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BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 

reproduced below.   

 

ARTICLE DETAILS 

TITLE (PROVISIONAL) High intensity interval training versus moderate intensity steady state 
training in UK cardiac rehabilitation programmes (HIIT or MISS UK): 
study protocol for a multi-centre randomised controlled trial and 
economic evaluation. 

AUTHORS McGregor, Gordon; Nichols, Simon; Hamborg, Thomas; Bryning, 
Lucy; Edwards, Rhiannon; Markland, David; Mercer, Jenny; Birkett, 
Stefan; Ennis, Stuart; Powell, Richard; Begg, Brian; Haykowsky, 
Mark; Banerjee, Prithwish; Ingle, Lee; Shave, Rob; Backx, Karianne 

 

VERSION 1 - REVIEW 

REVIEWER Adrian Midgley 
Edge Hill University  
United Kingdom 

REVIEW RETURNED 27-Jun-2016 

 

GENERAL COMMENTS The present paper describes the justification and methodology for a 
multicentre RCT investigating the feasibility, safety, and efficacy of 
high-intensity interval training versus standard care moderate-
intensity steady state exercise in UK cardiac rehabilitation. High-
intensity training is currently not recommended for the rehabilitation 
of cardiac patients due to the lack of empirical data to support its 
safety and relative efficacy. The present study should therefore be 
an important contribution to current knowledge, given the large 
intended sample size and the fact it is being conducted with patients 
enrolled in existing cardiac rehabilitation programmes.  
 
The paper is well written and I have no major issues to raise, but 
have included comments below for the authors‟ considerations with 
the hope that they will help improve the manuscript.  
 
1. Page 4, line 4: „≤80% VO2R‟ would be a more accurate reflection 
of the cited guidelines for CVD patients. In relation to this, the cited 
guidelines define moderate intensity exercise as 46-<64% VO2max 
or 40-<60% VO2R (p. 165; ACSM, 2014). I recommend the issue of 
the definition of moderate-intensity and high-intensity exercise and 
how this relates to the present study is clearer, given its importance 
to the study.  
 
2. On page 5, lines 1-4, the following statement is made. “Previous 
studies have generally been proof of concept studies conducted 
under controlled „laboratory‟ conditions with non-UK populations, 
questioning both their ecological validity and applicability to CR in 
the UK.” This appears to be an important statement in helping justify 
the need for the current study and I recommend that it is elaborated 
upon. It is currently not clear why conducting the HIIT in a laboratory 
or using non-UK populations would reduce ecological validity and 
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applicability to the UK. In other words, why would you expect any 
differences in results?  
 
3. Page 5, line 10: Is „palatability‟ an appropriate word to use here? I 
expect many readers would not understand what this means as it 
relates to the present context.  
 
4. Page 5, lines 17-22: It is currently unclear why the following stated 
directional hypotheses would be expected:  
 
• Be more palatable than MISS and demonstrate greater patient 
compliance and adherence;  
• Improve HR-QoL to a greater extent than MISS;  
• Lead to more positive motivation and attitudes to exercise than 
MISS; and  
• Increase short and medium-term participation in lifestyle physical 
activity to a greater extent than MISS.  
 
I recommend that some brief relevant background information is 
included for these earlier in the introduction, preferably incorporating 
theoretical or empirical justifications for why you expect to find these 
differences in outcomes.  
 
5. Page 6, lines 3-5: It would be useful for the reader to know that 8 
weeks is the standard duration in the UK. I appreciate that „usual 
care‟ is stated, however, this might be interpreted as only referring to 
MISS.  
 
6. Page 6, lines 13-14: This should state „Department of Sport, 
Health and Exercise Science‟ so it is consistent with the affiliation 
information on page 1.  
 
7. Page 7, line 14: Since the latest edition of the ACSM guidelines is 
cited elsewhere in the paper, it looks unusual that the previous 
edition is cited here and elsewhere in the paper. Unless there is 
some justification to do otherwise, I recommended that the latest 
edition is consistently cited throughout.  
 
8. Page 8, line 22: The term „MISS‟ suggests that standard care 
involves either constant work rate or constant physiological strain 
exercise in the moderate exercise domain (e.g. 25 minutes at 50% 
cycling peak power or 55% VO2R). I recommend that this is clarified 
to avoid any ambiguity or misrepresentation, as standard care in 
many UK cardiac rehabilitation programmes involves moderate 
intensity interval training conducted in a „circuit training‟ format.  
 
9. Page 13, lines 5-6: I consider a peak RER above 1.10 a very poor 
indication of maximal effort, as empirical research has reported such 
values can be achieved several minutes before test termination. 
Since „peak‟ values are being reported, I believe using the RER 
criterion is redundant, as the use of peak values does not imply that 
a „maximum effort‟ has been given by each participant.  

 

REVIEWER Philippe Meyer 
University Hospital of Geneva, Switzerland 

REVIEW RETURNED 19-Jul-2016 

 

GENERAL COMMENTS Summary  
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McGregor et al. present here a study protocol taking place at 3 UK 
CR centres comparing high-intensity interval training versus 
moderate-intensity steady state training during 8 weeks in coronary 
patients. The primary outcome of the study will be change peak 
oxygen uptake measured during maximal cardiopulmonary exercise 
testing.  
 
General comments  
This protocol is dealing with an important topic since coronary artery 
disease represent the main cause of mortality in western countries 
and cardiac rehabilitation is the most efficient way to delivery 
cardiovascular secondary prevention. High-intensity interval training 
has been increasingly popular in the last decade but studies so far 
are limited by their small sample size. This study is therefore 
justified.  
 
I have 3 main issues to address regarding that protocol:  
1) The duration of the CR program seems to be short taking also 
into account that only 2 supervised training sessions are planned. 
Usually 36 training sessions during 12 weeks are recommended in 
most cardiac rehabilitation programs and used in most studies. The 
authors should give arguments to support this shorter duration.  
2) The training protocols should be as similar as possible with the 
exception of course of the use of interval versus continuous 
programs. However there seems to be several differences between 
the training protocols:  
a. The authors use different methods to monitor exercise intensity 
(% of HRR versus % of PPO). The method should be consistent 
across all exercise sessions (preferably % of PPO which is less 
susceptible to change during exercise)  
b. In the HIIT program the increase in duration and intensity of 
intervals has been clearly planned (table 2), while it is very vague in 
MISS. This should be more clearly stated. The protocols should be 
approximately isocaloric because otherwise the superiority of HIIT 
would only be related to a larger training volume.  
3) In the introduction the authors state: “Previous studies have 
generally been proof of concept studies conducted under controlled 
„laboratory‟ conditions with non-UK populations, questioning both 
their ecological validity and applicability to CR in the UK”. This is 
actually not true. The SAINTEX-CAD study (reference 43) was not 
performed in laboratory conditions and was clearly not a pilot study 
because it involved 200 patients. This study was negative. The 
authors should discuss these results and explain what their study 
will add to the current body of evidence and why they expect better 
results. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

Reviewer Name: Adrian Midgley  

Institution and Country: Edge Hill University, United Kingdom  

Competing Interests: None declared  

 

The present paper describes the justification and methodology for a multicentre RCT investigating the 

feasibility, safety, and efficacy of high-intensity interval training versus standard care moderate-

intensity steady state exercise in UK cardiac rehabilitation. High-intensity training is currently not 

recommended for the rehabilitation of cardiac patients due to the lack of empirical data to support its 

safety and relative efficacy. The present study should therefore be an important contribution to current 
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knowledge, given the large intended sample size and the fact it is being conducted with patients 

enrolled in existing cardiac rehabilitation programmes.  

 

The paper is well written and I have no major issues to raise, but have included comments below for 

the authors‟ considerations with the hope that they will help improve the manuscript.  

 

Dear Professor Midgley  

 

We would like to thank you for your time and input in reviewing this manuscript. You raise some 

important points to which we have responded below. We have amended the manuscript accordingly.  

 

1. Page 4, line 4: „≤80% VO2R‟ would be a more accurate reflection of the cited guidelines for CVD 

patients. In relation to this, the cited guidelines define moderate intensity exercise as 46-<64% 

VO2max or 40-<60% VO2R (p. 165; ACSM, 2014). I recommend the issue of the definition of 

moderate-intensity and high-intensity exercise and how this relates to the present study is clearer, 

given its importance to the study.  

 

We have added text to this paragraph (p4, paragraph 2) to make the message clearer. We have 

reported intensities as %VO2 peak, as the vast majority of studies in the meta-analysis by Anderson 

use this metric. To clarify the distinction between moderate and high intensity exercise we have 

added the ACSM classification of moderate intensity (46-64 VO2 max). We agree this makes it easier 

for the reader to appreciate the intensity of exercise undertaken in the majority of studies in Anderson 

et al. We have changed the exercise recommendation for patients with CHD from <80% VO2 max to 

<80% VO2 peak to be consistent with the rest of the paragraph. This is in line with ACSM guidelines 

(2014) p.242.  

 

2. On page 5, lines 1-4, the following statement is made. “Previous studies have generally been proof 

of concept studies conducted under controlled „laboratory‟ conditions with non-UK populations, 

questioning both their ecological validity and applicability to CR in the UK.” This appears to be an 

important statement in helping justify the need for the current study and I recommend that it is 

elaborated upon. It is currently not clear why conducting the HIIT in a laboratory or using non-UK 

populations would reduce ecological validity and applicability to the UK. In other words, why would 

you expect any differences in results?  

 

This is an important point – we have edited the introduction to make the rationale clearer (p.5 

paragraph 1).  

 

3. Page 5, line 10: Is „palatability‟ an appropriate word to use here? I expect many readers would not 

understand what this means as it relates to the present context.  

 

We agree with this comment and instead have used the word „acceptability‟ throughout  

 

4. Page 5, lines 17-22: It is currently unclear why the following stated directional hypotheses would be 

expected:  

 

• Be more palatable than MISS and demonstrate greater patient compliance and adherence;  

• Improve HR-QoL to a greater extent than MISS;  

• Lead to more positive motivation and attitudes to exercise than MISS; and  

• Increase short and medium-term participation in lifestyle physical activity to a greater extent than 

MISS.  

 

I recommend that some brief relevant background information is included for these earlier in the 
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introduction, preferably incorporating theoretical or empirical justifications for why you expect to find 

these differences in outcomes.  

 

Data to support these hypotheses is exceptionally limited (or non-existent), particularly in the CHD 

population and using low-volume HIIT. In other populations (healthy and clinical), using a variety of 

HIIT protocols, data is inconclusive but, on balance, suggests at least an equivalent effect in a 

number of areas. We have added a sentence and references to reflect this and to justify the direction 

of the secondary hypotheses (p.6, paragraph 2).  

 

5. Page 6, lines 3-5: It would be useful for the reader to know that 8 weeks is the standard duration in 

the UK. I appreciate that „usual care‟ is stated, however, this might be interpreted as only referring to 

MISS.  

 

Agreed – amended for clarity. We have added „In line with the median CR programme duration of 8.5 

weeks for patients with CHD in the UK‟ and referenced the National Audit for CR annual statistical 

report (2015). (p.6, „methods and analysis‟)  

 

6. Page 6, lines 13-14: This should state „Department of Sport, Health and Exercise Science‟ so it is 

consistent with the affiliation information on page 1.  

 

Ammended  

 

7. Page 7, line 14: Since the latest edition of the ACSM guidelines is cited elsewhere in the paper, it 

looks unusual that the previous edition is cited here and elsewhere in the paper. Unless there is some 

justification to do otherwise, I recommended that the latest edition is consistently cited throughout.  

 

This is an error form our referencing software, thank you for spotting this – amended.  

 

8. Page 8, line 22: The term „MISS‟ suggests that standard care involves either constant work rate or 

constant physiological strain exercise in the moderate exercise domain (e.g. 25 minutes at 50% 

cycling peak power or 55% VO2R). I recommend that this is clarified to avoid any ambiguity or 

misrepresentation, as standard care in many UK cardiac rehabilitation programmes involves 

moderate intensity interval training conducted in a „circuit training‟ format.  

 

Agreed. We have added – „i.e. moderate intensity interval training progressing towards moderate 

intensity steady state (MISS) training‟ to accurately reflect current guidelines and to be consistent with 

the rest of the manuscript. (p.9, paragraph 2)  

 

9. Page 13, lines 5-6: I consider a peak RER above 1.10 a very poor indication of maximal effort, as 

empirical research has reported such values can be achieved several minutes before test termination. 

Since „peak‟ values are being reported, I believe using the RER criterion is redundant, as the use of 

peak values does not imply that a „maximum effort‟ has been given by each participant.  

 

We agree with this sentiment and have changed the wording to indicate that RER>1.10 is one of a 

number of criteria that will be used to assess subject effort (Balady, 2010) but not an indication to 

terminate the test. We have also stated that testing will continue until participants are unable to 

continue due to symptom limited volitional fatigue. (p.13, paragraph 1)  

 

Reviewer: 2  

Reviewer Name: Philippe Meyer  

Institution and Country: University Hospital of Geneva, Switzerland  

Competing Interests: None declared  
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Summary  

McGregor et al. present here a study protocol taking place at 3 UK CR centres comparing high-

intensity interval training versus moderate-intensity steady state training during 8 weeks in coronary 

patients. The primary outcome of the study will be change peak oxygen uptake measured during 

maximal cardiopulmonary exercise testing.  

 

General comments  

This protocol is dealing with an important topic since coronary artery disease represent the main 

cause of mortality in western countries and cardiac rehabilitation is the most efficient way to delivery 

cardiovascular secondary prevention. High-intensity interval training has been increasingly popular in 

the last decade but studies so far are limited by their small sample size. This study is therefore 

justified.  

 

Dear Dr Meyer  

 

We are grateful for your support of this trial and for your time in reviewing the manuscript. We have 

endeavoured to respond to the issues you have raised and where possible have edited the 

manuscript.  

 

I have 3 main issues to address regarding that protocol:  

1) The duration of the CR program seems to be short taking also into account that only 2 supervised 

training sessions are planned. Usually 36 training sessions during 12 weeks are recommended in 

most cardiac rehabilitation programs and used in most studies. The authors should give arguments to 

support this shorter duration.  

 

We completely agree, that in relation to published data, CR programmes of 12 weeks duration and/or 

3 supervised sessions per week have been shown to provide the greatest benefit. However, the clear 

intention of the current study is to compare the effects of HIIT and MISS specifically in UK CR 

programmes, with a view to the results being applicable to current practice. Median programme 

duration for patients with CHD in the UK is 8.5 weeks, and very few programmes offer more than 2 

supervised sessions (NACR annual statistical report 2015). This is a result of the financial resource 

available to CR programmes. Our protocol accurately reflects current UK provision to allow pragmatic 

comparison of HIIT and MISS in an applied context. It is envisaged that the results from this trial will 

inform future CR guidelines in the UK. It is very unlikely (given ongoing healthcare austerity) that UK 

CR programmes will be able to offer more than 2 supervised sessions at any time in the foreseeable 

future. We have also added this as a potential limitation (p.3, bullet point 3).  

 

2) The training protocols should be as similar as possible with the exception of course of the use of 

interval versus continuous programs. However there seems to be several differences between the 

training protocols:  

 

The differences identified below are certainly valid issues. During the preparation of the protocol, the 

trial steering group discussed these particular issues at length with a view to ensuring the applicability 

of the results to „real world‟ CR programmes, without comprising significantly on scientific rigour. The 

overarching objective is to test an alternative CR exercise intervention (HIIT) against existing practice 

(MISS). We agree that, in some respects, this objective makes comparison of the two interventions 

more difficult. However, we believe that this allows us to pragmatically compare the effects of two 

completely different approaches to CR exercise in the UK. Future studies, with different objectives, 

may wish to more tightly control these parameters.  

 

a. The authors use different methods to monitor exercise intensity (% of HRR versus % of PPO). The 
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method should be consistent across all exercise sessions (preferably % of PPO which is less 

susceptible to change during exercise)  

 

Based on previous studies using low volume HIIT (Currie, 2013 and 2014) we chose to regulate HIIT 

intensity with PPO. Heart rate will also be monitored, but only to ensure that max HR from CPEX is 

not exceeded during the HIIT sessions (we have added this to the manuscript). It is not possible to 

use PPO during MISS, as all 3 sites use a multi-modality approach to CR i.e. treadmill, bike, cross-

trainer, rower and other non-equipment based exercises. Further, to adhere to UK guidelines, 

exercise intensity for MISS must be prescribed using HRR. As above, we have taken a pragmatic 

approach to the assessment of a HIIT intervention in UK CR.  

 

b. In the HIIT program the increase in duration and intensity of intervals has been clearly planned 

(table 2), while it is very vague in MISS. This should be more clearly stated. The protocols should be 

approximately isocaloric because otherwise the superiority of HIIT would only be related to a larger 

training volume.  

 

We chose to provide a recommended progression for the HIIT intervention as this training protocol 

has not previously been tested in UK CR, and there is no accepted framework for 

delivering/progressing this type of training. We have now made it clear in the manuscript that this 

should also be individualised. The training guidelines for MISS, which accurately reflect UK 

guidelines, have been previously assessed, and an individualised approach within the specified 

parameters is widely accepted as current practice in the UK. Therefore, there is also a level of 

standardisation within MISS. We have amended table 1, (p.10) and text (p.9, paragraph 2) to reflect 

the individualised approach for HIIT and MISS, both of which will be delivered within a standardised 

framework. We believe that both interventions have acceptable degrees of both standardisation and 

individualisation to ensure scientific rigour in addition to providing a pragmatic, patient centred 

approach.  

 

Calculations performed during the development of the protocol indicate that interventions will be 

approximately isocaloric over the duration of the programme. If there is a difference, we expect it to 

be relatively small and would actually expect MISS to have a greater overall caloric cost on the basis 

that HITT is low volume i.e. max 10 mins at high intensity. Precise calculation is difficult given the 

broad parameters in which UK MISS is delivered. For a participant with a PPO of 100W, we calculate 

that, excluding warm-up, cool down and resistance training, the total power output of 8 weeks of HIIT 

will be approximately 6500 - 7000 W.min. For a typical MISS programme we anticipate this will be in 

the region of 7500 - 8500 W.min We expect that W.min will translate approximately to caloric 

expenditure. With data from the trial, we propose estimating caloric expenditure in HIIT and MISS with 

a view to including this in trial publications. This will allow us to discuss differences (if any), and if 

necessary conduct statistical analyses to account for any variation.  

 

 

3) In the introduction the authors state: “Previous studies have generally been proof of concept 

studies conducted under controlled „laboratory‟ conditions with non-UK populations, questioning both 

their ecological validity and applicability to CR in the UK”. This is actually not true. The SAINTEX-CAD 

study (reference 43) was not performed in laboratory conditions and was clearly not a pilot study 

because it involved 200 patients. This study was negative. The authors should discuss these results 

and explain what their study will add to the current body of evidence and why they expect better 

results.  

 

Our statement relates to „low volume HIIT‟ studies unlike SAINTEX-CAD. We agree that we had not 

made this very clear in the introduction and, as such, have made several amendments to improve 

clarity (p.5 paragraph 1).  
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In relation to SAINTEX-CAD, this study was, indeed, a large, non-laboratory-based study which 

reported no difference in the change in VO2 peak between HIIT and usual care. However, there are 

several important distinctions between SAINTEX-CAD and the HIIT or MISS protocol which justify the 

completion of our study. In SAINTEX-CAD, AIT (aerobic interval training) was conducted using a very 

different exercise protocol to HIIT. A 4 min (high) by 3 min (low) protocol (90-95% peak HR, 70-75% 

peak HR respectively) was used compared to the 1 x 1 model in HIIT or MISS. This is a very different 

type of training and is a particularly relevant distinction in light of SAINTEX-CAD concluding that 

„…AIT training at 90-95% peak HR is hardly feasible in most CAD patients, at least not for the full 4 

min.‟ Furthermore, in SAINTEX-CAD, the calculated relative intensity for AIT was 90% peak HR 

compared with 80% for ACT (aerobic continuous training). Therefore, a potential reason for the lack of 

difference between the 2 groups was the small difference in exercise intensity. With UK CR guidelines 

specifying a maximum of 80% peak HR (60-80%), the mean HR for MISS will be lower than 80%, and 

the differential between HIIT and MISS greater than in SAINTEX-CAD. It is envisaged that these 

differences in exercise protocol, combined with the UK location of the study will allow HIIT or MISS to 

complement the current body of evidence. 

VERSION 2 – REVIEW 

REVIEWER Adrian Midgley 
Edge Hill University, UK 

REVIEW RETURNED 22-Sep-2016 

 

GENERAL COMMENTS I thank the authors for their thorough consideration of my comments 
and suggestions and wish them the very best in undertaking the rest 
of this important research. 

 

REVIEWER Philippe Meyer 
Geneva University hospitals, Geneva, Switzerland 

REVIEW RETURNED 18-Sep-2016 

 

GENERAL COMMENTS To my view, the authors have responded appropriately to both 
reviewers' comments and have amended their manuscript 
accordingly.   
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