
Does Initial and Delayed Heart Rate Predict Mortality in Patients with Acute
Coronary Syndromes?

DAVID KOVAR, M.D., CHRISTOPHER P. CANNON, M.D.,*   JANE H. BENTLEY, B.SC.,†   ANDREW CHARLESWORTH, B.SC.,† 
WILLIAM J. ROGERS, M.D.

Division of Cardiology, University of Alabama at Birmingham, Birmingham, Alabama; *Division of Cardiology, Brigham and
Women’s Hospital, Boston, Massachusetts, USA; †Nottingham Clinical Trials Data Centre, Nottingham, United Kingdom

Summary

Background: Lower admission heart rate (HR) is known to
predict favorable outcome in ST-elevation acute myocardial
infarction. However, there are limited short-term and no long-
term data available regarding the prediction value of the initial
HR in patients with the full spectrum of acute coronary syn-
dromes (ACS). In addition, it is unknown whether the HR ob-
tained later during hospitalization for ACS (i.e., Day 2 or 3) re-
mains prognostically valuable.

Hypothesis: The aim of this study was to investigate the
utility of the initial and delayed HR in predicting outcome in
patients with ACS.

Methods: We examined mortality at 30 days and 10 months
in 10,267 patients with ACS enrolled in the oral glycoprotein
IIb/IIIa inhibition with Orofiban in Patients with Unstable
coronary Syndromes-Thrombolysis In Myocardial Infarction
(OPUS-TIMI) 16 trial. Patients were stratified by HR and day
from onset of ACS into the following groups: (1) HR < 60
beats/min, (2) HR 60–80 beats/min, (3) HR 80–100 beats/min,
(4) HR > 100 beats/min; and HR obtained on (1) Day 1, (2)
Day 2, and (3) Day 3.

Results: By univariate analysis, mortality at 30 days and at
10 months increased progressively with higher HR strata (1.4
vs. 1.6 vs. 2.3 vs. 5.6%, p < 0.001, and 2.6 vs. 4.2 vs. 6.5 vs.

11.8%, p<0.001, respectively). Elevated HR remained associ-
ated with mortality irrespective of time from onset of ACS.

Conclusions: Higher initial and delayed HR is highly pre-
dictive of higher short- and long-term mortality in patients
with ACS. This is a simple marker that could be easily used in
risk assessment.
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Introduction

Effective management of acute coronary syndromes (ACS)
requires early identification of patients at high risk for an un-
satisfactory outcome. It has been reported that admission heart
rate (HR) values independently predict mortality in patients
with ST-elevation acute myocardial infarction (STEMI).1–9

Recently, Boersma et al. identified HR as a significant predic-
tor of 30-day mortality in patients with ACS without persistent
ST-segment elevation.10 However, there are no data regarding
the long-term predictive value of the initial HR in patients with
the full spectrum of ACS. In addition, it is unknown whether
an elevated HR obtained later during hospitalization for ACS
(i.e., on Days 2, 3) is also associated with adverse outcomes.

The primary objectives of our study were as follows: (1) to
quantify the short and long-term prognostic significance of
initial HR on mortality and other endpoints in a large popula-
tion of patients hospitalized for ACS, and (2) to assess the pre-
diction value of HR by day from onset of ACS. We hypothe-
sized that there would be a progressive increase in mortality
with increasing HR irrespective of the time interval from onset
of the index event.

Methods

Data Sources

The oral glycoprotein IIb/IIIa inhibition with Orofiban in
Patients with Unstable coronary Syndromes-Thrombolysis 
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In Myocardial Infarction (OPUS-TIMI)-16 trial was a pro-
spective, randomized, multicenter study of patients with ACS
(unstable angina, non-ST-elevation myocardial infarction
[NSTEMI]) conducted in 888 hospitals in 29 countries world-
wide. The protocol and main results of the OPUS-TIMI-16 tri-
al have been reported previously.11 Briefly, the study was de-
signed to compare two doses of the oral glycoprotein IIb/IIIa
platelet receptor blocker, orbofiban, with placebo for manage-
ment of patients with ACS. In all, 10,302 patients were ran-
domized into the trial within 72 h of the onset of ACS from
October 10, 1997, to November 5, 1998. The exclusion crite-
ria were reported previously11 and included patients with car-
diogenic shock. All patients received aspirin; other therapy
was at the discretion of the attending physician. Patients were
seen in follow-up at 14 and 30 days, and every 3 months there-
after. Treatment and follow-up were planned to continue for 
an average of 1 year. Because of higher mortality in one of the
dose groups treated with orbofiban, the Data and Safety
Monitoring Committee recommended ending enrollment pre-
maturely on November 5, 1998. Follow-up was terminated on
January 18, 1999.

Patients

We studied 10,267 patients with ACS. Twenty-one addi-
tional patients were excluded from our analyses because they
had no baseline HR measurement recorded. Heart rate was
measured either by physical examination or by electrocardio-
gram (ECG) as close to randomization as possible. Patients
were divided into four groups based on their admission HR:
(1) HR < 60 beats/min, (2) HR 60–80 beats/min, (3) HR
80–100 beats/min, and (4) HR > 100 beats/min. To evaluate
whether elevated HR obtained later during the initial hospital
stay remains a predictor of increased mortality, patients were
stratified according to whether their admission HR was ob-
tained (1) within 24 h of ACS, (2) 24–48 h after onset of ACS,
and (3) 48–72 h after onset of ACS. Clinical events were com-
pared between the groups at 30 days and 10 months.

Definitions

Acute coronary syndrome was defined as ischemic dis-
comfort at rest associated with positive cardiac markers, and/
or acute ECG changes, and/or evidence of coronary artery
disease.11

Statistical Analysis

For each group in the general population and specific sub-
groups of patients including the elderly, diabetics, women, and
patients with congestive heart failure (CHF), STEMI, NSTE-
MI, and unstable angina (UA), outcome results are presented
with Kaplan-Meier event rates. Probability values were deter-
mined from log-rank tests with follow-up censored at time in-
dicated (i.e., 30 days or 10 months). Multivariate analyses

were performed to adjust for confounding variables and to as-
sess the independent prognostic value of admission HR on
subsequent mortality and other endpoints. The following vari-
ables were included in the multivariate models: age, gender,
history of hypertension, diabetes mellitus, hypercholesterol-
emia, prior MI, prior revascularization, history of heart failure,
smoking, ECG changes, elevated cardiac enzymes, and use of
heparin, aspirin, and nitrates. Patients with unknown value for
any variable were excluded from multivariate analyses. All
statistical analyses were performed using S-Plus 2000.

Results

Baseline Characteristics

Baseline characteristics of all four HR groups are shown 
in Table I. Patients were, on average, about 60 years old. Pa-
tients with admission HR > 100 beats/min were older and
more likely to be female and black compared with other HR
groups. Prevalence of hypertension, diabetes mellitus, pe-
ripheral vascular diseases, and heart failure was higher in pa-
tients with higher HRs. In contrast, patients with admission
HR < 60 beats/min had higher occurrence of previous MI, pri-
or angina, and prior percutaneous transluminal coronary an-
gioplasty (PTCA) and coronary artery bypass graft (CABG)
surgery. Patients with higher HR strata were more likely to be
treated with diuretics and angiotensin-converting enzyme
(ACE) inhibitors. Elevated HR was associated with higher
frequency of CHF of any severity and lower ejection fraction.
Patients with elevated HR also had higher mean systolic and
diastolic blood pressure on admission, increased troponin lev-
el, and longer duration of discomfort and hospitalization.
There were no significant differences in frequency of revas-
cularization between groups.

Thirty-Day Results

At 30 days, mortality increased progressively with higher
admission HR strata (1.4 vs. 1.6 vs. 2.3 vs. 5.6%, p < 0.001)
(Fig. 1). Rate of recurrent MI was significantly higher in pa-
tients with HR > 100 beats/min than in patients with HR < 60
beats/min (5.7 vs. 2.7%, p = 0.004). The rate of recurrent 
ischemia leading to urgent revascularization was not signifi-
cantly different among the four groups (p = 0.35). Cox propor-
tional hazards multivariate analysis is shown in Table II. 
In patients with HR > 100 beats/min, relative risk (RR) for
mortality was more than three-fold higher compared with the
group with HR < 60 (RR 3.08, 95% confidence interval [CI]
1.54–6.17). There was no significant difference in mortality
rate between patients with HR 60–80 and 80–100 beats/min
compared with patients with HR < 60 beats/min (RR 1.09,
95% CI 0.66–1.79 and RR 1.61, 95% CI 0.94–2.79, respec-
tively). Besides HR > 100 beats/min, other independent pre-
dictors of death at 30 days were ST-segment depression (RR
2.1, 95% CI 1.11–3.96), elevated creatine kinase (RR 1.84,
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TABLE I Baseline characteristics

<60 beats/min 60–80 beats/min 80–100 beats/min >100 beats/min
Characteristics (n = 2,214) (n = 5,854) (n = 1,893) (n = 306) p Value

Age (mean, year) 61.1 60.2 60.1 62.0 0.001
Male sex (%) 76.9 71.6 69.6 62.7 <0.001
White race (%) 91.5 90.9 89.6 88.6 0.003
Black race (%) 2.3 2.7 3.8 5.2 0.003
Medical history (%)
Previous MI 30.1 27.4 23.6 28.9 <0.001
Previous UA 27.7 23.6 20 24.3 <0.001
Prior PTCA 14 10.7 7.9 9.5 <0.001
Prior CABG 12.6 10.9 8.1 8.5 <0.001
Heart failure 3.3 5 6.4 12.1 <0.001
PVD 6.7 6.7 7.2 10.5 <0.001
Prior nonhemorrhragic stroke 3.1 2.5 2.9 3.9 0.26

Risk factors (%)
Hypertension 39.8 43.1 45.7 48.7 <0.001
Hypercholesterolemia 29.9 28.2 25.9 26.8 0.03
Diabetes mellitus 14.6 20.8 27.1 35.6 <0.001
Family history of CAD 39.6 40.5 40.2 41.3 0.9
Current smoker 37.2 36.3 35.7 33.4 0.69

Drugs used in 2 weeks before 
randomization (% of patients)
Beta blockers 20.7 15.8 12.1 13.1 <0.001
Nitrates 13.2 12.2 11.6 15.7 <0.001
Diltiazem 7.2 7.8 7.7 12.4 0.003
Amlodipine 4.7 4.3 4.6 5.2 <0.001
Nifedipine 5.2 5.4 4.9 5.6 0.89
Lipid-lowering therapy 16.1 14.9 11.4 13.7 <0.001
Aspirin 23.7 21.8 19.2 19.9 <0.001
ACE inhibitors 11.7 13.7 15.8 19.9 <0.001
Diuretics 7.6 10 11.8 12.1 <0.001

Drugs used for management of 
event (% of patients)
Beta blockers 36 41.5 43 38.6 <0.001
Nitrates 51.1 54.8 55.7 46.1 <0.001
Aspirin 47.5 52.7 57.9 52 <0.001
Unfractionated heparin 79.6 79.4 79.8 80 0.98
LMWH 17.7 17.1 17.3 16.3 0.91

Physical examination
Systolic BP, mean (mmHg) 125.16 128.76 133.23 138.61 <0.001
Diastolic BP, mean (mmHg) 71.32 74.42 77.53 80.57 < 0.001
Heart rate, mean (beats/min) 56.04 71.25 88.94 111.89 < 0.001
Killip I (%) 95.3 92.8 86 68.8 < 0.001
Killip II (%) 4 6.5 12.6 24.7 < 0.001
Killip III (%) 0.4 0.5 1.3 5.9 < 0.001
Killip IV (%) 0.3 0.2 0.2 0.7 < 0.001

Duration of discomfort, mean (min) 186.59 223.57 240.43 276.88 < 0.001
Duration of hospitalization, mean (days) 8.8 8.87 9.46 10.57 < 0.001
CK> ULN (%) 54 61 67.7 64.6 < 0.001
CK-MB > ULN (%) 69.4 74.3 78.6 78.2 < 0.001
Positive troponin (%) 16 19.5 21.7 27 < 0.001
LVEF (mean) 56.25 54.07 50.71 47.86 <0.001
Coronary arteriography (%) 17.1 18 20 13.1 0.01
Revascularization attempted (%) 51.6 56.9 57.6 62.5 0.21

Abbreviations: ACE = angiotensin-converting enzyme, BP = blood pressure, CABG = coronary artery bypass graft, CAD = coronary artery 
disease, CK = creatine kinase, LMWH = low molecular weight heparins, MI = myocardial infarction, LVEF = left ventricular ejection fraction,
PTCA = percutaneous transluminal coronary angioplasty, PVD = peripheral vascular disease, UA = unstable angina, ULN = upper limit normal.
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95% CI 1.09–3.12), and advanced age (RR 1.06 per year, 95%
CI 1.04–1.08).

Ten-Month Results

As shown in Figure 2 , at 1 year the rate of death remained
significantly higher in higher HR groups (2.6 vs. 4.2 vs. 6.5 vs.
11.8%, p < 0.001). There was no significant difference in the
rate of recurrent MI (p = 0.16) and recurrent ischemia leading
to urgent revascularization (p = 0.46) between the four groups.
When adjusted for confounding variables, RRs of death for
patients with HR >100, HR 80–100, and HR 60–80 beats/min
were 3.25 (95% CI 1.88–5.6), 1.91 (1.24–2.94), and 1.39
(0.94–2.05), respectively (Table II). At 10-month follow-up, in
addition to HR > 80 beats/min, other independent predictors of
mortality were history of heart failure (RR 1.86, 95% CI 1.28–
2.7), ST depression (RR 1.63, 95% CI 1.07–2.48), elevated
creatine kinase (RR 1.53, 95% CI 1.06–2.21), diabetes melli-
tus (RR 1.43, 95% CI 1.09–1.88), and advanced age (RR 1.07
per year, 95% CI 1.05–1.08).

Relation between Heart Rate and Time from Onset of Acute
Coronary Syndrome

As demonstrated in Figure 3, increased short- and long-
term mortality was associated with elevated HR not only dur-
ing the initial presentation but also on the second and third hos-
pital day.

Subgroup Analysis

The relationship of increased risk of death with higher HR
strata at 30 days and 10 months also applied to specific popu-
lation subgroups, including patients with and without dia-
betes (Fig. 4), patients with and without history of CHF (Fig.
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TABLE II Cox proportional hazards multivariate analysis comparing rel-
ative risk for mortality among heart rate groups at 30 days and 10 months

Relative risk for mortality p Value

30 Days 10 Months 30 Days 10 Months

HR 60–80 a 1.09 1.39 
(0.66–1.79) (0.94–2.05) 0.73 0.09

HR 81–100 a 1.61 1.91 
(0.94–2.79) (1.24–2.94) 0.08 0.003

HR>100 a 3.08 3.25 
(1.54–6.17) (1.88–5.6) 0.001 <0.001

a vs. HR<60.
Abbreviation: HR = heart rate.

6 Log-rank test p < 0.001
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5), older and younger patients (Fig. 6), men and women (Fig.
7), and patients with the full spectrum of ACS (Fig. 8) com-
prising STEMI (32.4% of all patients), NSTEMI (23.1%),
and UA (44.5%).

Discussion

Our study demonstrates that higher initial HR (especially
HR > 100 beats/min) is highly predictive of higher short- and
long-term mortality in patients with ACS. Patients with initial
HR > 100 beats/min have a greater than three-fold increased
risk of death at both 30 days and 10 months compared with 
patients with HR < 60 beats/min. The results of our study are
very consistent, as demonstrated by progressive increase of
mortality with increasing HR strata in various patient popula-
tions (i.e., diabetics vs. nondiabetics, CHF vs. no CHF, > 70
years vs. < 70 years old, women vs. men, and STEMI vs.
NSTEMI vs. UA).

84

FIG. 8 Relation between heart rate and mortality in patients with
ST-elevation myocardial infarction (STEMI), non-ST-elevation my-
ocardial infarction (NSTEMI), and unstable angina (UA); 30-day
and 10-month data.

NSTEMISTEMI
0

5

10

15

20
p < 0.01 p < 0.01

10 Months

p < 0.01

M
or

ta
lit

y 
(%

)

UA

< 60 
beats/min

60–80 
beats/min

80–100 
beats/min

> 100 
beats/min

NSTEMISTEMI
0

5

10

15

20

p = 0.02 p<0.01

30 Days

p = 0.05

M
or

ta
lit

y 
(%

)

UA

DMNo DM DMNo DM
0

5

10

15

20

p = 0.05 p < 0.01

30 Days 10 Months

p < 0.01 p < 0.01

M
or

ta
lit

y 
(%

)

< 60 
beats/min

60–80 
beats/min

80–100 
beats/min

> 100 
beats/min

FIG. 4 Relation between heart rate and mortality in patients with
and without diabetes mellitus (DM).

FemaleMale FemaleMale
0

5

10

15

20

p < 0.01 p = 0.52

30 Days 10 Months

p < 0.01 p = 0.05

M
or

ta
lit

y 
(%

)

< 60 
beats/min

60–80 
beats/min

80–100 
beats/min

> 100 
beats/min

FIG. 7 Relation between heart rate and mortality in female and
male patients.

> 70 Years< 70 Years > 70 Years< 70 Years
0

5

10

15

20 p < 0.01 p = 0.09

30 Days 10 Months

p < 0.01 p < 0.01

M
or

ta
lit

y 
(%

)

< 60 
beats/min

60–80 
beats/min

80–100 
beats/min

> 100 
beats/min

FIG. 6 Relation between heart rate and mortality in patients aged <
70 years and > 70 years.

CHFNo CHF CHFNo CHF
0
5

10

15

20

25

30
35

p < 0.01 p < 0.01

30 Days 10 Months

p < 0.01

p < 0.01

M
or

ta
lit

y 
(%

)

< 60 
beats/min

60–80 
beats/min

80–100 
beats/min

> 100 
beats/min

FIG. 5 Relation between heart rate and mortality in patients with
and without history of congestive heart failure (CHF).



D. Kovar et al.: Prediction of mortality by HR in patients with ACS

Timing of Heart Rate Assessment

To estimate the risk of death in patients with ACS, multiple
risk stratification scores have been developed recently.12–23

The majority of these included elevated cardiac markers and
ECG changes as independent predictors of adverse outcomes.
Unfortunately, there are limited data on risk assessment of
“subacute” patients with ACS after initial presentation. Our
study is unique because it demonstrates that HR is a very use-
ful mortality predictor, not only during the initial presentation
but also later during hospitalization (i.e., on hospital Days 2
and 3). As most patients with ACS are being monitored con-
tinuously while in the hospital, a simple hemodynamic param-
eter such as HR might be used as an uninterrupted risk prog-
nosticator. We believe that patients with elevated HR might
have additional benefit from aggressive therapy. It is interest-
ing that, in our study, HR >100 beats/min was the most potent
predictor of 30-day and 10-month mortality.

The present study confirms and extends observations de-
rived from the analysis performed by Boersma et al.10 They
showed that elevated HR increases risk of death by 36% for
patients with NSTEMI and by 12% for patients with UA.
However, their study was limited to a 30-day follow-up.10 Our
study is the first to evaluate long-term prediction capability of
admission HR on mortality in patients with the full spectrum
of ACS, including STEMI and UA/NSTEMI. Our study is
unique in evaluating the relation of HR to the rate of recurrent
MI and ischemia in patients with ACS. Furthermore, we have
found similar results in different population subgroups, which
strengthens the generalization of this finding. As our patients
were younger than the patients in the study by Boersma et al.
(average age 60 vs. 64 years), with lower prevalence of associ-
ated comorbidities (i.e., hypertension, diabetes, hypercholes-
terolemia, history of MI, and heart failure), our study expands
the applicability of HR as a predictor of adverse outcomes to a
less acutely ill population.

Increased mortality with increased HR strata has also been
reported previously in patients with STEMI.1–9 Hjalmarson
et al. showed that total 1-year mortality was 15% for patients
with admission HR between 50 and 60 beats/min, 41% for
HR > 90 beats/min, and 48% for HR > 110 beats/min.5 The
Secondary Prevention Reinfarction Israeli Nifedipine Trial
(SPRINT) study group reported an increase in admission HR
of 15 beats/min to be associated with average estimated in-
creases of in-hospital and 1-year postdischarge mortality of
36 and 45%, respectively.6 Findings in both studies were
specifically adjusted for presence of CHF. Analyses of Grup-
po Italiano per lo Studio della Sopravvivenza nell’Infarto
Miocardico (GISSI-2) and Global Utilization of Strepto-
kinase and Tissue Plasminogen Activator for Occluded Cor-
onary Arteries (GUSTO-I) studies showed a progressive in-
crease in mortality with increasing HR in the STEMI pop-
ulation receiving thrombolytic therapy.7, 9 Furthermore, a
number of epidemiologic studies have reported a relation-
ship between a high resting HR and cardiovascular mortality
and morbidity in relatively healthy subjects.24, 25 The Fram-
ingham study showed increased HRs in older patients and

progressively higher overall and cardiovascular mortality 
in patients with increased resting HR.24 Similar findings
were reported by Dyer et al. in three Chicago epidemiolog-
ic studies.25

Pathophysiologic Mechanisms

The explanation for the observed association between rapid
HR and increased mortality is complicated. Tachycardia may
indicate subclinical loss of cardiac reserve as a result of im-
paired myocardial function, leading to the observed higher
case fatality rates in coronary attacks and propensity to sudden
deaths.24 Heart rate is one of the most important determinants
of the energy requirements of the myocardium. A high HR in-
creases myocardial oxygen requirements and may potentiate
myocardial ischemia.24 High HRs may indicate poor physical
fitness, which has been shown to be associated with increased
cardiovascular mortality rates,26 and may also reflect auto-
nomic imbalance, indicating excessive sympatho-adrenergic
activity, described to be associated with adverse outcome.9, 27

Holtzman et al. reported that a higher HR may derive from an
increase in norepinephrine or hypersensitivity to it.28 Ewing et
al. described HR changes as a result of compromised para-
sympathetic activity in diabetes mellitus.29 It has also been
suggested that severe arteriosclerosis is associated with elevat-
ed HR, with atherosclerotic thickening of the arterial tree the
possible culprit in this phenomenon.30, 31

The beneficial effect of HR-lowering therapy (i.e., beta
blockers) supports the findings of our study. Three double-
blind, randomized trials have compared beta blockers with
placebo in UA.32–34 Meta-analysis of the available trials indi-
cates a 13% reduction in risk of progression to acute MI.35, 36

Study Limitations

Several limitations of our study must be acknowledged.
Our study is a substudy of a multicenter trial analyzing a pres-
elected group of patients with specific entry criteria. There-
fore, our data may not apply to patients who were excluded
from the study (e.g., patients with renal insufficiency or other
comorbidities that were exclusion criteria for the trial). Also,
retrospective analysis may have led to information bias, even
though the high number of patients from multiple sites should
minimize this type of error. In spite of the inclusion of multiple
variables in the multivariate analysis, it is possible that an ele-
vated HR is a consequence of another cause of increased mor-
tality that we did not account for.

Conclusions

In patients with acute coronary syndromes, elevated initial
as well as delayed heart rate is highly predictive of higher
short- and long-term mortality. Heart rate is a readily available
variable and may be useful in the selection of high-risk pa-
tients for more aggressive treatment.
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