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predicts cardiovascular events following  
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Abstract: Background: Age-predicted maximum heart rate (APMHR) has been demonstrated to be a poor predictor 
of future cardiovascular (CV) events and is yet to be validated as a termination point during exercise testing. In con-
trast, maximum rate pressure product (MRPP) is recognized as a strong predictor of CV outcome with superior CV 
event prediction over APMHR. Heart rate reserve (HRR) has been shown to be a powerful predictor of CV mortality 
during exercise testing, however thus far, this is not confirmed for non-fatal CV events. The aim of this study was to 
compare APMHR, MRPP and HRR as predictors of CV events following otherwise negative exercise treadmill test-
ing. Methods: After exclusions, 1080 patients being investigated for coronary artery disease performed an exercise 
stress echocardiogram (ESE) to volitional fatigue on a motorised treadmill. Blood pressure was measured manually, 
and ultrasound images performed as per current American Society of Echocardiography guidelines. Rate pressure 
product and HRR were calculated throughout the test and maximum values were identified. Patients were followed 
for 5.3±2.6 mean years. Results: From receiver operating characteristic analysis, cut points were established for 
APMHR (94.6%) (AUC 0.687), MRPP (25085) (AUC 0.729) and HRR% (95.9) (AUC 0.688). MRPP outperformed both 
APMHR and HRR% for the prediction of future CV events. Furthermore, on Cox proportional hazard analysis MRPP 
was the strongest uni- and multivariate predictor (p<0.0001) with APMHR and HRR% failing to reach any statistical 
significance. Conclusions: The current study demonstrates the substantial prognostic power of MRPP over both 
APMHR and HRR% to predict CV events following an otherwise negative ESE for myocardial ischemia.

Keywords: Rate pressure product, myocardial ischemia, exercise treadmill testing, age-predicted maximum heart 
rate, heart rate reserve, exercise stress echocardiogram

Introduction

Age-predicted maximum heart rate (APMHR) in 
patients performing exercise treadmill testing 
has been demonstrated to be a poor predictor 
of future cardiovascular (CV) events such as, 
fatal or non-fatal myocardial infarction, percu-
taneous coronary intervention (PCI)/balloon 
angioplasty, coronary artery bypass grafting, 
stroke or the development of significant heart 
failure [1, 2]. Likewise, the widespread use of 
an APMHR of 85% as a termination point during 
exercise testing has not been validated [1, 3, 
4]. In contrast, the product of heart rate and 
systolic blood pressure, termed the rate pres-

sure product (RPP), has been documented to 
be a strong predictor of CV outcome and supe-
rior to APMHR to predict CV events in those 
with normal exercise test results [1, 2]. During 
maximal exercise testing, the difference in 
heart rate from rest to peak, labelled the heart 
rate reserve (HRR) has been shown to be a 
robust predictor of CV mortality during both 
exercise and pharmacological stress testing 
[5-8]. The use of HRR to predict non-fatal CV 
events has not been described. There is con-
siderable debate over which parameter (AP- 
MHR, RPP, HRR or metabolic equivalents) 
should be used to measure adequate myocar-
dial workload during exercise stress testing in 
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otherwise normal tests [1, 9-11]. Establishing 
an appropriate cut-point of myocardial work 
considered enough to separate those patients 
that require further follow-up from those that 
don’t, would be beneficial. Therefore, the aim  
of this study was to compare APMHR, RPP  
and HRR as predictors of future CV events in 
patients performing otherwise negative exer-
cise treadmill testing.

Materials and methods

The study cohort originated from the Logan 
Hospital, a public hospital in southeast Qu- 
eensland, Australia. Approval to perform the 
study was granted by the Metro South Health 
Service District Human Research Ethics 
Committee (QMS/61502) and conformed to 
the declaration of Helsinki. Retrospective data 
were gathered from consecutive exercise 
stress echocardiograms (ESE) performed 
between 01/01/2010 and 31/12/2016 (n= 
1338). All patients provided informed consent 
prior to commencement. Tests performed for 
valve assessment (n=39), myocardial viability 
(n=20) and chronotropic competence (n=13) 
were not included. Only tests performed for  
the investigation of ischemic heart disease 
were included (n=1266) in the study. Tests  
considered positive, inconclusive or with rest-
ing left ventricular dysfunction (n=186) were 
excluded due to different management strate-
gies in these groups. Therefore, the total num-
ber of tests remaining for analysis was 1080. 

Exercise

Transthoracic echocardiography images were 
obtained with a Philips IE33 ultrasound 
machine (Philips Medical Systems, Andover, 
MA) in the left lateral decubitus position. Ima- 
ge analysis was performed as per American 
Society of Echocardiography guidelines [12]. 
The treadmill exercise was performed to voli-
tional fatigue using the standard Bruce proto-
col on a computer-controlled treadmill system 
(Marquette Case, Milwaukee, WI) [13]. Manual 
blood pressure measurements were taken by 
an experienced operator at least once every 
stage, at peak exercise, and a minimum of 
twice during recovery. RPP was calculated by 
multiplying heart rate by systolic blood pres-
sure throughout the test and maximum RPP 
(MRPP) was identified. HRR was adjusted for 
age as a percentage using the formula: (maxi-

mum heart rate-resting heart rate/APMHR-
resting heart rate) ×100 [7]. Mean follow up 
was 5.3±2.6 years by reference to medical 
records, mortality registry or contact with the 
patients’ general practitioners.

Analysis

Quantitative data were summarised as mean ± 
standard deviation and the paired student t- 
test was used to compare rest and stress con-
ditions. Categorical data were compared using 
Fisher’s exact test. Sensitivity and specificity 
for MRPP, APMHR and HRR% were calculated 
with respect to CV events (CV mortality, non-
fatal myocardial infarction, PCI/balloon angio-
plasty, coronary artery bypass grafting, stroke 
or minimum of stage 3 heart failure) [14] at 
mean follow-up using receiver operating char-
acteristic (ROC) analyses. The longest vertical 
deviation from the diagonal line was chosen as 
the optimal cut-point. To assess the factors 
influencing future CV events, Cox proportional 
hazard models were created using variables 
selected from baseline and test data between 
those with and without CV events (Tables 1  
and 2). The cut-points for MRPP, APMHR and 
HRR% were also included in the model with 
entry and multivariate retention set at 0.05  
significance. Kaplan-Meier survival analysis 
was used to assess outcome with respect to  
CV events for those above and below the opti-
mal cut point for MRPP. The log-rank test was 
used to assess statistical significance. Data 
analysis was performed using XLSTAT 2020.5 
(Addinsoft, New York) with a 2-tailed P value 
<0.05 considered statistically significant.

Results

Demographics

The physical attributes and ESE measures of 
patients with and without CV events during fol-
low-up are displayed in Table 1. Table 2 lists 
the CV disease risk factors and medications of 
the patients at time of testing. There were sig-
nificant increases in heart rate, systolic blood 
pressure and MRPP from resting values for 
both groups (p<0.01). Those with CV events 
were older; had lower heart rates at rest; per-
formed less exercise at a lower myocardial 
work; exhibited more diastolic dysfunction and 
had more regional wall motion abnormalities 
on their resting echocardiograms (Table 1). 
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They also had more prior coronary artery dis-
ease, used more CV medications, and overall 

for both APMHR and HRR. Both heart rate 
parameters failed to achieve statistical signifi-

Table 1. Physical characteristics and ESE measures for those with and without cardiovascular (CV) 
events during follow-up
Variable CV Events (n=96) No CV Events (n=984) P-Value
Age (years) 60.4±11.3* 53.7±11.6 <0.01
Men 62 (64.6%) 483 (49.1%) 0.11
Body mass index (kg/m2) 28.9±5.3 29.2±5.6 0.60
Resting heart rate (bpm) 73±14 78±13* <0.01
Resting systolic blood pressure (mmHg) 130±20 127±17 0.11
Resting rate pressure product 9521±2347 9934±2281 0.09
Maximum heart rate (bpm) 143±18# 161±19*,# <0.01
Maximum systolic blood pressure (mmHg) 167±25# 172±21*,# 0.04
Maximum rate pressure product 23830±4610# 27595±4572*,# <0.01
Test duration (min:sec) 7:24±2:30 8:25±2:34* <0.01
Metabolic equivalents 8.9±2.6 10.1±2.7* <0.01
Resting regional wall motion abnormalities 12 (12.5%)* 43 (4.4%) <0.01
Diastolic dysfunction 27 (28.1%)* 106 (10.8%) <0.01
Values show number of cases (n), mean ± SD or percentage (%) of the group. #Significant from resting values P<0.05. *Signifi-
cant between CV event and no CV event group P<0.05.

Table 2. Cardiovascular (CV) disease risk factors and medi-
cations at time of stress test for those with and without CV 
events during follow-up

Variable CV Events 
(n=96)

No CV Events 
(n=984) P-Value

CV disease risk factors 3.0±1.2 2.7±1.5 0.02
No risk factors for CV disease 5 (5.2%) 58 (5.9%) >0.99
Family history of CV disease 24 (25.0%) 288 (29.3%) 0.57
Diabetes Mellitus 26 (27.1%) 171 (17.4%) 0.07
Smoker 19 (19.8%) 220 (22.4%) 0.71
Hypertension 68 (70.8%) 456 (46.3%) 0.01
Dyslipidemia 74 (77.1%) 473 (48.1%) <0.01
Obesity 33 (34.4%) 379 (38.5%) 0.68
Prior coronary artery disease 48 (50.0%) 150 (15.2%) <0.01
Medications per patient 3.2±1.7 1.7±1.7 <0.01
No medications 9 (9.4%) 353 (35.9%) <0.01
β blockers 54 (56.3%) 211 (21.4%) <0.01
Ca2+ blockers 22 (22.9%) 124 (12.6%) 0.02
ACE inhibitors 33 (34.4%) 202 (20.5%) 0.02
Angiotensin receptor blockers 22 (22.9%) 183 (18.6%) 0.43
Nitrates 13 (13.5%) 20 (2.0%) <0.01
Statins 58 (60.4%) 413 (42.0%) 0.04
Diuretics 11 (11.5%) 67 (6.8%) 0.15
Aspirin 53 (55.2%) 331 (33.6%) <0.01
P2y12 inhibitor 25 (26.0%) 85 (8.6%) <0.01
Values show number of cases (n), ± SD or percentage (%) of the group. ACE; 
Angiotensin-converting enzyme.

presented with a greater CV disea- 
se risk (Table 2).

Statistical analysis

ROC analyses revealed an optimal 
cut point of 25085 for MRPP (sensi-
tivity 75.2%, specificity 75.6%, area 
under curve (AUC) 0.729), 94.6% for 
APMHR (sensitivity 68.6%, specifici-
ty 60.7%, AUC 0.687) and 95.9% for 
HRR% (sensitivity 81%, specificity 
48.2%, AUC 0.688). There was no 
statistical significance between the 
models (Figure 1). Table 3 shows 
the outcome of Cox proportional 
hazard analysis, including uni- and 
multi-variate predictors of CV 
events. Only the presence of previ-
ous ischemic heart disease and a 
MRPP <25085 remained significant 
predictors. Figure 2 illustrates the 
Kaplan-Meier curve for CV events 
with respect to the MRPP cut-point 
of 25085. The cumulation of CV 
events was significantly less in 
those above MRPP 25060 compar- 
ed to those below at any juncture  
on the curve (p<0.01) (Figure 2). 
Figure 3 displays the Kaplan-Meier 
analysis for cumulative CV events 
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cance with respect to the cut-points until mean 
follow-up (Figure 3).

Discussion

In the present study, MRPP outperformed AP- 
MHR and HRR% to predict future CV events. 
While MRPP failed to demonstrate statistical 
significance from APMHR or HRR% (Figure 1), 
additional Cox hazard model analysis revealed 
the cut-point for MRPP (25085) as the stron-
gest uni- and multi-variate predictor of CV 
events during the mean follow-up of 5.3 years 
(P<0.0001) (Table 3). In contrast, the diagnos-
tic model for APMHR could be considered mod-
est at best (AUC 0.687) (Figure 1). The inability 
to achieve the cut-points of 85 or 95% APMHR 
during the treadmill testing failed to predict CV 
events (Table 3). Eighty-five percent of APMHR 
is often assumed a suitable level of myocardial 
work during treadmill exercise [15]. The current 
study found 85% APMHR demonstrated poor 
sensitivity (28.6%) for the detection of future 
CV events in otherwise negative ESEs (Figure 
1). This would be an unacceptable miss rate in 
clinical practice and begs the question why this 
level of APMHR (85%) is still used as a marker 

men under the age of 40. They also demon-
strated HRR as a better predictor than cardio-
respiratory fitness in the same group of men 
[5]. The average age of our cohort with CV 
events was 60.4±11.3 years (Table 1), clearly 
outside the age range of Cheng et al. group. 
This could possibly explain the discrepancy 
with the current study. Only β-blocker use,  
prior ischemic heart disease or the inability to 
reach a MRPP of 25085 were univariate pre- 
dictors of future CV events, with the latter two 
remaining as predictors on multivariate analy-
sis. In the current study those with prior isch-
emic heart disease were more likely to be on a 
β-blocker and this may explain the use of 
β-blockers emerging as a univariate predictor 
of CV events. The long-term benefits of β- 
blocker used in coronary artery disease have 
seen mixed results in those without prior myo-
cardial infarction [18-20]. Our cohort was not 
split into those with myocardial infarction and 
those without, however the number with rest- 
ing regional wall motion abnormalities was low 
(Table 1). This suggests that β-blocker use in 
the current study was probably linked to prior 
coronary artery disease rather than being a 
true independent CV event predictor, a point 
supported by the drop out on multivariate an- 

Figure 1. Receiver operating characteristic (ROC) curve for age-predicted 
maximal heart rate (APMHR), heart rate reserve (HRR%) and maximum rate 
pressure product (MRPP). The black arrows indicate the optimal cut-point. 
The black dot indicates the data point at 85% APMHR.

of adequate myocardial work 
or as a termination point dur-
ing exercise testing [1, 2, 4, 
16]. Along with APMHR, HRR% 
was also ineffective at predict-
ing CV events (AUC 0.688) 
(Figure 1). This differs to previ-
ous studies showing HRR as  
a predictor of CV mortality dur-
ing bicycle and treadmill exer-
cise testing [5, 6, 17]. These 
studies however looked at CV 
mortality only and not all CV 
events, focusing also on quar-
tiles or tertiles of HRR rather 
than a fixed cut-point adjusted 
for age that our study em- 
ployed. In a study by Engeseth 
et al., when HRR was adjusted 
for age, only those with low 
physical fitness remained at 
significant risk of CV death [6]. 
Another study by Cheng et al. 
showed HRR to be a better  
predictor of CV mortality than 
any parameter of heart rate,  
be that resting or APMHR, in 
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alysis. It has long been acknowledged that the 
presence of ischemic heart disease increases 
the risk of future CV events, first reported by 
Kannel et al. in the Framingham study [21]. We 

marker of adequate myocardial work beyond 
that of APMHR and HRR [1, 2]. As an estab-
lished surrogate measure of myocardial oxy- 
gen consumption during exercise [22, 23] it is 

Table 3. Univariate and multivariate predictors of cardiovascular events from exercise stress echocar-
diogram results

Variable Univariate Hazard 
Ratio (95% CI)

Chi 
Square P-Value Multivariate Hazard 

Ratio (95% CI)
Chi 

Square P-Value

Age 1.02 (0.99-1.05) 3.1 0.077 - - -
Hypertension 1.43 (0.79-2.59) 1.4 0.240 - - -
Dyslipidemia 1.28 (0.74-2.21) 0.8 0.384 - - -
Prior CAD 3.10 (1.76-5.48) 15.2 <0.0001 2.82 (1.86-4.27) 24.0 <0.0001
β-Blocker use 1.78 (1.10-2.90) 5.4 0.020 0.89 (0.54-1.47) 0.2 0.660
Ca2+ channel blocker use 1.03 (0.59-1.83) 0.1 0.909 - - -
ACE inhibitor use 1.44 (0.90-2.29) 2.3 0.127 - - -
Nitrate use 0.91 (0.44-1.87) 0.1 0.794 - - -
Statin use 0.69 (0.40-1.19) 1.8 0.179 - - -
Aspirin use 0.88 (0.55-1.43) 0.3 0.614 - - -
P2Y12 inhibitor use 0.67 (0.38-1.18) 1.9 0.166 - - -
<7:24 min:sec treadmill time 1.00 (1.00-1.01) 0.5 0.469 - - -
<8.9 METS 0.87 (0.62-1.24) 0.6 0.450 - - -
<85% APMHR 0.05 (0.00-0.33) 2.4 0.120 - - -
<95% APMHR 0.76 (0.37-1.56) 0.6 0.454 - - -
<96% HRR 1.69 (0.76-3.79) 1.6 0.202 - - -
MRPP <25085 7.36 (4.05-13.4) 42.8 <0.0001 9.30 (5.68-15.2) 78.3 <0.0001
Resting RWMA 0.77 (0.40-1.48) 0.6 0.437 - - -
Diastolic dysfunction 0.84 (0.51-1.39) 0.5 0.496 - - -

Figure 2. Cumulative cardiovascular events (CV) for those achieving <25085 
or ≥25085 maximum rate pressure product (MRPP).

confirmed this in the current 
study with those having prior 
ischemic heart disease three 
times more likely to have a CV 
event (Table 3). The strongest 
predictor of future CV events 
however was the inability to 
reach an MRPP of 25085 with 
a nine times greater risk dem-
onstrated on multivariate an- 
alysis in those unable to reach 
this level (Table 3). Whitman  
et al. previously showed com-
parable levels of MRPP to be 
as predictive of CV outcome. 
Much like the current study, 
MRPP outperformed APMHR 
for the prediction of CV events, 
even in the setting of mild LV 
dysfunction [2] or poor func-
tional capacity [1]. There is 
mounting evidence demonstr- 
ating the benefits of RPP as a 
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not surprising to the authors that RPP outper-
forms both in this area. APMHR and HRR do  
not take the blood pressure response into 
account and even an exaggerated increase in 
SBP during ESE has been associated with 
reduced CV events on follow-up [24].
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use of the latter as a more 
accurate measure of myocar-
dial workload during exercise 
treadmill testing.

Disclosure of conflict of inter-
est

None.

Address correspondence to: Dr. 
Mark Whitman, Cardiac Investiga- 
tions Unit, Logan Hospital, Yatala, 
Queensland 4207, Australia. Tel: 
+61-617-3299-8876; Fax: +61-

mailto:mark.whitman@health.qld.gov.au
mailto:mark.whitman@health.qld.gov.au


RPP, APMHR or HRR to predict cardiovascular events

456 Am J Cardiovasc Dis 2021;11(4):450-457

in patients with reduced functional capacity 
and otherwise negative exercise stress test? A 
single centre observational study. Cardiol J 
2019; 26: 753-760.

[2] Whitman M, Jenkins C, Sabapathy S and Ad-
ams L. Comparison of heart rate blood pres-
sure product versus age-predicted maximum 
heart rate as predictors of cardiovascular 
events during exercise stress echocardiogra-
phy. Am J Cardiol 2019; 124: 528-533.

[3] Jain M, Nkonde C, Lin BA, Walker A and Wack-
ers FJ. 85% of maximal age-predicted heart 
rate is not a valid endpoint for exercise tread-
mill testing. J Nucl Cardiol 2011; 18: 1026-
1035.

[4] Gibbons RJ, Balady GJ, Beasley JW, Bricker JT, 
Duvernoy WF, Froelicher VF, Mark DB, Marwick 
TH, McCallister BD, Thompson PD Jr, Winters 
WL, Yanowitz FG, Ritchie JL, Gibbons RJ, Cheit-
lin MD, Eagle KA, Gardner TJ, Garson A Jr, Lew-
is RP, O’Rourke RA and Ryan TJ. ACC/AHA 
guidelines for exercise testing. A report of the 
American College of Cardiology/American 
Heart Association Task Force on practice 
guidelines (committee on exercise testing). J 
Am Coll Cardiol 1997; 30: 260-315.

[5] Cheng YJ, Macera CA, Church TS and Blair SN. 
Heart rate reserve as a predictor of cardiovas-
cular and all-cause mortality in men. Med Sci 
Sports Exerc 2002; 34: 1873-1878.

[6] Engeseth K, Hodnesdal C, Grundvold I, Liestøl 
K, Gjesdal K, Erikssen G, Kjeldsen SE, Eriks-
sen JE, Bodegard J and Skretteberg PT. Heart 
rate reserve predicts cardiovascular death 
among physically unfit but otherwise healthy 
middle-aged men: a 35-year follow-up study. 
Eur J Prev Cardiol 2016; 23: 59-66.

[7] Bangalore S, Yao SS and Chaudhry FA. Com-
parison of heart rate reserve versus 85% of 
age-predicted maximum heart rate as a mea-
sure of chronotropic response in patients un-
dergoing dobutamine stress echocardiogra-
phy. Am J Cardiol 2006; 97: 742-747.

[8] Cortigiani L, Ciampi Q, Carpeggiani C, Bovenzi 
F and Picano E. Prognostic value of heart rate 
reserve is additive to coronary flow velocity re-
serve during dipyridamole stress echocardiog-
raphy. Arch Cardiovasc Dis 2020; 113: 244-
251.

[9] Sadrzadeh Rafie AH, Sungar GW, Dewey FE, 
Hadley D, Myers J and Froelicher VF. Prognostic 
value of double product reserve. Eur J Cardio-
vasc Prev Rehabil 2008; 15: 541-547.

[10] Myers J, Prakash M, Froelicher V, Do D, Par-
tington S and Atwood JE. Exercise capacity and 
mortality among men referred for exercise test-
ing. N Engl J Med 2002; 346: 793-801.

[11] Bourque JM, Holland BH, Watson DD and 
Beller GA. Achieving an exercise workload of > 
or = 10 metabolic equivalents predicts a very 
low risk of inducible ischemia: does myocardial 

perfusion imaging have a role? J Am Coll Car-
diol 2009; 54: 538-545.

[12] Pellikka PA, Nagueh SF, Elhendy AA, Kuehl CA 
and Sawada SG. American Society of Echocar-
diography recommendations for performance, 
interpretation, and application of stress echo-
cardiography. J Am Soc Echocardiogr 2007; 
20: 1021-1041.

[13] Bruce RA, Blackmon JR, Jones JW and Strait G. 
Exercising testing in adult normal subjects and 
cardiac patients. Pediatrics 1963; 32: Suppl 
742-756.

[14] Yancy CW, Jessup M, Bozkurt B, Butler J, Casey 
DE Jr, Drazner MH, Fonarow GC, Geraci SA, 
Horwich T, Januzzi JL, Johnson MR, Kasper EK, 
Levy WC, Masoudi FA, McBride PE, McMurray 
JJ, Mitchell JE, Peterson PN, Riegel B, Sam F, 
Stevenson LW, Tang WH, Tsai EJ and Wilkoff 
BL. 2013 ACCF/AHA guideline for the manage-
ment of heart failure: executive summary: a 
report of the American College of Cardiology 
Foundation/American Heart Association Task 
Force on practice guidelines. Circulation 2013; 
128: 1810-1852.

[15] Shaw L, Hendel R, Borges-Neto S, Lauer MS, 
Alazraki N, Burnette J, Krawczynska E, Cerquei-
ra M and Maddahi J; Myoview Multicenter Reg-
istry. Prognostic value of normal exercise and 
adenosine 99mTc-tetrofosmin SPECT imaging: 
results from the multicenter registry of 4,728 
patients. J Nucl Med 2003; 44: 134-139.

[16] Pinkstaff S, Peberdy MA, Kontos MC, Finucane 
S and Arena R. Quantifying exertion level dur-
ing exercise stress testing using percentage of 
age-predicted maximal heart rate, rate pres-
sure product, and perceived exertion. Mayo 
Clin Proc 2010; 85: 1095-1100.

[17] Sandvik L, Erikssen J, Ellestad M, Erikssen G, 
Thaulow E, Mundal R and Rodahl K. Heart rate 
increase and maximal heart rate during exer-
cise as predictors of cardiovascular mortality: 
a 16-year follow-up study of 1960 healthy 
men. Coron Artery Dis 1995; 6: 667-679.

[18] Bangalore S, Steg G, Deedwania P, Crowley K, 
Eagle KA, Goto S, Ohman EM, Cannon CP, 
Smith SC, Zeymer U, Hoffman EB, Messerli FH 
and Bhatt DL; REACH Registry Investigators. 
β-blocker use and clinical outcomes in stable 
outpatients with and without coronary artery 
disease. JAMA 2012; 308: 1340-1349.

[19] Motivala AA, Parikh V, Roe M, Dai D, Abbott JD, 
Prasad A and Mukherjee D. Predictors, trends, 
and outcomes (among older patients ≥65 
years of age) associated with beta-blocker use 
in patients with stable angina undergoing elec-
tive percutaneous coronary intervention: in-
sights from the NCDR registry. JACC Cardiovasc 
Interv 2016; 9: 1639-1648.

[20] Zhang H, Yuan X, Zhang H, Chen S, Zhao Y, Hua 
K, Rao C, Wang W, Sun H, Hu S and Zheng Z. 
Efficacy of long-term beta-blocker therapy for 



RPP, APMHR or HRR to predict cardiovascular events

457 Am J Cardiovasc Dis 2021;11(4):450-457

secondary prevention of long-term outcomes 
after coronary artery bypass grafting surgery. 
Circulation 2015; 131: 2194-2201.

[21] Kannel WB, Dawber TR, Kagan A, Revotskie N 
and Stokes J 3rd. Factors of risk in the develop-
ment of coronary heart disease: six year follow-
up experience: the Framingham study. Ann In-
tern Med 1961; 55: 30-50.

[22] Gobel FL, Norstrom LA, Nelson RR, Jorgensen 
CR and Wang Y. The rate-pressure product as 
an index of myocardial oxygen consumption 
during exercise in patients with angina pecto-
ris. Circulation 1978; 57: 549-556.

[23] Nelson RR, Gobel FL, Jorgensen CR, Wang K, 
Wang Y and Taylor HL. Hemodynamic predic-
tors of myocardial oxygen consumption during 
static and dynamic exercise. Circulation 1974; 
50: 1179-1189.

[24] Bouzas-Mosquera MC, Bouzas-Mosquera A 
and Peteiro J. Excessive blood pressure in-
crease with exercise and risk of all-cause mor-
tality and cardiac events. Eur J Clin Invest 
2016; 46: 833-839.


