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ABSTRACT
Although several studies have shown that elevated heart rate 
(HR) is a powerful, independent, and consistent predictor of 
cardiovascular events and all-cause mortality, it is still con-
sidered an epiphenomenon of a general disorder rather than 
an independent risk factor. Several questions regarding the 
clinical significance of a resting HR as marker of cardiovas-
cular risk are still unanswered, rendering the inclusion of this 
hemodynamic variable in the list of cardiovascular risk factors 
problematic, at least for time being. This paper will examine 
which HR value better reflects the cardiovascular risk, the 
predictive power, the complex pathophysiological mechanisms 
underlying the relationship between HR and cardiovascular 
risk. It will evaluate whether HR should be considered a true 
risk factor for cardiovascular diseases or simply a marker of 
autonomic imbalance, and finally, it will consider the effects of 
HR reduction on cardiovascular morbidity.
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InTRoduCTIon

The first study reporting an association between elevated 
heart rate (HR) values and cardiovascular disease dates 
back to more than 60 years, with the evidence that 
subjects with a resting tachycardia state were more 
prone to developing hypertension.1 Since more than 
40 epidemiological studies, including the Framingham 
study, have provided evidence that HR is independently 
associated with cardiovascular and all-cause mortality,2-5 
the association between HR and cardiovascular events 
takes place in patients with and without cardiovascular 
complications,2,4,6-8 which appears to be independent of 
other risk factors for the atherosclerotic disease and is 
as consistent as the association between other “classic” 

risk factors and cardiovascular disease (Graph 1). Despite 
this evidence, a number of unaddressed questions (see 
Table 1) prevent inclusion of HR in the assessment of total 
cardiovascular risk.

This paper will provide information on the HR as a 
marker of cardiovascular prognosis in the light of two 
published Consensus Documents of the European Society 
of Hypertension.9,10

dEFInITIon oF HIGH-RESTInG HEART RATE

Tachycardia is currently defined as a HR more than  
100 bpm.11 Although there is no objective threshold for 
defining tachycardia from an epidemiological standpoint, 
the data from most epidemiological and observational 
studies permit some extrapolation.12 Most of these studies 
found a significant increase in risk starting from a HR 
well below 100 bpm. An attempt to redefine the normal 
limits of resting HR was made by adding two standard 

Table 1: Unanswered questions

•  Are data on prognostic importance of heart rate consistent?
•  Does evidence pertain only to hypertensive or to general 

population?
•  Is it really an independent risk factor?
•  Are all cardiovascular event types involved?
•  Do data hold for both genders/all ages/all ethnic groups/all 

comorbidities, etc.?
•  Can the contribution of heart rate to risk be quantified? Is it 

linear?
•  How should heart rate be measured?
•  Is there evidence of benefit independently related to heart 

rate reduction?

Graph 1: All-cause mortality based on resting heart rate in men with 
hypertension (data from the Framingham study. Modified from Ref.4)
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deviations to the mean HR value of a given population.13 
However, this method showed several limitations. Other 
studies found an increased risk starting from 80 to  
85 bpm, which usually corresponded to the lower limit  
of the top HR quintile. The appropriateness of this choice 
is supported by the results obtained in hypertensives and 
in general population with mixture analysis.14 Mixture 
analysis represent an objective method for identify-
ing, within a given population, a subgroup of subjects 
showing an abnormal distribution of the measure under 
study, thus permitting qualitative inference.15

HoW To MEASuRE HEART RATE

In most epidemiologic and observational studies, HR 
was measured in the office by an observer with pulse 
palpation, electrocardiography, or an automatic device. 
However, early studies have demonstrated that HR 
measured in the office is subject to high variability and 
may be falsely elevated because of the alarm reaction 
to the doctor’s visit, which may be as high as 45 bpm.16 
Ambulatory HR represents the average of many readings 
measured out of the office and is devoid of the white coat 
effect. In addition, ambulatory HR is more reproduc-
ible than office HR and has a stronger association with 
outcome. This issue has been observed in a large study 
of general population in which 24-hour HR was able to 
predict total and noncardiovascular mortality but not car-
diovascular mortality or any of the fatal combined with 
nonfatal events.17 Also in the Ohasama study, ambulatory 
HR predicted noncardiovascular disease mortality, but 
neither daytime nor nighttime HR predicted cardiovas-
cular disease mortality.18

Recently, the association between cardiovascular 
events and ambulatory HR was investigated in the ABP-
International registry.19 During a median follow-up of  
5 years it has been observed that nighttime HR predicted 
fatal and nonfatal cardiovascular events more closely 
than 24-hour HR, whereas daytime and night/day ratio 
were not associated with outcome. Conflicting results 
have been obtained for self-assessment of HR at home. 
While in the Ohasama study a strong relationship was 
found between home HR and cardiovascular mortality, 
with a 17% increase in the risk of mortality for a 5 bpm 
increase in HR,20 this was not the case in the PAMELA 
study.21

PREdICTIVE PoWER oF HEART RATE

The increased risk of cardiovascular events in subjects 
with tachycardia can be explained by the tendency of 
individuals with high HR to develop hypertension, 
obesity, and diabetes in future years. This prospective 
association has been described in longitudinal cohort 

studies. In the Framingham study and other studies, the 
predictive power of HR for the development of hyperten-
sion was similar to that of the degree of obesity.22,23 The 
analysis of the HARVEST study has shown that both 
baseline and follow-up HRs were potent predictors of 
hypertension development. The persistent tachycardia 
during 6-year follow-up, but not transient tachycardia, 
was able to predict the risk of hypertension.24 In a 20-year 
follow-up in a general population, it has been shown 
that a higher HR was able to predispose to obesity and 
diabetes mellitus.25 A 30% increase in the risk for obesity 
was observed for each 10 bpm increase in baseline HR.26 
Higher HR is also associated with an increased rate of 
target organ abnormalities. High HR has shown a longitu-
dinal association with arterial stiffness, an effect that was 
particularly pronounced in the hypertensive segment of 
the population.27 Higher HR is also prospectively associ-
ated with corresponding changes in pulse wave velocity28 
and with increase in microalbuminuria29 or proteinuria.30

PATHoGEnETIC EVIdEnCES

Several hypotheses have been advanced for explaining 
the relationship between an elevated HR and cardiovas-
cular risk. Heritability analyses estimated a heritability 
of resting HR between 21 and 26%.31 Using a candidate 
gene approach for looking at the genetic determination of 
resting HR, it has been found that a ser49-to-gly (S49G) 
polymorphism in the beta-1 adrenergic receptor (ADRB1) 
is associated with resting HR.32 Serine homozygotes 
subjects had the highest mean resting HR. This finding 
was supported by demonstration of linkage for resting 
HR on chromosome 4q, in the same region as for long QT 
syndrome 4 and within the interval of two candidates: 
Ankyrin-B and myozenin.31

Apart from genetic factors, other causes play a large 
role in the determination of resting HR. High-resting HR 
reflects an imbalance in the autonomic nervous system, 
with increased sympathetic activity and/or reduced vagal 
activity.33 Heart rate is a major determinant of myocardial 
oxygen consumption and reduction of diastolic coronary 
perfusion time. Thus, an increase in HR may trigger 
ischemic events and predispose to fatal arrhythmias and 
sudden death (Flow Chart 1).

The relations among HR, atherosclerotic plaques, and 
cardiovascular events can also be explained by several 
direct mechanisms. Recent studies have shown that 
a defect in bioavailability of nitric oxide (NO) plays a 
central role in the pathogenesis of this disorder. Interest-
ingly, NO has been implicated in autonomic regulation 
of various aspects of cardiovascular system and could be 
the missing link between metabolic syndrome and high-
resting HR.34 Nitric oxide is considered to modulate the 
autonomic control of HR. It has been suggested that NO 
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augments cardiac vagal control in healthy subjects as well 
as in patients with heart failure.35 Experimental studies 
have shown a direct action of high HR or elevated stress 
index on the development of major atherosclerotic lesions 
in the coronary arteries, infrarenal aorta, and iliac arter-
ies.36,37 Sympathovagal imbalance may be associated with 
markers of inflammation (fibrinogen, high-sensitivity 
C-reactive protein, polymorphonuclear leukocytes) and 
favor the development of atherosclerosis.38 High HR 
reduces the diastolic phase of the cardiac cycle, expos-
ing the endothelium to low and oscillatory end-systolic 
stress for longer periods, upregulation of proatherogenic 
genes, and development of the atherosclerotic process.39 
Reduction in HR has also shown a delay in the progres-
sion of coronary atherosclerosis and carotid artery intima 
thickness.37,40

HIGH HEART RATE AS An IndEPEndEnT  
CARdIoVASCuLAR RISK FACToR

In several studies, the HR displays a positive relationship 
with blood pressure values, body weight, triglycerides, 
insulin, and glucose metabolism, raising the possibility 
that the ability of this hemodynamic variable to predict 
cardiovascular events is somewhat unspecific and at least 
in part dependent on other well-known cardiovascular 
risk factors. However, in the follow-up of two recent 
surveys, an association between HR, sudden death and 
acute coronary events has been reported, and it remained 
significant even after adjustment for age, body mass 
index, smoking, blood pressure, lipid profile, diabetes, 
and history of cardiovascular disease.41,42 Interestingly, in 
these studies the predictive power of HR for fatal cardio-
vascular and noncardiovascular events was often greater 
than that of hypertension and/or hypercholesterolemia 
and manifest not only in ischemic heart disease, but also 
in heart failure, hypertension, and diabetes.43 Multiple 
follow-up studies confirmed these data. The CORDIS 
study44 found that resting HR was strongly associated 
with both all-cause [relative risk (RR): 2.23, confidence 

interval (CI): 1.4–3.6, resting HR > 90 vs < 70 bpm] and 
cardiovascular mortality after correcting for risk factors. 
The PPS study45 found that mortality could be predicted  
by resting heart frequency in middle-aged males  
followed for 17 years. The MATISS project verified that in 
low-risk Italian population, HR increment was associated 
with a RR increase of 1.52 for all-cause mortality, 1.63 for 
cardiovascular mortality, and 1.47 for noncardiovascular 
mortality.46 The risk is graded, i.e., the risk rises with 
increasing resting HR.5 Based on this evidence it has been 
proposed that life span could be predetermined using 
allometric scales based on resting HR.47

REduCInG HEART RATE: WHICH BEnEFITS?

The energetic theory suggests that total energy per life 
is predetermined and depends on HR; thus life become 
shorter when energy is consumed by increasing HR 
while lowering resting HR should increase the life span. 
In wildness, hibernation acts in this way. We can say 
that hibernation is not possible in humans but we have 
several possibilities to act on HR. Regular physical exer-
cise, through increase in parasympathetic activity and 
decrease in sympathetic tone, is a well-known interven-
tion to lower resting HR and increase survival. In heart 
diseases (ischemic, heart failure) reduction in HR is one of 
the first therapeutic choice.10 The reduction in HR allows to 
minimize the myocardial oxygen demand and improves 
subendocardial blood flow, reduces the risk of plaque 
rupture, and reduces sudden death. Other than regular 
exercise, as part of a more complete change in lifestyle, 
individuals may obtain benefit by HR-lowering drugs. 
Beta-blockers reduce both resting HR and the response of 
the HR to exercise. The reduction of HR is accompanied by 
a decrease in peripheral blood pressure with consequent 
reduction in cardiac oxygen consumption and a longer 
diastolic filling time, allowing for increased coronary 
perfusion. The benefits in terms of prognosis of reducing 
HR by drugs are limited to myocardial infarction and 
heart failure, i.e., two conditions in which administration 
of beta-blockers have been shown to reduce mortality and 
positively affect heart failure.48,49 In contrast, no study has 
so far addressed this issue in hypertension and thus no 
evidence is available on the benefits of the HR reduction 
in this condition. Thus, despite the lack of conclusive data, 
HR reduction by antihypertensive agents is suggested to 
have beneficial effects in hypertension while it is a strong 
recommendation in the post-myocardial phases and in 
heart failure patients.10

The importance of heart rate (reduction) in patients 
with congestive heart failure was demonstrated in the 
SHIFT study.50 In this study a heart rate of > 70 beats/
minute was associated with worsening heart failure and 
increased mortality. In another randomized clinical trial, 

Flow Chart 1: Role of elevated resting heart rate in the 
pathophysiology of coronary artery disease
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‘BEAUTIFUL’ Ivabradine (a drug which lowers the heart 
rate) showed a favorable trend in outcomes of patients with 
coronary artery disease and left ventricular dysfunction.51 
Taken together, these studies indicate that a reduction in 
heart rate is of prognostic importance in patients with 
congestive heart failure.
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