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Heart rate on admission is an independent risk factor
for poor cardiac function and in-hospital death after
acute myocardial infarction

Tsuyoshi Honda (MD, PhD) ∗, Hisanori Kanazawa (MD),
Hidenobu Koga (MD, PhD), Yuji Miyao (MD, PhD),
Kazuteru Fujimoto (MD, PhD)

Department of Cardiology, Cardiovascular Center, National Hospital Organization Kumamoto Medical Center, 1-5 Ninomaru,
Kumamoto 860-0008, Japan

Received 21 April 2010; received in revised form 6 May 2010; accepted 10 May 2010
Available online 30 June 2010

KEYWORDS
Acute myocardial
infarction;
Heart rate;
Cardiac function;
In-hospital death

Summary
Background: Increased resting heart rate (HR) due to sympathetic hyperactivity is associated
with coronary risk factors and increased cardiovascular events. Acute myocardial infarction
(AMI) is accompanied by autonomic imbalance, which is characterized by sympathetic activation
and parasympathetic inactivation. Although an increased HR in patients with acute coronary
syndrome has been reported to be associated with 30-day and 6-month mortality before the
coronary intervention era, it is unclear if an increased HR on admission is associated with the
prognosis of AMI in the coronary intervention era.
Methods: We enrolled 200 consecutive patients with AMI within 24 h of symptom onset. All
patients underwent coronary angiography. They were divided into quartiles based on resting HR
on admission.
Results: There was no difference in coronary risk factors and previous medical treatment among
the four groups. Anterior AMI was significantly lower in the lowest quartile compared with other
quartiles. There was no difference in peak creatine kinase value among the four groups, however
left ventricular ejection fraction (LVEF) before discharge evaluated by echocardiography in the
highest quartile group was significantly reduced compared to other quartiles. An increased HR
was significantly associated with in-hospital death. Patients in the highest quartile of HR were
about nine times more likely to have a poor prognosis after AMI compared to those in the
lowest quartile. Multiple logistic analysis revealed that HR ≥93 was an independent risk factor
for in-hospital death. HR was significantly associated with Killip class and LVEF on admission.

∗ Corresponding author. Tel.: +81 96 353 6501; fax: +81 96 325 2519.
E-mail address: thonda@kumamoto2.hosp.go.jp (T. Honda).

0914-5087/$ — see front matter © 2010 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.jjcc.2010.05.006

dx.doi.org/10.1016/j.jjcc.2010.05.006
mailto:thonda@kumamoto2.hosp.go.jp
dx.doi.org/10.1016/j.jjcc.2010.05.006


198 T. Honda et al.

Conclusions: These findings indicate that increased HR on admission predicts for poor cardiac
function and in-hospital death after AMI.
© 2010 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights reserved.

Introduction

Acute myocardial infarction (AMI) is a leading cause of death
among adults and AMI survivors have an increased risk of
developing heart failure. It is important to evaluate patient
risk such as cardiac remodeling and future adverse events in
the early stage after AMI.

AMI is accompanied by imbalanced autonomic ner-
vous activity, which is characterized by activation of
the sympathetic nervous system and inactivation of the
parasympathetic nervous system [1—5]. Postinfarct sympa-
thetic hyperactivity leads to high levels of extracellular
norepinephrine in the heart after AMI, which increases
the risk of cardiac arrhythmias and mortality [6—9]. It is
well known that resting heart rate (HR) reflects autonomic
activity, and several studies have also shown that rest-
ing HR is correlated with hyperglycemia, hyperinsulinemia,
metabolic syndrome, and mortality [10—14].

An elevated plasma glucose (PG) and white blood cell
(WBC) count have been associated with a poor outcome of
AMI both before and after the coronary intervention era
[15—19]. Although an increased HR in the patients with acute
coronary syndrome has been reported to be associated with
30-day and 6-month mortality before the coronary interven-
tion era, it is unclear if an increased HR on admission is
associated with the prognosis of AMI in the coronary inter-
vention era [20,21].

Therefore, we examined the association between HR on
admission and cardiac outcome after AMI.

Methods

Study population

We retrospectively studied 200 consecutive patients who
were admitted to the Department of Cardiology at
Kumamoto Medical Center within 24 h after the onset of
AMI and underwent coronary angiography between January
2008 and September 2009 (Table 1). The diagnosis of AMI was
made by Universal Definition of Myocardial Infarction [22].
The subjects were divided into quartiles based on resting
HR.

Blood pressure, HR, PG, WBC count, glomerular filtra-
tion rate (GFR), and hemoglobin (Hb) were measured at the
time of arrival at the emergent unit of Kumamoto Medical
Center. GFR was calculated using the abbreviated Modifica-
tion of Diet in Renal Disease Study formula [23]. Creatine
kinase (CK) was measured every 4—6 h after admission, and
peak CK was obtained in 199 patients. One patient was dead
before peak CK was obtained. Blood samples for measures
of PG and WBC count were obtained at the time of hospital
admission. Total cholesterol (T-Cho), high-density lipopro-
tein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglyceride (TG), PG, and hemoglobin A1c (HbA1c)
were measured in a fasting state on the day after
admission.

Analysis of coronary risk factors for coronary
artery disease

The traditional risk factors for coronary artery disease used
for statistical analysis were hypertension (HT), lipid profiles
(T-Cho, HDL-C, LDL-C, and TG), current cigarette smok-
ing habit, body mass index (BMI), and diabetes mellitus
(DM).

HT was defined as blood pressure ≥ 140/90 mm Hg and/or
the use of antihypertensive medication. Current cigarette
smoking was defined as ≥10 cigarettes/day for 10 years
including cessation of smoking within 1 year. DM was defined
as a fasting blood glucose ≥ 126 mg/dl and/or HbA1c ≥ 6.5%
or the use of antidiabetic medication.

Coronary angiography and coronary intervention

Emergent coronary angiography was performed in all
patients in the acute phase of AMI. The use of coro-
nary angiography and reperfusion therapy was based on
the discretion of the physician. One hundred and eighty-
five patients underwent coronary intervention, five patients
underwent coronary artery bypass surgery. Four patients
were treated with medical treatment due to coronary spas-
tic angina. Six patients were also treated with medical
treatment because it was difficult to perform coronary inter-
vention (culprit lesions were located at the peripheral site
of coronary arteries).

AMI sites were divided into 2 groups (anterior AMI and
non-anterior AMI). Diseased vessel was defined as coro-
nary arteries narrowed ≥75% and the patients were divided
into 2 groups (single-vessel disease and multi-vessel dis-
ease).

Evaluation of left ventricular ejection fraction by
echocardiography

All patients underwent echocardiography by laboratory
technicians after admission and before discharge. Left ven-
tricular ejection fraction (LVEF) was measured by modified
Simpson method. Poor cardiac function was defined as LVEF
before discharge < 50%.

In-hospital death

In-hospital death was defined as all-cause death during hos-
pitalization.

Statistical analysis

Results were expressed as the mean ± SD when variables
were continuous and normally distributed, and the median
(interquartile range) when variables were continuous but
not normally distributed. Continuous variables were com-
pared between groups using a two-tailed unpaired t-test
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