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Is heart rate a risk factor in the general population?
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Heart rate is an independent risk
factor for cardiovascular disease.
There is compelling evidence of a
clinically meaningful and statisti-
cally significant association
between heart rate and clinical
outcome in the general population,
as well as in elderly subjects and
hypertensive patients. There is also
increasing evidence supporting
heart rate as a unifying hypothests
explaining both the favorable
cardioprotective effects of heart
rate~lowering B-blockers and
calcum channel blockers and the
unfavorable effects of calcium
channel blockers that do not lower
heart rate in patients recovering
from myocardial infarction. The
wider recognition of heart rate
may help clinicians identify pa-
tients at an especially high risk for
cardiovascular disease and target
these high-risk subjects with car-
diovascular therapies specifically
destgned to reduce heart rate.
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eart rate is a key determi-

nant of myocardial oxygen

consumption. Thus, low-

ering heart rate increases
the ischemic threshold, reduces the
clinical manifestations of ischemic
heart disease, and may improve
cardiac performance. Recent studies
suggest that heart rate may well be
a risk factor in the general popula-
tion and a prognostic factor in sub-
jects with cardiovascular disease.
This is particularly important since
a number of cardiovascular drugs
with divergent effects on heart rate,
such as B-blockers (BBs) and calcium
channel blockers (CCBs), possess
correspondingly disparate effects
on clinical outcome. This raises
the intriguing hypothesis that low-
ering heart rate is a desirable target
for cardiovascular therapies

EVIDENCE SUPPORTING
HEART RATE AS A RISK
FACTOR IN THE GENERAL
POPULATION

Evidence that heart rate is a risk
factor in the general population is
supported by a growing body of
large epidemiological observational
cohort studies published in the
last two decades. These epidemio-
logical studies evaluated the role
of heart rate as an independent
risk factor for all-cause and cardio-
vascular and/or coronary heart
disease mortality, and are summa-
rized in Table I (see next page).'-12
Overall, these studies combined
comprised over 116 000 apparently
healthy male and female subjects
varying widely in age (from 18 to

80 years), generally with no prior
known cardiovascular disease, who
were followed for 5 to 36 years. This
large sample size of over 116 000
subjects from a large number of
different populations worldwide
supports the generalizability of the
results of these studies to the pop-
ulation at large.

These studies!-12 and others!3 have
demonstrated that the risk of death
from all causes, including cardio-
vascular disease, increases as rest-
ing heart rate increases? or when
heart rate exceeds 84, 90, or 100
beats per minute (bpm)!.3-13 Mor-
tality was consistently associated
with increased heart rate regardless
of gender or ethnic background, and
amounted to a 3-fold higher risk of
death in subjects with a heart rate
of 90 to 99 bpm compared with sub-
jects with a heart rate <60 bpm 4
The excess mortality is mostly at-
tributable to a higher risk of death
from coronary artery disease. Rest-
ing heart rate was associated with
an increased risk of both fatal and
nonfatal manifestations of coronary
artery disease.6 The significant 2- to
3-fold increase in all-cause and
coronary heart disease mortality
over 12 years, accompanying an
increase in resting heart rate from
<60 to >100 bpm in the Swedish
Multifactor Primary Prevention
Trial—one of the larger epidemio-
logical studies—is illustrated in
Figure 1, (see page 27).4

The three Chicago epidemiological
studies—Chicago Western Electric,
Chicago Peoples’ Gas, and Chicago
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Epidemiological study Entry year Sample Gender/age F/U  Publication year
Chicago Western Electric! 1957 1899 M/40-55 17 1980
Chicago Peoples’ Gas! 1958 1233 M/40-59 15 1980
Chicago Heart Association
Detection Project in Industry! e o784 wlaZie > el
Framingham Heart Study?23 1948 5070 35-94 36 1985, 1987
Multifactor Primary Prevention
T e e — 1970 10 004 M/45-55 12 1986
National Health Examination 1959-
Survey (HES)5 1962 6672 18-79 26 1988
NHANES I Epidemiologic 1971-
Follow-up Study (NHEFS)¢ 1975 2995 25-74 10 1991
British Regional Heart Study? 1984 7735 M/40-59 8 1993
Robert Koch Institute, Berlin8 1984 4756 40-80 12 1997
Chicago Heart Association
Detection Project in Industry?® R LR g 22 1999
1 . Pré .

Centr? d’Investigations Préventives 1974 19 386 40-69 20 1999
(IPC) in France!0
Israeli Male Industrial Employee Study!! 1991 3527 8 2000
Finnish Public Health Insti

innish Public Health Institute 1991 10 717 30-59 23 2000

in Helsinki!2

Overall

Table 1. Epidemiological studies assessing the role of heart rate as a risk factor for cardiovascular disease in the general population.

F/U, follow-up (in years); M, men.

Heart Association Detection Project
in Industry—started in the late
1950s and were published over two
decades ago.! These were the first
studies to support a consistent pos-
itive association of heart rate with
all-cause mortality and a significant
association with sudden death.! A
similar association of heart rate
with sudden death was reported in
the Framingham Heart Study? and
the British Regional Heart Study.”
The latter reported a 5- to 6-fold
higher risk of sudden death in
men27 and a 2-fold higher risk of
sudden death in women? in the
highest quintiles of heart rate (heart
rates >88 or >90 bpm compared
with subjects with heart rates <65
or <60 bpm).

116 159 subjects

Heart rate was consistently associ-
ated with a higher risk of death,
mostly attributable to an excess of
cardiovascular deaths. The increase
in mortality was quite clinically sig-
nificant and amounted to a doubling
of risk with every 40-bpm increase
in heart rate.78.10-12 After adjusting
for any other known risk factor, such
as age, blood pressure, gender, race,
diabetes mellitus, blood lipids,
and body mass index, heart rate
remained significantly predictive
of an excess risk of death in all 12
studies.1-13

Now that we have examined the

evidence supporting heart rate as a
risk factor in the general population,
we will specifically address the im-

26

1-12

portance of heart rate in two large
segments of the population, elderly
subjects and hypertensive patients.

IS HEART RATE

AN IMPORTANT
PROGNOSTIC FACTOR
IN ELDERLY SUBJECTS?

In elderly subjects, the risk of de-
veloping new coronary events, such
as sudden cardiac death or acute
myocardial infarction, is 14% higher
for every 5-bpm increase in heart
rate, even after adjusting for con-
founding effects of other risk fac-
tors.14 This observation has impor-
tant public health implications,
since the elderly segment of the US
population is growing at a dispro-
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portionately higher rate than any
other segment of the population.
The Cardiovascular Study in the
Elderly!5 was an epidemiological
study specifically designed to eval-
uate the independent contribution
of heart rate to the risk of death in
1938 men and women aged 65 years
or older. In men, cardiovascular
deaths were significantly increased
in those in the top quintile of heart
rate (relative risk [RR], 1.55). After
adjustment for baseline age, body
mass index, hypertension, diabetes
mellitus, angina or previous my-
ocardial infarction, lipid levels,
smoking, alcohol intake, and other
confounders, the RR for cardiovas-
cular death in men was 1.38 (95%
confidence interval [Cl], 0.94-2.03)
for the top quintile of heart rate
and 0.82 (95% CI, 0.52-1.28) for the
bottom quintile. Cox multivariate
regression analysis indicated that
heart rate (P<0.001) was the most
powerful predictor of cardiovascular
death, followed by age (P<0.001),
concomitant coronary heart dis-
ease (P<0.001), clinical heart failure
(P=0.001), diabetes mellitus
(P=0.001), hypertension (P=0.02),
and triglyceride levels (P=0.04).
Thus, an elevated heart rate is a
strong and independent predictor
of cardiovascular death in elderly
men regardless of any other known
coronary risk factor.

IS HEART RATE
AN IMPORTANT
PROGNOSTIC FACTOR
IN HYPERTENSIVE
PATIENTS?

Hypertensive subjects are another
especially important group. They
comprise 20% of the population and
have a substantially greater risk for
cardiovascular disease compared
with the general population. In the
4530 untreated hypertensive sub-
jects aged 35 to 74 years in the Fram-
ingham Heart Study,!6 resting heart
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961 2277 2120 1202 576 379
1 1 1 1 1 1
16
12 4
9
o)
9]
o
- 87
0
=
4 -
0 T T T T
>59 60-69 70-79 80-89 90-99 >100
Heart rate (bpm)

Figure 1. All-cause and cause-specific mortality and heart rate in the general population. ® =total

mortality, O= coronary heart disease, ® =other deaths, A =cancer, O=stroke. All-cause mortality is
2- to 3-fold higher in subjects with heart rates higher than 90 bpm compared with those with heart
rates <60 bpm. Similarly, coronary heart disease mortality is about twice as high in subjects with
heart rates >90 bpm compared with subjects with heart rates <60 bpm.

Based on data from reference 4.

rate was significantly predictive of
all-cause mortality, cardiovascular
mortality, and coronary heart dis-
ease mortality. The odds ratios (OR)
and 95% CI for each 40-bpm incre-

OR (CI)

All-cause mortality

In men 2.18 (1.68-2.83)

2.14 (1.59-2.88)

In women

Cardiovascular mortality

1.68 (1.19-2.37)

In men

In women 1.70 (1.08-2.67)

Table I1. All-cause and cardiovascular mortal-
ity in hypertensive subjects in the Framingham
Heart Study.'® OR, odds ratio; CI, confidence
interval.
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ment in heart rate after adjustment
for age and systolic blood pressure
level are shown in Table 1116 This
striking increase in all-cause, coro-
nary heart disease, and cardiovas-
cular mortality with higher resting
heart rates in the hypertensive
Framingham patients is illustrated
schematically in Figure 2 (see next

page).

In the Framingham Heart Study!6
as well as several other epidemio-
logical studies,!7-23 heart rate was
significantly associated with systolic
and diastolic blood pressure in men
and women. Resting heart rate is
consistently higher in hypertensive
patients than in age-matched nor-
motensive controls.!6 Could the as-
sociation of heart rate with cardio-
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vascular and coronary heart disease
mortality simply be attributable to
the higher likelihood of hyperten-
sion among tachycardic patients?

This important question has been
extensively addressed in at least 8
large epidemiological studies pub-
lished between 1993 and 1999 in-
volving about 172 000 patients
(over 43 000 hypertensive subjects
and over 129 000 normotensive
subjects). These studies,16-23 as well
as other large epidemiological
studies,!-13 have clearly and con-
clusively established the independent
contribution of heart rate as a car-
diovascular risk factor after adjust-
ment for the effects of a number of
known coronary risk factors, partic-
ularly age and blood pressure. A
high heart rate is a marker for a
higher overall cardiovascular risk
profile (including hypertension, el-
evated lipids, obesity, and diabetes
mellitus, among others) in a large
number of epidemiological studies
(Table I11).17-23 However, the asso-
ciation of heart rate with cardio-
vascular and all-cause mortality re-

mains statistically significant and
clinically relevant after all known
coronary risk factors have been ap-
propriately adjusted for.1-16

WHY IS HEART RATE
A RISK FACTOR IN THE
GENERAL POPULATION?

Heart rate may have direct or indi-
rect effects on cardiac function.
Lowering heart rate may have the
following important direct cardiac
effects.

Decrease in myocardial
oxygen demands

Heart rate is a key determinant of
myocardial oxygen consumption
(MVO,). It is the most easily meas-
ured and one of the most readily
modifiable of all known determi-
nants of MVO,. If all other determi-
nants of MVO,, including blood
pressure, ventricular chamber size,
wall thickness, and myocardial
contractility remain constant, low-
ering heart rate alone may favorably
increase the ischemic threshold.

28

Figure 2. Age-adjusted 2-year mortality rates in
hypertensive men versus heart rate in the Framing-
ham Heart Study. All-cause [dark green bars] as
well as coronary heart disease [white bars| and
cardiovascular disease [light green bars| mortality
rates are consistently and steadily higher with high-
er heart rates. Subjects with heart rates >89 bpm at
entry into the study are twice as likely to die over
the subsequent 36 years than those with heart rates
<65 bpm.

Based on data from reference 15.

Increase in coronary
blood flow by increasing
diastolic filling time

Diastolic filling time as a percentage
of the cardiac cycle increases as
heart rate decreases. Since coronary
blood flow occurs almost exclusively
during ventricular diastole, an in-
crease in diastolic filling time should
result in an increase in coronary
blood flow. Thus, even in the ab-
sence of atherosclerotic coronary
artery disease, marked increases in
heart rate alone may result in my-
ocardial ischemia. This is particular-
ly meaningful clinically in patients
with long-standing hypertension
and elderly subjects who are sub-
stantially more likely to have devel-
oped compensatory left ventricular
hypertrophy. In the presence of left
ventricular hypertrophy with an in-
herent increase in myocardial oxy-
gen demands, any decrease in dias-
tolic filling time would have an even
greater adverse effect on the bal-
ance of myocardial oxygen supply
and demand.

Increase in ventricular
fibrillation threshold

Experimentally, ligation of a coro-
nary artery in an open-chest dog
may cause ventricular fibrillation
and sudden arrhythmic death.
Reducing heart rate with BBs (prior
to the experimental ligation) pre-
vents ventricular fibrillation in these
animals. Similarly, BBs have been
shown to reduce the occurrence of
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ventricular tachyarrhythmias in hu-
mans with acute myocardial infarc-
tion.24.25 Early B-adrenergic block-
ade reverses the propensity to
develop ventricular fibrillation in
animals as well as in humans and
may explain the favorable effect of
BBs in patients with myocardial in-
farction. Furberg et al reported a
much greater reduction in mortality
with BBs in myocardial infarction
patients with ventricular fibrillation
or tachycardia compared with those
with uncomplicated myocardial in-
farction.26 This observation, coupled
with the decrease in the incidence
of ventricular arrhythmias with
BBs,24.25 supports the conclusion
that an increase in ventricular fi-
brillation threshold may, at least in

explain the higher risk of sudden
death!27 associated with faster
heart rates in hypertensive patients
and in elderly subjects with prior
clinically unrecognized—so-called
silent—myocardial infarction.

Antiatherogenic effect

Heart rate may be an important fac-
tor in the pathogenesis of coronary
atherosclerosis. Several findings in
experimental animals support a di-
rect antiatherogenic effect of a lower
heart rate (whether spontaneous
or pharmacologically induced):

e Coronary atherosclerotic lesions
in primates with a low resting heart
rate are one third of the size of le-

e Slowing heart rate with propra-

nolol in primates is associated with
reduced progression of atheroscle-
rosis, independent of lipid levels.29

Similarly, heart rate is correlated
with severity of coronary atheroscle-
rosis in patients surviving myocar-
dial infarction at a young age.30.31
The exact mechanism of this anti-
atherogenic effect of slowing heart
rate is unknown. However, it has
been hypothesized that heart rate
changes may cause alterations in
the velocity and direction of blood
flow, which may have an important
effect on the pathogenesis of ather-
osclerosis. Alternatively, heart rate
may have important indirect effects
that affect cardiac function.

Poor health and/or

Epidemiological study Sample HT/NT Publication physical fitness
year

High heart rate may be
Framingham Heart Study!é 4530 HT 1993 an index of poor physical
British Department Of Public Health!” 7735 NT 1994 fitness or poor overall

health. It is well known
University of Pavia, Italy!8 8811 8115 NT 1997 that poor physical fitness

696 HT may result in higher coro-

Finnish National Public Health 3386 NT 1997 nary and cardiovas;ular
Institute in Helsinki!? death rates.3? Resting

heart rates are generally
Centrf-:' d’[nvesigations Préventives 100 000 NT 1999 highe.r'in physically qe_
(IPC) in France conditioned and unfit
Italian TensioPulse Study?! 38145 HT 1999 individuals.
Toulouse France Study?? 1175 NT 1999 Autonomic
Belgian Nationwide Survey?3 9177 NT 1999 nervous system

abnormalities

Overall

Table 111. Epidemiological siudies assessing the relationship between heart rate and blood pressure in hypertensive
-23 HT, hypertension; NT, normotension.

and normotensive subjects.!®
part, explain the favorable effect of
BBs on myocardial infarction mor-
tality.26 This may readily explain the
higher risk associated with high
heart rates and the favorable effects
of lowering heart rate with BBs in
survivors of a clinically recognized
myocardial infarction. This may also

sions in primates with a high heart
rate despite similar blood pressures,
serum lipids, and body weights.28

e Atherosclerotic coronary artery
lesions in monkeys with a low rest-
ing heart rate fed a diet high in
saturated fat are smaller than in
those with a faster heart rate.29

29

129 588 normotensives and 43 371 hypertensives

A high resting heart rate
may indicate increased
sympathetic nervous sys-
tem activity,33.34 reduced
vagal activity, or both. In experimen-
tal studies, these factors have been
shown to lower the threshold for
ventricular fibrillation and may me-
diate the detrimental effects of high-
er heart rate and the beneficial
effects of lower heart rate on cardio-
vascular morbidity and mortality.35-37
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SUMMARY

There is compelling evidence of a
clinically meaningful and statistical-
ly significant association between
heart rate and clinical outcome in
the general population as well as
in hypertensive patients and the
elderly. At least 20 large epidemio-
logical studies in over 288 000
subjects published in the last two
decades provide compelling evi-
dence supporting the important
role of heart rate as a risk factor for
cardiovascular mortality independ-
ently of any other well-established
cardiovascular risk factor. This is
particularly interesting in view of
the widely divergent effects of car-
diovascular strategies such as heart
rate—lowering CCBs and BBs, which
reduce cardiovascular mortality

in survivors of myocardial infarc-
tion,27.38-41 and CCBs that do not
lower heart rate, such as nifedipine,
which increase mortality.42 The
wider recognition of heart rate, a
new easily measured cardiovascular
risk factor, may help clinicians iden-
tify patients at an especially high
risk for cardiovascular disease and
target these high-risk subjects with
cardiovascular therapies specifically
designed to reduce heart rate. Fu-
ture research should attempt to
validate heart rate as a primary tar-
get for cardiovascular pharmacolog-
ic therapies in patients with, or at
risk for, cardiovascular disease in
large-scale prospective controlled
clinical trials.
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