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Rest Heart Rate and Life ExpectancyRest Heart Rate and Life Expectancy

Semilogarithmic relation between rest heart rate and life expectancy

Levine HJ JACC 1997



Rest Heart Rate and Life Rest Heart Rate and Life 
ExpectancyExpectancyp yp y

Logarithmic life-time number of beats and life expectancy

Levine HJ JACC 1997



Rest Heart Rate and Life ExpectancyRest Heart Rate and Life Expectancy

Logarithmic lifetime beats and weight 

Levine HJ JACC 1997



Göteborg Primary Prevention StudyGöteborg Primary Prevention Study

 7495 men 457495 men 45--55 years randomly55 years randomly 7495 men 457495 men 45--55 years randomly 55 years randomly 
selectedselected

 examined 1970examined 1970--73 and followed for 27 73 and followed for 27 
yearsyears

 Risk factors collected at baselineRisk factors collected at baseline
 Hypertension defined as BP >175/115Hypertension defined as BP >175/115 Hypertension defined as BP >175/115 Hypertension defined as BP >175/115 

or treatedor treated

Wilh l t l JIM 2001Wilh l t l JIM 2001Wilhelmsen et al JIM 2001Wilhelmsen et al JIM 2001



Wilhelmsen, Berglund EHJ 1986



Heart Rate as Risk FactorHeart Rate as Risk Factor

Wilhelmsen et al JIM 2001Wilhelmsen et al JIM 2001



Kannel et al AHJ 1993



Overall Deaths by Resting Heart Rate 
According to Age and Sex:According to Age and Sex:

30 Year Follow-up Framingham Study (N=5070)

Resting Age-adjusted annual rate/1000
heart rate Men                        Women
(beats/min) 36-64 65-94 35-64 65-94

30-67 6 35 3 22
68-75 8 43 4 2868 75 8 43 4 28
76-83 11 46 6 25
84-91 13 61 8 3084 91 13 61 8 30
92-220 24 64 9 35

Kannel et al. Am Heart J . 1987;113:1489-494



Increase of CV risk with baseline HR at rest 
24913 patients with CAD (CASS registry)24913 patients with CAD (CASS registry), 

follow up 14.7 years
CV MortalityResting HR

 83

CV MortalityResting HR

1.31 [1.15-1.48]

77-82 1.14 [1.00-1.29]

1.31 [1.15 1.48]

71-76
1.07 [0.94-1.21]

63-70
1.05 [0.94-1.18]

 62
Relative 

risk
1.1 1.21.0 1.3 1.4 1.5

Diaz et al, EHJ 2005



Increased HR increase risk of heart failure
24.913
Men/women suspected or proved CADMen/women suspected or proved CAD

14.7 yearsy
Follow-up

Diaz et al Eur Heart J. 2005



Prognostic value of HR in Patients with 
Suspected or proven CAD (n=24913)Suspected or proven CAD (n=24913)

C l ti i l

Adjusted survival curves for  
overall mortality

Adjusted survival curves for  
cardiovascular mortality
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Increased HR increases risk of death

24.91324.913
Men/women suspected or provedMen/women suspected or proved 
CAD

14 7 y14.7 y
Follow-up

CASS Eur Heart J. 2005;26:967



Relative Risks of Death According to the Quintile of 
Resting Heart Rate (n=5713)g ( )

D th fDeath from any cause
Non-sudden death from myocardial infarction
Sudden death from myocardial infarction
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Heart Rate and Risk in Elderly MenHeart Rate and Risk in Elderly Men
•763 men >65 years in the Cardiovascular Study in the Elderly
•Risk by quintiles
•Top quintile (squares) >80 bpmp q ( q ) p
•Low quintile (black dots) <64 bpm

Palatini et al Arch Int Med 1999



Heart Rate and Risk in Elderly MenHeart Rate and Risk in Elderly Men

Palatini et al Arch Int Med 1999



Rationale for Rationale for benefits of heart rate benefits of heart rate 
reduction beyond angina preventionreduction beyond angina preventionreduction beyond angina preventionreduction beyond angina prevention

 The natural history of CAD includes progression The natural history of CAD includes progression 
towards acute MI, LV systolic dysfunction, hearttowards acute MI, LV systolic dysfunction, hearttowards acute MI, LV systolic dysfunction, heart towards acute MI, LV systolic dysfunction, heart 
failure, and cardiovascular death  failure, and cardiovascular death  

 Increased HR is an independent prognostic Increased HR is an independent prognostic 
factor in general population and patients withfactor in general population and patients withfactor in general population and patients with factor in general population and patients with 
CAD or HFCAD or HF



Why is Level of Heart Rate a Risk FactorWhy is Level of Heart Rate a Risk Factor

 Reflects adrenergic driveReflects adrenergic drive Reflects adrenergic driveReflects adrenergic drive
 Reflects vagal toneReflects vagal tone

Both these autonomic systems influence Both these autonomic systems influence 
atherogenesis and/or ventricular atherogenesis and/or ventricular 
fibrillation thresholdfibrillation threshold



Myocardial Oxygen ConsumptionMyocardial Oxygen Consumption

From Opie 2001



Myocardial Metabolic Balance and Myocardial Metabolic Balance and 
Heart RateHeart RateHeart RateHeart Rate

Heart Rate SBP Coronary stenosis

O2 consumpt Coronary Flow

Ischemia



Benficial Effects of Heart Rate Benficial Effects of Heart Rate 
ReductionReductionReductionReduction

 A i t iA i t i Angina pectorisAngina pectoris
 Acute coronary syndromesAcute coronary syndromes
 Myocardial infarctionMyocardial infarction
 Atrial tachyarrhythmiasAtrial tachyarrhythmiasAtrial tachyarrhythmiasAtrial tachyarrhythmias
 Heart failureHeart failure
Systolic dysfunctionSystolic dysfunctionSystolic dysfunctionSystolic dysfunction
Diastolic dysfunctionDiastolic dysfunction

 PalpitationsPalpitations



Epidemiological studies on the relationship between Epidemiological studies on the relationship between 
HR and CV mortalityHR and CV mortality (general population and HTN)(general population and HTN)

StudyStudy Population      FollowPopulation      Follow--upup Cardiovascular mortality RRCardiovascular mortality RR

HR and CV mortality HR and CV mortality (general population and HTN)(general population and HTN)

Chicago Gas Company ‘80 1,233 M 15 y >94 vs. <60 bpm   2.3
Chicago Heart Ass.Project ’80 33,781 M&W 22 y >90 vs. <70 bpm M: 1.6 W: 1.1 (ns)

yy pp pp yy

Chicago Heart Ass.Project 80 33,781 M&W 22 y 90 vs. 70 bpm      M: 1.6 W: 1.1 (ns)
Framingham ‘93  4,530 M&W HTN 36 y >100 vs. <60 bpm   M: 1.5 W: 1.4 (ns)
British Regional Heart ’93 735 M 8 y >90 vs. <90 bpm     IHD death 3.3
Spandau ’97 4,756 M&W 12 y Sudden death          5.2 per 20 bpmp , y p p
Benetos ’99 19,386 M&W 18.2 y >100 vs. <60 bpm   M: 2.2 W: 1.1 (ns)
Castel ’99 1,938 M&W 12 y 5th vs. 3rd quintile   M: 1.6 W: 1.1
Cordis ’00 3,257 M 8 y >90 vs. <70 bpm     2.0
Reunanen ’00 10,717 M&W 23 y M: 1.4 (>84 vs. <60) W: 1.5 (>94 vs.<66)
Thomas ’01 60,343 M HTN 14 y >80 vs. <80 bpm <55y:1.5 >55y:1.3
Matiss ’01 2,533 M 9 y per 20 bpm: 1.5 >90 vs. <60 bpm: 2.7
Ohasama ‘04 1,780 M&W 10 y M: 1.2 W: 1.1 (ns) per 5 bpm
Okamura ‘04 8,800 M&W 16.5 y per 11 bpm (1 SD) M: 1.3 W: 1.2
Jouven ’05 5 713 M 23 y  Sudden death from AMI 3.92 (>75 bpm)

Adapted from V. Aboyans et al.  Journal of Clinical Epidemiology . 59 (2006) 547–558



All Cause Mortality - men With Hypertension
36 Year Follow-up Framingham Study (n=2037)

60

36 Year Follow up Framingham Study (n 2037)
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Mortality With Different Heart Rate on 
Hospital Admission for AMI (n=1807)Hospital Admission for AMI (n=1807)

Mortality %

50

Mortality %
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In-hospital

30

40
In hospital
Post discharge

20

30

10

0
<50 50-

59
60-
69

70-
79

80-
89

90-
99

100-
109

110-
119

120

Hjalmarson et al. Am J Cardiol. 1990;65:547-553
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Total Mortality From Day 2 to 1 Year Related to 
Admission HR in Patients With or without HeartAdmission HR in Patients With or without Heart 

Failure (n=1807)
Mortality %
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Heart Rate at Discharge and 6-month 
Mortality in the GISSI 3 StudyMortality in the GISSI-3 Study

(n=11020 with AMI)
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Baseline HR as Independent Risk Factor
in the MERIT HF Trial (n=3991Cox adjusted)in the MERIT-HF Trial (n=3991Cox adjusted)

Endpoint
Placebo
n=2001

Metoprolol CR/XL
n=1990Endpoint n 2001

p-value (No of events)
n 1990

p-value (No of events)

All-cause mortality 0.003 (217) ns (145)All cause mortality 0.003 (217) ns (145)

CV mortality 0.006 (203) ns (128)

Pts hospitalized 
(CHF) <0.0001 (294) ns (200)



Relationship Between Reduction of Resting Heart 
Rate and Reduction in Mortality From Beta-Rate and Reduction in Mortality From Beta

blocker Trials
Reduction in mortality %

50

Reduction in mortality %
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MetaanalysisMetaanalysis
MortalityMortalityyy

30
Brophy et al Ann Int Med 2001



BetaBeta--blocker Trials in Heart Failureblocker Trials in Heart Failure
Effects on MortalityEffects on MortalityEffects on MortalityEffects on Mortality
0.640.64

PreviousPrevious
Metaanalysis incl.Metaanalysis incl.

CIBIS IICIBIS II
0.680.68

ResolvdResolvd
Metaanalysis incl. Metaanalysis incl. 
15202 patients 15202 patients 
2243 deaths 2243 deaths 

CIBIS IICIBIS II

MERITMERIT
0.670.67

0.910.91

BESTBEST 0.650.65

TotalTotal
0.740.74

COPERNICUSCOPERNICUS

1.01.00.50.5 0.250.25

TotalTotal

31

BetaBeta--blockerblocker

WorseWorseBetterBetter



One-year Mortality According to Baseline Heart 
Rate in the CIBIS-II Trial ( n=2539 with CHF)Rate in the CIBIS II Trial ( n 2539 with CHF)

One-year mortality
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Lechat et al. Circulation 2001;March 13:1428-1433
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One year Mortality in CIBIS II
by Changes in HRby Changes in HR
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All-cause Mortality/All-cause Hospitalization 
in the MERIT HF Trial (n=3991)

No. of events
Plac/Meto CR/XL

in the MERIT-HF Trial (n=3991)

Q1
Q2

152/134
146/137

Plac/Meto CR/XL

Q2
Q3
Q4

146/137
141/114
133/124

Q5
Q1-4

195/132
572/509

All randomized 767/641

1.00.0 0.5
Relative risk and 95% confidence interval

Gullestad L et al, for the MERIT-HF Study Group JACC 2005; 45: 252-259



Sinus node inhibitionSinus node inhibition



MorBidity-mortality EvAlUation

of The If Inhibitor Ivabradine in 
P ti t With C Di dPatients With Coronary Disease and

Left VentricULar DysfunctionLeft VentricULar Dysfunction



M th dP l ti Methods
Events 11%, n=950, RRR: 19%
Power: 90%; alpha bilateral 5%

Population
 55 years or diabetics > 18years
Documented CAD Power: 90%; alpha bilateral 5% 

Mean follow-up:  2.25 years
850 centers in 33 countries

Documented CAD
LV Ejection Fraction < 40%
HR  60 bpm

Procoralan 5 - 7.5 mg bid N = 5000
R i

850 centers in 33 countriesHR  60 bpm

placebo
N = 5000

Run-in

Y1 Y2 Y3

Combined primary endpointCombined primary endpoint
Cardiovascular death
Hospitalisation for acute myocardial infarction (MI)p y ( )
Hospitalisation for new onset or worsening heart failure (HF)



Heart rate
CV-death Heart failure

RevascularisationsAMI

Fox et al Lancet 2008Fox et al Lancet 2008



Primary outcome
CV death or hospitalisation for AMI orCV-death or hospitalisation for AMI or 

heart failure

Fox et al Lancet 2008Fox et al Lancet 2008





Results Results 

 N= 10 917 patients, median follow up 19 months 

 Treatment with ivabradine was not shown to improve the 
primary composite endpoint of cardiovascular mortality, 
h it li ti f MI d HF i thi t d l ti *hospitalisation for MI, and HF in this study population *

 In patients with HR > 70 bpm, ivabradine reduces the 
composite of fatal and non-fatal MI and reduces the need 
for revascularisation*

 Ivabradine can be safely used in combination with beta 
blockade in those patients

* F t l L t 2008* Fox et al, Lancet 2008



Population
 18 years 18 years
Symptomatic CHF, class II to IV NYHA
All etiologies of CHF
Documented hospital admission for worsening heart failure  12 months
LV systolic dysfunction (EF)  35%
HR  70 bpmHR  70 bpm

Ivabradine Ivabradine 2.5, 5 or 7.5 mg bid according to HR and tolerability
5 mg bid

Matching placebo, bid

Run-in
7 to 30 days

Matching placebo, bid

D014 D028ASSE Every  4 monthsD000 M004

Composite primary endpoint
Cardiovascular death
Hospitalisation for worsening heart failure



Implications of the results onImplications of the results on

SHIFT is specifically designed for a severe HF 
population

With a different study treatment schedule 
With different study population characteristicsWith different study population characteristics
Different background treatment 



Implications of the results onImplications of the results onImplications of the results onImplications of the results on

 Executive Committee SHIFT : Executive Committee SHIFT : 
 no reason to change the inclusion or evaluation criteria
 Statistical hypothesis revised yp

1) to re-evaluate the estimated RRR (15% vs 17%) 
 1600 expected primary endpoints (vs 1220)
 7000 patients (vs 5500) 

and 
2) to ensure a sufficient power in the population of interest of2) to ensure a sufficient power in the population of interest of 

patients receiving at least half of the target daily dose of beta-
blockers

 amendment n°5 (dated 10th Sep 08)



50% BB target daily dose
(RS = 5618 -03/10/08)

Among patients treated with BB* (n=4911), 52.3 % receive 
at least 50% of the target daily dose

(*:Carvedilol bisoprolol nebivolol metoprolol tartrate metoprolol succinate;( :Carvedilol, bisoprolol, nebivolol, metoprolol tartrate, metoprolol succinate; 
393 (8.4%) patients with missing data)
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 Overall, 45.7% of all randomised patients (n=5618) receive at 
least 50% of the BB target daily dose



St d t tStudy status

 Study follow-up ended March 31 2010

 Presentation in a Hot Line session at 

ESC congress in Stockholm August 29ESC congress in Stockholm August 29 

 Simultaneous publication in Lancetp



CONCLUSIONSCONCLUSIONS

 Heart rate is an independent predictor of 
mortality/morbidity in a general population y y g p p
as well as in patients with CAD or heart 
failure

 Reduction of heart rate by a beta-blocker is 
associated with improved outcome

 Can direct reduction of elevated heart rate 
in heart failure improve outcomes?p


