total of 12 studies
were reviewed and two studies were found to be animal
experiments. Another 117 studies were excluded according
to the title and abstract. Thirty full manuscripts were
reviewed, of which two did not provide complete data for
this meta-analysis and 13 were not matched for the MICT
group. Finally, 14 studies were adopted to analyse the peak
VO2 values [16–29], 10 studies were adopted to analyse the
AT [16, 18–20, 23, 25, 26, 28–30], five studies were adopted
to analyse the VE/VCO2 slope [17–19, 24, 30], and four
studies each were adopted to analyse the predicted VO2 peak
[17, 18, 24, 25] and LVEF in patients with CAD and HF
[16–18, 22]. The study selection process is summarised in
Figure 1. In this study, there were 664 patients with an aver-
age age of 60:3 ± 13:2 years and 502 male patients (79.9%).

3.1.2. Studies Included in the Systematic Review. The 15
unique randomised controlled trials (Table 2) included eight
patients with CAD [19–21, 25, 27–30] and seven patients
with clinically stable HF with reduced ejection fraction [1,
16, 17, 22–24, 26]. The 15 studies examined the base case
results of 664 patients (50% were male); 338 completed a
HIIT intervention (78.7% were male with a mean age of
57.1 years), and 326 completed an MICT intervention
(81.5% were male with a mean age of 61.3 years). The
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duration of training varied between the studies, from 3.5
weeks to 16 weeks. Table 2 shows participant demographics,
and Table 3 outlines intervention characteristics. Although
all studies were randomised, only six (40%) described ran-
dom sequence generation, four reported allocation conceal-
ment, three trials were double-blinded, and three trials
(20%) adequately described subject withdrawals or dropouts.
Accordingly, almost all the examined studies had a high
risk of bias for sample selection (Figure 2). The exercise
modalities consisted primarily of cycle ergometer use (eight
studies [17, 18, 20, 21, 25, 26, 28, 29]) followed by treadmill
running (three studies [16, 19, 27]); however, three studies
focused on cycle ergometer use or treadmill running
[22–24] and one study focused on treadmill running or
climbing stairs [30].

3.1.3. Quantitative Data Synthesis. Compared with MICT,
HIIT significantly improved the peak VO2 value (14 trials;

650 patients; mean difference of 1.83mL/kg/min, 95% CI
0.99 to 2.67mL/kg/min, P < 0:0001; Figure 3); however,
there was a relatively large heterogeneity between the trials
(I2 = 39:0%). Accordingly, further analysis based on disease
categories (CAD versus HF) revealed that HIIT in the
CAD group caused significantly increased peak VO2 values
(seven trials [19–21, 25, 27–29]; 360 patients; mean differ-
ence of 1.4mL/kg/min, 95% CI 0.7 to 2.11mL/kg/min, I2 =
0%, P < 0:0001), while in the HF group, it resulted in mod-
estly increased peak VO2 values (seven trials [16–18, 22–24,
26]; 290 patients; mean difference of 1.77mL/kg/min, 95%
CI 0.20 to 3.34mL/kg/min, P = 0:03; Figure 4(a)). The het-
erogeneity test (P = 0:02, I2 = 61%) showed there was notable
heterogeneity in the studies. As can be seen from the hetero-
geneity forest plots, one study [16] was a likely source of het-
erogeneity. After exclusion of this study, the heterogeneity
was significantly reduced. Interestingly, we found no statisti-
cally significant difference in the mean difference and 95% CI

Full-text articles excluded:
No complete data (n = 2)
Groups not matched/not

MICT group (n =13)

Records identified through database
searching (n = 279)

Pubmed: 83
Cochrane: 141

Web of science: 53
Embase: 1

Wan fang data: 1

Records after
duplicates

removed (n = 261)

Records
screened (n = 261)

Records excluded :

Studies included
in quantitative

synthesis (n = 15)

Full texts assessed
for eligibility

(n = 30)

CR on peak
VO2 in CAD

and HF patients
(n = 14)

CR on VO2 peak (%
pred. VO2 peak) in

CAD and HF patients
(n = 4)

CR on AT in
CAD and HF

patients
(n = 10)

CR on VE/VCO2
slope in CAD

and HF patients
(n = 5)

(i) Animal experiment (n = 2)
(ii) Review (n = 12)

(iii) Studies based on titles and
abstract (n = 117)

Figure 1: Systematic review process. CAD: coronary artery disease; HF: heart failure.
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of the heterogeneity test (P = 0:65, I2 = 0%; mean difference
of 0.92mL/kg/min, 95% CI −0.21 to 2.05mL/kg/min, P =
0:11; Figure 4(b)).

Further analysis according to the exercise training pro-
gramme length (<8 weeks, 8–12 weeks, and ≥12 weeks)
revealed that HIIT lasting eight weeks or fewer significantly
increased the peak VO2 value (five trials [18, 23, 28–30]; 312
patients; mean difference of 1.40mL/kg/min, 95% CI 0.70 to
2.10mL/kg/min; I2 = 0%), while HIIT lasting 12 weeks or
more resulted in a modestly increased peak VO2 value (three
trials [19, 21, 26]; 99 patients; mean difference of 2.81mL/
kg/min, 95% CI 0.31 to 5.31mL/kg/min; I2 = 0%); however,
during weeks 8–12 of exercise training, MICT and HIIT
were not different (five trials [17, 20, 22, 24, 27]; 221

patients; mean difference of 0.41mL/kg/min, 95% CI 0.88
to 1.70mL/kg/min; I2 = 0%; Figure 5).

Compared with MICT, HIIT significantly increased the
AT (10 trials [16, 18, 20, 23, 25, 26, 28–30]; 446 patients; mean
difference of 0.99mL/kg/min, 95% CI 0.50 to 1.48mL/kg/min,
P < 0:0001, I2 = 37%, Z = 3:93; Figure 6(a)) and also caused a
moderate increase in LVEF (four trials [16–18, 22]; 211
patients; mean difference of 3.13%, 95% CI 0.55% to 5.71%,
P = 0:02, I2 = 0%, Z = 2:38; Figure 6(b)). However, HIIT did
not have significant effects on the VE/VCO2 slope and the pre-
dicted VO2 peak when compared with MICT (VE/VCO2
slope: five trials [17–19, 24, 30]; 132 patients; mean difference
of −0.67%, 95% CI −2.32% to 0.98%, P = 0:43, I2 = 0%, Z =
0:80. Predicted VO2 peak: four trials [17, 18, 24, 25]; 143

Random sequence generation (selection bias)
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Figure 2: Risk of bias assessment.
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Figure 3: Forest plots of the effect of HIIT and MICT on peak VO2 for patients with CAD and HF. HIIT: high-intensity interval training;
MICT: moderate-intensity continuous training; peak VO2: peak oxygen consumption; CAD: coronary artery disease; HF: heart failure; SD:
standard deviation; CI: confidence interval.
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Figure 4: (a) Subgroup analysis of HIIT and MICT on peak VO2 according to disease categories (CAD versus HF); (b) sensitivity analysis.
HIIT: high-intensity interval training; MICT: moderate-intensity continuous training; peak VO2: peak oxygen consumption; CAD: coronary
artery disease; HF: heart failure; SD: standard deviation; CI: confidence interval.
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patients; mean difference of 3.52%, 95% CI −2.54% to 9.59%,
P = 0:25, I2 = 10%, Z = 1:14; Figures 6(c) and 6(d)).

4. Discussion

This meta-analysis of patients with CAD and HF demon-
strated the following three major novel findings. (1) In
patients with CAD, HIIT significantly improved the peak
VO2 value compared with MICT, but no significant differ-
ence occurred between HIIT and MICT for patients with
HF after subgroup and sensitivity analyses. (2) In patients
with CAD and HF, when compared with MICT, HIIT
showed that the greatest improvement in the peak VO2
value occurs within eight weeks or fewer, but not during
weeks 8–12 of training. (3) The increases in the AT and
LVEF were significantly higher in the HIIT group than in
the MICT group, but there were no significant differences
in the VE/VCO2 slope and the predicted VO2 peak.

In this study, we found that HIIT created a significantly
higher peak VO2 value in comparison with MICT in patients
with CAD and HF. There is a large amount of evidence
showing that VO2 peak is a powerful independent predictor
of total and cardiovascular mortality in patients with cardio-
vascular disease [31–33], and many previous studies have

demonstrated that both MICT and HIIT improve the peak
VO2 value [34]. The findings in the meta-analyses by Liou
et al. [35] indicated that HIIT created a more pronounced,
albeit numerically small, improvement in the peak VO2
value in patients with stable CAD. Two metastudies compar-
ing the effectiveness of HIIT and MICT on the peak VO2
value in patients with heart disease (including CAD and
HF) concluded that HIIT appears to be at least as effective
as, and in some cases more effective than, MICT [36]. How-
ever, in the study conducted by Araújo et al. [37], it was
observed that the quality of evidence still does not confirm
that HIIT is superior to MICT with respect to the peak
VO2 value in patients with HF. Our results echoed the find-
ings by Xie et al. [36] that HIIT created a significantly higher
peak VO2 value in comparison with MICT in patients with
CAD and HF, showing that exercise intensity is very impor-
tant. Smart et al. found that combined strength and inter-
mittent aerobic training exercise appears to be more
beneficial for changes in peak VO2 values when compared
with intermittent aerobic training exercise of similar exercise
energy expenditure [38]. However, when we performed sub-
group analyses by disease, we found that the advantage of
HIIT was primarily reflected in patients with CAD
(P < 0:0001). Due to the heterogeneity of patients with HF,
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Figure 6: Forest plot summary of the effect of HIIT and MICT on prognostic markers in patients with CAD and HF: (a) anaerobic threshold
(AT); (b) left ventricular ejection fraction (LVEF); (c) the VE/carbon dioxide production (VCO2) slope (the VE/VCO2slope); (d) the
prognostic value of percent predicted VO2max (the predicted VO2 peak (%)). HIIT: high-intensity interval training; MICT: moderate-
intensity continuous training; CAD: coronary artery disease; HF: heart failure; SD: standard deviation; CI: confidence interval.
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after sensitivity analyses, the advantage of HIIT on the peak
VO2 value disappeared (P = 0:48); the peak VO2 values
showed no difference between the groups. This finding is
similar to one found in a study by Gomes-Neto et al. [10];
however, it should be interpreted with caution and sup-
ported by further research.

Duration may affect the role of HIIT and MICT. Less
than eight weeks of HIIT training resulted in higher peak
VO2 values than MICT for both diseases. In contrast, there
were no significant differences in peak VO2 improvements
in weeks 8–12 of training for both programmes (P = 0:53).
A study by Ballesta-García et al. [39] drew different con-
clusions, showing that there were significant differences
regarding duration in patients with CAD, with greater
improvements in the peak VO2 value when the duration
was less than 12 weeks. In patients with HF, programmes last-
ing less than 12 weeks did not significantly improve the peak
VO2 value. This could be due to a gradual decrease in the effect
of HIIT on the improvement of peak VO2 values in patients
with heart disease as intervention time increases, indicating
that the early phase of training is more likely to be responsible
for the adaptations of peak VO2 values through HIIT. This
phenomenon was also detected in highly trained athletes
[40]. However, the HIIT programme seems to show advan-
tages when the intervention duration is greater than 12 weeks
(P = 0:03). This result may be attributed to the fact that only
three previous studies [19, 21, 26] have followed a programme
for more than 12 weeks. Errors can be introduced into the
results due to the lack of research articles, and therefore, cau-
tion must be exercised when interpreting these findings.

The major strength of this study is that we performed a
subgroup analysis of the peak VO2 values, and the results
considered in our analysis, such as LVEF, AT, VE/VCO2
slope, and predicted VO2 peak, are related to the prognosis
of patients with heart disease. To our knowledge, this is
the first study comparing the prognostic values of these four
parameters involved in cardiac disease between two exercise
regimens. High-intensity interval training increased the AT
by 2.7mL/kg/min (22%) compared with 1.47mL/kg/min
(12.4%) for MICT. This demonstrates that the AT of HIIT
increases more than that of MICT. It has been shown that
the AT is associated with oxidation capacity of skeletal mus-
cle, the function of the cardiac pump, and vascular endothe-
lial cells [41]. The AT probably increases the expression of
PGC-1 and improves mitochondrial function at the molecu-
lar level [16]. In clinical practice, the AT is strongly related
to daily activities and quality of life; that is, improving the
AT may improve the ability of patients to cope with the
physical needs of their daily activities [42].

Our finding that HIIT significantly increased LVEF
when compared with MICT is in line with studies by Wisloff
et al. [16] and Besnier et al. [18], but in contrast to the meta-
analysis of Tucker et al. [43] This result may be associated
with the exercise intensity of the interval training, which
has been previously reported [40]. In the meta-analysis by
Tucker et al. [43], no significant difference in LVEF between
HIIT and MICT was detected, which may be related to the
relatively low exercise intensity of HIIT participants (87%
of the average maximal heart rate (HRmax) or the peak

VO2 value) in their four studies compared with the relatively
high exercise intensity of MICT participants (70% of the
average HRmax or the peak VO2 value).

The interval training intensity contributes to the func-
tioning of the left ventricle. In experiments conducted by
Ellingsen et al. [22], this lower training intensity during
intervals becomes more apparent; 51% of the participants
in the HIIT group were trained below the regulated inten-
sity, whereas 80% of the participants in the MICT group
were trained above the regulated intensity. In contrast, in
four studies on LVEF in our meta-analysis, patients in the
HIIT group exercised at 89% of their average HRmax, peak
VO2 value or max workload and the MICT group exercised
at 62% of their average HRmax, peak VO2 value or max
workload. Thus, these data suggest that the interval training
intensity contributes to the functioning of the left ventricle.

High-intensity interval training may be a more feasible
exercise modality for patients with heart disease and can bet-
ter improve the prognostic effect. Regarding the VE/VCO2
slope and the predicted VO2 peak aspects, this study found
that the magnitude of differences between HIIT and MICT
was relatively small, which could be associated with low
quality and short-term outcomes in the included studies; this
is in accordance with one previous study [36]. Further stud-
ies are therefore required to provide more information about
the safety and long-term effects of HIIT. Some research has
shown that a combination of the VE/VCO2 slope and peak
VO2 value can serve as a more appropriate measure to assess
prognosis stratification in patients with HF [44]. The results
of our meta-analysis suggested that HIIT may be a more fea-
sible exercise modality for patients with heart disease and
can better improve the prognostic effect. In view of improv-
ing the VE/VCO2 slope and the predicted VO2 peak, HIIT
was not superior to MICT, and considering the safety and
long-term effects of HIIT, exercise-based cardiac rehabilita-
tion programmes should take into account an individual’s
needs and preferences more often.

There were some limitations in this study. First, only one
of the trials in this review used an exercise programme with
a 24-week duration, and the others compared the duration
of HIIT and MITC in 16 weeks or fewer; consequently, fur-
ther evidence is required to definitively assess the long-term
effects of HIIT on LVEF, AT, the VE/VCO2 slope, and the
predicted VO2 peak. Second, the results of this systematic
review may be limited by the lack of clear descriptions of
the randomisation and blinding in most studies, as well as
the small, pooled sample size (total of 664 adults), with stud-
ies ranging from 14 to 142 participants. In addition, the
majority of patients with heart disease in this analysis were
males (79.9%); therefore, it is unclear that the same results
would exist in women with heart disease. The results of this
analysis should be interpreted with caution due to the het-
erogeneity in some subgroup analyses and the small number
of trials included.

5. Conclusions

For patients with CAD, HIIT is an effective therapy for
improving the peak VO2 value compared with MICT, while
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in patients with HF, there is no difference in the improve-
ment in the peak VO2 value between the two training
methods. During the early stage (eight weeks or fewer), HIIT
is superior to MICT. Finally, in heart disease (including
CAD and HF), HIIT significantly improved the AT and
LVEF compared with MICT, without showing changes in
the VE/VCO2 slope and the predicted VO2 peak. In sum-
mary, compared with MICT, HIIT can not only effectively
improve the exercise capacity of patients with CAD but also
improve the prognosis of patients with CAD and HF.
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