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Abstract

Background Exercise training improves exercise capacity

(peakVO2), which is closely related to long-term survival in

cardiac patients. However, it remains unclear which type

and intensity of exercise is most effective for improving

exercise tolerance and body weight. Individual studies

suggest that aerobic interval training (AIT) might increase

peakVO2 more in this population.

Objective We conducted a meta-analysis to summarize

the effects of AIT compared with moderate continuous

training (MCT) on peakVO2, submaximal exercise capac-

ity, and body weight in patients with coronary artery dis-

ease (CAD) with preserved and/or reduced left ventricular

ejection fraction (LVEF).

Data sources and study selection A systematic search

was conducted and we included randomized trials com-

paring AIT and MCT in CAD patients lasting at least 4

weeks, reporting peakVO2 results, and published in a peer-

reviewed journal up to May 2013. The primary outcome

measure was peakVO2. Secondary outcomes were sub-

maximal exercise capacity parameters and body weight.

Synthesis methods Random- and fixed-effects models

were used and data were reported as weighted means and

95 % confidence intervals (CIs).

Results Nine study groups were included, involving 206

patients (100 AIT, 106 MCT). Overall, AIT resulted in a

significantly larger increase in peakVO2 [?1.60 mL/kg/

min (95 % CI 0.18–3.02; p = 0.03)] compared with MCT.

MCT seemed to be more effective in reducing body weight

(-0.78 kg; 95 % CI -0.01 to 1.58; p = 0.05).

Limitations The small number of studies might have

affected the power to reach significance for the secondary

outcomes.

Conclusion In CAD patients with preserved and/or

reduced LVEF, AIT is superior to MCT for improving

peakVO2, while MCT seems to be more effective in

reducing body weight. However, large, well-designed,

randomized controlled trials are warranted to confirm these

findings.

1 Introduction

Cardiovascular diseases (CVD) are the most common

cause of death in Europe, accounting for over four million

deaths or 47 % of all deaths each year [1]. The main causes

of CVD deaths are coronary artery disease (CAD) and

stroke [1]. The total cost for CVD for the EU is estimated

at €195 billion a year [1].

Substantial evidence supports the benefits of exercise-

based cardiac rehabilitation in patients with CVD [2].

Exercise-based cardiac rehabilitation increases peak

oxygen uptake (peakVO2), which is an important prog-

nostic parameter for cardiovascular morbidity and mor-

tality [2–4]. Moreover, exercise-based cardiac

rehabilitation improves quality of life [2, 5] and various

cardiovascular risk factors including blood pressure [2, 4,

6, 7], blood lipids [2, 4, 6, 7], blood glucose, and insulin

dynamics [7].

Although the benefits of cardiac rehabilitation have

been widely established, there is still controversy regarding
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the mode and intensity of exercise that yield optimal

beneficial effects in patients with CVD [8]. Exercise

intensity seems to be an important factor for the effec-

tiveness of a cardiac rehabilitation program as a higher

exercise intensity leads to larger improvements in

peakVO2, after adjustment for other training-related vari-

ables [9, 10]. However, the positive outcomes of moderate-

intensity continuous training (MCT) in cardiac rehabilita-

tion have been supported by many clinical trials and for

many years MCT has been the basis of exercise training in

patients with stable CAD [8]. It appears that moderate-

intensity exercise is sufficient to reduce cardiovascular risk

and cardiovascular mortality [10, 11], but it is suggested

that higher intensity exercise offers greater cardioprotec-

tion [10] in patients with CAD and chronic heart failure

(HF) [11]. Higher intensity exercise has been shown to be

more effective in improving cardiovascular risk factors and

left ventricular ejection fraction (LVEF) than moderate-

intensity exercise in patients with HF and CAD [12, 13].

However, a higher intensity of exercise is difficult to

maintain for a longer duration. Therefore, during the last

decades, the use of aerobic interval training (AIT) gained

more interest in the field of cardiac rehabilitation [14].

Interval training consists of periods of high-intensity

exercise alternated by periods at lower intensity that make

it possible for cardiac patients to complete short exercise

bouts at a higher intensity than would be possible during

continuous exercise. This higher intensity might challenge

the heart’s pumping ability, the endothelial system, and the

mitochondrial functions in skeletal muscle tissue to a

greater extent, and could therefore be more effective in

increasing peakVO2 compared with MCT [15]. Systematic

reviews and meta-analyses by Smart et al. [16] and Hay-

kowsky et al. [17] have already demonstrated that AIT is

more effective than MCT for improving peakVO2 in HF

patients with reduced ejection fractions caused by CAD as

well as by other etiologies [16, 17]. In the largest group of

cardiac patients referred to cardiac rehabilitation, namely

CAD patients with preserved and/or reduced LVEF, a

number of small studies have investigated the effect of

AIT compared with MCT, but the results of these small

studies are contradictory. Rognmo et al. [18] reported a

greater improvement of aerobic exercise capacity follow-

ing AIT compared with MCT whereas Warburton et al.

[19], Rocco et al. [20], and Moholdt et al. [21] reported

similar improvements in aerobic exercise capacity. In

some studies, differences in the longer term [21] or in the

anaerobic exercise performance [22] were found between

AIT and MCT, in favor of AIT.

Therefore, this meta-analysis aims to summarize and

compare the effect of AIT and MCT on peakVO2, sub-

maximal exercise measures, and body weight in patients

with CAD with preserved and/or reduced LVEF.

2 Methods

2.1 Literature Search

We conducted a systematic literature search in the elec-

tronic PubMed database from its inception up to May 2013

using the following terms: (aerobic interval training OR

high intensity interval training OR interval training OR

intermittent training OR high intensity exercise OR interval

training) AND (coronary artery disease OR coronary heart

disease OR heart failure OR myocardial infarction OR

coronary artery bypass surgery OR ischemic heart disease

OR angina pectoris), without any limitations. From this

search, we only included papers addressing the effect of

AIT compared with MCT in CAD patients with preserved

and/or reduced LVEF. In addition, the reference lists from

published original and review articles were searched

manually to identify other possible eligible studies.

2.2 Study Selection

The inclusion criteria for this meta-analysis were: (1)

randomized intervention studies, (2) comparing supervised

AIT, defined as an alternation of intervals at high intensity

according to Vanhees et al. [23] with periods of relative

rest on treadmill, bicycle, or other exercise devices, with

supervised MCT, (3) with a duration of at least 4 weeks,

(4) in CAD patients with preserved and/or reduced LVEF,

(5) reporting pre- and post-intervention mean and standard

deviations (SDs) (or standard errors) or mean change and

SDs (or standard errors) of peakVO2, and (6) published in a

peer-reviewed journal up to May 2013. Exclusion criteria

included any studies not meeting all the criteria above.

2.3 Measured Outcomes

The primary outcome measure was change in peakVO2

(mL/kg/min). Secondary outcomes included submaximal

exercise capacity parameters, i.e., VO2 at the first threshold

(i.e., anaerobic threshold or ventilatory threshold) and the

slope of increase of ventilation relative to carbon dioxide

production (VE/VCO2), and changes in body weight.

2.4 Data Extraction

Two unblinded reviewers (N.P. and E.C.) independently

conducted data extraction. A specific developed data

extraction sheet was used to extract data on study source,

study design, study quality, sample size, characteristics of the

participants, exercise training interventions, and the different

outcomes in each study. Using Cohen’s kappa statistic, the

overall agreement rate prior to correcting discrepant items

was 0.86. Disagreements were resolved by consensus.
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2.5 Study Quality

Study quality was assessed using an adapted PEDro-scale

[24], which is an 11-item questionnaire designed to collect

data on eligibility criteria, random allocation, concealed

allocation, similarity of baseline values, blinding of parti-

cipants/therapists/assessors, key outcomes, intention-to-

treat analysis, between group differences, and point and

variability measures. All questions were binary [yes (1) or

no (0)]. We regarded the quality criteria ‘blinding of par-

ticipants’ and ‘blinding of therapists’ as not applicable in

the cardiac rehabilitation intervention studies and therefore

omitted these criteria. Considering the above, the minimum

score was 0 and the maximum was 9, with a higher number

reflecting a better study quality. The PEDro-scale has been

reported to be valid and reliable [25, 26]. All assessments

were conducted by the first two authors (N.P. and E.C.),

independent of each other. Using Cohen’s kappa statistic,

overall inter-rater agreement was 0.96. Disagreements

were resolved by consensus. Trials were not excluded

based on quality.

2.6 Statistical Analysis

Statistical analyses were performed using SAS version 9.3

(SAS Institute, Cary, NC, USA) and Review Manager

Software (RevMan 5.1; Cochrane Collaboration, Oxford,

UK). Descriptive data are reported as mean ± SD or

median and range. The mean baseline values were calcu-

lated by combining mean values from the intervention

groups, weighted by the number of participants included in

the final analysis in each study group.

For secondary outcomes, a minimum of three study

groups were needed before an analysis was performed.

Effect sizes for primary and secondary outcomes were

calculated by subtracting the pre-intervention value from

the post-intervention value (post - pre). The net treatment

effect was then obtained by subtracting the change score

difference in the MCT group from the change score dif-

ference in the AIT group. Review Manager Software cal-

culated the variances from the inserted pooled SDs of

change scores in the intervention groups. However, some

studies reported only the SDs or standard errors at baseline

and post-intervention. Therefore, missing change score SDs

were calculated from pre -and post-SD values, using the

following formula: SDchange = H[(SDpre)2 ? (SD-

post)2 - 2 9 corr(pre, post) 9 SDpre 9 SDpost] [27], for

which we used a calculated correlation coefficient (corr) for

each outcome, using the pre- and post-SD and the SD of the

change of the study of Moholdt et al. [28] in the follow-

ing formula: corr = (SDpre2 ? SDpost2 - SDchange2)/

(2 9 SDpre 9 SDpost). For exercise capacity outcomes

that were not available in Moholdt et al. [28], that is, VO2 at

first threshold and VE/VCO2 slope, we used the correlation

coefficient of peakVO2. Given the small number of studies,

the small study groups and the differences in study popu-

lations, we used random-effects models to combine all

primary and secondary outcomes [29, 30]. Each effect size

was weighted by the inverse of its variance. The results are

reported as weighted means and 95 % confidence intervals

(CIs). Two-sided tests for overall effects were considered

significant at p B 0.05.

Statistical heterogeneity among the trials was assessed

using Cochrane’s Q statistic and an alpha value for statis-

tical significance of 0.10 indicated significant heterogene-

ity. In addition, the I2 parameter was used to quantify

inconsistency of treatment effects across trials

(I2 = [(Q - df)] 9 100 %, where Q is the v2 statistic and

df are the degrees of freedom). A value for I2 [ 50 % has

been considered to be substantial heterogeneity.

To examine the influence of each study on the overall

results, sensitivity analyses were also performed with each

study deleted from the model once.

Subgroups of CAD patients with preserved or reduced

LVEF were compared using a fixed effect model. If the

p value was B0.05, we further checked for non-overlapping

CI to decide which groups significantly differ from each

other.

Finally, funnel plots were used to assess small publi-

cation bias.

3 Results

3.1 Literature Search

A PRISMA flow diagram of literature search and selec-

tion is presented in Fig. 1. From 1,655 potentially rele-

vant studies retrieved from our main and additional

manual search, we identified 15 trials that fulfilled the

inclusion criteria [15, 18–22, 31–39]. However, four

studies were a duplicate of another study [31, 32, 34, 36],

i.e., using the same population and intervention. In those

cases, we included the most complete publication in

terms of exercise capacity outcomes. Further, the authors

of four studies that investigated the effects of AIT vs.

MCT in patients with reduced LVEF due to different

etiologies, were contacted and asked to provide us with

the data of the subset of CAD patients only [22, 33, 35,

38]. Two authors provided these data [22, 38] and their

studies could be included as well. Hence, nine studies in

CAD patients [15, 18–22, 36, 38, 39] could be included

in the quantitative analysis, of which five compared AIT

with MCT in CAD patients with preserved LVEF [18–21,

39] and four in CAD patients with reduced LVEF [15,

22, 36, 38].
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3.2 Characteristics of the Participants and Study

Design

A general description of each included study is shown in

Table 1. One study was a randomized controlled trial [15]

whereas the other eight studies were not controlled [18–22,

36, 38, 39]. All studies used a parallel design and were

published between 2004 and 2013. Three studies were

conducted in Norway [15, 18, 22]; two studies in Canada

[19, 39]; and the remaining four studies were conducted in

Brazil [20], Greece [22], Italy [36], and Australia [38],

respectively.

Median sample size of the studies was 17 (range 11–59).

A total number of 234 participants were randomized to AIT

(n = 114) or MCT (n = 120). There was an average drop

out of 12.0 %, resulting in a total of 206 participants that

could be included in the final analysis: 100 completed the

AIT intervention (71 CAD with preserved LVEF and 29

CAD with reduced LVEF; average drop out 12.3 %, range

0–27 %), 106 completed the MCT intervention (77 CAD

with preserved LVEF and 29 CAD with reduced LVEF;

average drop out 11.7 %, range 0–33 %). Mean age was

62.5 years (range 56.0–75.5). Seven studies included both

men and women [15, 18, 19, 21, 22, 38, 39], two studies

were restricted to men only [19, 36]. No study reported on

race. Seven studies did not report on smoking [15, 18–22,

36], one excluded smokers [39], and one did not exclude

smokers [38]. All studies allowed the intake of medication,

with beta-blockers, ACE inhibitors, statins, diuretics, and

antiplatelet agents being the most often reported. Four

studies included also patients with type 2 diabetes mellitus

[20–22, 38], one study excluded patients with type 2 dia-

betes [36], and the remaining four studies did not specifi-

cally report this but also did not exclude this [15, 18, 19,

39].

3.3 Intervention Characteristics

A description of the intervention characteristics of each

study is shown in Table 1. Study duration ranged between

Records identified through 
database searching

(n = 1654)

Additional records identified through 
manual search

(n = 1)

Records screened
(n = 1655)

Records excluded based 
on inclusion criteria

(n = 1640)

Full-text articles assessed 
for eligibility

(n = 15)

Full-text articles excluded, 
with reasons

(n = 6)
Duplicate studies 
(n = 4)
No data received 
on CAD patients
with reduced 
LVEF after 
contact by email
(n = 2)

Articles included in 
qualitative synthesis

(n = 9)

Articles included in 
quantitative synthesis 

(meta-analysis)
(n = 9)

Fig. 1 PRISMA flow chart of

the literature search. CAD

coronary artery disease, LVEF

left ventricular ejection fraction
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4 [21] and 16 [19, 38] weeks (median 12). The frequency

of exercise training varied between 2 and 5 sessions weekly

(median 3), with an average duration of the total training

session (with warm-up and cool-down) of 41 min per

session for the AIT intervention (range 30–60) and 45 min

for the MCT intervention (range 30–60). Mode of exercise

involved walking/jogging on a treadmill in five studies [15,

18, 20, 21, 36], cycling in three studies [22, 38, 39], and a

combination of exercises on a treadmill, stair climber, and

leg and arm ergometers in one remaining study [19].

Intensity of the endurance exercise programs was expres-

sed as a percentage of maximal heart rate (HRmax) [15, 18,

21], as a percentage of maximal workload [22, 39], as a

percentage of peakVO2 [18, 38], as a percentage of heart

rate reserve or VO2 reserve [19, 36], or as an intensity

corresponding to the ventilatory anaerobic threshold and

the respiratory compensation point [20]. The mean inten-

sity was 90.8 % of HRmax for AIT (range 85–95 %) and

71.3 % of HRmax for MCT (range 70–75 %), which cor-

responds to a high and moderate intensity of exercise,

respectively [23]. In seven studies, participants performed

only supervised training [18–22, 36, 38], while in two

studies, two supervised and (at least) one home-based

exercise session weekly were provided [15, 39]. Data on

compliance were reported in four studies [15, 18, 21, 36]

and ranged between 82 % [21] and 100 % [36] for the AIT

group and 83.5 % [21] and 100 % [36] for the MCT group.

Seven out of the nine studies provided information on

adverse events, in which no major complications were

reported [15, 18, 19, 21, 36, 38, 39].

PeakVO2 was assessed using a graded maximal cardio-

pulmonary exercise test on a treadmill in six studies [15,

18–21, 36] and on a cycle ergometer in the remaining three

studies [22, 38, 39]. Criteria for a maximal exercise test

were described as leveling off in VO2 while workload is

still increasing [15, 19], peak respiratory exchange ratio

[1.05 [15], standard clinical criteria according to Fletcher

et al. [40], or subjective exhaustion as leg fatigue or

dyspnea [19, 20, 23, 38].

Table 2 shows the results of the study quality using the

adapted PEDro-scale. The median PEDro score was 6.6,

with a range from 5 [22] to 8 [15, 21, 38].

3.4 Primary Outcome: Effect of AIT vs. MCT

on peakVO2

As shown in Fig. 2, AIT resulted in a significantly larger

increase in peakVO2 (?1.60 mL/kg/min; 95 % CI

0.18–3.02; p = 0.03; I2 = 83%) compared with MCT.

Overall, CAD patients increased their peakVO2 with

4.26 ± 2.47 mL/kg/min (?20.5 %) after AIT and

2.61 ± 2.12 mL/min/kg (?12.8 %) after MCT. In the

subgroup of CAD patients with preserved LVEF, AITT
a
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resulted in significantly larger improvements in peakVO2

than MCT (0.84 mL/kg/min; 95 % CI 0.05–1.63;

p = 0.04; I2 = 0%). In the subgroup of CAD with reduced

LVEF, AIT and MCT groups did not differ significantly

(2.14 mL/kg/min; 95% CI -0.15 to 4.43; p = 0.07;

I2 = 85 %), but there was a trend in favor of AIT. In

percentages, the peakVO2 increase in CAD with preserved

LVEF was 18.2 % after AIT and 13.6 % after MCT, while

the effect for CAD patients with reduced LVEF was

25.6 % after AIT and 10.9 % after MCT. Subgroup ana-

lysis revealed no significantly different responses between

CAD patients with preserved and reduced LVEF

(p = 0.29; I2 = 9.5 %). With each trial deleted from the

model once, overall results of peakVO2 remained statisti-

cally significant with an overall effect size ranging from

0.90 to 1.82 mL/kg/min, except for Rognmo et al. [18]

(1.48 mL/kg/min; 95 % CI -0.01 to 2.97; p = 0.05) and

Smart et al. [38] (1.41 mL/kg/min; 95 % CI -0.12 to 2.95;

p = 0.07).

Only one study reported absolute changes in peakVO2

[18], which made a meta-analytical approach on these data

impossible.

3.5 Secondary Outcomes: Effect of AIT vs. MCT

on Other Exercise Capacity Parameters and Other

Cardiovascular Risk Factors

Overall, no differences were observed between AIT and

MCT on the different submaximal exercise parameters. As

shown in Figs. 3 and 4, no significant differences were

found for the VE/VCO2 slope and the VO2 at first threshold

in the total group or the subgroups. However, there was a

trend in favor of AIT for the VE/VCO2 slope in the sub-

group of CAD patients with reduced LVEF (-2.71; 95 %

CI -5.60 to 0.17; p = 0.07; I2 = 40 %).

As shown in Fig. 5, the overall effect size for body

weight was 0.78 kg (95 % CI -0.01 to 1.58; p = 0.05;

I2 = 0 %) in AIT vs. MCT, showing a trend towards a

larger decrease in body weight in the MCT group com-

pared with the AIT group.

3.6 Publication Bias

Funnel plots did not show any significant publication bias

for the primary outcome peakVO2, meaning that there was

Fig. 2 Forest plot of the mean effect sizes and corresponding 95 % confidence intervals for peakVO2. PeakVO2 peak oxygen uptake, AIT aerobic

interval training, MCT moderate continuous training, IV intervention, CI confidence interval, SD standard deviation

Fig. 3 Forest plot of the mean effect sizes and corresponding 95 % confidence intervals for VE/VCO2 slope. VE/VCO2, the slope of increase of

ventilation relative to carbon dioxide production; AIT aerobic interval training, MCT moderate continuous training, IV intervention, CI

confidence interval, SD standard deviation
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no asymmetric relationship between treatment effects and

study size (Fig. 6).

4 Discussion

Exercise training is a cornerstone in cardiac rehabilitation;

however, there is still controversy regarding the mode and

intensity of exercise that can yield optimal beneficial

effects in CAD patients [8]. The results of our meta-ana-

lysis suggest that (1) AIT elicits larger benefits on peakVO2

than MCT in CAD patients; and (2) body weight tends to

decrease more after MCT than AIT.

Cardiopulmonary exercise testing is an important tool to

directly measure peakVO2 in cardiac patients, which is

used for clinical evaluation, prognostic stratification, and

for the prescription of an individual exercise training pro-

gram [3, 4, 41]. Low aerobic capacity has been shown to be

a stronger predictor of CVD and mortality compared with

other established cardiovascular risk factors [4]. In this

meta-analysis, the AIT intervention resulted in a 1.60 mL/

kg/min larger improvement in peakVO2 than the MCT

program. This is of clinical relevance, as each 1 mL/kg/

min increment in peakVO2 results in a 17 % decrease in

all-cause mortality and a 16 % decrease in CVD mortality

in men with CAD [42]. For women with CAD, this is 14 %

for both all-cause and CVD deaths [42].

It has to be taken into account that CAD patients with

preserved and/or reduced LVEF might respond differently

to exercise training [8]. Patients with reduced LVEF often

have symptoms such as shortness of breath, edema, fatigue,

and even more important, they have exercise intolerance

because of a limited pumping ability of the heart (LVEF

Fig. 4 Forest plot of the mean effect sizes and corresponding 95 % confidence intervals for VO2 at the first threshold. VO2 oxygen uptake, AIT

aerobic interval training, MCT moderate continuous training, IV intervention, CI confidence interval, SD standard deviation

Fig. 5 Forest plot of the mean effect sizes and corresponding 95 % confidence intervals for body weight. AIT aerobic interval training, MCT

moderate continuous training, IV intervention, CI confidence interval, SD standard deviation

Fig. 6 Funnel plot for peakVO2 of the included studies. SE standard

error, MD mean differences, peakVO2 peak oxygen uptake

696 N. Pattyn et al.

123



\40 %) and thus a lower provision of oxygen to the

muscular tissue. Therefore, we investigated the CAD

patients with reduced LVEF as a subgroup. The peakVO2

increase in CAD patients with preserved LVEF was rela-

tively small but significant (18.2 % after AIT and 13.6 %

after MCT) while the effect for CAD patients with reduced

LVEF was larger but only resulted in a trend in favor of

AIT (25.6 % after AIT and 10.9 % after MCT). These

results suggest that AIT significantly increases peakVO2

more than MCT in CAD patients. Our results for peakVO2

are in line with the findings of a recent review of Cornish

et al. [12] in CAD patients, of Smart et al. [16] and Hay-

kowsky et al. [17] in patients with HF of different etiolo-

gies, and of Hwang et al. [43] in patients with

cardiometabolic diseases. The mean duration of one

training session of the intervention studies included in our

meta-analysis was comparable for both groups (41 min for

AIT vs. 45 min for MCT), while the mean intended

intensity was higher in the AIT group compared with the

MCT group (90.8 % of HRmax vs. 71.3 % of HRmax).

Therefore, the biological mechanisms and physiological

adaptations through which AIT results in higher changes in

peakVO2 may be due to intensity-dependent improvements

in exercise cardiovascular and skeletal muscle function.

First, exercise training influences the hemodynamics of the

heart and arteries. It has been shown that cardiac output

and stroke volume increase more after 12 weeks of AIT

compared with MCT [33]. In addition, systemic vascular

resistance seems to decrease significantly more after an

acute bout of AIT compared with MCT [44] and also long-

lasting decreases occur after 3 [45] or 12 weeks [33] of an

AIT program in patients with HF. Second, Wisløff et al.

[15] in CAD patients with reduced LVEF and Tjonna et al.

[46] in metabolic syndrome patients showed significantly

better improvements in peripheral endothelial function

measured by flow-mediated dilation after an AIT inter-

vention compared with an MCT intervention. Third,

improved skeletal muscle oxidative capacity may play an

important role in the larger increase in peakVO2 after AIT

compared with MCT, as Wisløff et al. [15] showed in CAD

patients with reduced LVEF and Tjonna et al. [46] in

metabolic syndrome patients. Both studies reported a larger

increase in peroxisome proliferative activated receptor-c
coactivator-1a in AIT groups, which is an indicator of

mitochondrial biogenesis. Mitochondrial biogenesis results

in more mitochondria, which increase metabolic enzymes

for glycolysis, oxidative phosphorylation, and ultimately a

greater metabolic capacity.

The inconsistency of the explanatory mechanisms by

which peakVO2 improves after exercise training, and more

specifically after AIT, is largely based on small studies and

therefore needs to be further elucidated in large, well-

designed, randomized controlled trials.

While previous investigations demonstrating a signifi-

cant improvement in peakVO2 following exercise training

are numerous, the benefit on the VE/VCO2 slope is less

investigated [47]. Van De Veire et al. [48] documented a

relationship between the VE/VCO2 slope and indices of

progressive LV remodeling, systolic dysfunction, and

neurohormonal activation in patients with CAD. This slope

is, in addition to peakVO2, an important independent

prognostic marker in cardiac patients [49], especially in HF

patients [50, 51]. In our overall group and in the subgroup

of CAD patients with preserved LVEF, there was no sig-

nificant difference between AIT and MCT in decreasing

the VE/VCO2 slope; in the group of CAD patients with

reduced LVEF, there was a trend in favor of AIT. The non-

significance of our results can be because of the small

number of studies included in the analysis. More research

is needed in this domain of submaximal exercise parame-

ters, especially for HF patients.

Furthermore, our study results suggest that body weight

tends to decrease more after MCT than after AIT. This is

partly in line with Vanhees et al. [23], stating that

increasing exercise volume and program prolongation are

effective strategies to augment fat loss. It is known that

with lower exercise intensity and longer exercise duration,

fat metabolism is activated for the provision of energy,

while at higher intensities; more carbohydrates are used at

first. However, fat mass loss is determined by the total

caloric expenditure of the training programs [52]. If the

total caloric expenditure of the MCT programs was larger

compared with AIT, then this can partly explain our find-

ings. However, it is also possible that because of the higher

workloads, and possibly higher training volumes, CAD

patients in the AIT group might effectively lose fat mass

but might increase their muscle mass and therefore might

maintain or increase their body weight. Unfortunately,

because we could not extract data on caloric expenditure of

all training programs, we cannot make any statements on

this issue based on our data.

Meta-analytical statistics on other cardiovascular risk

factors, including blood glucose, total cholesterol, blood

triglycerides, high-density lipoprotein-cholesterol (HDL-

C), low-density lipoprotein cholesterol (LDL-C), and blood

pressure, were not possible because of the limited number

of studies reporting them. Iellamo et al. [36] and Moholdt

et al. [21] found no significant decreases for HDL-C, LDL-

C, and blood triglycerides after both training programs.

Blood glucose decreased significantly after MCT but not

after AIT in Iellamo et al. [36] but did not change after both

interventions in Moholdt et al. [21]. Total cholesterol was
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only reported in one study and did not change significantly

after AIT or MCT [21]. Systolic and diastolic blood pres-

sure before and after training were available in only two

studies. While Rognmo et al. [18] found no significant

decreases after training, Currie et al. [39] showed signifi-

cant reductions in diastolic blood pressure but not in sys-

tolic blood pressure for both intervention groups.

To the best of our knowledge, this is the first meta-

analysis comparing the effects of AIT and MCT in CAD

patients. Based on our results, AIT seems to be more

effective to improve exercise capacity and therefore may

be more appropriate for use in a cardiac rehabilitation

setting. Furthermore, Guiraud et al. [14] suggested that AIT

is both very efficient and particularly cost effective. Nev-

ertheless, AIT in cardiac patients is sometimes considered

to be controversial, because of the potential risk for adverse

events with exercising at higher intensities [53]. However,

in a review of Rognmo et al. [54], it has been shown in

4846 CAD patients that the risk of cardiovascular events

during AIT and MCT is low: one fatal cardiac arrest

occurred during MCT (129,456 exercise hours), two non-

fatal cardiac arrests during AIT (46,364 exercise hours),

and no myocardial infarctions. Based on these findings,

AIT seems to be safe in a cardiac rehabilitation setting.

4.1 Limitations

Results from meta-analyses have to be interpreted with

some caution, but, although meta-analyses are no substitute

for large, well-designed, controlled trials, the meta-ana-

lytical technique is probably the best method to systemat-

ically review previous work. Advantages are the greater

precision of the estimates and the enhanced statistical

power [55]. Potential disadvantages are the heterogeneity

of studies and publication bias [55]. With regard to the

latter, we observed high heterogeneity and inconsistency

between the interventions. Although mostly random-effects

models that take into account heterogeneity into their

model were used, some caution might be warranted with

the interpretation given also the small number of studies.

This small number of studies might have affected the

power to reach significance for the secondary outcomes,

and limited further investigation on the role of sex, age, and

exercise (mode, intensity, duration, frequency) for the

primary outcome measure. In addition, the AIT and MCT

protocols were different throughout the nine studies. Some

studies compared isocaloric AIT and MCT programs;

others did not provide information on total caloric expen-

diture and the necessary information to calculate caloric

expenditure was not provided in all studies. This made it

impossible to investigate the impact of caloric expenditure

of the different exercise protocols on the studied training

effects.

4.2 Future Research

Future research must focus on the effects of AIT compared

with MCT in larger groups, both in CAD patients with

preserved and/or reduced LVEF, on exercise-related

parameters and cardiovascular risk factors. In addition,

research should focus more on the underlying mechanisms

that can explain the differences in improvement of exercise

capacity and cardiovascular risk factors between AIT and

MCT. In addition, it remains unclear whether it is the high

intensity of the exercise or the interval character of the

exercise leading to larger improvements in peakVO2. And

last but not least, different AIT protocols should be

investigated and compared with each other to document

which protocol generates the highest benefit in terms of

training response, long-term health, quality of life, and

patient satisfaction.

5 Conclusion

The findings from this meta-analysis suggest that in CAD

patients, AIT is superior to MCT for improving peakVO2,

while MCT seemed to be more effective in reducing body

weight.

Acknowledgments L.V. is the holder of the faculty chair ‘Lifestyle

and Health’ at the University of Applied Sciences, Utrecht, the

Netherlands. V.A.C. is supported as a postdoctoral fellow by

Research Foundation Flanders (FWO). However, no specific sources

of funding were used to assist in the preparation of this review.

The authors have no potential conflicts of interest that are directly

relevant to the content of this review. All authors also take respon-

sibility for all aspects of the reliability and freedom from bias of the

data presented and their discussed interpretation.

The abstract of this manuscript was accepted for oral presentation

at the Congress of the European Society of Hypertension (ESH;

Milan, 14–18 June 2013) and at the Congress of the European Society

of Cardiology (ESC; Amsterdam, 31 August–4 September 2013).

Conflict of interest None.

References

1. Nichols M, Townsend N, Scarborough P, et al. European car-

diovascular disease statistics: Edition 2012. http://www.ehnheart.

org/cvd-statistics/cvd-statistics-2012.html. Accessed 1 Nov 2012.

2. Taylor RS, Brown A, Ebrahim S, et al. Exercise-based rehabili-

tation for patients with coronary heart disease: systematic review

and meta-analysis of randomized controlled trials. Am J Med.

2004;116(10):682–92.

3. Vanhees L, Fagard R, Thijs L, et al. Prognostic significance of

peak exercise capacity in patients with coronary artery disease.

J Am Coll Cardiol. 1994;23(2):358–63.

4. Myers J, Prakash M, Froelicher V, et al. Exercise capacity and

mortality among men referred for exercise testing. N Engl J Med.

2002;346(11):793–801.

698 N. Pattyn et al.

123

http://www.ehnheart.org/cvd-statistics/cvd-statistics-2012.html
http://www.ehnheart.org/cvd-statistics/cvd-statistics-2012.html


5. Shephard CW, While AE. Cardiac rehabilitation and quality of

life: a systematic review. Int J Nurs Stud. 2012;49(6):755–71.

6. Oldridge N. Exercise-based cardiac rehabilitation in patients with

coronary heart disease: meta-analysis outcomes revisited. Future

Cardiol. 2012;8(5):729–51.

7. Cornelissen VA, Fagard RH. Effects of endurance training on

blood pressure, blood pressure-regulating mechanisms, and car-

diovascular risk factors. Hypertension. 2005;46(4):667–75.

8. Vanhees L, Rauch B, Piepoli M, on behalf of the writing group of

the EACPR, et al. Importance of characteristics and modalities of

physical activity and exercise in the management of cardiovas-

cular health in individuals with cardiovascular disease (part III).

Eur J Prev Cardiol. 2012;19(6):1333–56.

9. Vanhees L, Stevens A, Schepers D, et al. Determinants of the

effects of physical training and of the complications requiring

resuscitation during exercise in patients with cardiovascular dis-

ease. Eur J Cardiovasc Prev Rehabil. 2004;11(4):304–12.

10. Rankin AJ, Rankin AC, MacIntyre P, et al. Walk or run? Is high-

intensity exercise more effective than moderate-intensity exercise

at reducing cardiovascular risk? Scott Med J. 2012;57(2):99–102.

11. Arena R, Myers J, Forman DE, et al. Should high-intensity-aer-

obic interval training become the clinical standard in heart fail-

ure. Heart Fail Rev. 2013;18(1):95–105.

12. Cornish AK, Broadbent S, Cheema BS. Interval training for

patients with coronary artery disease: a systematic review. Eur J

Appl Physiol. 2011;111(4):579–89.

13. O’Donovan G, Owen A, Bird SR, et al. Changes in cardiorespi-

ratory fitness and coronary heart disease risk factors following 24

wk of moderate- or high-intensity exercise of equal energy cost.

J Appl Physiol. 2005;98(5):1619–25.

14. Guiraud T, Nigam A, Gremeaux V, et al. High-intensity interval

training in cardiac rehabilitation. Sports Med. 2012;42(7):

587–605.

15. Wisløff U, Støylen A, Loennechen JP, et al. Superior cardio-

vascular effect of aerobic interval training versus moderate con-

tinuous training in heart failure patients: a randomized study.

Circulation. 2007;115(24):3086–94.

16. Smart NA, Dieberg G, Giallauria F. Intermittent versus contin-

uous exercise training in chronic heart failure: a meta-analysis.

Int J Cardiol. 2013;166(2):352–8.

17. Haykowsky MJ, Timmons MP, Kruger C, et al. Meta-analysis of

aerobic interval training on exercise capacity and systolic func-

tion in patients with heart failure and reduced ejection fractions.

Am J Cardiol. 2013;111(10):1466–9.

18. Rognmo Ø, 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 dis-

ease. Eur J Cardiovasc Prev Rehabil. 2004;11(3):216–22.

19. Warburton DE, McKenzie DC, Haykowsky MJ, et al. Effec-

tiveness of high-intensity interval training for the rehabilitation of

patients with coronary artery disease. Am J Cardiol. 2005;95(9):

1080–4.

20. Rocco EA, Prado DM, Silva AG, et al. Effect of continuous and

interval exercise training on the PETCO2 response during a

graded exercise test in patients with coronary artery disease.

Clinics. 2012;67(6):623–7.

21. 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(6):1031–7.

22. Dimopoulos S, Anastatiou-Nana M, Sakellariou D, et al. Effects

of exercise rehabilitation program on heart rate recovery in

patients with chronic heart failure. Eur J Cardiovasc Prev Reha-

bil. 2006;13(1):67–73.

23. Vanhees L, Geladas N, Hansen D, on behalf of the writing group

of the EACPR, et al. Importance of characteristics and modalities

of physical activity and exercise in the management of cardio-

vascular health in individuals with cardiovascular risk factors:

recommendations from the EACPR (part II). Eur J Prev Cardiol.

2012;19(5):1005–33.

24. The George Institute for Global Health and the University of

Sydney. Physiotherapy Evidence Database; 2012. http://www.

pedro.org.au/english/downloads/pedro-scale/. Accessed 18 Oct

2012.

25. De Morton NA. The PEDro scale is a valid measure of the

methodological quality of clinical trials: a demographic study.

Aust J Physiother. 2009;55(2):129–33.

26. Maher CG, Sherrington C, Herbert RD, et al. Reliability of the

PEDro scale for rating quality of randomized controlled trials.

Phys Ther. 2003;83(8):713–21.

27. Follman D, Elliott P, Suh I, et al. Variance imputation for

overviews of clinical trials with continuous response. Clin Epi-

demiol. 1992;45(7):769–73.

28. Moholdt T, Aamot IL, Granøien I, et al. Aerobic interval training

increases peak oxygen uptake more than usual care exercise

training in myocardial infarction patients: a randomized con-

trolled study. Clin Rehabil. 2012;26(1):33–44.

29. Dersimonian R, Laird N. Meta-analysis in clinical trials. Control

Clin Trials. 1986;7(3):177–88.

30. Hunter JE, Schmidt FL. Fixed effects vs. random effects meta-

analysis models: implications for cumulative research knowl-

edge. Int J Sel Assess. 2000;8(4):275–92.

31. Roditis P, Dimopoulos S, Sakellariou D, et al. The effects of

exercise training on the kinetics of oxygen uptake in patients with

chronic heart failure. Eur J Cardiovasc Prev Rehabil. 2007;

14(2):304–11.

32. Amundsen BH, Rognmo Ø, Hatlen-Rebhan G, et al. High-

intensity aerobic exercise improves diastolic function in coronary

artery disease. Scand Cardiovasc J. 2008;42(2):110–7.

33. Fu TC, Wang CH, Lin PS, et al. Aerobic interval training

improves oxygen uptake efficiency by enhancing cerebral and

muscular hemodynamics in patients with heart failure. Int J

Cardiol. 2013;167(1):41–50.

34. Iellamo F, Manzi V, Caminiti G, et al. Dose–response relation-

ship of baroreflex sensitivity and heart rate variability to indi-

vidually-tailored exercise training in patients with heart failure.

Int J Cardiol. 2013;166(2):334–9.

35. 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(8):1359–64.

36. Iellamo 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(6):2561–5.

37. Moholdt T, Aamot IL, Granøien I, et al. Long-term follow-up

after cardiac rehabilitation: a randomized study of usual care

exercise training versus aerobic interval training after myocardial

infarction. Int J Cardiol. 2011;152(3):388–90.

38. Smart NA, Steele M. A comparison of 16 weeks of continuous vs

intermittent exercise training in chronic heart failure patients.

Congest Heart Fail. 2012;18(4):205–11.

39. Currie KD, Dubberley JB, McKelvie RS, et al. Low-volume,

high-intensity interval training in patients with coronary artery

disease. Med Sci Sports Exerc. 2013;45(8):1436–42.

40. Fletcher GF, Balady GJ, Amsterdam EA, et al. Exercise standards

for testing and training: a statement for healthcare professionals

from the American Heart Association. Circulation. 2001;104(14):

1694–740.

41. Mezzani A, Agostoni P, Cohen-Solal A, et al. Standards for the

use of cardiopulmonary exercise testing for the functional eval-

uation of cardiac patients: a report from the Exercise Physiology

Interval Training vs. Continuous Training in CAD Patients 699

123

http://www.pedro.org.au/english/downloads/pedro-scale/
http://www.pedro.org.au/english/downloads/pedro-scale/


Section of the European Association for Cardiovascular Preven-

tion and Rehabilitation. Eur J Cardiovasc Prev Rehabil. 2009;

16(3):249–67.

42. Keteyian SJ, Brawner CA, Savage PD, et al. Peak aerobic

capacity predicts prognosis in patients with coronary heart dis-

ease. Am Heart J. 2008;156(2):292–300.

43. Hwang CL, Wu YT, Chou CH. Effect of aerobic interval training

on exercise capacity and metabolic risk factors in people with

cardiometabolic disorders: a meta-analysis. J Cardiopulm Rehabil

Prev. 2011;31(6):378–85.

44. Tomczak CR, Thompson RB, Paterson I, et al. Effect of acute

high-intensity interval exercise on postexercise biventricular

function in mild heart failure. J Appl Physiol. 2011;110(2):

398–406.

45. Nechwatal RM, Duck C, Gruber G. Physical training as interval

or continuous training in chronic heart failure for improving

functional capacity, hemodynamics and quality of life: a con-

trolled study. Z Kardiol. 2002;91(4):328–37.

46. Tjønna AE, Lee SJ, Rognmo Ø, et al. Aerobic interval training

versus continuous moderate exercise as a treatment for the met-

abolic syndrome: a pilot study. Circulation. 2008;118(4):346–54.

47. Guazzi M, Vitelli A, Arena R. The effect of exercise training on

plasma NT-pro-BNP levels and its correlation with improved

exercise ventilator efficiency in patients with heart failure. Int J

Cardiol. 2012;158(2):290–1.

48. Van de Veire NR, Van Laethem C, Philippé J, et al. VE/VCO2
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