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Abstract

The study was to access the association between resting heart rate (RHR) and one-year risk of major adverse cardiovascular
events (MACE) in acute coronary syndrome (ACS) patients after percutaneous coronary intervention (PCI). Patients with ACS after
PCI (n=808) were prospectively followed-up for MACE. RHR was obtained from electrocardiogram. MACE was defined as a
composite of cardiac death, nonfatal recurrent myocardial infarction, ischemic-driven revascularization, and ischemic stroke. The
association between RHR and one-year risk of MACE was assessed using Cox proportional hazards regression model. Compared
with patients with RHR >76 bpm, the adjusted hazard ratio (AHR) was 0.51 (95% confidence intervals [Cl]: 0.23-1.14; P=0.100)
for patients with RHR <61 bpm, and 0.44 (95%Cl: 0.23-0.85; P=0.014) for those with RHR 61-76bpm. For patients with
RHR > 61bpm, an increase of 10 bpm in RHR was associated with an increase by 38.0% in the risk of MACE (AHR: 1.38; 95%
Cl: 1.04-1.83; P=0.026). ACS patients after PCI with RHR >76bpm were at higher risk of MACE during one-year follow-up
compared with patients with RHR 61-76 bpm. An elevated RHR > 61 bpm was associated with increased risk of one-year MACE in

ACS patients.
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Introduction

An association between resting heart rate (RHR) and cardio-
vascular events has been found. It was reported that RHR
was correlated with the risk of cardiovascular disease both
in the general population,' and in patients with a wide spec-
trum of cardiovascular disease, that consisted of stable cor-
onary artery disease (CAD),Z’3 heart failure,* as well as acute
coronary syndrome (ACS).” However, there seemed to be
very few prospective studies that focused on the population
of full spectrum of ACS undergoing primary percutaneous
coronary intervention (PCI), and assessed the prognostic
implication of RHR change at the time of 72h after onset
of ACS during hospitalization.® Whether an elevated RHR
was linked with increased risk of major adverse cardiovas-
cular events (MACE) in ACS patients after PCI during one-
year follow-up remained uncertain. The aim of this study
was to access prospectively the association between RHR
and one-year risk of MACE in ACS patients after PCL
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Methods
Study design and patient population

The prospective cohort study that recruited 808 patients was
conducted at 13 hospitals in mainland China. The popula-
tion comprised patients aged 18-75 years who hospitalized
for ACS,”® either acute myocardial infarction (AMI) (with or
without ST segment elevation) or unstable angina (UA), and
underwent successful PCI (defined as the target vessel with
TIMI grade 3 flow). Patients would be excluded if they were
concomitantly afflicted with severe complications including
cardiogenic shock or heart failure, hepatic dysfunction,
kidney failure, hematopoietic dysfunction, psychiatric dis-
orders, cancers, pregnancy or breastfeeding, or concurrently
enrolled in other clinical trials. The patients were recruited
from April 2008 to October 2009 and each of them was sup-
posed to be followed up for one year. The last patient’s
follow-up was completed by October 2010. The study proto-
col was approved by the ethics review board of Xiyuan
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Hospital, China Academy of Chinese Medical Sciences
(CACMS) in accordance with the principles described in
the Declaration of Helsinki,” and all patients provided writ-
ten informed consent before enrollment.

Intervention

All patients received conventional treatment decided by
physicians who were mnot involved in the study.
Angiographic follow-up was performed during the
follow-up, but was not required in this study:.

RHR

The RHR of the body (commonly called RHR) is the number
of contractions of the heart that occur in a single minute
while the body is at complete rest. RHR was calculated in
the supine position in the morning before getting out of bed
with 12-lead electrocardiography on 72 h after onset of ACS
during hospitalization. To improve the accuracy of the
measurement, movement during the procedure, exercise
and smoking prior to the procedure were prohibited for
patients. Generally, fasting is not required before the test.
All medications (prescribed and over-the-counter) and
herbal supplements were notified by doctors. The average
HR per minute was determined by the experienced cardi-
ologists. If disagreement occurred, a panel of cardiologists
made the final decision.

Endpoints

The endpoint in this study was MACE, defined as a com-
posite of cardiac death, nonfatal recurrent MI, ischemia-
driven revascularization, and ischemic stoke during one
year after successful PCI. All deaths were considered car-
diac unless an unequivocal non-cardiac cause was identi-
fied. Recurrent MI was diagnosed based on reappearance of
symptoms, and/or new electrocardiographic changes in
association with a re-elevation of creatine kinase-MB (CK-
MB) to the level greater than three times the upper limit of
the reference level. Ischemia-driven revascularization was
defined as repeat revascularization with either PCI or cor-
onary artery bypass graft (CABG) because of recurrent
myocardial ischemic events. Ischemic stroke was defined
as the development of disabling neurologic symptoms
and objective findings lasting at least 24 h.

Data collection and follow-up

The baseline data was collected and recorded in the case
report form (CRF) by the trained investigators, which
included demographic characteristics such as age and
gender, occupation, education, smoking and drinking
habits, medical history, medications, physical examination
results, and related test results.

Follow-up visits were scheduled at 30 days and 3, 6, 9,
and 12 months after enrollment. The endpoint outcomes
were collected and recorded in the CRF by the investigators
at each visit (either a direct visit or telephone interview
when appropriate). For remote patients via the phone,
patients” medical records on endpoint outcomes were
requested from the local hospital or outpatient facility and
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death certificates were obtained from the family. All clinical
outcomes were adjudicated by an independent outcome
committee with review of original documentations. The
monitoring committee reviewed the records at regular
intervals to examine events.

Statistical analysis

We divided RHR into tertiles and the study population
was presented in tertiles of RHR. Considering the rela-
tively small sample size of the study, the patients were
finally divided into three categories according to their
RHR[patients with RHR <first tertile (T1), with RHR
between T1 to second tertile (T2), and with RHR >T2]:
(a) RHR <61 beats per minute (bpm) (<T1, n=181), (b)
RHR 61-76 bpm (T1-T2, n=432), (c¢) RHR > 76bpm (>T3,
n=195). Baseline demographic and clinical characteristics
were compared across RHR subgroups. Continuous vari-
ables following normal distribution were presented as
mean (with standard deviation) and compared with one-
way analysis of variance. Variables that did not follow
normal distribution were presented as median (with
lower and upper quartiles) and compared with the
Mann-Whitney test. Categorical variables were expressed
as frequency and percentage and compared with
Pearson’s Chi-square test or Fisher extract test when
appropriate. Univariate associations of RHR with MACE
were examined via Kaplan-Meier curves, using the log-
rank test for comparisons between subgroups. The multi-
variate Cox proportional hazards regression model was
performed to assess the predictive value of RHR for
MACE at one-year follow-up. The dependent variable
was the rate of one-year MACE, and the independent
variable was RHR that was evaluated as a categorical
variable. Considering the relatively small number of
MACE in the present cohort study, the selection of covari-
ables must be limited. Initially, all the variables, that dif-
fered significantly across RHR subgroups or univariatedly
associated with MACE with a P<0.1 in the univariate
analysis, were involved in multivariate Cox proportional
hazards regression model, and those with no significant
association with MACE in backward stepwise regression
were excluded. Finally only RHR and variables that were
demonstrated to be independent risk factors for MACE
were entered into the multivariable analysis. The results
were presented as hazard ratios (HR) with 95% confi-
dence intervals (CI). The adjusted HR for each subgroup
of RHR was calculated in reference to the subgroup with
RHR < 61 bpm, where the HR was considered as 1. In a
post hoc analysis, the multivariate analysis with
RHR>61bpm and <61bpm, as a continuous variable,
was also performed in the multivariable Cox proportional
hazards regression model with the same variables,
respectively.

Two-tailed tests of significance were performed. For all
comparisons, a P < 0.05 was considered statistically signifi-
cant. When appropriate, CI was calculated with a 95% con-
fidence level. Statistical analyses were performed using the
SPSS™ software package (version 17.0).
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Results
Patient characteristics

A total of 808 consecutive patients were included in this
study with a median age of 60 years (31-76). 74.6% of the
patients were male. Of the patients, 72.2% were admitted
with Non-ST segment elevation ACS (NSTE-ACS) and
27.8% with STEMI. The median value of RHR was 69 bpm
(38-129 bpm).

During one-year follow-up, three patients died of cardiac
events, two patients died of cancer (both due to lung
cancer), and 38 patients were classified as dropout.
Among the dropouts, five declined to participate in the
follow-up, two had non-cardiac adverse events (cancer),
31 were unreachable for data collection due to changing
address or phone number, and none of patients were
excluded because of the concurrent enrollment in other

clinical trials. Finally, a total of 765 patients survived and
completed the one-year follow-up. Baseline characteristics
of the total population are presented in Table 1. Except per-
centage of subtype ACS diagnosed at admission and left
ventricular ejection fraction (LVEF), there were no signifi-
cant differences in terms of gender, age, blood pressure (BP)
level, the numbers of diseased vessels, target vessels, med-
ical history, smoking history, family history of CAD, body
mass index (BMI), left ventricular end-diastolic dimension
(LVEED), and medications between different RHR
subgroups.

One-year MACE

During one-year follow-up, 3 (0.4%) patients died from car-
diac events, 9 (1.1%) patients experienced recurrent MI, 30
(3.7%) patients received ischemic-driven revascularization,

Table 1 Baseline characteristics of participants according to RHR at study entry

RHR tertiles (bpm)

Covariates Populations (N =808) <61 (n=181) 61-76 (n =432) >76 (n=195) P value
Male 603 (74.6) 136 (75.1) 321 (74.3) 146 (74.9) 0.973
Age, years 60 (31, 76) 61.4 (9.3) 59.4 (9.7) 59.6 (10.0) 0.068
Subtype ACS
NSTE-ACS 583 (72.2) 140 (77.3) 325 (75.2) 118 (60.5) <0.001
STEMI 225 (27.8) 41 (22.7) 107 (24.8) 77 (39.5)
BP, mmHg
Systolic 130 (85,180) 130 (85,180) 130 (90,180) 130 (85,180) 0.845
Diastolic 80 (60,110) 80 (60,110) 80 (60,110) 80 (60,110) 0.709
Number of diseased vessels
One 214 (26.5) 50 (27.6) 120 (27.8) 44 (22.6) 0.247
Two 246 (30.4) 53 (29.3) 139 (32.2) 54 (27.7)
Three 348 (43.1) 78 (43.1) 173 (40.0) 97 (49.7)
Target vessels
LAD 641 (79.3) 141 (77.9) 335 (77.5) 165 (84.6) 0.112
LCX 435 (53.8) 99 (54.7) 221 (51.2) 115 (59.0) 0.185
RCA 465 (57.5) 105 (58.0) 240 (55.6) 120 (61.5) 0.370
LM 66 (8.2) 15 (8.3) 36 (8.3) 15 (7.7) 0.962
Medical history
Hypertension 509 (63.0) 113 (62.4) 274 (63.4) 122 (62.6) 0.963
Diabetes 234 (29.0) 44 (24.3) 127 (29.4) 63 (32.3) 0.223
Hyperlipidemia 322 (39.9) 80 (44.2) 171 (39.6) 71 (36.4) 0.301
Stroke 7 (7.1) 2 (6.6) 31(7.2) 14 (7.2) 0.968
Smoking history 459 (56.8) 103 (56.9) 242 (56.0) 114 (58.5) 0.849
CAD family history 198 (24.5) 45 (24.9) 94 (22.2) 57 (29.2) 0.167
BMI, kg/m? 25.4 (5.0,39.9) 25.2 (2.8) 25.5(2.8) 25.6 (3.4) 0.511
LVEDD, mm 48.7 (31.0,72.0) 48.7 (39.0,65.0) 48.7 (34.0,8.0) 48.7 (31.0,72.0) 0.474
LVEF, % 61.9 (15, 80) 62 (38, 77) 61.9 (24.7, 80) 61.9 (15, 77) 0.002
Medications
BBRs 315 (39.0) 66 (36.5) 168 (39.1) 81 (41.8) 0.577
ACEls 246 (30.4) 56 (30.9) 130 (30.2) 60 (30.9) 0.977
ARBs 154 (19.1) 32 (17.7) 90 (20.9) 32 (16.5) 0.365
CCBs 197 (24.4) 42 (23.2) 109 (25.3) 46 (23.7) 0.820

Age, blood pressure, body mass index, left ventricular end-diastolic dimension, left ventricular ejection fraction are expressed as Median (min, max) or mean + SD. The
other values are expressed as numbers (%).

ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; BMI, body mass index; BP, blood pressure; BBRs, beta-blockers; CCBs,
calcium channel blockers; LAD, left anterior descending artery; LCX, left circumflex artery; LM, left main coronary artery; LVEDD, left ventricular end-diastolic dimen-
sion; LVEF, left ventricular ejection fraction; RCA, right coronary artery.
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and 9 (1.1%) patients experienced ischemic stroke. Overall,
MACE occurred in 45 (5.6%) patients. Among subgroups,
MACE occurred in 5% of patients with RHR <61 bpm, 4.4%
of patients with RHR between 61bpm and 76 bpm, and
8.7% of patients with RHR >76 bpm (Table 2).

Univariate analysis

In univariate analysis, the Kaplan-Meier curve for MACE
occurrence among RHR subgroups showed that patients in
the subgroup with RHR >76 bpm had a significantly higher
incidence of MACE as compared to patients with RHR
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between 61bpm and 76 bpm (P =0.027). However, there
was no significant difference in the risk of MACE between
the subgroups with RHR <61bpm and RHR between
61 bpm and 76 bpm (P =0.776), nor between the subgroups
with RHR <6lbpm and RHR>76bpm (P=0.134)
(Figure 1).

Multivariate analysis

The univariate risk factors of MACE with a P <0.1 were
target vessel of left main coronary artery (LM), LVEDD,
and medications of angiotensin receptor blockers (ARBs)

Table 2 Multivariate analysis using Cox proportional hazards regression testing the relation between RHR and one-year MACE

Multivariable model

RHR (bpm) N Number of MACE n (%) AHR 95%CI P value
<61 181 9 (5.0) 0.51 (0.23, 1.14) 0.100
61-76 432 19 (4.4) 0.44 (0.23, 0.84) 0.014
>76 195 17 (8.7) Reference 0.009

The HR was adjusted by target vessel of LM, LVEDD, medications of ARBs or CCBs, subtype ACS diagnosed at admission (i.e., UA, NSTEMI and

STEMI) and LVEF.

AHR, adjusted hazard ratio; RHR, resting heart rate; MACE, major adverse cardiovascular events.
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Figure 1

Cumulative incidence of MACE in RHR subgroups. Kaplan—-Meier estimates of cumulative incidence of MACE during follow-up for RHR subgroups (<61,
61-76, and >76 bpm). (A color version of this figure is available in the online journal.)
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or calcium channel blockers (CCBs). Initially the multivari-
ate Cox model was adjusted by target vessel of LM, LVEDD,
medications of ARBs or CCBs, subtype ACS diagnosed at
admission and LVEF using the method of backward step-
wise, and variables including LVEDD, target vessel of LM
and medications of ARBs or CCBs were entered into the
model as covariates to assess the association of RHR and
MACE after one-year follow-up. The results showed that
the AHR was 0.83 (95% CI: 0.38-1.85; P =0.654) for patients
with RHR between 61 and 76 bpm, and 1.92 (95% CI: 0.86-
4.32; P=0.113) for patients with RHR >76bpm, as com-
pared with patients with RHR <61bpm, after adjusting
for the covariates. When compared with patients with
RHR >76bpm, the AHR was 0.44 (95%CI, 0.23 to 0.84;
P=0.014) for patients with RHR between 61 and 76 bpm
(Table 2).

In the post hoc analysis, an increasing trend of MACE
with increased RHR was apparent in patients with RHR
>61 bpm. For the patients with RHR >61 bpm, an increased
10bpm in RHR was associated with an overall 38.0%
increase in the risk of MACE (AHR: 1.38; 95% CI: 1.04-
1.83; P =0.026). However, a non-significant reverse correl-
ation was found between RHR and MACE among patients
with RHR <61bpm (AHR: 0.06; 95% CI: 0.003-1.34;
P=0.076) (Table 3).

Discussion

This study demonstrated that RHR calculated on 72 h after
onset of ACS and successful PCI is associated with MACE
during one-year follow-up. The patients with RHR
>76bpm is at higher risk of suffering from MACE com-
pared with those with RHR between 61 and 76 bpm. For
patients with RHR >61bpm, elevated RHR was associated
with increased risk of one-year MACE.

RHR has long been regarded as an independent pre-
dictor of cardiovascular risk among the healthy and various
patient populations.'”'? Very few studies, however, have
addressed the association between RHR and MACE in ACS
patients after PCI,*>'* especially in Asian populations. The
OPUS-TIMI 16 trial demonstrated that higher HR was
strongly predictive of increased mortality in patients with
ACS."® A more recent study by Ana Teresa Timéteo et al.'*
demonstrated that one-year all-cause mortality increased
progressively with RHR >80bpm in patients with ACS
(with and without ST-segment elevation). Our findings in
the present study was consistent with the observations con-
ducted by the two previous studies,’>* and also showed
that elevated RHR > 61 bpm was associated with increased

risk of MACE in ACS patients after PCI. The results of our
study also paralleled to other findings reported previously
in the population of AMI patients.">™” In the SPRINT
study,® patients with HR > 90 bpm who received thrombo-
lytic therapy had a 15.1% in-hospital mortality compared
with 9.5% for those with HR 70-89bpm. In the GISSI-2
study,’” patients with HR <60bpm who treated with
fibrinolytic therapy had an in-hospital mortality of 7.1%,
whereas patients with HR >100 bpm had a 23.4% mortality.
Likewise, for patients with STEMI receiving PCI, Louisa
Antoni et al.'> demonstrated patients with HR >70bpm
had a two-fold increased risk of cardiovascular mortality
at one- and four-year follow-up compared with patients
with HR <70bpm. Guido Parodi et al.'® showed that an
elevated HR >80bpm was associated with increased risk
of mortality compared with HR 60-79bpm. Lorenzo
Fécila et al.'® observed that a RHR >70bpm in patients
who survive from AMI is an indicator of high risk of car-
diovascular events during one-year follow-up.

To our knowledge, this is the first prospective study to
evaluate the association of RHR at the time of 72h after
onset of ACS and PCI during hospitalization and risk of
MACE in mainland China. And we have documented the
consistent results with previous studies in different patient
populations. However, this study did differ from most of
the previous studies in two aspects. Firstly, the population
in the present study, comprising ACS patients with NSTE-
ACS (72.2%) and STEMI (27.8%), were all treated with
successful PCI. As such, the characteristics of our study
population were different from those of the ACS patients
in the OPUS-TIMI-16 trial® and the study performed by
Ana Teresa Timéteo et al.'* Secondly, in order to classify
groups into lower and higher risk of adverse outcome, the
RHR calculation in our study was divided into three cate-
gories (<61, 61-76, > 76 bpm) based on tertile stratification
of RHR (<T1, T1-T2, > T3), which in accordance with a
recent study.”

Previous studies have shown that a decrease in RHR
using drugs, such as BBRs or ivabradin, had an improve-
ment on the prognosis of patients. Of these studies,
Kjekshus et al.?! observed BBRs played an important part
in reducing total mortality and sudden cardiac death after
ML A recent meta-regression analysis,” including rando-
mized clinical trials of BBRs and CCBs in post-acute MI
patients, also demonstrated a relationship between RHR
reduction and decreases in risk of death and non-fatal MI.
This analysis strongly suggested the beneficial effects of
these agents were proportionally related to the reduction
of RHR. In our study, an elevated RHR of >61bpm was

Table 3 Post hoc analysis for Cox proportional hazards regression testing the relation between RHR in 10bpm and one-year MACE

Multivariable model

RHR (bpm) N Number of MACE n (%) AHR 95%Cl P
RHR > 61 627 36(5.7) 1.380 (1.040, 1.830) 0.026
RHR<61 181 9(5.0) 0.062 (0.003, 1.340) 0.076

The HR was adjusted by target vessel of LM, LVEDD, medications of ARBs or CCBs, subtype ACS diagnosed at admission (i.e. UA, NSTEMI, and STEMI) and LVEF.
AHR, adjusted hazard ratio; MACE, major adverse cardiovascular events; RHR, resting heart rate.



also correlated with the risk of MACE in the multivariable
analysis after adjusting for use of BBRs and other poten-
tially factors, indicating that patients with increased RHR
were at higher risk of one-year cardiovascular events
regardless of BBRs use.

Epidemiological data indicated that patients with lower
RHR had a better prognosis compared with those with
higher HR.* In the CRUSADE study, the relationship
between hospital morbidity/mortality and HR followed a
J-shaped curve. Very low and high HR was associated with
worse outcomes, where, HR of 60-69 bpm had the lowest
all-cause mortality.®* Similarly, our study demonstrated
patients with RHR <61 bpm had a possible increased risk
of MACE (5.0%) in comparison with those RHR ranging
from 61 to 76 bpm (4.4%), although the difference was not
significantly. As there were only 808 patients enrolled in the
present study, the number of cases is likely to be insufficient
to detect differences between RHR subgroups in terms of
adverse outcomes. Other studies have also found nonlinear
associations between RHR and subsequent ischemic heart
disease mortality,>*** suggesting that both high and low
RHR was closely associated with adverse consequences.

The pathophysiological mechanism of RHR related mor-
tality is still elusive. One possibility is that RHR strongly
and directly associated with arterial rigidity and impacts
directly on the status of the arterial wall.*® The other scen-
ario is that RHR decrease improves diastolic perfusion time,
while increasing RHR by atrial pacing in patients with CAD
leads to the coronary vasoconstriction, possibly further
impairing oxygen supply in the body.?”

There are some limitations of this study. First, the total of
808 patients recruited in the present study represents a rela-
tively small sample size that may not be sufficient to detect
significant differences between the subgroups (with
RHR>76bpm and RHR<61bpm, or with RHR 61-
76 bpm and RHR<61 bpm,) in terms of adverse outcomes.
Secondly, the patients were not divided into more than
three subgroups according to RHR because of the relatively
small sample size. A larger population with more than three
subgroups might provide more powerful evidence for iden-
tifying the cut-off points of RHR that related to clinical
adverse outcome.

Our findings have several important clinical implica-
tions. The association between increasing RHR and
MACEs strongly indicates that strict rate control may lead
to the superior and beneficiary outcomes. Given the fact
that the amount of patients is huge, additional adequately
studies to identify optimal rate control strategies are war-
ranted. Furthermore, there may be a floor effect or a thresh-
old, below which lowering heart rate is no longer beneficial
(and may be harmful). Thus, identifying the optimal thresh-
old, and the optimal therapies to achieve that threshold,
will require further investigation.

Conclusions

ACS patients after PCI with RHR >76 bpm were at higher
risk of MACE during one-year follow-up compared with
patients with RHR between 61 and 76 bpm. An elevated
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RHR > 61 bpm was associated with significantly increased
risk of one-year MACE in ACS patients.
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