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Abstract

Objective—To evaluate the long-term prognostic impact of resting heart rate (HR) at index 

myocardial infarction (MI) and during the first year post MI among one-year survivors.

Patients and Methods—The community-based cohort consisted of 1571 patients hospitalized 

with an incident MI from January 1, 1983 through December 31, 2007 in Olmsted County, 

Minnesota, who were in sinus rhythm at index MI and had HR measurements on an ECG at index 

and during the first year after MI. Outcomes were all-cause and cardiovascular deaths.

Results—During a median follow-up of 7.0 years, 627 deaths and 311 cardiovascular deaths 

occurred. Using patients with HR ≤ 60 beats/minute (bpm) as the referent, long-term all-cause 

mortality risk increased progressively with increasing HR at index (hazard ratio 1.62; 95% CI 

1.25–2.09) and even more with HR during the first year after MI (hazard ratio 2.16; 95% CI 1.64–

2.84) for patients with HR > 90 bpm, adjusting for clinical characteristics and beta blocker use. 

Similar results were observed for cardiovascular mortality [adjusted hazard ratios (95% CI) 1.66 

(1.14–2.42) and 1.93 (1.27–2.94) for HR at index and within one year after MI, respectively].

Conclusion—These data from a large MI community cohort indicate that HR is a strong 

predictor of long-term all-cause and cardiovascular mortality, not only at initial presentation of MI 

but also during the first year of follow-up.
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INTRODUCTION

Resting heart rate (HR) measured at hospital admission predicts mortality after acute 

myocardial infarction (MI)1–11 However, during this initial phase, sinus tachycardia can 

accompany chest pain and/or stress and subside when adrenergic triggers are relieved. Thus, 

HR measured upon admission is quite dependent on the sympathetic activity and this risk 

indicator has not gained widespread clinical acceptance, possibly because of the 

circumstances under which it is measured. A similar risk of death is associated with elevated 

HR during hospital stay, but there is no study that ascertained HR after hospital dismissal 

during the first year of MI follow-up. Moreover, no published data evaluating the role of HR 

measurement in MI patients reflect the experience of a community study with longitudinal 

follow-up, and the long-term predictive value of HR at the time of the index MI and during 

the first year of follow-up is unknown. This is important as demonstrating a persistently high 

risk of death associated with elevated HR after MI during the first year post MI could help 

clinical risk stratification.

Thus, we sought to evaluate the prognostic impact of resting HR evaluated at the time of the 

MI and during the first year of follow-up in first year survivors using the Rochester 

Epidemiology Project, which provides complete ascertainment of all health care events, 

including out-patient encounters, in disease-based community cohorts. This constitutes a 

robust platform from which to address these aforementioned gaps in knowledge.

METHODS

Study Setting

In Olmsted County, Minnesota, few providers (chiefly Mayo Clinic and Olmsted Medical 

Center) deliver nearly all medical care to county residents. With the exception of a higher 

proportion employed in health care, the characteristics of this population are similar to those 

of US whites.12 Each provider uses a medical record which captures information for all 

encounters and can be retrieved because the Mayo Clinic maintains indices based on all 

diagnoses and procedures as described previously.13–15 Since 1966, similar indices have 

been implemented for non-Mayo providers through the Rochester Epidemiology Project, 

resulting in the linkage of medical records from all sources of care. This provides a unique 

infrastructure to analyze disease occurrence and outcomes at the population level, with 

comprehensive access to the records of all hospitalizations and outpatient clinic visits. This 

study received approval from the Mayo Clinic and Olmsted Medical Center institutional 

review boards along with a waiver of informed consent as it was a chart review study only. 

We excluded all patients who did not provide authorization for their medical records to be 

used for research.
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Myocardial Infarction Ascertainment

All patients aged 18 years or older hospitalized in Olmsted County for an incident MI 

between 1983 and 2007 were eligible for the study. MI was defined according to validated 

criteria including cardiac pain, biomarkers, and Minnesota coding of the 

electrocardiograms.16,17 The procedures used to assemble the MI incidence cohort and their 

reliability have been previously described.18,19 Patients not in sinus rhythm at the time of 

the MI were excluded from the study. To evaluate the prognostic impact of HR in first-year 

survivors, we excluded patients who died during the first year after MI or who had less than 

1 year of follow-up. Patient residency in Olmsted County and incident status of MI were 

confirmed by complete review of the community medical records.

Patient characteristics that were recorded included demographic data, cardiovascular risk 

factors and clinical data. Beta blocker use at index MI and at hospital dismissal and 

reperfusion/revascularization procedures used during the initial MI hospitalization were also 

recorded.

Resting Heart Rate Ascertainment

Heart rate measurements at index MI and during the first year of follow-up were obtained 

from the 12-lead electrocardiographic (ECG) recordings retrieved from an electronic ECG 

database. Heart rate measurement at index MI was obtained from the first available ECG 

after MI onset with a maximum time frame of 24 hours after MI onset. Heart rate 

measurement during the first year after index MI was obtained from an ECG at a follow-up 

visit for clinical evaluation. The ECG closest to 6 months post MI was used, with an 

allowable range of 3–9 months.

Ascertainment of Death

The primary study endpoint was all-cause death with a secondary endpoint of cardiovascular 

death. Death was ascertained from several sources. In addition to the deaths noted during 

clinical care, all death certificates for Olmsted County residents are obtained annually from 

the county office. The Mayo Clinic registration office records the obituaries and notices of 

death in the local newspapers. Finally, data on all Minnesota deaths are obtained from the 

State of Minnesota annually. The American Heart Association categories were used to 

define cardiovascular deaths.20

Statistical Analysis

Patient characteristics are presented as frequency, mean ± standard deviation (SD) or median 

(percentiles) as appropriate. Heart rate was divided into the following categories: ≤ 60 beats 

per minute (bpm), 61–70 bpm, 71–80 bmp, 81–90 bpm, and > 90 bpm. Trends in patient 

characteristics with HR level at index MI were analyzed with the Mantel-Haenszel chi-

square test for categorical variables and linear regression for continuous variables with a 5-

level categorical variable representing HR levels. Proportional hazards regression was used 

to examine the association between outcome (long-term all-cause death and cardiovascular 

death) and HR categories, unadjusted and adjusted for confounding factors. Heart failure 

post MI was modeled as a time-dependent covariate. In the models examining the 

association between HR during the first year of follow-up and long-term mortality, 
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adjustment was also made for participation in cardiac rehabilitation. A propensity score21 

for participation was estimated and inverse probability of treatment weights assigned to each 

subject 22,23(1/P and 1/(1-P) for those who participated and did not participate in cardiac 

rehabilitation, respectively, where P is the propensity score for participation). Analyses were 

conducted using weighted proportional hazards regression models. The proportional hazards 

assumption was tested using scaled Schoenfeld residuals24 and found to be valid. Missing 

values did not exceed 1% for any variable used in the regression analyses except for HR 

measurements. In addition to a complete-case analysis, in sensitivity analyses we used 

multiple imputation analysis25 to account for missing HR values. Ten datasets were created 

with missing HR values replaced by imputed values. The model used to impute HR values 

included demographic and clinical variables along with an indicator for death and the 

cumulative baseline hazard of death approximated by the Nelson-Aalen estimator.26 The 

results from analyzing the individual imputed datasets were combined using Rubin’s rules.25 

All p-values were from two-tailed significance tests with 0.05 selected as the threshold of 

statistical significance. Analyses were performed using SAS statistical software, version 9.3 

(SAS Institute Inc., Cary, NC).

RESULTS

Clinical Characteristics at Index MI

Among the 3227 Olmsted County residents with an incident MI between January 1, 1983 

and December 31, 2007, 205 were not in sinus rhythm at index MI and 650 died within the 

first year post MI or had less than 1 year of follow-up, resulting in 2372 patients eligible for 

the study. Of these, 205 patients had missing HR during the first 24 hours and during the 

first year because the ECG was not retained in the record, and 596 patients had missing HR 

during the first year. Thus, the study included 1571 patients with HR measurements 

available at index MI and during the first year of follow-up after index MI.

The mean (SD) age at index MI was 65 (14) years and 62% of the patients were men. The 

mean (SD) HR at the time of the MI admission was 78 (19) bpm. Baseline clinical and 

demographic characteristics of the 1571 patients included did not differ from those of the 

801 patients with missing HR except for Killip class (29% vs. 21% with Killip class > 1, 

respectively; p<0.001) and reperfusion/revascularization during the MI hospitalization (68% 

vs. 60%, respectively; p<0.001). Baseline characteristics of the 1571 patients according to 

HR categories at index MI are summarized in Table 1. Patients with higher HR were older, 

more likely to be women, and had more hypertension, heart failure and diabetes mellitus. 

They also had higher systolic blood pressure, higher Killip class and lower estimated 

glomerular filtration rate. They were less likely to be prescribed beta blockers and were less 

likely to be reperfused/revascularized during the hospitalization.

Heart Rate at Index and Long-term Mortality after MI

Patients had a median (25th–75th percentile) follow-up of 7.0 (3.6–13.0) years. After the first 

year post MI, 627 deaths occurred. Long-term all-cause mortality increased with increasing 

HR level at index MI (Figure 1A). Using patients with HR ≤ 60 bpm as the referent, patients 

with HR > 90 bpm had a 62% increase in mortality risk (hazard ratio 1.62; 95% CI 1.25–
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2.09) (Table 2), after adjustment for age, sex, cardiovascular risk factors, reperfusion/

revascularization procedures and beta blocker use at admission. Further adjustment for heart 

failure prior to the MI produced similar results. Cause of death was not available for 14 

patients. Most deaths were from cardiovascular causes [n=311 (51%)]. The associations 

between HR levels and cardiovascular mortality were similar to those reported for all-cause 

mortality (Table 2).

Heart Rate During the First Year of Follow-up and Long-term Mortality after MI

Heart rate during the first year of follow-up was measured at a mean (SD) of 5.9 (3.0) 

months. The mean (SD) HR during the first year of follow-up was 68 (16) bpm; 594 (38%) 

patients had HR ≤ 60 bpm, 425 (27%) patients had HR between 61 and 70 bpm, 254 (16%) 

patients had HR between 71 and 80 bpm, 145 (9%) patients had HR between 81 and 90 bpm 

and 153 (10%) patients had HR > 90 bpm. Long-term all-cause mortality increased with 

increasing HR (Figure 1B). Patients with HR > 90 bpm had more than a 2-fold increase in 

mortality risk compared to patients with HR ≤ 60 bpm (hazard ratio 2.16; 95% CI 1.64–

2.84) (Table 2), after adjustment for age, sex, cardiovascular risk factors, reperfusion/

revascularization procedures and beta blocker use at discharge. Further adjustment for heart 

failure prior to the MI and participation in cardiac rehabilitation produced similar results. 

Similar associations were seen between HR levels and cardiovascular mortality.

Influence of Beta Blocker Therapy

The mean (SD) HR at index MI for patients prescribed and not prescribed beta blockers 

prior to index MI were 75 (18) bpm and 79 (19) bpm, respectively (p=0.003). Similar trends 

in long-term all-cause mortality by HR at index MI were observed for patients prescribed 

beta blockers prior to index MI vs. those who were not (Figure 2). The association between 

HR at index MI and long-term all-cause mortality did not differ by beta blocker use prior to 

the MI (pinteraction = 0.53), adjusting for age, sex, cardiovascular risk factors, and 

reperfusion/revascularization.

The mean (SD) HR during the first year of follow-up were 65 (15) bpm and 75 (17) bpm in 

patients prescribed and not prescribed beta blockers at hospital dismissal, respectively 

(p<0.001). Similar trends in long-term all-cause mortality by HR during the first year of 

follow-up were observed for patients prescribed beta blockers at hospital dismissal (Figure 

2). The association between HR during the first year of follow-up and long-term all-cause 

mortality did not differ by beta blocker use after the MI (pinteraction = 0.82), adjusting for 

age, sex, cardiovascular risk factors, and reperfusion/revascularization.

Similar results were obtained for cardiovascular mortality (pinteraction = 0.99 and 0.69 for the 

interaction between HR at index MI and beta blocker use prior to index MI and for the 

interaction between HR during the first year of follow-up and beta blocker use after MI, 

respectively).

Sensitivity Analyses

Analyses including patients who died during the first year of follow-up post MI resulted in 

similar associations between increasing HR at the index MI and increased risk of all-cause 

Jabre et al. Page 5

Mayo Clin Proc. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



and cardiovascular mortality. Similar trends were also observed for HR during the first year 

of follow-up.

Additionally, analyses after multiple imputation of HR in the 801 patients missing HR at the 

index MI and/or during the first year post MI resulted in similar associations between 

elevated HR at the index MI and during the first year of follow-up, and long-term all-cause 

mortality and cardiovascular mortality reported herein.

DISCUSSION

Our population-based data pertaining to a large MI incidence cohort indicate that, in first 

year survivors after MI, there was an important increase in long-term all-cause and 

cardiovascular mortality with increasing resting HR during the first year of follow-up 

regardless of other known confounders, including beta blocker use. Patients with HR > 80 

bpm had a two-fold increased risk of long-term mortality compared with patients with HR ≤ 

60 bpm; similar results were observed for long-term cardiovascular mortality.

To the best of our knowledge, the present study is unique as it reports on the long-term 

prognostic impact of resting HR at the initial presentation and during the first year of follow-

up post MI. It extends previous studies indicating HR is a strong prognostic marker of 

mortality after acute MI5,6,8,27,28 and in a population free of cardiovascular disease.29 This 

study demonstrates for the first time that HR is a useful long-term mortality predictor, not 

only at the initial presentation of MI but even more during the first year of follow-up post 

MI. Although prior studies on coronary syndromes reported an association between HR and 

mortality, patients included in these studies had proven or suspected coronary disease 

defined as angina pectoris without prior MI, hypertensive heart disease, valvular heart 

disease, or cardiomyopathy.30–32 Moreover, HR assessments during follow-up inform the 

risk appraisal as, herein, HR at the time of the MI was a strong prognostic marker of all-

cause and cardiovascular mortality for HR > 80 bpm whereas the excess risk of all-cause 

and cardiovascular mortality emerged with HR > 60 bpm during the first year of follow-up.

Pathophysiologic considerations and clinical data substantiate that elevated resting HR is an 

intrinsic risk factor for poor outcomes after MI rather than merely a marker of other 

cardiovascular risk factors.1–6,28,33–35 Indeed, HR might theoretically contribute to 

increased mortality by increasing myocardial oxygen consumption,36 thus favoring 

ischemia,37 increase in infarct size38 and influencing the atherosclerotic coronary disease 

progression39–41 and plaque stability.42 Experimental studies suggest that HR is not only 

important in the development of ischemia, but also influences whether ischemic episodes 

trigger serious arrhythmias.43,44

Modulation of HR by conventional rate control agents as beta blockers affects 

cardiovascular mortality.45 These agents have protection effects beyond rate control.46 

Herein, we adjusted for the use of beta blockers, which enabled evaluating the independent 

value of resting HR. As there was no detectable interaction between HR and beta blocker 

use, the better prognosis of the patients with low HR cannot be explained only by the 
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protective effect of beta blockers because the HR-mortality association did not differ by beta 

blocker use.

Limitations and Strengths

Potential limitations of the current study need to be considered when interpreting the data. 

First, not all patients with an incident MI were included in this study. To allow evaluation of 

the association’s effect size between mortality and HR at the time of the MI, and mortality 

and HR during the first year after MI, we focused on first year MI survivors with available 

ECGs for HR measurement at the time of the MI and during the first year post MI. However, 

analyses after multiple imputation of missing HR data confirmed these associations. Second, 

echocardiography and radionuclide studies were not systematically performed in these 

patients, and left ventricular ejection fraction was not routinely measured. Therefore we 

cannot exclude that elevated HR may have marked depressed left ventricular function that is 

clinically unrecognized. Third, data on the proportion of patients treated with appropriate, 

guidelines-recommended doses of beta blockers as well as therapeutic adherence are 

lacking. Finally, while the racial and ethnic composition of Olmsted County may preclude 

generalizing findings to groups not adequately represented in this population, 

epidemiological studies in Olmsted County underscore that the results are generalizable to a 

large portion of the United States population and that cardiovascular disease trends 

measured in Olmsted County parallel national trends, further supporting its 

generalizability.47

Our study has several important strengths. Our population-based design reflects the 

experience of an entire community and thus is less subject to selection bias.48 This, in turn, 

optimizes the clinical relevance of our data. The internal validity of the present data are 

quite robust because our ascertainment identified all consecutive incident MIs in the 

community validated through rigorous criteria, and follow-up was extensive and 

comprehensive with few missing data. This allowed evaluating the prognostic impact of HR 

over an extended period of time. The predictive value of resting HR remained after adjusting 

for potential confounders in multivariable analyses indicating the robustness of the 

association with mortality. Moreover, despite the high rates of use of beta blockers in the 

study population, HR was an important independent risk predictor for all-cause and 

cardiovascular mortality, even in the small group of patients not prescribed beta blockers at 

hospital dismissal.

Clinical Implications

HR is easily measured and can be modified by treatment and/or exercise training. It is a 

valuable tool to identify high risk subjects. Debate should center now on how to integrate 

this evidence into clinical practice. A formal evaluation in pragmatic clinical trials seems 

necessary to assess the optimal clinical strategy in selected MI patients during their early 

follow-up visits based on their treatment compliance, risks and benefits.

Conclusion

These data from a large MI community cohort indicate that elevated resting HR at the time 

of the MI and during the first year of follow-up after MI identifies patients at increased risk 
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of all-cause and cardiovascular mortality. Simple HR measurements during the first year of 

follow-up after MI may help stratify long-term prognosis.
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Figure 1. 
Figure 1A. Kaplan–Meier survival curves for long-term all-cause mortality among first year 

survivors after myocardial infarction according to heart rate at index MI and during the first 

year of follow-up (n=1571).

Figure 1B. Heart rate during the first year of follow-up.
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Figure 2. 
Kaplan–Meier all-cause survival curves for first year survivors from myocardial infarction 

according to heart rate at index MI and HR during the first year of follow-up after MI and 

beta blocker use.
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