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Abstract
AIM: To investigate the prognostic significance of rest-
ing heart rate in patients with acute coronary syndrome 
(ACS), independent of other known factors.

METHODS: Patients 40 years of age or older who had 
been admitted with acute coronary syndrome (ACS) to 
one of the 94 hospitals participating in the Prevalence 
of Peripheral Arterial Disease in Patients with Acute 
Coronary Syndrome (PAMISCA) study were included. 
Patients were divided into two groups based on their 

resting heart rate (HR ≥ or < 70 bpm). Complications 
were recording during a follow-up period of 1 year. 

RESULTS: There were 1054 ACS patients analyzed 
(43.5% with ST segment elevation and 56.5% without 
elevation). Mean age was 66.6 ± 11.7 years, 70.6% 
were male and 29.4% of subjects were female. During 
follow-up, more patients in the HR ≥ 70 bpm group 
were hospitalized for heart failure and they also had 
a higher mortality rate. In the multivariate analysis, 
a heart rate of ≥ 70 bpm was independently related 
to overall mortality during the follow-up period (haz-
ard ratio 2.5; 95% confidence interval, 1.26-4.97, P  = 
0.009). 

CONCLUSION: A resting heart rate ≥ 70 bpm in pa-
tients who survive an ACS is an indicator of a high risk 
of suffering cardiovascular events during follow-up.
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INTRODUCTION
Heart rate (HR) is increasingly being postulated as a 
modifiable risk factor for cardiovascular disease. Previ-
ous studies have shown a relationship between elevated 
resting HR and the risk of  cardiovascular disease in the 
general population[1] and in patients with stable coronary 
artery disease with or without hypertension[2-6]. However, 
the threshold at which risk increases in coronary patients 
and the quantitative relationship between HR increase and 
outcome are less well defined. Data from the Coronary Ar-
tery Surgery Study suggested that risk increases at around 
83 beats per minute (bpm) and above[2], whereas analysis 
by the International Verapamil SR/Trandolapril Study 
suggested increased risk above 75 bpm, well below the 
conventional definition of  tachycardia (> 90 bpm)[7]. The 
results of  the BEAUTIFUL study (Evaluation of  the if  in-
hibitor ivabradine in patients with coronary disease and left 
ventricular dysfunction) have recently demonstrated that, 
in a large population with coronary artery disease and left-
ventricular systolic dysfunction who were well treated in 
terms of  cardiovascular prevention, a resting HR at base-
line of  ≥ 70 bpm is a marker for subsequent cardiovascu-
lar death and morbidity[8]. Results were recently published 
in patients with heart failure and ventricular dysfunction in 
whom treatment with ivabradine to decrease HR was ef-
fective and reduced cardiovascular risk[9].

There are few observational studies[10] which have ana-
lyzed the prognostic impact of  resting HR in patients with 
acute coronary syndrome (ACS), independent of  the pres-
ence of  factors associated with advanced arteriosclerotic 
heart disease (peripheral artery disease and kidney disease). 
The objective of  this study is to analyze the prognostic 
impact of  resting HR in patients who have survived the 
acute phase of  a coronary syndrome, establishing the cut-
off  point at 70 bpm as in the BEAUTIFUL study.

MATERIALS AND METHODS
The PAMISCA registry (Prevalence of  Peripheral Arterial 
Disease in Patients with Acute Coronary Syndrome), is 
an observational, prospective, multicenter study, designed 
to investigate the prevalence of  peripheral arterial disease 
in patients admitted to Spanish hospitals with a diagnosis 
of  ACS. A detailed description of  the method used in 
the PAMISCA registry has been published previously[11]. 
Informed consent was obtained from all patients and 
the study was carried out following the principles of  the 
Declaration of  Helsinki (Edinburgh Amendment, 2000). 
The study was approved by an ethics committee. Data on 
risk factors, cardiovascular history and medical treatment 
of  ACS patients were collected at discharge using a stan-
dard questionnaire. Cardiovascular risk factors included 
hypertension, diabetes mellitus, hypercholesterolemia, 
smoking habit, previous ischemic events (ACS, stable 
angina, stroke) and previous heart failure (hospital admis-
sion). Left ventricular ejection fraction was obtained by 
trans-thoracic echocardiography or ventriculography dur-
ing catheterization. Glomerular filtration rate, assessed 

by the Modification of  Diet in Renal Disease Study equa-
tion, was also recorded. HR was determined between day 
3 and 7 of  the event, once the patient was stable. The 
study population was divided into subgroups, depending 
on whether a patient’s HR was ≥ or < 70 bpm, with the 
differential characteristics of  each subgroup being stud-
ied. This cut-off  point was selected in accordance with 
the most recent bibliography[8].

Follow-up of the study population
Patients were followed up to 12 mo after hospital discharge 
to ascertain the occurrence of  clinical events. Clinical com-
plications were defined by the registry investigators’ com-
mittee and included in the data questionnaire. The primary 
endpoint was mortality (cardiovascular and non cardiovas-
cular death). Secondary endpoints were hospital admission 
for myocardial infarction (elevation of  serum markers of  
myocardial damage), heart failure, angina, coronary revas-
cularization and stroke. Angina was defined as the pres-
ence of  chest pain or discomfort with dynamic changes 
in the electrocardiogram. Heart failure was defined as the 
new onset of  signs and symptoms of  abnormal cardiac 
function and one imaging diagnosis (X-ray verification of  
pulmonary congestion or echocardiography diagnosis of  
left ventricular systolic or diastolic dysfunction). All car-
diovascular endpoints were confirmed by hospital reports. 
Every case of  death reported by the medical staff  was cer-
tified by the investigator of  each hospital (death certificates 
or hospital records at the time of  death, or direct contact 
with the family of  patients). Follow-up was performed by 
medical visits or telephone calls. 

Statistical analysis
All data collected in the study was described in terms of  
central trend, dispersion measurements and relative fre-
quencies. The Student t test was used for comparison of  
quantitative variables, the Chi-squared test for comparison 
of  the categorical variables and one-way analysis of  vari-
ance for comparison of  the continuous variables between 
multiple groups. We used a Cox multivariate regression 
analysis with adjustment based on the likelihood ratio. 
The variables entered into the model were those with a P 
value < 0.1 in the univariate analysis: age, sex, hyperten-
sion, diabetes, previous myocardial infarction, previous 
stroke, ejection fraction < 40%, end-stage renal disease, 
revascularization at admission (thrombolysis or percutane-
ous coronary intervention), treatment at discharge with 
aspirin, clopidogrel, statins, β-blockers or angiotensin 
receptor blockers, existence of  peripheral vascular dis-
ease, and HR ≥ 70 bpm. Calibration of  the multivariate 
model was tested by Hosmer-Lemeshow statistic and the 
discriminative power by the area under the ROC (receiver-
operating characteristics) curve obtained by the analysis of  
the probability of  the prognostic value of  the multivariate 
model. The Kaplan-Meier survival method was used for 
the comparison of  survival according to the HR (≥ or < 
70 bpm) using the log-rank test. A value of  P ≤ 0.05 was 
considered statistically significant. Data were analyzed us-
ing SPSS 15.0 software (SPSS Inc., Chicago, IL). 
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RESULTS
Baseline characteristics
A total of  1410 patients were included in the baseline 
study and 13 died before hospital discharge. Investiga-
tors were then invited to provide follow-up for the 1397 
remaining patients for 1 year. A total of  23 investigators 
participated in the study, while 241 patients declined the 
invitation. Therefore, the prospective phase of  the study 
included 1156 patients; 1054 (91.2%) of  these completed 
follow-up. The analysis was carried out in 1054 patients 
with ACS, of  which 43.5% had ST segment elevation and 
56.5% had no ST segment elevation. The mean age of  
included patients was 66.6 ± 11.7 years, 744 (70.6%) were 
male and 310 (29.4%) were female. Table 1 presents the 
characteristics of  the study population. 

Fifty-three percent (53%) of  patients had a resting 
HR ≥ 70 bpm. These patients were elderly with a higher 
percentage of  women, hypertension, diabetes, history of  
heart failure and diagnosed with peripheral artery disease 
(Table 1). During admission, these patients had higher 
blood sugar and cholesterol levels, while their hemoglobin 

levels were lower. Mean systolic blood pressure was higher 
in patients with HR ≥ 70 bpm, as was the percentage of  
patients with left ventricular ejection fraction < 40% at 
admission. Patients with HR ≥ 70 bpm received more di-
uretics and calcium antagonists, while the use of  β-blockers, 
statins and coronary revascularization was lower (Table 1).

During the follow-up period of  approximately 1 year 
(median 382 d, interquartile range 66), patients with HR 
≥ 70 bpm had a poorer outcome (Figure 1), with more 
hospitalizations for heart failure and higher cardiovascu-
lar and non-cardiovascular mortality rates. No differences 
were observed with respect to ischemic complications 
(re-infarction or need for revascularization) (Table 2).

In the multivariate analysis, HR ≥ 70 bpm was in-
dependently correlated with mortality during follow-up 
(hazard ratio 2.5; 95% confidence interval (CI), 1.26-4.97, 
P = 0.009), along with peripheral artery disease during 
hospitalization, ejection fraction < 40%, age and type 
2 diabetes mellitus. In-hospital revascularization (in the 
form of  thrombolysis or angioplasty) acted as a protec-
tive factor (Table 3). The multivariate analysis was accu-
rately calibrated (P = NS; χ2 = 18.5) and had discrimina-
tive power (area under the curve 0.81; 95% CI, 0.74-0.90, 
P < 0.01).

DISCUSSION
Our study revealed the prognostic significance of  resting 
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Table 1  Baseline characteristics (mean ± SD)  n  (%)

HR< 70
(n  = 480)

HR ≥ 70
(n  = 561)

P  

Mean age 6�.� ± ��.9 67.� ± ��.�    �.���
Women �2�.� (��.7) �79.� (��.�)    �.��7
Abdomina� circumference (cm)   99.� (��.9) ���.� (��.�) NS
Body mass index 2�.� (�.9) 2�.� (�.�) NS
Hypertension �72.� (77.�) �7�.� (��.�)    �.���
Diabetes me��itus ��6.� (2�.�) 2�6.� (�2.�) < �.���
Dis�ipidemia ��6.� (�6.7) �7�.� (��.�) NS
Smokers ���.� (��.�) ���.� (27.�) NS
History of heart disease 2��.� (��.�) 2��.� (��.7) NS
History of CVA �7.� (7.7)   �7.� (��.2) NS
Periphera� Artery Disease   62.� (�2.9) ���.� (�9.�)    �.���
Pre�ious heart fai�ure 22.� (�.6)   6�.� (��.9) < �.���
EF < ��% �2.� (7.�)   ��.� (�7.�) < �.���
Mean SBP (mmHg) �2�.� (��.�) �29.6 (22.�) < �.���
Mean DBP (mmHg)   7�.� (��.2)   7�.2 (��.�) NS
Mean HR (bpm) 6�.� (�.9)   ��.6 (�2.6) < �.���
G�ucose (mg�dL) ��6.7 (�6.�) ���.� (��.�) < �.���
Hemog�obin (g�L) ��.6 (�.6) ��.2 (�.9)    �.��2
Tota� cho�estero� (mg�dL) ���.6 (��.�) ���.9 (�2.�)    �.���
LDL cho�estero� (mg�dL) ��9.9 (��.�) ��9.� (��.6) NS 
Creatinine (mg�dL) �.�� ± �.�� �.�� ± �.�2 NS 
GFR (mL�min e�ery �.7� m2) 77.7� ± 2�.�� 7�.�� ± 26.�� NS 
ASA ��9.� (�7.6) ��6.� (�6.�) NS
Diuretics   ��.� (�6.9) ��7.� (62.�)    �.���
β-b�ockers ��7.� (��.6) �79.� (67.6) < �.���
Ca�cium antagonists   72.� (��.�) ��9.� (2�.2)    �.���
ACE inhibitors 2��.� (��.�) ���.� (��.2) NS
Angiotensin Ⅱ receptor 
b�ockers

  ��.� (��.6)   ��.� (��.�) NS

Statins ���.� (�6.�) ���.� (��.7)    �.�2�
Coronary re�ascu�arization 
(PCI�thrombo�ysis)

29�.� (6�.2) 2�7.� (��.9)    �.���

HR: Heart rate; EF: Ejection fraction of the �eft �entric�e; SBP: Systo�ic 
b�ood pressure; CVA: Cerebro�ascu�ar accident; DBP: Diasto�ic b�ood 
pressure; ASA: Acety�sa�icy�ic acid; ACE: Angiotensin con�erting enzyme; 
GFR: Glomerular ��ltration rate; LDL: Low density lipoprotein cholesterol; 
SD: Standard de�iation; PCI: Percutaneous coronary inter�ention.

Table 2  Outcomes  n  (%)

HR < 70
(n  = 480)

HR ≥ 70
(n  = 561)

P

Tota� deaths �� (2.7) �� (�.�) < �.���
Cardio�ascu�ar death �� (2.�) �� (6.2)    �.���
Non-cardio�ascu�ar death   2 (�.�) �� (�.�)    �.���
Hospita�ized for heart fai�ure 22 (�.6)   6� (��.2) < �.���
Re�ascu�arization 
(PCI or surgica�)

  �� (��.�) �� (9.�) NS

Hospita�ized for AMI 22 (�.6) �� (�.�) NS

HR: Heart rate; PCI: Percutaneous coronary inter�ention; AMI: Acute 
myocardia� infarction.

HR 2.5 (1.26-4.29)
P  = 0.009
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Figure 1  Kaplan-Meier curve for cumulative survival. Threshold heart rate 
(HR) ≥ or < 70 bpm.
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HR in patients who survived ACS. We found that HR ≥ 
70 bpm identified a population that is at high risk of  suf-
fering cardiovascular events (death or heart failure) dur-
ing follow-up.

These results confirm those from studies which dem-
onstrated that baseline HR is directly and independently 
related to ischemic events, sudden death, cardiovascular 
death and mortality from any cause, both in patients with 
known ischemic events and in the normal population 
or in patients with increased cardiovascular risk[2,7,8]. It is 
probable that HR is not only a prognostic marker, but 
also has a detrimental cardiovascular effect due to several 
mechanisms: (1) an atherogenic effect (an increase in 
shear stress in the artery which causes increased parietal 
stress and decreased distensibility); (2) increased sympa-
thetic tone (which would induce a procoagulant state); 
(3) increased blood pressure (regardless of  other factors); 
and (4) an increase in the metabolic needs of  the heart. 
The above abnormalities could explain the cardiovascular 
complications in these patients[12-15].

The relationship between HR (its increase) and car-
diovascular mortality has long been known, but its im-
portance as a risk factor was only established in an article 
published in 1980 by Dyer et al[10]. Subsequently, several 
studies have observed how, in individuals with no previ-
ous evidence of  cardiovascular disease, there is a very sig-
nificant relationship between baseline HR, an increase in 
blood pressure and the adjusted rate of  all fatal and non-
fatal coronary events. Risk increased starting at a value of  
60 bpm; risk was five times greater if  baseline HR was > 
90 bpm, regardless of  age, sex and weight.

In a sample of  24913 patients with suspected or 
proven coronary artery disease monitored for an average 
of  14.7 years, Diaz et al[2] recently highlighted that total 
mortality, cardiovascular mortality and re-hospitalization 
due to cardiovascular causes were associated with an in-
crease in HR (P < 0.0001). Patients with HR ≥ 83 bpm 
in the baseline study had total mortality 32% higher than 
the reference group after adjusting for multiple variables. 
In our study conducted in patients with acute myocardial 
infarction who survived after admission, HR ≥ 70 bpm 
during hospitalization (once stabilized) was associated 

with a higher overall mortality, irrespective of  important 
variables such as age, treatment upon discharge or ejec-
tion fraction in long-term follow-up. These findings con-
cur with recent data from the BEAUTIFUL study which 
demonstrated that patients with a history of  ischemic 
heart disease and depressed systolic function who had a 
resting HR ≥ 70 bpm were at higher risk of  cardiovas-
cular complications and death[8]. However, they did not 
concur with regard to adverse events, which were not sig-
nificant in our study. The absence of  long-term follow-
up in our study could explain these differences. 

These epidemiological data are supported by the find-
ings of  various clinical trials which have demonstrated 
that a decrease in HR using drugs, such as β-blockers or 
ivabradin improves prognosis in patients with acute myo-
cardial infarction[16], heart failure[9,17-20], and angina[21-25], 
and is an essential part of  the beneficial effect of  these 
drugs in prognosis. In this respect, an important finding 
in our study is the decreased use of  β-blockers, statins 
and coronary revascularization in patients with a higher 
HR, even though they were at higher risk. The reason 
behind this therapeutic nihilism could be due to a lack 
of  awareness that increased HR can be related to poorer 
prognosis and therefore greater risk, in which case thera-
peutic strategies should be more aggressive.

The limitations of  our study are those inherent to any 
observational registry, from which only an association 
between variables can be established (and not a cause-
effect relationship), the limitations of  obtaining medical 
history data, and of  the comorbidities that could explain 
the changes in HR. 

In conclusion, our study reflects that a resting HR 
≥ 70 bpm after an ACS identifies a population that is at 
high risk of  suffering cardiovascular events, with a higher 
mortality during follow-up. It is possible that more ag-
gressive treatment of  these patients, especially with the 
use of  HR-lowering drugs, could translate into an im-
provement in their prognosis.
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COMMENTS
Background
Heart rate (HR) is increasingly being postulated as a modifiable risk factor for 
cardiovascular disease. Previous studies have shown a relationship between 
elevated resting HR and the risk of cardiovascular disease in the general popu-
lation. There are few observational studies which have analyzed the prognostic 
impact of resting HR in patients with acute coronary syndrome, independent of 
factors which suggest advanced arteriosclerotic heart disease (peripheral artery 
disease and kidney disease).
Research frontiers
HR is of great interest if confirmed as a cardiovascular risk factor, as measures 
can be taken to reduce it. Thus we are developing a series of drugs for its re-
duction (such as ivabradine), and for the possible prevention of cardiovascular 
events.
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Table 3  Multivariate analysis using Cox regression of overall 
mortality 

Variable Hazard ratio 95% CI  P

Heart rate ≥ 7� bpm 2.�� �.26-�.97    �.��9
Periphera� artery disease �.�� �.��-2.��    �.���
Re�ascu�arization 
at admission

�.�� �.29-�.97    �.���

EF < ��% �.�7 �.9�-�.��    �.��7
Age (per year) �.�� �.��-�.�2 < �.���
Type 2 diabetes me��itus �.�� �.��-�.22    �.��7

EF: Ejection fraction of the �eft �entric�e. The ana�ysis inc�udes: treatment 
with β-b�ockers, acety�sa�icy�ic acid, angiotensin con�erting enzyme 
inhibitors, sex, history of ischemic heart disease and pre�ious heart fai�ure 
and a�� the �ariab�es in the tab�e. C-Statistic: �.6�.
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Innovations and breakthroughs
It is possible that more aggressive treatment of these patients, especially with the 
use of HR-lowering drugs, could translate into an improvement in their prognosis.
Applications 
The study results suggest that the HR is a predictor of cardiovascular events, and 
treatment to reduce HR is beneficial for patients with ischemic heart disease.
Terminology
HR is the number of heartbeats per unit of time, typically expressed as beats 
per minute (bpm). HR can vary as the body’s need to absorb oxygen and 
excrete carbon dioxide changes, such as during exercise or sleep. Ivabradine 
is a novel medication used for the symptomatic management of stable angina 
pectoris. Ivabradine acts on the If (f is for “funny”, so called because it had 
unusual properties compared with other current systems known at the time of 
its discovery) ion current, which is highly expressed in the sinoatrial node. If is a 
mixed Na+-K+ inward current activated by hyperpolarization and modulated by 
the autonomic nervous system. It is one of the most important ionic currents for 
regulating pacemaker activity in the sinoatrial (SA) node. Ivabradine selectively 
inhibits the pacemaker If current in a dose-dependent manner. Blocking this 
channel reduces cardiac pacemaker activity, slowing the HR and allowing more 
time for blood to flow to the myocardium.
Peer review
This is a good descriptive study in which authors analyze the the prognostic 
impact of HR in patients with non-ST elevation acute coronary syndrome (ACS). 
The authors reflects that a resting HR ≥ 70 bpm after an non-ST ACS identifies 
a population that is at high risk of suffering cardiovascular events, with a higher 
mortality during follow-up. It is possible that more aggressive treatment of these 
patients, especially with the use of HR-lowering drugs, could translate into an 
improvement in their prognosis.
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