
The development of cardiovascular disease (CVD) is
usually caused by multiple risk factors,  which interact to
produce an individuals total CVD risk .Therefore the
guidelines  on the prevention of CVD recommend the
preventive measures  be based on  individual’s  levels  of
total CVD risk so that  the most intensive  risk factor
management  can be directed  towards  those  at highest
risk.1

Individuals with established CVD have already categorized
as    high risk. Similarly individuals with established type 2
or type 1 diabetes with microalbuminuria or markedly
elevated levels of single risk factors are automatically
considered as high risk. For other asymptomatic individuals
an assessment of risk level is necessary.

Recently ,much attention has focused on many other risk
factors  (Lipid: Lipoprotein remnant particles-Lipoprotein
(á),HDL sub species,  Apoliporotein -A, Apoliporotein-B,
Total-C / HDL-C ratio and Non lipid: Inflammatory markers
– hs CRP, ICAM-1, Fibrinogen, Homocysteine-
Hyperhomocysteinemia ,Impaired fasting Glucose etc) are
not also included in the above mentioned risk estimating
system.

Heart rate (HR) is a simple and easily measurable clinical
parameter has been found to be a risk predictor of mortality
and morbidity in various populations. Heart rate has
already appeared in   European guidelines on CVD
prevention.2

Elevated resting heart rate is a known emerging
independent cardiovascular risk factor but is not included
in any risk estimating system – Framingham’s risk score
chart of AHA/ACC or SCORE (Systematic Coronary Risk
Evaluation)of ESC -which are used for estimation of
individuals 10 year  risk of a CVD event based on gender,
age, total cholesterol, smoking status and systolic blood
pressure.

Resting heart rate both contributes to and reflects cardiac
pathology. Increased heart rate due to imbalances of the
autonomic nervous system with increased sympathetic
activity or reduced parasympathetic activity/ vagal tone,
has an impact on perfusion-contraction, which is the
dynamic that regulates myocardial blood supply and
function. In the healthy heart, increased metabolism as a
result of increased contractile function results in increased
myocardial blood flow and, to a lesser degree, increased

oxygen extraction. In the presence of coronary artery
disease, perfusion-contraction mismatching is localized
to areas of inadequate blood supply. When coronary artery
inflow is inadequate to meet demands, contractile and
diastolic functions in that affected area are
correspondingly reduced .3 An increase in heart rate
results not only in an increase in myocardial oxygen
demands, but also a potential impairment of supply
resulting from a reduction of collateral perfusion pressure
and collateral flow . 3
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Pathophysiological mechanisms promoted by increased
heart rate- This imbalance may promote ischemia,
arrhythmias and ventricular dysfunction, as well as acute
coronary syndromes, heart failure or sudden death.

With increased heart rate, diastolic perfusion time lessens
while myocardial oxygen demand increases. Peak coronary
flow increases markedly during diastole, subjecting the
coronary arteries to enhanced endothelial shear stress
and pulsatile wall stress. The stressed endothelium
releases growth hormones (eg, transforming growth factor-
beta and insulin-like growth factor-1) and vasoconstrictor
peptides (eg, endothelin), and is associated with increased
platelet aggregation and a relative deficiency of nitric oxide
synthesis. Rapid pulsatile changes appear to increase
mechanical damage on the already stressed endothelium.
All of these factors encourage the development of
atherosclerotic lesions, especially at arterial branches .4

Prolonged elevated heart rates cause cardiac noradrenalin
synthesis to increase   and circulating plasma noradrenalin
levels to rise. This increase in sympathetic activity and
myocardial oxygen requirements may have a direct
cytotoxic effect on myocytes, increasing apoptosis with
deleterious effects on ventricular remodeling. Elasticity of
the larger arteries is reduced by elevated heart rates,
resulting in a greater pulsatile arterial load on the heart,
consequently increasing the myocardial energy
requirements .4 In addition, prolonged elevated heart rates
may also cause or exacerbate heart failure.

The present paper reviews the evidences for elevated heart
rate as a cardiovascular risk factor and some of the current
clinical trials testing this hypothesis.

A large European prospective study in more than 21,000
patients without a history of coronary heart disease,
angina or heart failure found an increase of 15 beats per
minute in RHR increased the risk of cardiovascular
mortality by 24% in men and 32% in women after 12
years.This study also showed  ”Resting heart rates greater
than 90 beats/min have been shown to be associated with
at least a doubling of risk – a similar effect to smoking. The
study also showed the “strong, graded, independent
relationship” remained after adjusting for age, gender,
cholesterol, physical activity, blood pressure and BMI.5

 A 2010 Danish population study among current, former
and never smokers found that for every 10-beats-per-
minute increase in resting heart rate, the risk of all-cause
mortality rose 6 percent in never smokers, 11 percent in
former smokers, and 13 percent in current smokers. The
average difference in survival between study subjects in

the lowest RHR range evaluated (less than 65 beats per
minute) and the highest RHR range evaluated (more than
80 beats per minute) was 4.7 years in men and 3.6 years in
women. 6

A recent research study reported that middle-aged men
who achieved at least a 4-beats-per-minute reduction in
resting heart rate within a five-year period of their initial
RHR reading reduced their all-cause mortality risk by 14
percent.7

In a 2011 study published in the European Journal of
Cardiovascular Prevention and Rehabilitation,showed
- in a large French population, accelerated resting HR
represents an independent predictor of noncardiovascular
mortality in both genders, and of cardiovascular mortality
in men, independent of age and the presence of
hypertension. Further investigations are needed to explain
the complex interactions between HR, pulse pressure, and
cardiovascular complications.8

One study showed  obese subjects had values of resting
heart rate 7.8% higher than nonobese (P = .001).
Hypertensive children and adolescents also had elevated
values of resting heart rate (P = .001). When the sample
was stratified in nonobese and obese, the higher quartile
of resting heart rate was associated with hypertension in
both groups of children and adolescents. 9

In an observational study, elevated resting heart rate
was significantly associated with high blood pressure —
independent of obesity — in male children and
adolescents. Elevated resting heart rate is an independent
risk factor for cardiovascular disease in healthy adults,
but what is the association in children? Researchers in
Brazil conducted a cross-sectional study of 358 healthy
male children and adolescents (age range, 8–18 years;
65% white) who were not taking any medications.This
study confirms an association between elevated resting
heart rate and high blood pressure in a pediatric population.
Surprisingly, the association was independent of obesity,
ethnicity, and age. Therefore, the results suggest that
measurement of resting heart rate in children and
adolescents can provide insight into a child’s future
cardiovascular health, regardless of body fat.

The findings several epidemiological studies showed an
association between elevated heart rate an increased risk
of all-cause mortality and morbidity in general population,
,hypertensives,diabetics and those with CAD.10

Elevated resting heart rate is a significant indicator  for
all-cause and cardiovascular mortality in general
population and patients with cardiovascular disease.11
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More specifically increased heart rate is a significant
predictor death and cardiovascular death /hospitalization
in heart failure patients.12

Moreover, some studies show a biological gradient – a
continuous and graded association between heart rate
and cardiovascular risk. 13.14

Role of heart rate in atherosclerosis and coronary events-
A considerable number of epidemiological studies have
reported a strong association between elevated heart rate
and cardiovascular risk, and this association appears to
be independent of other major risk factors for
atherosclerosis.15   This association has been consistent
and was observed in healthy populations among men and
women,16-18 (although in some studies the association is
less robust in women , various races,16-18 hypertensive
subjects,13,19 patients with coronary artery disease,20,21

and in those with heart failure.22

The most common coronary presentations of
atherosclerotic patients are stable angina pectoris and
acute coronary syndromes. Stable coronary disease can
be asymptomatic (silent ischaemia) or symptomatic (effort
angina).Both angina pectoris and silent ischaemia  are
associated with an increased risk of cardiovascular
events.23

Role of heart rate in myocardial ischaemia in patients with
stable angina and those who suffer from myocardial
infarction is well known. The likelihood of myocardial
ischaemia is related to baseline resting heart rate and is
two times higher in patients in patients with heart rate of
60 bpm.24

To definitively establish heart rate as a cardiovascular risk
factor, evidence that lowering heart rate reduces
cardiovascular risk is required. To date, such evidence is
available retrospectively from studies of beta-blocker use
after myocardial infarction.24,25 and heart failure  .26-29

In addition to lowering heart rate and blood pressure, beta-
blockers have other actions that may also account for
their benefits.

A new class of agents is now available that acts
selectively on the sinoatrial node and lowers heart rate
without affecting other pathways. Ongoing trials with
these agents will more directly test the role of heart rate
as a true cardiovascular risk factor. Ongoing trials with a
new class of drug, selective If inhibitors, Ivabradine  - a
‘pure’ heart rate-reducing medication   confirming the
causal link between elevated heart rate and
cardiovascular outcomes.

Three studies of normal populations with and without
hypertension – the Paris Prospective Study I ,30

Hypertension Ambulatory Recording VEnetia STudy
(HARVEST)31 and a review by Aboyens and Criqui 32  had
a combined sample of nearly 180,000 people. They all
showed that cardiovascular mortality significantly
increases as resting heart rate increases .14

The Framingham study17(5070 healthy subjects) measured
its subjects’ heart rates every two years. Investigators
reported that, in both sexes and at all ages, all-cause,
cardiovascular and coronary mortality rates increased
progressively in relation to antecedent heart rates; this
was, however, more marked in men than in women.

The National Health and Nutrition Examination Survey
(NHANES) I Epidemiologic Follow-up Study 18 (5995
healthy subjects) concluded that elevated resting heart
rate was an independent risk factor for coronary artery
disease incidence or death among white and black men
and women.

The British Regional Heart Study 21 looked at a mixed
(healthy and unhealthy) population of 7735 men aged 40
to 59 years over a period of eight years. In men with no
evidence of ischemic heart disease, there was a strong
positive association between resting heart rate and age-
adjusted rates of all major ischemic heart disease events
(fatal and nonfatal), ischemic heart disease-related deaths
and sudden cardiac death. After adjustment for age,
systolic blood pressure, blood cholesterol, smoking, social
class, heavy drinking and physical activity, this association
was still significant. In men with pre-existing ischemic
heart disease, the association also held but its effect was
less pronounced. Investigators noted that elevated heart
rate (90 beats/min or greater) is a risk factor, particularly
for sudden cardiac death; it is independent of other
established coronary risk factors and is most clearly seen
in men with no pre-existing ischemic heart disease at the
time of the initial examination.

Over the past 30 years, at least 38 studies have looked at
the connection between heart rate and cardiovascular or
all-cause mortality .22 These studies have covered a wide
variety of populations: men and women, black and white,
healthy and diseased, and younger and older. After
adjusting for risk factors and lifestyle, at least 32 studies
show that elevated heart rate is an independent risk factor
for mortality and morbidity in healthy people with and
without hypertension; it is also an independent risk factor
in patients with coronary artery disease, myocardial
infarction and heart failure.32,14
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The Coronary Artery Surgery Study (CASS) 22 looked at
24,913 men and women with stable coronary artery disease
and one or several clinical variables such as hypertension,
diabetes, dyslipidemia and high body mass index. Among
the subjects, 4.3% took lipid-lowering drugs, 33.2%
smoked while enrolled and 34.8% had sedentary lifestyles.
They ranged in age from 50 to 73 years. After 14.7 years
(median) of follow-up, the investigators determined that,
even after adjusting for those many clinical variables, a
resting heart rate of 83 beats/min or greater at baseline
conferred significantly higher risk for all-cause and
cardiovascular mortality.

The male and female subjects (n=2599, age 50 to 73 years)
in the Carvedilol or Metoprolol European Trial (COMET)33

were patients with heart failure, and they were prescribed
beta-blockers with the dose titrated up over several weeks.
Most subjects were on a steady maintenance dose at
evaluation (four months after enrollment). Heart rate was
related to mortality, both at rest and after therapy, although,
after multivariate regression, only post-treatment heart rate
(at four-month follow-up on maintenance therapy) had
prognostic value for all-cause mortality.

Mehta et al 34 recently showed that patients presenting
with acute myocardial infarction and shock, and with heart
rate greater than 100 beats/min and systolic blood pressure
80 mmHg or less, had 30-day death rates greater than 90%;
the authors suggested that this information might be used
when determining treatment strategy and counseling
patients about their risks.

The Cardiac Insufficiency Bisoprolol Study (CIBIS) 28

showed that heart rate change over time had the highest
predictive value for survival in patients with LV systolic
dysfunction, and that bisoprolol promotes preservation
of LV function.

The CIBIS II trial 35 examined the relationships between
baseline heart rate (BHR), heart rate changes at two months
(HRC) and outcomes (mortality and hospitalization for
heart failure) in a large (n=2539) sample of patients with
mild to moderate symptomatic heart failure. BHR and HRC
were significantly related to prognosis, the lowest BHR
and the greatest HRC being associated with best survival
and reduction of hospital admissions.

It has been shown, for heart failure patients, that greater
heart rate reduction is associated with better outcomes; in
addition, patients with persistently elevated heart rates
derive additional benefit from higher beta-blocker doses.36

The Metoprolol Controlled Release/Extended Release
Randomized Intervention Trial in Chronic Heart Failure

(MERIT-HF) investigators 37 have recommended aiming
for the target beta-blocker dose rather than a target heart
rate. Current practice when prescribing heart failure
medications is thus to titrate doses up to the maximum
recommended unless symptoms impose limits.

Taken together, above mentioned studies on heart failure
patients  suggest that agents that reduce heart rate – in
these cases, beta-blockers(atenolol, carvedolol,
metoprolol, bisoprolol) – are clinically useful for heart
failure irrespective of patient age or LV ejection fraction,
and they are recommended in current national heart failure
guidelines .38,39.

Conclusion:
There were  several  studies conducted over the past
several  years that revealed  the diagnostic value of resting
heart rate as a predictor of all-cause mortality and
cardiovascular disease risk. These studies had evaluated
resting heart rate in healthy middle-aged adults, the elderly,
smokers, diabetics, people with heart disease and other
population samples. All of them   had demonstrated “ the
resting heart rate is a significant predictor of all-cause
mortality”. Many of them had found similar predictive value
when it came  to cardiovascular disease risk. So all these
studies also support a conclusion that heart rate is a reliable
prognostic indicator in both the healthy population and
in those with cardiovascular disease and elevated  heart
rate could be an emerging risk factor for cardiovascular
diseases and specifically for coronary artery disease.

References:
1. Graham I,Atar D,Borch-Johnson K,Boyssen G,Burell

G,Gifkova R,Dallongeville J,De BakerG,Ebrahim S, et
al.Europian guidelines on cardiovascular disease prevention
in clinical practice:full text.Fourth Joint Task force 0f the
European society of cardiology and other societies  on
cardiovascular disease prevention in clinical practice.Eur J
Cardiovasc prev Rehabil  2007;14  (suppl.2)S1- S113.

2. Graham I,Atar D,Borch-Johnson K et al.Europian guidelines
on cardiovascular disease prevention  in clinical
practice:executive summery.Eur Heart J 2007;28:2375-2414.

3. Heusch G, Schulz R. The role of heart rate and the benefits of
heart rate reduction in acute myocardial ischaemia. Eur Heart
J Suppl. 2007;9(Suppl F):F8-14.

4. Kjekshus J, Gullestad L. Heart rate as a therapeutic target in
heart failure. Eur Heart J Suppl. 1999;1(Suppl H):H64-69.

5. Kevin P. Donoghue,Simple test is a powerful predictor of
cardiovascular disease risk.  Editor, Peak Health Advocate,
2011 , June 2

6. Jensen MT, et al. Elevated resting heart rate is associated with
greater risk of cardiovascular and all-cause mortality in current
and former smokers. Int J Cardiol. 2010 June 2

Heart Rate – An Emerging Cardiovascular Risk Factor Mohammad Abu Kauser & Mohammad Safiuddin

33



7. Jouven X, et al. Relation of heart rate at rest and long-term
(>20 years) death rate in initially healthy middle-aged men.
Am J Cardiol. 2009 Jan 15; 103(2): 279-283.

8. Legeai C, et al. Resting heart rate, mortality and future
coronary heart disease in the elderly: the 3C study. European
Journal of Cardiovascular Prevention & Rehabilitation.
2011;Feb 18; 18(3): 488–497.

9. Fernandes RA, Freitas Júnior IF, Codogno JS, Christofaro
DGMonteiro HL, Roberto Lopes DM. Resting heart rate is
associated with blood pressure in male children and adolescents.J
Pediatr. 2011 Apr;158(4):634-7.

10. Fox K ,Borer JS, Camm AJ  et al .Resting heart rate in
cardiovascular disease. J Am Coll Cardiol 2007;50:823-830.

11. Pocock SJ,Wang D, Pfefer MA, Yusuf S, McMurray JJ, Swedburg
KB,Ostergren J, Michelson EL, Pieper KS, Granger
CB.Predictors of mortality and morbidity bin patients With
chronic heart failure.Eur Heart J 2006;27:65-67.

12. Fox K ,Borer JS, Camm AJ  et al .Resting heart rate in
cardiovascular disease. J Am Coll Cardiol 2007;50:823-830.

13. Gillman MW, Kannel WB, Belanger A, D’Agostino RB.
Influence of heart rate on mortality among persons with
hypertension: The Framingham Study. Am Heart J.
1993;125:1148-1154.

14. Hjalmarson Å. Heart rate: An independent risk factor in
cardiovascular disease. Eur Heart J Suppl. 2007;9(Suppl F):F3-
7.

15. Palatini P, Julius S. Elevated heart rate: a major risk factor for
cardiovascular disease. Clin Exp Hypertens. 2004;26:637-644.

16. Dyer AR, Persky V, Stamler J, et al. Heart rate as a prognostic
factor for coronary heart disease and mortality: Findings in
three Chicago epidemiologic studies. Am J Epidemiol.
1980;112:736-749.

17. Kannel WB, Kannel C, Paffenbarger RS, Jr, Cupples LA.
Heart rate and cardiovascular mortality: The Framingham
Study. Am Heart J. 1987;113:1489-1494.

18. Gillum RF, Makuc DM, Feldman JJ. Pulse rate, coronary heart
disease, and death: The NHANES I Epidemiologic Follow-up
Study. Am Heart J. 1991;121:172-177.

19 . Palatini P, Thijs L, Staessen JA, et al. Predictive value of
clinic and ambulatory heart rate for mortality in elderly subjects
with systolic hypertension. Arch Intern Med. 2002;162:2313-
2321.

20. Shaper AG, Wannamethee G, Macfarlane PW, Walker M. Heart
rate, ischaemic heart disease, and sudden cardiac death in
middle-aged British men. Br Heart J. 1993;70:49-55.  ]

21. Diaz A, Bourassa MG, Guertin MC, Tardif JC. Long-term
prognostic value of resting heart rate in patients with suspected
or proven coronary artery disease. Eur Heart J. 2005;26:967-
974.

22. Metra M, Torp-Pedersen C, Swedberg K, et al. Influence of
heart rate, blood pressure, and beta-blocker dose on outcome

and the differences in outcome between carvedilol and
metoprolol tartrate in patients with chronic heart failure:
Results from the COMET trial. Eur Heart J. 2005;26:2259-
2268.

23. Andrews TC, Fenton T, Toyosaki SP, Young  PM, MacCallum
G et al.Subsets  of ambulastory  Myocadial  ISchaemia based
on heart rare  activity . Circadian distribution  and response
to antiischaemic medicationj .The angina  and silent ischaemia
study group(ASIS).Circulation 1993;88:92-100.

24 . Kjekshus JK. Importance of heart rate in determining beta-
blocker efficacy in acute and long-term acute myocardial
infarction intervention trials. Am J Cardiol. 1986;57:43F-
49F.

25. Gundersen T, Grøttum P, Pedersen T, Kjekshus JK. Effect of
timolol on mortality and reinfarction after acute myocardial
infarction: Prognostic importance of heart rate at rest. Am J
Cardiol. 1986;58:20-24.

26 . Kjekshus J, Gullestad L. Heart rate as a therapeutic target in
heart failure. Eur Heart J Suppl. 1999;1(Suppl H):H64-69.

27. Lechat P, Escolano S, Golmard JL, et al. Prognostic value of
bisoprolol-induced hemodynamic effects in heart failure during
the Cardiac Insufficiency BIsoprolol Study (CIBIS) Circulation.
1997;96:2197-2205.

28. Lechat P, Hulot JS, Escolano S, et al. Heart rate and cardiac
rhythm relationships with bisoprolol benefit in chronic heart
failure in CIBIS II Trial. Circulation. 2001;103:1428-1433.

 29. Flather MD, Shibata MC, Coats AJ, et al. Randomized trial to
determine the effect of nebivolol on mortality and
cardiovascular hospital admission in elderly patients with heart
failure (SENIORS) Eur Heart J. 2005;26:215-225.

30 . Jouven X, Empana JP, Schwartz PJ, Desnos M, Courbon D,
Ducimetière P. Heart-rate profile during exercise as a predictor
of sudden death. N Engl J Med. 2005;352:1951-1958.

31 . Palatini P, Dorigatti F, Zaetta V, et al. Heart rate as a predictor
of development of sustained hypertension in subjects screened
for stage 1 hypertension: The HARVEST Study. J Hypertens.
006;24:1873-1780.

32. Palatini P, Benetos A, Julius S. Impact of increased heart rate
on clinical outcomes in hypertension: Implications for
antihypertensive drug therapy. Drugs. 2006;66:133-144.

33. Gehi AK,Ali S,Na B, Schiller NB, WhOoley MA,.Inducible
ischaemia  and the risk  of recurrent  cardiovascular  events in
outpatients  with  stable  coronary disease: the heart  and soul
study. Ann Intern Med 2008;168:1423-1428.

19. Gehi AK,Ali S,Na B, Schiller NB, WhOoley MA,.Inducible
ischaemia  and the risk  of recurrent  cardiovascular  events in
outpatients  with  stable  coronary disease: the heart  and soul
study. Ann Intern Med 2008;168:1423-1428.

34. Mehta RH, Califf RM, Yang Q, et al. Impact of initial heart
rate and systolic blood pressure on relation of age and mortality

University Heart Journal  Vol. 8, No. 1, January 2012

34



among fibrinolytic-treated patients with acute ST-elevation
myocardial infarction presenting with cardiogenic shock. Am
J Cardiol. 2007;99:793-796.

35. Lechat P, Hulot JS, Escolano S, et al. Heart rate and cardiac
rhythm relationships with bisoprolol benefit in chronic heart
failure in CIBIS II Trial. Circulation. 2001;103:1428-1433.

36. Huang RL, Listerman J, Goring J, Giesberg C, Nading MA,
Butler J. Beta-blocker therapy for heart failure: Should the
therapeutic target be dose or heart rate reduction? Congest
Heart Fail. 2006;12:206-210.

37. Gullestad L, Wikstrand J, Deedwania P, et al. What resting
heart rate should one aim for when treating patients with

heart failure with a beta-blocker? Experiences from the
Metoprolol Controlled Release/Extended Release Randomized
Intervention Trial in Chronic Heart Failure (MERIT-HF) J
Am Coll Cardiol. 2005;45:252-259.

38. Arnold JM, Liu P, Demers C, et al. Canadian Cardiovascular
Society consensus conference recommendations on heart
failure 2006: Diagnosis and management Can J Cardiol 2006.
2223-2245.(Erratum in 2006;22:271).

39. Arnold JM, Howlett JG, Dorian P, et al. Canadian
Cardiovascular Society Consensus Conference
recommendations on heart failure update 2007: Prevention,
management during intercurrent illness or acute
decompensation, and use of biomarkers. Can J Cardiol.
2007;23:21-45.

Heart Rate – An Emerging Cardiovascular Risk Factor Mohammad Abu Kauser & Mohammad Safiuddin

35


