
PEER REVIEW HISTORY 

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) Submaximal fitness and mortality risk reduction in coronary heart 
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rehabilitation 

AUTHORS Taylor, Claire; Tsakirides, Costas; Moxon, James; Moxon, James; 
Dudfield, Michael; Witte, Klaus; Ingle, Lee; Carroll, Sean 

 

VERSION 1 - REVIEW 

REVIEWER Marni Armstrong 
University of Pittsburgh, United States 

REVIEW RETURNED 15-Feb-2016 

 

GENERAL COMMENTS Thank you for the opportunity to review this interesting study. The 
study reports findings from a cohort study (n= 670) of participants in 
CR over 13 years. Although the findings are interesting and support 
much of the literature that is already established in this area a few 
concerns limit enthusiasm for the manuscript in its current form.  
Major comments:  
-my biggest concern with the paper is the selection of the strata for 
low, moderate and high CRF (<6, 6-7.9, >8 METS for men) there is 
not a clear rational as to why the authors selected these cut points, 
the moderate CRF seems quite narrow. To be congruent with other 
literature (Martin, Mayo Clinic, 2013 and Meyers, NEJM, 2002) as 
well convention of 6 Mets being “vigorous intensity”, it would 
appears to be more useful to employ cut points with a low CRF 
being related to a lower intensity (eg <5 Mets). It would be useful to 
see if the relationship holds with more conventional cut points. Or 
alternatively the authors should give a much clearer rationale as to 
why these strata were selected.  
-In its current form, the limitations of the study are not clearly 
outlined or addressed. At a minimum the limitations of a 
retrospective cohort, of submax testing, of the generalizability need 
to be addressed. Without addressing the limitations it appears that 
the conclusions may be overstated.  
-Although, I am unsure of word limitations. I did find the manuscript 
quite lengthy with much time spent on literature. I do feel these 
sections could be shortened significantly to highlight the findings of 
the paper more clearly.  
Minor comments:  
-page 8 line 27; it would be useful to add in the percentages to each 
n within each CRF strata.  
-page 15 line 36-43. The authors report that cardioprotective 
medications were predictors of adverse outcomes, however on the 
next sentence they report the Kavanagh study which reported that 
meds were favorable predictors of mortality, which seems 
contradictory. Perhaps consider rewording to make this more clear.  
-the references do need to be edited as many state Epub Date with 
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no date, or when it is not appropriate. 

 

REVIEWER Dr. Gavin Sandercock 
University of Essex 

REVIEW RETURNED 16-Feb-2016 

 

GENERAL COMMENTS This is an excellent and timely paper with good design and 
interesting findings – at present, I don’t think you have made 
ENOUGH of your novel discoveries and you need to highlight further 
the strengths of this important work in your discussion and 
conclusions.  
 
Para 1. Differentiate between primary and secondary risk reduction  
P9 Table 1 – peak HR would be supplemented by expressing this 
variable as % of age predicted max – this lets the reader see how 
hard patients worked and how close of 85% they got.Same with 
beta-blocked patients.  
P5 last line- definition of drop out doesn’t make sense. Did someone 
who attended baseline testing and one session drop out? What if 
they attended 12 sessions but not retest?  
P10 para 1. Drop out – seems a bit harsh- if they were younger they 
could have decided they were too fit and joined a gym! – Non-
completers or non-attendees sounds better. How much more likely 
to be low active were they – not just p-values please.  
P13 – table 5 – add 95%CI s to this table please. ALSO – I’d 
assume the ranges of values with median are not symmetrical? It’d 
give the reader a better idea of what went on during testing to give 
the actual ranges 2 – 12 METs not just the single figure.  
 
P16 conclusion – I think you can remove the first sentence.  
I also think the conclusion is a little weak (or polite – as this is a 
politically sensitive topic) but such strong findings should be used to 
propose practical changes to practice and reporting in CR – how 
many studies finish with ‘this may have important implications for 
practitioners’ ? Too many.  
Here and in you discussion – you should highlight that this is the first 
UK study to show a quantifiable ‘dose response’ (reduced deaths 
per MET) and it shows just how important CRF is as an outcome. – 
there is so much international data cited to support you findings – 
what does it all tell us? 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1  

Major comments:  

- "selection of the strata for low, moderate and high CRF (<6, 6-7.9, >8 METS for men) there is not a 

clear rational as to why the authors selected these cut points, the moderate CRF seems quite narrow. 

To be congruent with other literature (Martin, Mayo Clinic, 2013 and Meyers, NEJM, 2002) as well 

convention of 6 Mets being “vigorous intensity”, it would appears to be more useful to employ cut 

points with a low CRF being related to a lower intensity (eg <5 Mets). It would be useful to see if the 

relationship holds with more conventional cut points. Or alternatively the authors should give a much 

clearer rationale as to why these strata were selected".  

Response:  

As there is currently no consensus for the clinical categorisation of CRF in patients with CHD, we 

used cutpoints used in previous epidemiological studies of older adults (Sui et al., 2007), post-MI, or 
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with hypertension, diabetes or hypercholesterolaemia (Blair et al., 1996; Sui et al., 2007) 

demonstrating the independent CRF-mortality association. We note that previous authors have, as we 

did, cited the use of cutpoints based on their sample distributions (Myers et al., 2002; Kavanagh et al., 

2002, 2003), in some cases doing so without consideration of the sex-specific differences in VO2 

peak (Martin et al., 2013).  

As recommended, and to confirm congruence of our findings with previous literature, we have 

presented sCRF data using the following cutpoints (tabulated and made available as supplementary 

data):  

MEN: < 5 METs (low), 5-7.9 METs (moderate), > 8 METs (high) as Martin et al. (2013) Myers et al. 

(2002)  

WOMEN: < 4 METs (low) as Kavanagh et al. (2003)  

Note - In the absence of a precedent for moderate and high CRF categories for women (Kavanagh et 

al. only dichotomised their female distribution - low vs high CRF), the moderate and high CRF groups 

presented have been determined from equal split of the remaining female distribution > 4 METs 

(equivalent to 4-6 METs [moderate] and > 6 METs [high]). Also, note that given it is problematic to use 

the low CRF group as the reference category with very small numbers using these new cutpoints, the 

high CRF group is now referent.  

We have also added the following statement to the methods section:  

“For comparison, sCRF was also analysed using thresholds for CRF categories used by previous 

authors (Kavanagh et al., 2003, Myers et al., 2002)”.  

Statement also added after Table 3:  

“In secondary analysis, thresholds that have been previously used to examine the prognostic role of 

CRF were compared to our distributional analysis (see online supplementary table 1.). Univariate and 

multivariate analyses confirmed sCRF as an independent predictor of all-cause mortality”.  

- “In its current form, the limitations of the study are not clearly outlined or addressed. At a minimum 

the limitations of a retrospective cohort, of submax testing, of the generalizability need to be 

addressed. Without addressing the limitations it appears that the conclusions may be overstated”.  

Response:  

BMJ Open submission guidelines specify an 'Article summary' section at the front of the manuscript to 

make strengths and limitations of the study explicit. It is here that the main limitations of our study 

were presented. However, to be more explicit about the acknowledged limitations of this study, we 

have also added the following paragraph to the end of the Discussion section:  

Added: “This is a retrospective study with a number of limitations. The use of pre-specified test 

termination criteria (attainment of 85% age-predicted maximal heart rate) is acknowledged to be 

inferior to the measurement (or estimation) of VO2 peak and equivalent MET levels from maximal 

testing, and therefore our results do not reflect participants’ individualised peak aerobic capacity. 

Further, while the MET is a widely used physiological metric its limitations are acknowledged [29]. 

Unmeasured confounders remain a limitation associated with all observational study designs and 

measures that may have been relevant to the current analysis, such as compliance with home 

exercise during CR, were not captured in the Heart Watch database. In addition, we are not able to 

report why non-completers left the programme as precise reasons were not routinely recorded.”  

 

- “Although, I am unsure of word limitations. I did find the manuscript quite lengthy with much time 

spent on literature. I do feel these sections could be shortened significantly to highlight the findings of 

the paper more clearly”.  

Response:  

Guidance from the BMJ Open with respect to word count was 4,000 words; our original submitted 

manuscript was 4,095 words. We recognise that further editing will improve communication of our 

main findings. The following revisions have been made:  

Introduction and aims shortened by approx. 100 words. Further editing throughout the manuscript 

made as appropriate. Revised word count with is 3,908.  

Minor comments  
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- “page 8 line 27; it would be useful to add in the percentages to each n within each CRF strata”.  

Response:  

Percentages have been added to the n of each CRF strata  

Note – cases were split based on percentiles of the exercise test duration distribution; when there are 

multiple identical values at a cutpoint (as is the case for this distribution) all identical cases are added 

to the same interval so actual percentages reported will not be exactly equal to 20%, 40% and 40%. It 

was for this reason that %s were originally omitted from the manuscript to avoid confusion.  

- “page 15 line 36-43. The authors report that cardioprotective medications were predictors of adverse 

outcomes, however on the next sentence they report the Kavanagh study which reported that meds 

were favorable predictors of mortality, which seems contradictory. Perhaps consider rewording to 

make this more clear”.  

Response:  

Deleted: “Kavanagh et al. reported that platelet inhibitors and β-blockade (males only) were significant 

favourable predictors of all-cause death within their cohorts”.  

Paragraph now reads as follows:  

“It is noted that medical therapies used in several previous observational studies either antedated the 

contemporary use of cardioprotective pharmacotherapies, or patients were not treated rigorously with 

available secondary preventative medications. Our finding that certain cardioprotective medications, 

notably ACE-inhibitor [3,11]; diuretics [2,3] and statins [29] were independent adverse predictors of 

all-cause mortality has been shown previously. Limited previous data supports our observation that 

beta-blockade does not interfere with the prognostic significance of low exercise capacity in CR 

patients [1]. Higher CRF associated with improved survival in hyperlipidemic men and women has 

been shown to affect the positive risk reduction from statin therapy in those with established CAD 

within the Henry Ford Exercise Testing cohort [30]. The previous observational findings of adverse 

risks associated with cardioprotective therapies is contrary to strong RCT evidence [31-33] 

demonstrating the efficacy of these treatments for secondary prevention of CHD and findings may 

reflect differences in severity of underlying disease and prevalence of co-morbidities among 

individuals receiving these treatments.”  

 

The references do need to be edited as many state Epub Date with no date, or when it is not 

appropriate.  

Response:  

This has been amended.  

 

We would like to thank you for taking the time to review our manuscript and for your constructive 

feedback. We hope we have addressed the action points adequately and improved the 

communication of our findings as a consequence.  

 

 

Reviewer: 2  

Para 1. Differentiate between primary and secondary risk reduction  

Response:  

We have re-written the introduction section of the manuscript to focus specifically on the secondary 

prevention population and improve clarity:  

“The prognostic importance of cardiorespiratory fitness (CRF), as determined by direct measurement 

or prediction of VO2 peak, in men and women with coronary heart disease (CHD) has been widely 

reported within epidemiological studies [1-4]”.  

 

P9 Table 1 – peak HR would be supplemented by expressing this variable as % of age predicted max 

– this lets the reader see how hard patients worked and how close of 85% they got. Same with beta-

blocked patients.  

Response:  
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We have calculated and reported % APMHR in place of absolute peak HR values using the equations 

of Brawner et al. (2004) recommended for those with known/suspected CVD:  

APMHR = 164 - 0.7 x age (on B-Blocker), APMHR = 200 - 0.92 x age (off B-Blocker)  

We acknowledge all regression equations used to predict HRmax produce substantial standard error 

of estimate.  

 

P5 last line- definition of drop out doesn’t make sense. Did someone who attended baseline testing 

and one session drop out? What if they attended 12 sessions but not retest?  

Response:  

We have re-worded this definition, as follows:  

“Participants’ who underwent exercise testing at baseline but did not return for re-test (scheduled after 

12 weeks of CR) were identified as ‘non-completers’. These participants typically attended no or few 

CR sessions.”  

 

P10 para 1. Drop out – seems a bit harsh- if they were younger they could have decided they were 

too fit and joined a gym! – Non-completers or non-attendees sounds better. How much more likely to 

be low active were they – not just p-values please.  

Response:  

We have replaced the term “drop-out” with the term “non-completer” throughout the manuscript, as 

advised.  

P13 – table 5 – add 95%CI s to this table please. ALSO – I’d assume the ranges of values with 

median are not symmetrical? It’d give the reader a better idea of what went on during testing to give 

the actual ranges 2 – 12 METs not just the single figure.  

Response:  

We have added 95% CIs to Table 5, as suggested.  

We have added ranges to Table 1, as suggested.  

 

P16 conclusion – I think you can remove the first sentence.  

Response:  

Removed, and conclusion re-written, as suggested - see below.  

I also think the conclusion is a little weak (or polite – as this is a politically sensitive topic) but such 

strong findings should be used to propose practical changes to practice and reporting in CR – how 

many studies finish with ‘this may have important implications for practitioners’ ? Too many.  

Response:  

Conclusion and discussion sections have been revised to strengthen communication of the key 

findings of the manuscript, as follows:  

 

"To our knowledge, this is the most detailed evaluation of prognostic risk associated with sCRF at 

entry to CR and the first UK study to examine the relationship between short-term sCRF changes and 

all-cause mortality among participants attending a community-based programme. Our data 

demonstrate that initial sCRF level was the strongest modifiable predictor of long-term survival, 

surpassed only by older age and pre-existing CVD. This relationship remained following adjustment 

for a number of important confounders not previously considered in UK CR studies, including 

coronary risk factors and self-reported physical inactivity. Moreover, for the lowest fit individuals we 

report a quantifiable reduction in all-cause mortality risk per MET increase in sCRF achieved during 

exercise-based CR. This may be clinically important given the higher baseline mortality risk of this 

group compared to their higher fit counterparts.  

Our data compare favourably with previous international studies employing maximal exercise testing 

and demonstrating the association between CRF and prognosis in patients with CHD [1,2,4]. In a 

study of 2,812 patients entering CR between 1996 and 2004 by Keteyian and colleagues [4], each 1 

mL∙kg-1∙min-1 increment in estimated VO2 peak at baseline demonstrated a ~15% lower risk for all-

cause mortality [4]. When extrapolated to 1-MET (hazard ratio 0.853.5 = 0.57) this represents a 
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reduction in risk equivalent to 43% per MET. In a more recent study of patients with CVD referred for 

clinical exercise testing, Mandic and co-workers [7], estimated a more modest 11% reduction in all-

cause mortality risk with each 1-MET advantage in VO2 peak. The variance in risk estimates 

attributed to CRF between observational investigations is likely due to differences in cohort 

characteristics, medical and secondary prevention treatments and exercise testing modalities (i.e. 

maximal versus submaximal exercise protocols). It is also likely to reflect the variability in thresholds 

used to define low and high CRF categories [1,5,7] given that there is currently no consensus for the 

clinical categorisation of CRF in patients with CHD.  

Our data extend findings from the only other published study to examine the fitness-mortality 

relationship in patients undertaking CR within the UK [12]. In that study, over a shorter follow-up 

period (mean 10.7 years), CRF was estimated from maximal testing of predominantly post-MI patients 

(86% men, age 61 years). Low CRF at entry and CRF improvement during once-or-twice weekly CR 

were strong predictors of survival. However, since neither relationship was expressed in the context of 

survival benefit per MET increment in exercise capacity, it is not possible to quantify the change in 

fitness comparable with international studies. Overall improvement in sCRF within our cohort (0.82 

MET) is analogous to that estimated during maximal testing by Barons et al. (1.08 METs) and 

congruent with the ~0.5 MET improvement estimated in 950 patients from submaximal testing across 

four UK CR centres by Sandercock and colleagues (2013).  

To our knowledge, this is the first UK study to report a quantifiable dose-response to CR exercise 

training; with a 27% reduction in all-cause mortality risk per MET increase achieved by the lowest fit. It 

substantiates the findings of Martin et al. [6] from the Cardiac Wellness Institute of Calgary who 

estimated 1.41 METs, 1.01 METs and 0.80 MET improvements from maximal testing, respectively, for 

low, moderate and high CRF groups in their large cohort (76% men, age 60 years). The investigators 

also found that each MET gain during CR was associated with a 30% reduction in mortality risk for the 

least fit patients (< 5 METs). This is similar to the 27% age-adjusted risk reduction in the lowest sex-

specific sCRF groups (< 5 METs women, < 6 METs men) we report. In contrast, Barons et al. [12] 

reported no significant risk reduction associated with improvement in CRF group from low to 

moderate fit during CR. Others assessing the relationship between submaximal exercise training 

workload in CR and medium-term survival (mean 4.4 years) have estimated a 28% age-adjusted 

reduction in mortality risk per MET increase over 12 weeks (36 sessions) of CR [24].  

It is noted that medical therapies used in several previous observational studies either antedated the 

contemporary use of cardioprotective pharmacotherapies, or patients were not treated rigorously with 

available secondary preventative medications. Our finding that certain cardioprotective medications, 

notably ACE-inhibitor [1,12]; diuretics [1,3] and statins [7] were independent adverse predictors of all-

cause mortality has been shown previously. Higher CRF associated with improved survival in 

hyperlipidemic men and women has been shown to affect the positive risk reduction from statin 

therapy in those with established CHD within the Henry Ford Exercise Testing cohort [25]. There is 

limited previous data to support our observation that beta-blockade does not interfere with the 

prognostic significance of low exercise capacity in CR patients [5]. Observational findings of adverse 

risks associated with cardioprotective therapies is contrary to strong RCT evidence [26-28] 

demonstrating the efficacy of these treatments for secondary prevention of CHD and findings may 

reflect differences in severity of underlying disease and prevalence of co-morbidities among 

individuals receiving these treatments.  

This is a retrospective study with a number of limitations. The use of pre-specified test termination 

criteria (attainment of 85% age-predicted maximal heart rate) is acknowledged to be inferior to the 

measurement (or estimation) of VO2 peak and equivalent MET levels from maximal testing, and so 

our results do not reflect participants’ individualised peak aerobic capacity. Further, while the MET is a 

widely used physiological metric its limitations are acknowledged [29]. Unmeasured confounders 

remain a limitation associated with all observational study designs and measures that may have been 

relevant to the current analysis, such as compliance with home exercise during CR, were not 

captured in the Heart Watch database. In addition, we are not able to report why CR non-completers 

left the programme, as precise reasons were not routinely recorded.  
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CONCLUSIONS  

Our results demonstrate the strong prognostic value of sCRF and the adverse risk associated with 

low levels of sCRF in men and women starting exercise-based CR, irrespective of other important 

markers of risk. Importantly for the lowest-fit individuals, increasing sCRF through exercise-based CR 

may be associated with significant survival benefit, reinforcing the clinical importance of moving 

patients out of this higher-risk group. These patients may also benefit most from early identification 

and closer monitoring by CR staff through serial exercise testing. In summary, accessible data from 

submaximal exercise test performance (with electrocardiographic analysis) may yield important 

prognostic information for the assessment of sCRF and the risk stratification of patients undertaking 

community-based CR within the UK. These data may help clinicians and CR practitioners improve the 

design of structured, supervised exercise training services tailored to maximise CRF gains for the 

least fit patients, and thus, improve long-term survival following CR”  

 

Here and in your discussion – you should highlight that this is the first UK study to show a quantifiable 

‘dose response’ (reduced deaths per MET) and it shows just how important CRF is as an outcome. – 

there is so much international data cited to support you findings – what does it all tell us?  

Response: Re-written discussion and conclusion sections as above  

 

We would like to thank you for taking the time to review our manuscript and for your constructive 

feedback. We hope we have addressed the action points adequately and improved the 

communication of our findings as a consequence. 

VERSION 2 – REVIEW 

REVIEWER G Sandercock 
Essex, UK 

REVIEW RETURNED 13-Apr-2016 

 

GENERAL COMMENTS SOME VERY MINOR REVISIONS LISTED  
ABSTRACT CONCLUSIN  
Conclusion  
 
In men and women with CHD undertaking exercise-based CR, 
higher baseline sCRF is associated with lower all-cause mortality. 
Improving sCRF through CR is associated with significant additional 
risk reduction for the lowest fit.  
 
Higher baseline cardiorespiratory fitness is associated with a 
reduced risk of all cause mortality in adults with CHD. Improved 
fitness due to exercise based CR further reduces this risk of xx in 
the least fit patients.  
 
You can’t reduce all cause mortality. We all die so please add the 
time frame to this sentence.  
 
 
P6 - Line 21  
‘thresholds for CRF categories’ just doesn’t track it’s bordering on a 
tautology  
You could just say: ‘cut-offs’  
Or  
‘categories published previously’  
 
 
T3 - * is redundant  
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‘The highest relative mortality risk’ - sounds like mortality is relative 
(being dead-ish)  
The highest relative risk for mortality  
The highest risk of mortality at 12 months..  
 
T5 –Put the word ‘mean’ in the legend  
 
P14 line 39 – DATA WERE!  
 
CONCLUSION – unlike the rest of the paper this starts by talking 
about he low fit group and the increased risk – its reduced risk in fit 
patients everywhere else and these are the HR you have calculated 
–  
 
Comment only:  
In a way it’s a shame the stats weren’t reversed to show increased 
HR in low fit – as this would then be used to show how improved 
CRF lowered the HR in the highest risk -group. 

 

VERSION 2 – AUTHOR RESPONSE 

Conclusion section  

In men and women with CHD undertaking exercise-based CR, higher baseline sCRF is associated 

with lower all-cause mortality. Improving sCRF through CR is associated with significant additional 

risk reduction for the lowest fit.  

 

Higher baseline cardiorespiratory fitness is associated with a reduced risk of all-cause mortality in 

adults with CHD. Improved fitness due to exercise based CR further reduces this risk of xx in the least 

fit patients.  

 

Have replaced with: “Higher baseline sCRF is associated with a reduced risk of all-cause mortality 

over 14 years in adults with CHD. Improving fitness through exercise-based CR is associated with 

significant risk reduction for the least fit”.  

 

You can’t reduce all cause mortality. We all die so please add the time frame to this sentence.  

 

Have added: “over 14 years”  

 

P6 - Line 21  

‘thresholds for CRF categories’ just doesn’t track it’s bordering on a tautology  

You could just say: ‘cut-offs’  

Or  

‘categories published previously’  

 

Have replaced with “using cut-offs previously published”  

 

 

T3 - * is redundant  

 

Amended  

 

‘The highest relative mortality risk’ - sounds like mortality is relative (being dead-ish)  

The highest relative risk for mortality  
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The highest risk of mortality at 12 months.  

 

Have replaced with “The highest relative risk of mortality”  

 

T5 –Put the word ‘mean’ in the legend  

 

Amended  

 

P14 line 39 – DATA WERE!  

 

Amended  

 

CONCLUSION – unlike the rest of the paper this starts by talking about he low fit group and the 

increased risk – its reduced risk in fit patients everywhere else and these are the HR you have 

calculated  

 

Have replaced with “Our results demonstrate the strong prognostic value of sCRF and the risk 

reduction associated with higher levels of sCRF in men and women starting exercise-based CR, 

irrespective of other important markers of risk” 
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