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Abstract

Background:In the United Kingdom (UK), exercise intensity is prescribed from a fixed
percentage range (% heart rate reser9@iRR) in cardiac rehabilitation (CR) programmes.
We aimed to determine the accuracy of thispapach by comparing it with an objective,
thresholdbased approach incorporating the accurate determination of ventilatory
anaerobic threshold (VAT). We also aimed to investigate the role of baseline
cardiorespiratory fitness status, and exercise testingde dependency (cycle v treadmill

ergometer) on these relationships.

Design/Methods: A maximal cardiopulmonary exercise test was conducted on a cycle
ergometer or a treatill before and following usualarecircuit training fromtwo separate
CR programmefom a single region in the UK. The heart rate corresponding to VAT was

compared to current heart ratbased exercise prescription guidelines.

Results:We included 112eferred patients (61 years [5® TV } C u ¢ Jv A 16 IP|u
[29-30]; 88% male). There was a significant but relatively weak correl@tén32 P=0.001)

between measured and predicted %HRR, and values were significantly different from each
other (P=0.005). Witin this cohort, we found that ®% of patients had their VAT identified

outside of the 4670% predicted HRR exercise training zone. In the majority of participants
(45%), the VAT occurred at an exercise intensity <40% HRR). Moreover, 57% of patients with
low levels of cardiorespiratory achieved VAT at <40% HRR. Whereas, 30% of patients with
higher fithess achieved their VAT at >70% HRR. VAT was significantly higher on the treadmill
than the cycle ergometgiP<0.001).

Conclusion:In the UK, current guidelirsefor prescribing exercise intensity are based on a
fixed percentage range. Our findings indicate that this approach may be inaccurate in a large

proportion of patients undertaking CR.
Word Count:274words

Key words cardiac rehabilitation, exercise p@gption, cardiorespiratory fitness,

ventilatory anaerobic threshold.
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Introduction

Cardiovascular rehabilitation (CR) is a radikciplinary secondary prevention programme
that has been shown to contribute to reduced hospital admissions, and improvenrents
patient quality of life, following a cardiac evefit4) Historically, a% improvement in peak
oxygen uptake (V£eay resulting from exercisbased CRwas thought toconfer a 2%
reduction in premature mortaty.(5) Similarly, every 3.5 rkigtmin? increment in V@heax

has been associated with a -13% survival benefi{6, 7)in men referred for exercise
testing. Therefore, it is essential that the prescribed dose of exercise is sufficient to
stimulate impovements in V@eak following CR. Recent systematic revewnd meta
analyses have shown that increased exercise intensity is an important factor in achieving

superior outcomes in patients with cardiovascular dise@s®)

The prescribed dose of exercise can be influenced by manipulating exercise frequency,
duration, type/mode, and/or intensityexercise dose{10) In the United Kingdom (UK),
current longterm exercise training guidelines for patients undertaking CR, recommend
exercig training intensities between 400% heart rate reserve (HRR)xygen uptake
reserve (VQR) ora Borg rating of perceived exertion (RPE) betweerl4d (11, 12)Both
continuous and interval traingn at an objective physiological threshold Haeen shown to have a
beneficial impactby improvingVQpeak(13) Training at or above # ventilatory anaerobic
threshold (VAT), often referred to asthe first ventilatory threshold (VT1)ndicates the
point above which, further increments in work rate are increasingly supplemented through
anaerobic metabolisnil4-17) Despite being associated with mild metabolic
perturbations(16, 17)regular exercise bouts conducted at work rates equivalent to VAT are
well tolerated(18) and induce physiological adaptation leading to improved

cardiorespiratory fithnessGRIrand other cardiovascular risk factais9, 20)However, whilst
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work rates corresponding to VAT may represanminimum intensity needed to improve

CRF, metabolic gas equipment and calibrated ergometers are often not available in a CR

setting in the UK. Prescribing exercise as a percentage of measured HRR, or most typically

estimated HRR, is often a more praatiand realistic alternative in UK cardiac rehabilitation

settings(10)

The 40% HRR threshold is cited as the lowest effective exercise intensity for improving CRF

in patients undertaking CRO, 12)The individual VAT is widely accepted to occur between
45-65% HRR in healthy and cardiac patigB)swith lower values reported in pati¢s with a
chronic cardiovascular disea6B)) However, the distribution of VAT values, and its relation

to exercise capacity, is unclear in patients undertaking CR. How commonly VAT occurs
within discrete exercise intensity ranges is also urdgorted n patients withcoronary

artery diseaseTanet al (21)showed thatthe mean VATwasequal to82%of maximal heart

rate (HR),in 19 cardiac patientseferred fora cardigpulmonary exercise test (CPEpFipr to
CR(21) ,}JA A U 8Z u} }( &£ E ] 8 *8]vP u C o<} Jv(op v

OCcCurs.

In the UK, the mode agxercise testingaries between CR programmes. This means @ha

% 5] exdreise prescriptionauld be based on a numbeof different submaximal exercise
tests including the émin walk test, incremental shuttle walk test, step test, or cycle
ergometry. The differing metabolic responses to cycling compared vatkimgmay affect a

% S] \pe&hk oxygen uptakd Prpeay, and the occurrence of VATThis, in turn,may
significantly affect the accuracy of exercise intensity prescription. These issues have not
been addressed sufficiently within UK guidelines for eiser prescription in CR

programmes. This information may help practition&soptimisea patient's initial exercise

Az

\
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prescription and maximise the improvements associated with exercise training
programmes. This is especially important when the frequenay duration of CR sessions

are finite. We aimed to determine the accuracy of the standard UK approach for prescribing
exercise in patients undertaking CR by comparing it with objective measures of exercise
prescription, namelySpPrpeak and VAT. Secondary aims were to determine how exercise
modality (exercise testing with cycle versus treadmill ergometer), and baseline |leveRFof

affected the concordance of VAT and HRR measures.

Methods

Data was collated from the baseline assment of two separate cohorts who undertook a
maximal effort CPE# volitional exhaustiorprior to commenag a CRprogramme The
methods for these studies have previously been repox22, 23)Ethical approval was
provided by the Yorkshire and HumberSheffield National(12/YH/0072) and Humber
Bridge NHS (12/YH/0278) Research Ethics Committees. Briefly, patients were recruited
following a referral to CR for angina, myocardial infarction (MI), coronary artery bypass graft
(CABG), or percutaneous coronary intervention (PEdfients attended a baseline study
assessment, where written informed consent was obtained. CPET was conducted on a cycle
ergometer following a 25W incremental protocol, or on a treadmill following the modified
Bruce protocqgl24) adopting previously outlined test termination and maximal effort
criteria.(15, 25)Breathby-breath metabolic gas exwmnge data were collected using an
Innocor (Innovision, Glamsbjerg, Denmark) or Oxyom metabolic cart (Jaeger,

.} Z WEPU ' Gu vCeU E *% 3]A oCU Azl z A E o] & &

instructions and current recommendatiolig6) Peak values were averaged over the final 30
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seconds of te CPET. \lRacWas reported in absolute values (L-mjrand standardised to

each patient's body mass (kd*'min?). Individualised VAT was independently determined

by two investigatorgusing the average of the middfeve of everysevenbreathsplotted in

the V-slope method and verified using the ventilatory equivaler{ts4, 27) Where
investigators reprted different VAT values, a third reviewer was consulted and the

§ZE +Z}o A op PGE C }ve vepeX dz stahdmkgl®ninhd@®@s v >|
expressed as a percentage of direadgtermined and predicted V&kak(28) The HR at VAT

was then established and reported as a ratio of HRmax and HRR determined fropal@PET

as a ratio of predicted HRmax and HRR with relevant adjustment for the effects of beta

blockade on maximal heart rates followdq10]):

((206.8- (0.685x age))tresting heart rate-3B0 beats pemin if taking betablockers)

To characterisavhere a patients VAT occurred in relation to established training zones, the

VAT values wereategoricallyassignedto exercise intensity groups of <40%,-49%, 50

59%, 6869%, 70%, and >70% of measyradd predicted HRRAdjustment fort-blockades

were madewhere appropriatg(12). We assessed how many patients had a VAT that
occurred within the exercise training intensity ranges recommended/KyCR guidelines

namely 40-70% HRR, or an RPE between-14.(11, 12)Patients were swtategorised

according to individual CRF levels as low (<5 METs for women, <6 METs for men), moderate
(5<7 METSs for women, 6<8 METs for men), ah]PZ Z& ~HG6 D de (}J& A}u vU H 6
men), based on exercise capacity (MET) thresholds derived from the international literature

and previously applied to cardiac patients in the.@8) These sulgroups were then
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categorised based on the HRR zone that the individualised VAT occurred within. We also
conducted sukanalyses on patients who undertook their CPET either on a treadmill or cycle

ergometer.

Data analysis

Statistical analysis was conducted using SPSS version 24 (IBM, NY, USA). When data was not
normally distributed, normalisation of the distribution wasattempted using logio
transformation. Logarithmically transformed data was analysed in its transformed state and
reported as an arithmetic mean to allow for meaningful interpretation. Normally distributed

and transformed datawere analysed using a univatéa general linear model with
significance set at arbitrary levéP<0.05), and is presented as mean (95% confidence

intervals), and partiagta squared .) effect sizeswith 0.01, 0.06, and 0.14 denoting

small, moderate, and large effectespectively(30). For nomnormally distributed data, a
Mann-Whitney U test was conducteaith median and range reported. Categorical data was
analysed using a Gbkguared test of independence and reported as percentage and

(E <p v CX tZzv Hi 00 Z v A% § A op DAU 8Z &]<Z E][-

Results

Patient Characteristics

Ore-hundred and twelve (=112) cardiac patientswere included for analysi€1.3 years
[59.4 01X ieV 106 X[285-B0.1]; 88% male)orty-two patients (=42; 37.5%)undertook
their CPET on a cycle ergomet&atients on a cycle ergometachieved 79.1%of their

predicted HRmak74.6-83.68, an RPE of8l[17-18], and a peak respiratory exchange ratio

/
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(RER) of 1.02 [1.eD05). Seventyn=70) patients undertook CPET on a treadmithtients
conducting CPET on a treadraithieved 82.3% [79.784.94 of predcted HRmax), an RPE of
17.8 [17.318.3], and a peak RER of 1.09 [11061]). 77% and 86%of the patients
undergoing cycle and treadmill testing, respectively, were prescribed-lietzkers.The
majority of patients had a diagnosis ofyocardial infarction(MI) with primary (32.5%) or
elective (28.9%) PCI. There was a greater prevalence of active sniBk&&17) in those
that conducted a CPET on a cycle ergometer. There were significant begynagn

differencesfor age P:O.012.20.054), and resting HRnean difference 5.8bpm (95% ClI

1.0-10.5bpm)P=0.032; Table 1) between the test modality groups.od? of 112 patients,
were classifiedwithin the lower cardiorespiratory fithess group, 50 in the moderhte

group, and 20 in the higfit group (Table 2).

VAT, HRR zones, and CRF categori

Measured HRR72 £ 15 bpm) derived from maximal CPET demonstrated only a modest

correlation with predicted HRR (77.99 +22bpm) (using current UK CR guidelines((32;
P=0.001). However, the directlgletermined and predicted HRPpeak HRvariables were
significantly different from each othédmean difference = 6.74bpm (95% CI 219949bpm)
P=0.001).The VAT occurred within 4% of directly dtermined HRR range in 6¥%60f
patients. In the remaining 38.4% of patienB83.96 achievedheir VAT at <40% HRR, and in
4.5% of patients,their VAT didhot occur until >70% HRR. For predicted H\R&I occurred
within 40-70% HRI® 44.6% of patients. Of the remainingd 3% of patients, 48% achieved

VAT at <40% HRR, &918% & >70% HRR (Table 2).
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The VAT occurred between 400% of predicted HRR inl.2% of patients undertaking
cycling exerciseThe majority (76.2%pf patients exceededhe VAT at <40% HRRor
patients undertaking CPET on a treadmill, 58.5% of patients h&#&Tathat occurred
between 40-70% of predicted HRRand 27.1% had a VAT that occurred <40% HRR
Interestingly, theVAT occurred between 400%o0f predicted HRR in538%of patients that
were categorised as havingleaw CRF57.1% of patients exceed their VAT at <40% of
their HRR. For highéit patients, VAT occurred between 40% of predicted HRR in 50% of

patients, at <40% HRR in 20%, and >70% HRR for the remaining 30% of patients (Table 2).

Figure 1 shows the intequartile range for VAT as a percage of predictedHRR, based on
CRF category, and exercise testing modalibhe VAT occued at a higher percentage of
VQpeak In patients with a highelCRFE This observation was also evidemhen CPEivas

conducted on a treadmill for all CRF categorkag, most apparenty in the moderate and

highit groups.

Directlymeasured compared with predicted cardiorespiratory fithess variables
Mean VQpeakWas not significantly different between exercise modality groups in absolute

units P:O.644;.:0.002), or elative to body massPéO.359;.:0.008) (Table 3).

However,absolute (P=0.027) and relativéP=0.001) VAT was significantly different across
the different CRF groups. VAdccured at a higher percentage of predictedP=0.003;

.:0.08) and measured \fak (P<0.001;.:O.151), and HRH3<(O.001.:0.132) in
patients exercising on the treadmill. Measured HH?RO(012.=O.(136), and HR at VAT

(P=0016; .:0.052) were significantly higher in the treadmill group. There was a significant
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betweengroupdifference for%o E ] S ,Zu /A | golackade}®E0.003; Table 4).

However, therewas no difference in predicted HRH?:().863.:<0.001) or Védeak
between groups(P:0.815.<0.001). Figures 2a and 2b highlight individual case studies

which demonstrate how the paicted HRR method can either ovesr under estimate

individualised exercise prescription versus directly determined HRR and VAT.

Discussion

This study aimed to determine the accuracy of the standard UK approach for prescribing
exercise in patients undataking CR. This method of determining target heart rates for
exercise training in cardiac patients relies largely on predictive methods for determining
maximalHR(including patientgakingbeta-blockade). We sought to compare it with a more
objective meaure of exercise prescription, namely the VAT derived from respiratory gas
exchange during a maximal CPET. Our findings indicate that current UK CR exercise
prescription guidelines appear susceptible to substantial inaccuracy with more than half of
our cotort achieving a VAT outside the recommended target range ef0% HRR. We
found that 45% of patients had VAT identified at <40% HRR, and in 9% of patients, VAT was
identified at >70% HRR, suggesting that the required exercise intensity spectrum is wider

than the recommended 430 HRR%.

When considering baseline cardiorespiratory fitness, the proportiopatientswhose VAT
occurred outside the guidelines increasé¥% of lowfit patients achieving VAT at <40%
HRR, and 30% of higit patients achieving/AT at >70% HRR, confirming that VAT occurs

later with increasing CRF in cardiac patig@ty For those who adeved VAT at <40% HRR,

10
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their exercise prescription may overly exceed VAT and prove too challenging, whilst for
those that achieve VAT >70%HRR, their prescription is unlikely to induce a training stimulus
and prove too easyWe speculate that thisnay contibute to the 23% attrition rate recently
reported in UK CE32) as some patients overly exceed their training stimulus (i.e. low fit
patients), which may be uncomfortable, whilst some do not reach it, thus providing minimal

benefit (i.e. high fit patients), both ofich may cause patients to discontinue CR.

Therefore, aone size fits alapproach, relying on predictive methods for maxirhiR and
estimatedHRRoO prescribe exercise appears ineffective. Exercise prescription within cardiac
rehabilitation settings need# be more accurate, patient specific and finmed, ideally
based on ventilatory markers, actual HRR and baseline fithess category determined via
CPETI33) Kv }%S]}v }uoO S} *ZHS(EBP} Z&EZEP~Z}foZz A & |-
prescription, with moderatenigh intensity exercise, corresponding to work rates between
VAT and critical power, being recommend@dd)Based on the current data, CPET would aid
prescription to ensure thaall patients achieved VAT during Giilst also ensuring it is not
overy exceeded. This is important given that certain cardiac patients, namely those who
may be more deconditioned, often perform activities of daily living at levels ofth&D
exceed VAT34) Therefore, exersing in steadystate conditions above VAT is vital for these
patients, but may not be possible if it is exceeded. In the late 1970s, limitations in the
relative percent method (i.e %HRR) for prescribing exercise intensity were identified, with a
study by ktch et al showing this method failed to consider dinidual metabolic
differences(35) yet it is still a recommended appaoh today(8,10 More recent
investigations have proposed a more individualised exercise prescription based on
ventilatory thresholds to personalise individualised training load based on metabolic

responseg36, 37)Recently, Weatherwagt al reported that in sedentary adults, 12 weeks

11
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of aerobic exercise training based on an individualisegf@se prescription using VAT had a
greater effect on the incidence of training response compared to a standardised approach
using HRR. While the exact mechanisms are still not entirely understood, it is believed that
exercise intensity prescribed with eéhuse of ventilatory thresholds takes into consideration
individual metabolic characteristics which are overlooked when using relative percent

methods(38)

The curret data also indicate that VAT is medependant for the overall cohort and across

all three CRF categories. Similar to previous suggestioDd/AT occurred at around 50%
HRR on the treadmill but is 45% loweron the cycle. A similar relation has also been
observed in patiats with chronic heart failur¢39) This mode dependency is also evident in
terms of predicted HRR zones, which are adopted in most UK CR centres, with >75% of
patients on a cycle ergometer achieving VAT at <40% HRR, compared with just 27% of
patients exercising on a treadmill. Previous research has identified a VAT mode dependency
in cardiac patients based on Y(0) The current results differ somewhat as they show a
mode dependency for patients who are yet to begin as opposed to those who have finished
CR. Furthermore, irhe current study this mode dependency is expressed using HRR, which

is adopted in most CR centres, rather tharp,VO

UK CR is provided by the stdtended National Health Service, unlike CR operating in other
international and EU countrigd5) the integréion of CPET equipment is not currently
incorporated into most UK centres and may prove to be prohihi\g Another possible
solution could be to increase the upper intensity limit of exercise prescription in line with

international guidelines at 80% HR#specially for patients in a higher fit categéiy, 42)

12
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Of the 10 patients whose VAT occurred at >70% HRR, 6 achieved VAT at <80% HRR. This
suggests that increasing thgpper rarge ofexercise prescription guideline®uldbe helpful

to a small cohort of atients, and providegreater scope for trainingorogressionin those

that could tolerate it alignng UK guidelinesloser to those seen international($3) This

does not however, address the issue for those who achieved VARBQ.sA further
alternative to personalise exercise prescription across the whole spectrum would be to
identify the HR range corresponding to an RPE et31given that VAT has been shown to
occur around this poin{44, 45) Submaximal testing is routinely performed in UK CR and
identification and utilisation of the HR between these points during testing could ensure
more patients are exercising at or around the VAne caveat to sucanoption is that RPE

is a subjective tool, meaning that appropriate anchoring of\kayes would be required for
each patient, and this would need to be applied consistently within and between each CR

centre in the UK.

To be able toconfidently prescribean individualisedexerciseprogramme in a safe and
effective manner ca be challenging in a cardiac populatiofine healthcare professional

must be able toaccount for medication usage, presence of {ovi cemorbidities, andfor
exampe, adverse events during exercise testingansen and colleagues [46] showed
significant interclinician variance in presbing exercisdor patients with different CVDs
highlighting the challenges poseBurther training and education is key, howevdiygital
resources are available to assist practitioner decigiakingprocessesFor examplethe
European Association of Preventive Cardiolapently developed the Exercise Prescription

in Everyday Practice and Rehabilitative Training (EXPER3Modhe EXPERT tool is an
interactive, digital training and decision support system that assists healthcare professionals

in prescribing o]Jv] ooC + 3]J]A v u ] o00C -« ( £ & ] SE ]Jv]vP

13
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patients. The adoption of tools such as EXPERT should be more widely encouraged and
facilitated to support decision making processes around exercise prescription in cardiac
populdions. The impact of their utility within clinical practice could then be audited to

determine changes in efficacy.

Limitations
The key limitation is that the two groups are made up of separate patients who varied on
some baseline characteristics. Idigaall patients would have completed a CPET using both

modalities to reduce any individual effect.

Conclusion

To our knowledge, this is the first study of its kind to explore VAT in terms of prescribed HRR
zones for cardiac patients to identify the acacy of current UK CR exercise prescription
guidelines. For a large proportion of patients, the guidelines are inaccurate with many
patients achieving VAT at <40% HRR, meaning their exercise prescription may lge over
challenging Conversely, 30% of hidih patients achieved VAT at >70% HRR, meaning their
prescription may be too conservative to provide a stimulus. This underforescription

may lead patients to unnecessarily discontinue their(€# Figures 2a and 2Wherefore,

for UK CRa one sizdits all approach is ineffective and a shift from predictive equations and
submaximal exercise tests to gedthndard CPET on entry to CR would be required to
improve exercise prescription. However, this may not be vidtsea number of reasons
meaning hat adoption of less conservative guidelines could provide a solution to ensuring

that a larger proportion of patients achieve a training stimulus. Furthermore, although

14



VQpeak did not demonstrate a mode dependency, VAT did. This suggests that it may be
necessary to conduct a CPET using both modalities, or tailor exercise prescription based on
the modality used. Future research could confirm this mode dependency for HRR at VAT in

cardiac patients by testing the same group of patients twice, ahagng eadh modality.
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Tablel. Clinicalkcharacteristicof patientsgrouped by exercisemodality

Mean (95%CI) = medianandranges

Variable

Pooled(cycleand treadmill data)

Cycle

Treadmill

Partial

P-value eta-

squared

Sex

(male/female)

Age(years)

BMI (kg/mA)T

RestingSBP
(mmHg)yr

RestingDBP

~uu,Pee

LVER%)

100/14(87.70%male)

61.25(95%Cl;59.35t0 63.14)

29.30(95%CI;28.54t0 30.07)

131.55(95%C1;127.94t0 135.27)

83(60to0 149)

55.77(95%C;54.34t0 57.20)

40/4 (90.0%male)

63.13(95%Cl;60.75t0 65.51)

30.1(95%Cl;28.8to 31.44)

139.57(95%C134.39t0 144.95)

85.50(62t0 104)

57.05(95%CI154.35t0 59.75)

60/10(85.7%male)

58.25(95%Cl;55.21t0 61.29)

28.80(95%Cl29.74to 27.90)

126.74(95%C1;122.18to 131.46)

82 (60t0 149)

54.99(95%CI53.35t0 56.62)

0.411

0.012* 0.054

0.101 0.024

0.001** 0.099

0.09

0.167 0.017



RestingHR
o 60 (42t0 95) 64 (4410 95) 56 (42t0 91) 0.008**
~ JooUee

BMI,Bodymassindex. | P2, kilogramper metre squared SBPsystolicblood pressure mmHg,millimetresof mercury.DBP diastolicblood pressure LVEFeft
ventricularejectionfraction. HR,HeartRate.Bpm,beatsper minute.
*P<0.05,* P<0.01,*** P<0.001. « Variablesare reported asmedian(minimumand maximum)valuesand analysedusinga non-parametrictest.

Tr, transformedusinglogio transformationand reported asarithmetic meanfor meaningfulinterpretation.
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Table2. Theoccurrenceof VATIn relationto predictedHRRrainingzones stratified by exercise
modalityand baselineCRHevels

Number of patients (%)

PredictedHRRthreshold
Pooledcycleand treadmill Cycle Treadmill
<40%predictedHRR 51 (45.4%) 32(76.2%) 19(27.1%)
40-49%predictedHRR 24(21.4%) 5 (11.9%) 19(27.1%)
50-59%predictedHRR 15(13.4%) 4(9.5%) 11 (15.7%)
60-69%predictedHRR 11(9.8%) 0 11(15.7%)
>70%predictedHRR 11 (9.8%) 1(2.4%) 10(14.3%)
Totalwithin 40-70%HRR 44.6% 214% 58.5%
BaselineCRFeategory
LowFit Mod Fit HighFit
<40%predictedHRR 24(57.1%) 23(46%) 4 (20%)
40-49%predictedHRR 11 (26.2%) 11 (22%) 2 (10%)
50-59%predictedHRR 2 (4.8%) 8 (16%) 5(25%)
60-69%predictedHRR 2(4.8%) 6 (12%) 3 (15%)
>70%predictedHRR 3(7.1%) 2(4%) 6 (30%)
Totalwithin 40-70%HRR 35.8% 50% 50%

Predictedheart rate reserveusingcurrentguidelines accountingfor beta-blockade Baselinditness
categorybasedon Tayloret al. (2016);low fit <5 METdor womenand <6 METgor men, mod fit =5<7METs
for womenand 6<8 MET<or men, highfit H METsor women,and H METdor men. VAT ventilatory

anaerobichreshold. HRRheart rate reserve. MET metabolicequivalentwhere 1 MET= 3.5ml-kg!-min-*.
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Table3. Cardiorespiratorglatabasedon maximalCPETn patientsusingcycleandtreadmill exercisemodalities

Pooled Cycle Treadmill P-value Partialeta-
squared
VQpeak(L-min?) 2.00(95%Cl;1.88 2.03(95%Cl;1.82 1.98(95%CI;1.83to 0.644 0.002
to 2.11) to 2.25) 2.12)
VQpeak(Ml-kgt-min) Tr  22.12(95%Cl;19.8 21.43(95%CI;18.0 22.55(95%CI19.7 0.359 0.008
to 24.7) to 25.5 to 25.8
HRmax~ %o U 137(88to 181) 131(88to 181) 139(88to 169) 0.32 -
HRRbpm) 71.5(95%CI;67.7 65.1(95%Cl;58.9 75.43(95%CI;70.69 0.009* 0.061
to 75.4) to 71.3) to 80.17)

VAT(mlkglmind) «  13.1(8.2t029.7) 13.3(8.2t026.0)  16.6(8.6t0 30.0)  0.001***

VAT(L-min) 1.3(0.7t02.5)  1.15(0.7t02.0)  1.35(0.7t0 2.5) 0.027*
HRat VAT(bpm) 94(95%Cl;91t0  90(95%Cl;85t0 97 (95%CI93to 0.016* 0.05
97) 94) 101)

VAT(%0f VObpea) 67.5(95%CI65t0  61.3(95%CI58t0  71.1(95%CI68t0  <0.001**  0.151
70) 65) 74)
VAT(%of predicted ~ 56.8(95%CI52t0  51.8(95%Cl45t0  60.1(95%CI53t0  0.003* 0.08

VQpea) T 63) 60) 68)



VAT(%of HRR) 45.90(95%Cl143  3945(95%CI35.6 49.77(95%Cl46.5 <0.001*** 0.129

to 49) t0 43.3 to 53.0)
VAT(%of HRmax) 71.58(95%CI170.1 69.81(95%CI66.9 72.64(95%CI70.9 0.072 0.029
to 73.]) to 72.7) to 74.9

CPETcardiopulmonaryexerciseest. VQreak Peakoxygenconsumption HRmaxmaximumheart rate. Bpm,beatsper
minute. HRRheartrate reserve. VAT=ventilatoryanaerobiadhreshold.HR heartrate. * P<0.05,** P<0.01,*** P<0.001.
*Us (] are reported as median (minimum and maximum) values analysedusing a non-parametric test. Tr,
transformedusinglogio transformationandreported asarithmetic meanfor meaningfulinterpretation.
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Table 4.Relation between predicted and measured variables stratified by mode of exercise

Pooled

Cycle

Treadmill

Partial eta-
squared

P-value

Predicted
HRmaxadjusted

k%
for t-blockade: 136(118to 174) 138(126t0 174) 134(118to 167) 0.009
bpm) «
VAT(%of
predicted <0.001*
HRmavadjusted 67.97(65.86t0 70.07)  62.74(59.68t0 65.80)  71.10(68.50t0 73.71) . 0.131
for t-blockade)
PredictedHRR
(adjustedfor t-  77.85(950%CI75.04t0  77.93(95%Cl;73.19t0  77.8(95%CI74.24t0 0.955 <0.001
blockade;bpm) 80.66) 82.68) 81.36) ' :
VAT(%of
H *
predictedHRR 4 350 57t087.93)  30.49(9.571069.23)  47.06(12t087.93) 0201
adjustedfor t- x*
o} | e
PredictedVQwpeak  2272.14(95%Cl; 2258.79(95%Cl; 2280.35(95%Cl; 0.815 <0.001
(ml-mirt) 2184.11t0 2360.17)  2114.05to0 2403.53) 2166.68t0 2394.01) ' '
0,
V&Zﬁfﬁ{ggf 87.85(95%CI84.11to  89.99(95%CIB2.64t0  86.56(95%C1;82.40t0 o0 0.007
VOreas 91.58) 97.35) 90.72) : ‘
eal

HRmaxmaximalheartrate. Bpm,beatsper minute. VAT ventilatoryanaerobichreshold.HRRheartrate reserve. VQpeay
Peakoxygenconsumption
*P<0.05,** P<0.01,*** P<0.001. « Variablesare reported asmedian(minimumand maximum)valuesand analysedusinga

non-parametrictest.
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Figurel. Inter-quartile rangeof VATidentificationbasedon predictedHRR%range)in cardiacpatientsseparatedby exercisanodalityand CRFeategory

PredictedHRRusingcurrent guidelinesaccountingfor beta-blockade BaselineCRFategorybasedon Tayloret al. (2016);low fit <5 METsfor women,and

<6 METsfor men, mod fit 5<7METdor women, and 6<8 METsfor men, high fit H METsfor women,and H METsfor men. VAT ,ventilatory anaerobic
threshold.HRRheartrate reserve MET metabolicequivalentwhere 1 MET=3.5ml-kg*-min-*,
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Figure 2a.A case study highlighting how the-Z0% HRR prediction equation may undstimate individualised exercise prescriptic
A 58 yeaiold male taking betdlockers with a BMI of 24.8, Yfkak of 35.28nl-kg'-min in the high fitness category. CPET v
conducted on a treadmillSolid line corresponds to heart rate at ventilatory anaerobic threshold, which is 125bpm.
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Figure 2b A case study highlighting how the-Z0% HRR prediction equation may oestimate individualised exercise
prescription. A 71 yeaold male not taking betdlockers with a BMI of 25.8, \?@eak of 13.82 ml-kgmintin the low fitness
category. CPET wasnducted on a cycle. Solid line corresponds to heart rate at ventilatory anaerobic threshold, which is 72t
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