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 Introductions and objectives. Our aim was to investi-

gate the prognostic value of the resting heart rate (RHR) 

in a broad unselected population of patients with stable 

coronary artery disease (sCAD).

Method. Between February 1, 2000 and January 31, 

2004, 1264 ambulatory patients with sCAD were recruited 

into the prospective study. Patients were followed up 

for major events (i.e. death, acute coronary syndrome, 

coronary revascularization, stroke, and hospitalization for 

heart failure). Associations between these events and the 

RHR (i.e. ≥70 beats per minute [bpm] versus <70 bpm) 

were evaluated.

Results. The patients’ median age was 68 years 

(interquartile range [IQR] 60-74 years) and 926 (73%) were 

male. The RHR was ≥70 bpm in 645 patients (51%) and 

<70 bpm in 619 (49%). After a median follow-up period of 

25 months (IQR 12-39 months), with only seven patients 

lost to follow-up, the probability of an event was 17.48% 

in patients with an RHR ≥70 bpm and 17.67% in those 

with an RHR <70 bpm (P=.32) and total mortality was 

2.32% and 2.5%, respectively (P=.56). After adjustment 

for age, sex, cardiovascular risk factors, blood pressure, 

baseline cardiac rhythm, ejection fraction and treatment 

at first visit, no significant association was found between 

the RHR and major events (hazard ratio [HR]=1.04; 95% 

confidence interval [CI], 0.76-1.43; P=.79) or mortality 

(HR=1.24; 95% CI, 0.55-2.81; P=.61).

Conclusions. The RHR was not an adverse prognostic 

factor in this group of unselected patients with sCAD. The 

prognostic value of the RHR in daily clinical practice could 

be low in this population. 

Key words: Stable coronary artery disease. Heart rate. 

Prognosis.

Valor pronóstico de la frecuencia cardiaca en 
reposo en una población general de pacientes 
con cardiopatía isquémica crónica: un estudio 
prospectivo, monocéntrico de cohortes

Introducción y objetivos. Nuestro objetivo es evaluar 

el valor pronóstico de la frecuencia cardiaca en reposo 

(FCr) en una población general no seleccionada de pa-

cientes con cardiopatía isquémica crónica (CIC).

Métodos. Del 1 de febrero de 2000 al 31 de enero de 

2004, se incluyó prospectivamente a 1.264 pacientes am-

bulatorios con CIC, y se los siguió para eventos mayores 

(mortalidad, síndrome coronario agudo, revascularización 

coronaria, ictus e ingreso por insuficiencia cardiaca) para 

evaluar la asociación de éstos con la FCr (≥ 70 frente a 

< 70 lat/min).

Resultados. La mediana [p25-p75] de edad fue 68 [60-

74] años, y 926 pacientes eran varones (73%); 645 pa-

cientes (51%) presentaron una FCr ≥ 70 lat/min y 619 

(49%), FCr < 70 lat/min. Tras una mediana de seguimien-

to de 25 [12-39] meses, con sólo 7 pacientes perdidos, 

la probabilidad de eventos fue del 17,48% en pacientes 

con FCr ≥ 70 lat/min y del 17,67% en pacientes con FCr 

< 70 lat/min (p = 0,32) y la mortalidad total, del 2,32 y el 

2,5% respectivamente (p = 0,56). Tras ajustar por edad, 

sexo, factores de riesgo cardiovascular, presión arte-

rial, ritmo basal, fracción de eyección y tratamiento en la 

primera visita, no encontramos asociación entre la FCr 

y la tasa de eventos mayores (hazard ratio [HR] = 1,04; 

intervalo de confianza [IC] del 95%, 0,76-1,43; p = 0,79) 

o la mortalidad total (HR = 1,24; IC del 95%, 0,55-2,81; 

p = 0,61).

Conclusiones. La FCr no ha sido un factor pronóstico 

adverso en esta muestra no seleccionada de pacientes 

con CIC. La importancia pronóstica de la FCr en la prác-

tica clínica habitual podría ser baja en esta población. 

Palabras clave: Enfermedad coronaria estable. Frecuen-

cia cardiaca. Pronóstico.
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Patients were referred to these clinics by their 
primary care physicians, the emergency room, or 
a cardiology or internal medicine ward. Patients 
were deemed to have sCAD when they met one or 
more of the following criteria: a history of acute 
coronary syndrome (ACS), ie, unstable angina; 
or acute myocardial infarction, or surgical or 
percutaneous coronary revascularization at least 3 
months before inclusion; chest pain with exercise 
testing in the study; isotopic perfusion results or 
stress echocardiography results compatible with 
ischemia; and coronary angiography showing 
>70% stenosis of the lumen diameter of an 
epicardial vessel without serious valve disease.

Patient demographic and clinical information, 
physical examination data, and related testx results 
were collected at the first appointment. The heart 
rate was recorded from a resting electrocardiogram 
performed on the same day as the appointment or 
within the previous month. The baseline rhythm was 
recorded as sinus or as reflecting atrial fibrillation. 
The patients were managed according to their 
doctors’ judgment, based on the Clinical Practice 
Guide of the Sociedad Española de Cardiología, 
the recommendations of the European Society of 
Cardiology, and those of the American College 
of Cardiology/American Heart Association for 
the management of stable angina.10-12 No formal 
analysis of adherence to these recommendations was 
undertaken.

The patients were followed up annually via 
outpatient appointments. Major events were recorded, 
including all-cause death, hospitalization for 
ACS (admission for angina-like chest pain with 
electrocardiographic or enzyme abnormalities), 
the need for revascularization (unforeseen in the 
initial assessment), stroke or transitory ischemic 
event (a neurological deficit of more or less than 
24 h, respectively, diagnosed by a neurologist), or 
admission for heart failure (with a hospital stay of 
at least 24 h). Near the end of the study, medical 
histories, telephone interviews, and contacts with 
family doctors were used in an effort to minimize 
missing data and patients lost to follow up. Causes 
of death for patients who died in hospital was 
obtained from the analysis of medical records; 
for other cases of death information was obtained 
from family doctors and family members. No 
systematic consultation of death certificates was 
undertaken. 

The study adhered to the Helsinki recommendations 
for medical studies. All patients provided written, 
informed consent to be included.

A retrospective analysis of this prospective patient 
cohort was performed to examine the association 
between RHR and the incidence of major events and 
mortality.

INTRODUCTION

Many recent studies have shown that the resting 
heart rate (RHR) is an adverse prognostic factor 
in patients with high blood pressure,1 diabetes,2 
and dyslipidemia.3 The same has been reported 
for patients who have had a heart attack,4 in 
those with heart failure,5 and even for the general 
population.6 In patients with stable coronary 
artery disease (sCAD), the available information 
on the event-prediction power of RHR stems 
from three large studies: an analysis of the CASS 
resgistry,7 which included patients suspected of 
having coronary disease referred for coronary 
angiography more than 30 years ago; a substudy 
of the INVEST clinical trial,8 which included 
hypertensive patients with sCAD randomized 
to receive either verampil or atenolol; and a 
subanalysis of the BEAUTIFUL clinical trial,9 
which examined the prognostic impact of RHR 
on a sample of patients with sCAD and left 
ventricular dysfunction. Although these three 
studies showed the adverse prognostic value of 
the RHR in their own groups of patients, these 
selected populations may not behave in the same 
way as patients with sCAD treated in routine 
clinical practice—a point that the authors of 
these publications themselves raise.7-9 The aim 
of the present work was to assess the prognostic 
importance of the RHR in a general population 
of non-selected patients with sCAD treated as 
outpatients at a university hospital.

METHODS

From February 1, 2000 to January, 31 2004, 
all consecutive patients with sCAD who were 
monitored at 2 cardiology outpatient clinics 
offered weekly by a university hospital and led 
by 2 of the present authors, were included in 
this prospective study. This study was designed 
to determine the prognosis of sCAD in the 
present setting, and to identify any associated 
predictive factors. Patients were not excluded for 
any reason other than declining to participate. 

ABBREVIATIONS

ACS: Acute coronary syndrome 
RHR: resting heart rate 
sCAD: stable coronary artery disease
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RESULTS 

Baseline Clinical and Demographic 
Characteristics 

The study involved 1264 patients. The median age 
was 68 [60-74] years. Seventy-three percent of the 
patients were men. Nine percent of the patients were 
50 years old or under, 31% were 51-65 years old, 
54% were 66-80 years old, and 6% were over 80. At 
the first appointment, the median RHR was 70 [60-
75] beats/min (bpm). The patients were divided into 
2 groups: 645 (51%) with an RHR of ≥70 bpm and 
619 (49%) with an RHR of <70 bpm. Table 1 shows 
the baseline characteristics of both groups and the 
different RHR quartiles. The mean age of the higher 
RHR group was significantly greater; this group 
also had a lower percentage of men and showed a 
higher frequency of diabetes mellitus. No significant 
differences were seen in terms of inclusion criteria 
between the 2 groups. In both groups more than 
80% of patients had suffered a prior ACS, and more 
than 40% had undergone revascularization (the 
majority percutaneously). Surgical revascularization 
was more common in the higher RHR group, and 
percutaneous revascularization more common in 
the lower RHR group. Over 80% of the patients in 
both groups were asymptomatic. Blood pressure 
(systolic and diastolic) was higher in the higher 
RHR group. This group also showed a lower 
frequency of sinus rhythm, a higher rate of left 
ventricular dysfunction, and a significantly lower left 
ventricular ejection fraction. The use of medications 
of prognostic importance (statins, anti-platelet 
drugs, beta blockers) was lower among the higher 
RHR patients, except for the use of angiotensin 
converting enzyme inhibitors (ACEi), angiotensin 
II receptor antagonists (ARA-II) and diuretics, the 
use of which was greater in this group. The findings 
were similar by quartiles (Table 1).

Follow-up Data 

Follow-up data were available for 1257 patients 
(99.45%) patients (ie, there were just 7 losses), 
providing a total 2719 patient-years of follow-
up. The median follow-up time was 25 [12-39] 
months. Some 222 patients (17.66%) suffered at 
least one major event: 116 (18.07%) in the higher 
RHR group, and 106 (17.24%) in the lower RHR 
group (P=.69). No significant differences were seen 
in the rate of any of the assessed events (Table 2). 
The probability of events, estimated via the use of 
Kaplan-Meier curves, was practically the same for 
both groups, at 17.48% for the higher RHR group 
and 17.67% for the lower RHR group at 25 months 
(P=.32) (Figure 1), and with the probability for 

Statistical Analysis 

Baseline and follow-up data were introduced 
into a database created using SPSS v.12.0 software 
(SPSS Inc., Chicago, Illinois, USA). The doctors 
responsible for each patient introduced the 
corresponding data. The Kolmogorov-Smirnov test 
was used to ensure that the quantitative data followed 
a normal distribution. Parametric quantitative 
data are presented as means (standard deviation); 
non-parametric data are presented as medians 
[interquartile range p25-p75]. Qualitative variables 
are expressed as percentages. Two subgroups were 
established: patients with an RHR equal to or above 
the median of the population, and patients with an 
RHR below the median. The sample was also divided 
into quartiles according to the RHR. Comparisons 
of quantitative parametric variables between 
subgroups were made using the Student t test or 
ANOVA; non-parametric quantitative variables 
were compared using the Mann-Whitney test or the 
Wilcoxon test as required. The c2 test was used to 
analyze differences between qualitative variables; 
the Fisher exact test was used when needed. 

Three main endpoints were defined: major 
events (mortality, ACS, need for coronary 
revascularization, stroke, or admission for heart 
failure), coronary events (ACS or the need for 
coronary vascularization), and total mortality. 
Univariate associations of the baseline variables 
with these events were examined via Kaplan-Meier 
curves, using the log-rank test for comparisons 
between subgroups. Cox proportional hazard ratios 
were also calculated. Finally, multivariate Cox 
proportional hazard ratio models were constructed. 
The dependent variables were the major event rate, 
the coronary event rate, and total mortality; the 
independent variable was the RHR, evaluated as 
a dichotomous variable (equal to or greater than 
the median value, or lower than the median), by 
quartiles, and as a continuous variable. 

The models initially involved all those variables 
that, in comparisons between the RHR subgroups, 
differed with a significance of P<.15 or had 
demonstrated prognostic significance in univariate 
analysis. Those variables that showed no significant 
association with the dependent variable in backward 
stepwise regression were eliminated. The final models 
therefore involved only the RHR and the variables 
that were demonstrated to be independent predictors. 
The results are presented as hazard ratios (HR) with 
95% confidence intervals (95% CI). All statistical 
analyses were performed under the guidance of 
the Unidad de Apoyo a la Investigación (Research 
Support Unit) at our center. All calculations were 
made using SPSS software. Significance was set at 
P<.05. 
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atrial fibrillation, and treatment with beta blockers, 
diuretics or digoxin (Tables 3-5).

The initial multivariate models were adjusted by 
age, sex, hypertension, diabetes mellitus, angina, and 
ischemia revealed in imaging tests as an inclusion 
criterion, percutaneous or surgical revascularization, 
functional class, blood pressure, baseline rhythm 
(sinus/atrial fibrillation), and treatment with statins, 

total mortality 2.32% and 2.5% respectively (P=.56) 
(Figure 2). The univariate predictors of major events 
were diabetes mellitus, functional class >I, diastolic 
blood pressure, atrial fibrillation, and treatment 
with diuretics and nitrates; those of coronary events 
were functional class >1, diastolic and systolic blood 
pressure, and treatment with nitrates; and those of 
total mortality were age, diastolic blood pressure, 

TABLE 1. Baseline Characteristics of the Patients According to Their Resting Heart Rate  

 RHR, Dichotomous, bpm RHR, bpm, by Quartiles

 <70 ≥70 P <60 60-69 70-74 ≥75 P

Patients, n 617 645  216 403 317 328 

Demographic characteristics   

 Age, mean (SD), y 66 (10) 67 (11) .03 65 (10) 66 (10) 67 (10) 67 (10) .11

 Men, % 76 71 .03 79 75 72 69 .08

Risk factors, %   

 Hypertension 53 58 .06 51 54 54 63 .04

 Diabetes mellitus 26 36 <.001 22 28 32 40 <.001

 Hypercholesterolemia 84 80 .09 83 84 80 80 .38

 Smokers (ex-smokers) 6 (38) 7 (37) .56 7 (41) 6 (36) 8 (35) 7 (28) .6

 Family history of heart disease 9 8 .33 10 9 8 8 .75

Medical background, %   

 Prior ACS 84 81 .17 82 85 82 80 .37

  With ST elevation 41 42  39 42 42 41 

  Without ST elevation 43 39 .79 43 43 40 39 .68

 Revascularization 40 41 .59 44 37 40 42 .38

  Surgical 10 14 .02 8 11 11 17 .01

  Percutaneous 28 24 .13 34 25 27 22 .025

  Both 2 3 .21 2 1 2 3 .5

 Angina + ischemia 10 13 .11 11 9 11 14 .15

Cardiac variables   

 Functional class   .08     .27

  I, % 84 80  84 84 80 80

  II, % 15 19  16 15 18 19 

  III-IV, % 1 1  0 1 2 1 

 RHR, bpm 59 (6) 76 (8) <.001 52 (4) 62 (3) 70 (1) 82 (8) <.001

 SBP, mmHg 128 (16) 131 (15) <.001 126 (15) 129 (16) 130 (15) 132 (16) <.001

 DBP, mmHg 73 (9) 75 (9) <.01 72 (9) 74 (9) 75 (9) 75 (9) <.01

 Baseline rhythm   .01     <.01

  Sinus, % 96 93  97 96 95 90 

  Atrial fibrillation, % 4 7  3 4 5 10 

 LVEF, % 0.58 (0.13) 0.55 (0.14) .001 0.59 (0.12) 0.58 (0.13) 0.55 (0.13)  0.55 (0.15) <.01

 LVEF ≤0.3, % 4 8 <.01 3 5 5 11 <.01

Treatment at first appointment, %   

 Antiaggregants 96 88 <.001 96 95 91 85 <.001

 Nitrates 70 64 .03 68 71 64 64 .12

 Statins 71 62 .001 71 70 60 63 <.01

 Beta-blockers 71 57 <.001 76 68 60 55 <.001

 ACEi/ARA-II 43 52 .001 37 47 50 55 .001

 Calcium antagonists 47 44 .34 51 45 41 47 .18

 Diuretics 22 32 <.001 19 24 26 37 <.001

 Digoxin 2 6 <.001 2 2 3 9 <.001

Abbreviations: ACEi, angiotensin converting enzyme inhibitors; ACS, acute coronary syndrome; ARA-II, angiotensin II receptor antagonists; DBP, diastolic blood pressure; 
LVEF, left ventricular ejection fraction; RHR, resting heart rate; SBP, systolic blood pressure.
Data are expressed as means (standard deviation) unless otherwise stated. 
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initial models. However, given its association with 
RHR and its recognized prognostic importance, 
additional analyses were performed in which it was 
included. Thus, the number of patients with all 
covariables complete and valid for use in this added 
multivariate analysis was 869 (69% of the sample). 
No association was seen between RHR and the rate 
of adverse events in these models either (Table 6).

DISCUSSION 

As reported in earlier studies,7-9 significant 
differences were seen between the baseline 
characteristics of the patients according to their 

antiaggregants, beta-blockers, ACEi or ARA-11, 
diuretics, calcium antagonists, digoxin or nitrates. 
After refining the models (Table 6), no association 
was found between the RHR and the rate of major 
events, coronary events or total mortality in any 
analysis (ie, with the RHR as a continuous variable, 
a dichotomous variable, or by quartiles). All the 
variables included in multivariate analysis had a rate 
of missing data under 10%. The number of patients 
with complete data for all covariables (those valid 
for the initial multivariate models) was 1210 (96% of 
the sample). No ejection fraction data were available 
for 28% of the patients before the study began; 
this variable was, therefore, not included in the 

TABLE 2. Events During Follow-up 

  RHR <70 bpm (n=615), n (%)a RHR=70 bpm (n=642), n (%)a Pb

Death 15 (2.44) 18 (2.8) .69

 CV 9 (1.46) 12 (1.87) 

 Non-CV 5 (0.81) 6 (0.93) 

 Unknown 1 (0.16) 0 .53

ACS 66 (10.73) 73 (11.37) .72

Percutaneous revascularization 27 (4.36) 28 (4.39) .98

Surgical revascularization 3 (0.49) 7 (1.09) .23

Stroke 15 (2.44) 13 (2.02) .62

Heart failure 15 (2.44) 24 (3.74) .18

Total 106 (17.24) 116 (18.07) .69

Abbreviations: CACS, acute coronary syndrome; CV, cardiovascular; RHR, resting heart rate.
aNumber of patients with at least one of the cited events.
bObtained via the log-rank test.

+ +

++

RHR ≥70 bpm

RHR <70 bpm

P=.32

+ + + + +

++ + + + + ++ + + ++ + ++ + + + + + + +

+ + + + + + ++ + + + + + +
+ + + + + + ++ + + + + + ++ + + ++ + + + + + ++ +

+ +
+ ++ ++

+ +
+ +

0 10 20 30 40

Time in months

1

0.8

0.6

0.4

0.2

0

 P
ro

b
ab

ili
ty

 o
f 

S
u
rv

iv
al

Figure 1. Probability of event-free survival 
according to resting heart rate (RHR) 
(Kaplan-Meier). 
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Figure 2. Probability of survival according 
to resting heart rate (RHR) (Kaplan-Meier).

TABLE 3. Univariate Predictors of Major Events 

Variable

 Rate of Events, n/No. (%)a  

Pb HR (95% CI)c Pc

 Present Absent

Men 158/922 (17.14) 64/335 (19.1) .78 0.96 (0.72-1.28) .78

Age    1.01 (0.99-1.03) .11

HBP 134/698 (19.2) 88/554 (15.88) 0.12 1.24 (0.95-1.62) .12

Diabetes mellitus 84/393 (21.37) 138/858 (16.08) .02 1.36 (1.04-1.79) .03

Hypercholesterolemia 160/946 (16.91) 39/210 (18.57) .54 0.9 (0.63-1.27) .54

Family background 18/102 (17.65) 193/1095 (17.63) .67 0.9 (0.55-1.46) .67

Active smoker 17/83 (20.48) 200/1155 (17.32) .22 1.37 (0.83-2.24) .22

Prior ACS 186/1037 (17.94) 36/220 (16.36) .55 1.11 (0.78-1.59) .55

Revascularization 85/507 (16.77) 137/750 (18.27) .52 0.92 (0.7-1.2) .52

Angina + ischemia 23/141 (16.31) 199/1116 (17.83) .63 0.9 (0.58-1.39) .63

Functional class II-IV 63/227 (27.75) 159/1030 (15.44) <.001 1.81 (1.35-2.43) <.001

SBP, mm Hg    0.99 (0.98-1) .08

DBP, mm Hg    0.98 (0.97-0.99) .03

Atrial fibrillation 20/71 (28.17) 202/1.186 (17.03) .01 1.76 (1.11-2.79) .02

LVEF    1 (0.99-1.01) .51

LVEF ≤0.3 13/55 (23.63) 161/852 (18.9) .69 1.12 (0.64-1.98) .69

Antiaggregants 196/1149 (17.06) 25/105 (23.81) .11 0.72 (0.47-1.09) .12

Nitrates 164/843 (19.45) 57/412 (13.83) <.01 1.52 (1.12-2.05) <.01

Statins 138/830 (14.63) 84/427 (19.67) .08 0.78 (0.6-1.03) .08

Beta-blockers 137/804 (17.04) 84/451 (18.63) .9 .98 (0.75-1.29) .9

ACEi/ARA-II 111/600 (18.5) 109/655 (16.64) .52 1.09 (0.84-1.42) .52

Calcium antagonists 114/570 (20) 107/685 (15.62) .07 1.27 (0.98-1.66) .08

Diuretics 73/339 (21.53) 149/918 (16.23) .04 1.34 (1.02-1.78) .04

Digoxin 13/49 (26.53) 208/1206 (17.75) .06 1.71 (0.98-3) .06

Abbreviations: ACEi, angiotensin converting enzyme inhibitors; ACS, acute coronary syndrome; ARA-II, angiotensin II receptor antagonists; CI, confidence interval; DBP, dias-
tolic blood pressure; HR, hazard ratio; HBP, high blood pressure; LVEF, left ventricular ejection fraction;   SBP, systolic blood pressure.
aNumber of events/number of patients with the category of the variable present or absent. 
bLog-rank test. 
cCox proportional hazard test.
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of medication with prognostic influence resulted in 
a population very different from that of the present 
work. Two more of these earlier studies based their 
conclusions on groups of patients recruited for 
clinical trials, with the possible bias that entails. 
For example, in the INVEST study,8 the proportion 
of women and hypertensive patients were in 
proportions higher than expected in a population 
with sCAD. In addition, the revascularization rate 
was relatively low, as was the use of medications 
with prognostic impact. Further more, in the 
BEAUTIFUL trial,9 although medical treatment 
was adequate, a population at especially high risk 
had been selected—patients with left ventricular 
systolic dysfunction. These differences had a clear 
impact on general prognosis, with total mortality 
reaching 6.31% after one year in the placebo group 
of the BEAUTIFUL trial, compared to 2.24% and 
2.89% in the CASS registry and INVEST study, 
respectively, and 1.24% in the present work. Thus, 
in populations at lower risk, the prognostic impact 
of RHR is lower. 

The INVEST8 study reports an incidence of 
arrhythmia of 6.6% in its population. This was 

RHR. In general, those in the higher RHR group 
had a poorer risk profile, ie, a greater frequency of 
diabetes mellitus, older age, high blood pressure, 
and less use of statins, aspirin and beta blockers. 
However, no significant association was found 
between the RHR and the rate of major events or 
total mortality. No association was found even 
after adjusting for the variables showing significant 
differences at the initial appointment. This seems 
quite surprising given the overwhelming amount of 
evidence in favor of the RHR having a prognostic 
role in other populations1-6 and even in similar 
populations.7-9 This discrepancy might be explained 
in that the studies on sCAD published to date have 
involved highly selected populations that may not 
reflect the reality of everyday clinical practice. Table 
7 shows that the patients of these earlier studies 
differed from those of the present work in several 
important ways. For example, the CASS study 
analysis7 included patients with suspected coronary 
heart disease referred for coronary angiography over 
a period that ended 30 years ago. In addition, the 
relatively young mean age of the patients (53 years), 
the low proportion of diabetics, and the scant use 

TABLE 4. Univariate Predictors of Coronary Events 

Variable

 Rate of Events, n/No. (%)a 

Pb HR (95% CI)c Pc

 Present Absent

Men 123/922 (13.34) 38/335 (11.34) .22 1.26 (0.88-1.81) .22

Age    0.99 (0.98-1) .16

HBP 88/698 (12.6) 73/554 (13.18) .85 0.97 (0.71-1.32) .85

Diabetes mellitus 57/393 (14.5) 104/858 (12.12) .25 1.21 (0.88-1.67) .25

Hypercholesterolemia 114/946 (12.05) 30/210 (14.29) .38 0.84 (0.56-1.25) .38

Family background 13/102 (12.75) 142/1095 (12.97) .73 0.9 (0.51-1.6) .73

Active smoking 13/83 (15.66) 146/1155 (12.64) .22 1.37 (0.83-2.24) .22

Prior ACS 131/1037 (12.63) 30/220 (13.64) .75 0.94 (0.63-1.39) .75

Revascularization 62/507 (12.23) 99/750 (13.2)  .6 0.92 (0.67-1.26) .6

Angina + ischemia 24/141 (17.02) 137/1116 (12.28) .13 1.4 (0.91-2.16) .13

Functional class II-IV 51/227 (22.47) 110/1030 (10.68) <.001 2.14 (1.53-2.98) <.001

SBP, mm Hg    0.99 (0.98-1) .02

DBP, mm Hg    0.98 (0.96-1) .02

Atrial fibrillation 8/71 (11.27) 153/1186 (12.9) 0.68 0.86 (0.42-1.75) .68

LVEF    1 (0.99-1.02) .64

LVEF ≤0.3 8/55 (14.55) 118/852 (13.85) .83 0.93 (0.45-1.89) .83

Antiaggregants 147/1149 (12.79) 14/105 (13.33) .93 0.97 (0.56-1.69) .93

Nitrates 126/843 (14.95) 35/412 (8.5) .001 1.9 (1.31-2.76) .001

Statins 101/830 (12.17) 60/427 (14.05) .2 0.81 (0.59-1.12) .2

Beta-blockers 109/804 (13.56) 52/451 (11.53) .17 1.26 (0.91-1.76) .17

ACEi/ARA-II 74/600 (12.33) 86/655 (13.12) .59 0.92 (0.67-1.25) .59

Calcium antagonists 85/570 (14.91) 76/685 (11.09) .07 1.34 (0.98-1.82) .07

Diuretics 36/339 (10.62) 125/918 (13.62) .16 0.77 (0.53-1.11) .16

Digoxin 6/49 (12.24) 155/1206 (12.85) .96 0.98 (0.43-2.21) .96

Abbreviations: AACEi, angiotensin converting enzyme inhibitors; ACS, acute coronary syndrome; ARA-II, angiotensin II receptor antagonists; CI, confidence interval; DBP, dias-
tolic blood pressure; HBP, high blood pressure; HR, hazard ratio; LVEF, left ventricular ejection fraction;  SBP, systolic blood pressure.
aNumber of events/number of patients with the category of the variable present or absent.
bLog-rank test. 
cCox proportional hazard test.
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wide variation over the course of a day and depends 
on many circumstances. It is therefore difficult to 
accept that a measurement taken at any particular 
time can adequately reflect such a complex variable. 
In fact, the adjustment of anti-angina medication, an 
objective of which is to obtain a relatively low RHR, 
is better based on a series of measurements than on 
a single measurement. However, all studies that 
have examined the value of the RHR in determining 
the prognosis of patients with sCAD have used 
single measurements, obtained either by physical 
examination7,8 or by electrocardiogram.9 

Another possible explanation for the discrepancy 
in the prognostic value of RHR between the present 
and other studies might be an insufficient sample 
size. Table 7 shows that other studies involved 
between 5438 and 24 913 patients, many more than 
in the present work. No required sample size was 
calculated before the present study began: rather, 
as in other studies,7 we analyzed the information 
contained in the large database generated by our 
study and specifically. If the rates of major events 
and mortality seen in the present patients in the 
lower RHR group (17.24% and 2.44% in 2 years, 

significantly associated with a poorer prognosis, but 
the authors did not mention the type of arrhythmia 
involved. The BEAUTIFUL study9 only included 
patients with sinus rhythm, and the CASS registry7 
recorded no information in this respect. In the 
present study, the frequency of atrial fibrillation at 
baseline was greater in the higher RHR patients, 
and was found to be a univariate predictor of major 
events and total mortality. However, after including 
this variable in initial multivariate analysis, it had no 
impact on the results.

The present study is a retrospective analysis of a 
cohort of prospectively enrolled and followed-up 
patients. Although the sample was not specifically 
designed to assess the prognostic value of the heart 
rate, this variable was recorded in a standardized 
fashion in all patients. The methodology is identical 
to that used in the CASS registry7 and INVEST 
study.8 Only the analysis of the placebo group in 
the BEAUTIFUL study9 involved an analysis of 
the prognostic value of RHR as a pre-specified 
objective. 

The present work used a resting electrocardiogram 
to establish the RHR. Certainly, the heart rate shows 

TABLE 5. Univariate Predictors of Total Mortality

Variable

 Rate of Events, n/No. (%)a  

Pb HR (95% CI)c Pc

 Present Absent

Men 23/922 (2.49) 10/325 (3.08) .79 0.9 (0.43-1.9) .79

Age    1.07 (1.03-1.12) .001

HBP 21/698 (3.01) 12/554 (2.17) .35 1.4 (0.69-2.86) .35

Diabetes mellitus 12/393 (3.05) 21/858 (2.45) .56 1.24 (0.61-2.51) .56

Hypercholesterolemia 21/946 (2.22) 6/210 (2.86) .6 0.78 (0.32-1.94) .6

Family background 3/102 (2.94) 28/1095 (2.56) .99 1 (0.3-3.3) .99

Active smoker 3/83 (3.61) 29/1155 (2.51) .43 1.61 (0.49-5.28) .43

Prior ACS 30/1037 (2.89) 3/220 (1.36) .19 2.22 (0.68-7.28) .19 

Revascularization 10/507 (1.97) 23/750 (3.07) .26 0.65 (0.31-1.38) .26

Angina + ischemia 1/141 (0.71) 32/1116 (2.87) .15 0.23 (0.03-1.67) .15

Functional class II-IV 10/227 (4.41) 23/1030 (2.23) .1 1.87 (0.89-3.94) .1

SBP, mm Hg    0.99 (0.97-1.01) .41

DBP, mm Hg    0.96 (0.92-0.99) .03

Atrial fibrillation 6/71 (8.45) 27/1186 (2.28) <.01 3.5 (1.45-8.48) <.01

LVEF    0.98 (0.96-1.01) .14

LVEF ≤0.3 2/55 (3.64) 25/852 (2.93) .93 1.07 (0.25-4.52) .93

Antiaggregants 27/1149 (2.35) 5/105 (4.76) .18 0.52 (0.2-1.36) .18

Nitrates 23/843 (2.73) 9/412 (2.18) .53 1.28 (0.59-2.77) .53

Statins 18/830 (2.17) 15/427 (3.51) .12 0.58 (0.29-1.16) .12

Beta blockers 14/804 (1.74) 18/451 (3.99) .03 0.47 (0.23-0.94) .03

ACEi/ARA-II 17/600 (2.83) 15/655 (2.29) .54 1.24 (0.62-2.48) .54

Calcium antagonists 18/570 (3.16) 14/685 (2.04) .29 1.46 (0.73-2.94) .29

Diuretics 16/339 (4.72) 17/918 (1.85) <.01 2.59 (1.31-5.12) <.01

Digoxin 4/49 (8.16) 28/1206 (2.32) .01 1.23 (0.95-1.36) .02

Abbreviations: ACEi, angiotensin converting enzyme inhibitors; ACS, acute coronary syndrome; ARA-II, angiotensin II receptor antagonists; CI, confidence interval; DBP, dias-
tolic blood pressure; HBP, high blood pressure; HR, hazard ratio; LVEF, left ventricular ejection fraction;   SBP, systolic blood pressure.
aNumber of events/number of patients with the category of the variable present or absent.
bLog-rank test. 
cCox proportional hazard test.
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differences between RHR groups in terms of major 
events.

Finally, the present study is not the only one not 
to have found an association between the RHR and 
prognosis. In the Systolic Hypertension in Europe 
Trial,13 a relationship was only seen between these 
variables in elderly patients with high systolic blood 
pressure in the placebo group. No relationship 
was seen in the treatment group, which, however, 
returned a lower rate of events. Thus, it would seem 
that the prognostic impact of RHR is less when the 
risk of events is lower. 

Limitations of the Study 

Patient enrollment was undertaken just 2 
cardiologists at our center, and patients were 

respectively) are taken into account, for a 95% 
CI, a statistical power of 80% and a magnitude 
of expected effect expressed as a relative risk of 
35%-40% for the higher RHR patients (in patients 
with an RHR ≥70 bpm the BEAUTIFUL study9 
recorded a relative risk of 34% for cardiovascular 
death, 53% for admission for heart failure, 46% 
for myocardial infarction, and 38% for the need 
for coronary revascularization), between 1138 and 
1456 patients would have been required to detect 
significant differences in major events, and 9770-
12 450 would have been necessary to detect the 
same in total mortality (expected relative risks 40% 
and 35%, respectively). The present study included 
1264 patients, a number that appears clearly 
insufficient for detecting significant differences in 
total mortality, and at the limit for establishing 

TABLE 6. Relationship of Resting Heart Rate With Major Events, Coronary Events and Mortality in Final 

Multivariate Models 

 Models not Adjusted for LVEF Models Adjusted for LVEF

 Rate of Events, n/No. (%)a HR (95% CI)b Pb HR (95% CI)b Pb

Major events    

 RHR (continuous) 222/1257 (17.66) 1.01 (0.99-1.02) .26 1.01 (0.99-1.02) .26

 RHR (dichotomous)     

  <70 bpm 106/615 (17.24) 1 (reference)  1 (reference) 

  ≥70 bpm 116/642 (18.07) 1.12 (0.85-1.47) .42 1.04 (0.76-1.43) .79 

 RHR (quartiles)     

  <60 bpm 35/215 (16.28) 1 (reference)  1 (reference) 

  60-69 bpm 71/400 (17.75) 0.98 (0.65-1.48) .93 0.93 (0.59-1.48) .77 

  70-74 bpm 52/315 (16.51) 1.05 (0.68-1.62) .83 0.91 (0.56-1.49) .71 

  >74 bpm 64/327 (19.57) 1.16 (0.76-1.76) .5 1.08 (0.67-1.75) .74 

Coronary events     

 RHR (continuous) 161/1257 (12.81) 1.01 (1-1.02) .16 1.01 (0.99-1.02) .36 

 RHR (dichotomous)     

  <70 bpm 75/615 (12.2) 1 (reference)  1 (reference) 

  ≥70 bpm 86/642 (13.4) 1.21 (0.88-1.66) 0.24 1.12 (0.78-1.61) 0.55 

 RHR (quartiles)     

  <60 bpm 28/215 (13.02) 1 (reference)  1 (reference) 

  60-69 bpm 47/400 (11.75) 0.89 (0.55-1.42) .62 0.71 (0.42-1.21) .21 

  70-74 bpm 42/315 (13.33) 1.1 (0.67-1.79) .71 0.87 (0.51-1.5) .62 

  >74 bpm 44/327 (13.46) 1.14 (0.71-1.85) .59 0.94 (0.55-1.6) .81 

Total mortality     

 RHR (continuous) 33/1257 (2.63) 1.01 (0.98-1.04) .61 1.01 (0.97-1.04) .65 

 RHR (dichotomous)     

  <70 bpm 15/615 (2.44) 1 (reference)  1 (reference) 

  ≥ 70 bpm 18/642 (2.8) 1.26 (0.61-2.58) .53 1.24 (0.55-2.81) .61 

 RHR (quartiles)   

  <60 bpm 3/215 (1.4) 1 (reference) .35 1 (reference) .35 

  60-69 bpm 12/400 (3) 1.92 (0.53-6.91) .32 5.01 (0.65-39.77) .12 

  70-74 bpm 7/315 (2.22) 1.73 (0.44-6.78) .43 4.53 (0.54-37.92) .16 

  >74 bpm 11/327 (3.36) 2.29 (0.62-8.41) .21 4.68 (0.57-38.27) .15 

Abbreviations: CI, confidence interval; HR, hazard ratio, RHR, resting heart rate; LVEF, left ventricular ejection fraction. 
aNumber of events/number of patients in each heart rate group with follow-up data (heart rate as a continuous variable in all patients with follow-up data). 
bCox proportional hazard test.
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variables (eg, medical treatment or the control of 
cardiovascular risk factors) may have experienced. 
As in similar studies, the present work only took 
into account the initial appointment results. 

CONCLUSIONS 

Despite its limitations, the present study found 
no significant association between the RHR and 
the prognosis of non selected patients with sCAD 
treated at a university hospital in Spain. The 
prognostic value of the RHR in routine clinical 
practice may be low in this population. However, it is 
possible that some effects may have failed to show a 
significant association because of a lack of statistical 
power. Studies with more patients and more events 
are required for more reliable conclusions to be 
drawn. However, while the results of larger studies 
are awaited (which should include non selected 
populations receiving appropriate treatment), the 
present findings suggest caution should be exercised 
against overestimating the prognostic impact of the 
RHR in patients with sCAD at low risk of a cardiac 
event. 
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enrolled in weekly clinics, explaining the slow rate 
of recruitment. Given that both clinics cared for 
non-selected cardiological patients referred without 
restriction by primary care physicians, emergency 
room physicians, and hospital wards, the sample 
likely reflects very well the actual population of 
patients with sCAD cared for at our center. It need 
not, however, be representative of the populations 
cared for at other centers in Spain. Multicenter 
studies performed at national scale would be required 
to determine whether the present results are valid for 
these other populations. Secondly, the sample size 
or the rate of events may have been too small for 
significant differences to have been noticed. Note 
that in Table 6 the majority of hazard ratios are >1, 
reaching 2.29 for the quartile with the highest RHR 
with respect to total mortality. This might indicate a 
possible greater risk for patients with a high RHR, 
although with a wide confidence level. This could 
mean that the number of events registered was 
insufficient to provide adequate statistical power. 
However, the present findings could be clinically 
relevant since they indicate that the prognostic 
impact of RHR in populations at low risk is small.

Thirdly, no adjustment was made for the ejection 
fraction for the entire sample, since data were missing 
for 28% of the patients at the time of inclusion. This 
limitation is shared by other studies.7 

Fourthly, no exhaustive analysis of the cause 
of death was undertaken. This, plus the reduced 
number of events, precluded a separate analysis of 
cardiovascular mortality. 

Finally, the multivariate analysis did not take into 
account the changes that, over time, the prognostic 

TABLE 7. General and Prognostic Characteristics of the Patients in the CASS, INVEST and BEAUTIFUL Studies, 

and Those of the Present Patients 

 CASS7 INVEST8 BEAUTIFUL9 Present Study 

Patients n 24 913 22 192 5438 1264

Follow-up, y 14.7 2.7 1.6 2.1

Population Registry, referred for coronary angiography Clinical trial Clinical trial  Cardiology outpatients

Years covered 1975-1979 1997-2001 2004-2006 2000-2004

Mean age, y 53 66 65 68

Men, % 76 48 83 73

High blood pressure, % 42 100 71 56

Diabetes mellitus, % 11 28 37 31

Prior revascularization, % ND 27 52 40

Ejection fraction 0.59 ND 0.32 0.56

Lipid lowering drugs, % 4 37 74 66

Beta-blockers, % 44 50 87 64

Antiaggregants, % 7 57 94 92

Mortality/year, % 2.24 2.89 6.31 1.24
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