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Sinus Bradycardia: Normal Phenomenon or Risk
Factor? Evaluation Based on Recent Evidence
Edison F. Liu, MD, PhD; Limin Chen, MD, FALU, FLMI;
Billy X. Gao, MD, FALU, FLMI
Although sinus bradycardia is a common abnormality seen in
medical reports, the proper evaluation of sinus bradycardia is
poorly understood by physicians. Recent data from heart rate
epidemiologic and cohort studies has emerged regarding the risk
stratification of sinus bradycardia, which may help insurers better
underwrite this abnormality. In this review, an operational agerelated heart rate reference based on recent advances is provided
along with a suggested approach to the risk stratification and
assessment of prognosis for inappropriate sinus bradycardia.
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normal limits (60–100 bpm) and terminologies are used in guidelines or textbooks
principally for convenience and for uniformity of designation. Evidence underpinning
these limits is scarce.
Sinus bradycardia is common in young
healthy adults, during sleep, and in elite
athletes. Increasing evidence has shown the
protective role of low heart rate for cardiovascular outcomes as compared with high
heart rate.2 Marked sinus bradycardia is
often considered to be a marker of sinus
node dysfunction (SND),3 and may be a risk

easurement of heart rate (HR) is
M
fundamental to the assessment of an
individual’s pathophysiological status. Not
only for the diagnosis and treatment for
arrhythmias, but an individual’s heart rate
may indicate whether the person is likely to
be at increased risk for adverse outcomes.
The normal range for heart rate in adults
was established as 60–100 beats per minute
(bpm) decades ago.1 Sinus bradycardia has
long been said to exist in adults with a sinus
rhythm of less than 60 bpm. A rate above 100
per minute is called sinus tachycardia. These
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Table 1. Heart Rate of Reference Range Subset
Both sexes

Male

Female

Group

median

2%–98%

1%–99%

median

2%–98%

1%–99%

median

2%–98%

1%–99%

ALL
0–9
10–19
20–29
30–39
40–49
50–59
60–69
70–79
80–89
90–99

68
84
70
66
68
68
68
67
65
64
66

48–98
60–120
49–101
46–94
48–95
49–97
49–98
48–98
46–93
47–89
47–95

46–103
58–129
47–105
43–98
46–99
47–102
47–102
45–103
44–99
45–96
47–95

66
83
70
63
66
67
68
67
63
61
59

47–98
59–116
48–99
44–91
47–95
47–97
48–98
47–99
45–94
46–87
48–95

45–103
57–127
47–106
42–97
44–100
45–101
46–103
45–104
43–100
44–95
48–95

68
86
71
69
69
69
68
68
66
65
68

49–98
62–126
52–101
49–96
50–95
50–97
49–97
49–97
47–93
48–91
47–94

47–103
60–133
50–104
46–99
48–99
48–103
47–102
47–102
45–98
47–96
47–94

Note: Reference range subset included 46,129 subjects from 57 countries, 6 continents. Cardiac or metabolic
disorders were excluded. The subjects were supine and at rest for at least 5 minutes before recording.
Adapted from: Mason et al. J Electrocardiology. 2007;40:228–234. Permission given by Dr. Mason and Elsevier.

factor for sudden cardiac death.4 Thus,
two questions arise: is sinus bradycardia a
normal phenomenon, or is it a risk factor?
Should we continue to evaluate sinus bradycardia by the current commonly used reference? In this article, we will review recent
findings with regard to the evaluation of
sinus bradycardia.

have been published.6–9 In a healthy Chinese
population, 15% had a heart rate ,60 bpm, with
a prevalence of 18% in men and 9% in women.7
In a study conducted in 6 continents, baseline
ECGs of 79,743 individuals were surveyed and
a subgroup of 46,129 individuals with a very
low probability of cardiovascular disease was
identified.9 The normal heart rate ranged from
48–98 bpm using the 2nd and 98th percentiles
(Table 1). This provides important insight for
the reconsidering normal resting heart rate
related to the influence of age and sex. The
authors state that sinus bradycardia is over
diagnosed with the current reference limit
(,60 bpm).
It is a different picture in pediatrics, since
reference ranges published by different
international organizations vary greatly.10–13
What adds to the challenge is that infancy
and childhood are periods of enormous
physiological and developmental changes.
Fortunately, a recent study has systematically reviewed and synthesized data from over
140,000 healthy children in 69 studies to
create new centile charts for heart rate.14
Through comparison of the centile charts
with existing guidelines (APLS,10 PALS,11
PHTLS,12 ATLS13 and EPLS15), it can be
found in children of 2–18 years old that the

NORMAL RHYTHM VS SINUS
BRADYCARDIA - RECONSIDERATION
OF THE REFERENCE RANGES
Decades ago, Spodick et al challenged the
traditional operational definitions for sinus
bradycardia and tachycardia. From a population of 500 asymptomatic subjects aged 50
to 80 years, the normal range of resting heart
rate was estimated to be 46–93 bpm in men
and 51–95 bpm in women.5 Spodick proposed the appropriate rate range for sinus
rhythm should be 50–90 bpm.
There are few large population-based studies
available for assessing the age- and sex-related
heart rate reference ranges, especially those
based on modern electrocardiographic technology. Recently, several studies of normal heart
rate reference ranges using ECG measurements
derived from simultaneously recorded ECGs
103
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RISK STRATIFICATION OF LOW
HEART RATE
Among mammals, there is an inverse
relation between heart rate and life expectancy. Arctic whales live as many as 150 years,
hamsters an average 3 years. Whales can have
heart rates as few as 10 bpm, whereas
hamsters as many as 450 bpm. It is common
knowledge that long-term exercise is associated with a relatively low heart rate, and is
associated with improved health and, therefore, life expectancy.
However, it also raises the question as to
whether a low heart rate is a risk factor in
certain conditions. First, it can reduce coronary perfusion pressure, especially in the
elderly with stiff vasculature and widened
pulse pressure. Chronic insufficient perfusion may induce or aggravate cardiovascular
disease. Furthermore, if symptoms (ie, syncope, fatigue, dizziness or dyspnoea) accompany sinus bradycardia, examination for
SND or other diseases is required.
Comparative analysis of current studies
suggests the existence of certain higher risk
groups with low heart rate (Table 3). In a
normal population, CVD, CHD, and total
mortality rates increased with each successive increase in RHR (resting heart rate)
quintile.2 However, in certain populations,
the linear relationship between the heart rate
and mortality was only found for heart rate
above 60 bpm, resulting in a J-shaped
relationship. In women, mortality of CVD
and stroke in the 65–79 and 80–94 bpm
groups was significantly lower than in the

Figure 1. Proposed reference of normal heart rate range
by age periods.

lower limit of PHTLS is reasonable, and the
upper limit of APLS is more matchable.
We propose a heart rate reference based on
the recent advances and on consideration of
operational simplicity (Figure 1). According to
Mason’s survey, the upper limit of heart rate in
an adult might be 100 bpm.9 However, recent
studies have revealed that the relative risk of
high heart rate on all-cause and cardiovascular
mortality in either healthy population or cardiovascular patients begins to increase at
.90 bpm or even .80 bpm.2,16,17 The upper
threshold of 90 bpm would improve risk
evaluation. Further discussion of this component of the heart rate range is beyond the scope
of this article. We think the proposed reference
for different age groups would benefit risk
selection.
Corresponding to current advances on
epidemiological evidences, several recently
published guidelines have revised the definition of sinus bradycardia to a lower threshold
(Table 2).18–20 A new definition should improve the diagnostic specificity of sinus
bradycardia.

Table 2. Definitions of Sinus Bradycardia from Several Recently Published Guidelines
Sponsor

Year

ACP (US)

2003

ESC (Europe)
AHA (US)

2009
2010

Guidelines
Training and Competency Evaluation for Interpretation of
12-Lead Electrocardiograms
Guidelines for the diagnosis and management of syncope
Guidelines for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care

Definition

Ref.

,50 bpm

18

,50 bpm
,50 bpm

19
20

ACP: American College of Physicians. ESC: European Society of Cardiology. AHA: American Heart Association.
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Table 3. Selected Studies of the Relationship Between Resting Heart Rate and Cardiovascular or All-cause Mortality
in Different (Patient) Populations

Study (ref.)

Baseline
characteristics

Sample

Heart rate
categories (bpm)

Selected findings

National
Random sample
FINRISK
of population
Study,
Finland2

On univariable analysis CVD, CHD,
and total mortality rates increased
with each successive increase in
RHR quintile (Linear)

3C Study,
France22

J-Shaped in CAD incidence rate,
lowest in 62–67.5 bmp group

CORDIS
study,
Israel23
ARIC, US24

Glasgow,
UK25

10 519 men,
men: #60, 62–66,
11 334 women, age 68–72, 74–80,
25–74 with a
$82.
6–27 years
women: #64,
follow-up
66–68,70–74,
76–80, $82
Elderly population 7 147, 39% men,
,62, 62–67.5,
age$65 with a
68–72.5, 73–79,
mean follow-up
.79
of 4.9 years
Industrial
3 527 men, mean
,70, 70–79,
employees
age 45, 75%
80–89, $90
Blue-collar, 8
years follow-up
With
3 275, 49% men,
,60, 60–69,
prehypertension
age 45–64 with
70–79, $80
a mean follow-up
of 10.1 years
With
hypertension

INVEST,
With hypertension
multiand CAD
national26

CRUSADE, with non-ST
US27
segment
elevation ACS

J-Shaped pronounced in CVD and
cancer mortality, lowest in 70–79
bmp group

No difference between ,60 and
60–69 groups in all-cause mortality
over all sex. But in males, CHD risk
is higher in ,60 group than 60–69
group
#60, 61–70, 71–80, J-Shaped pronounced in CVD and
81–90, $91
IHD mortality, lowest in 61–70
bpm

4 065, 47% men,
mean age<51
with a mean
follow-up
of 897 days
22 192, 47.8% men, #50, 51–55, 56–60, J-Shaped in adverse outcomes, more
age.50 with a
61–65, 66–70,
pronounced in diabetes and prior
mean follow-up
71–75, 76–80,
MI, nadir 59bpm in all cohort,
of 2.7 years
81–85, 86–90,
nadir 64bpm in prior MI
91–95, 96–100,
.100
135 164, 59.7%
,50, 50–59, 60–69, Risk of all-cause mortality and stroke
men, age
70–79, 80–89,
was significantly higher in the group
67614
90–99, 100–109,
with a presenting HR ,50 bpm
110–119, 120–129, even after controlling for baseline
.130
variables, Compared with the
reference group (60–69 bpm);
J-shaped

CAD: coronary artery disease CVD: cardiovascular disease IHD: ischemic heart disease SBP: systolic blood
pressure MI: myocardial infarct ACS: acute coronary syndromes.

,65 bpm group. A similar trend occurred in
men but was not statistically significant.21
The J-shaped relationship was also found in
elderly, industrial employees and patients
with prehypertension, hypertension or cardiovascular disease.22–27 In the CRUSADE
study of patients with non-ST-segment elevated acute coronary syndrome, a clear

J-shaped correlation was found between
resting heart and all-cause mortality.27 The
lowest mortality rate was in patients with
resting heart rate between 50–70 bpm, but
mortality doubled when heart rate was
below 50 bpm. It appeared that the more
severe the cardiovascular disorder, the greater the risk of bradycardia.
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Table 4. Etiologies of Sinus Bradycardia
Irreversible (physiological)
Aging
Endurance training

Reversible (functional)
Cardiac medications
b-Adrenergic blockers
Calcium-channel blockers
Clonidine
Digoxin
Antiarrhythmic agents
Methyldopa
Procainamide
Disopyramide
Lithium
Quinidine
Amiodarone
Hypervagotonia
Vasovagal syncope
Carotid sinus hypersensitivity
Intracranial hypertension
Situational disturbances
Coughing
Vomiting
Defecation
Micturition
Hypothermia
Hypothyroidism
Hypoglycemia
Electrolyte imbalances
Hypokalemia
Hyperkalemia
Peptic ulcer
Nicotine abuse
Sleep apnea

Irreversible (pathological)
Idiopathic degeneration
(Sclero-degenerative-fibrotic disease)
Myocardial Infarction
Coronary heart disease
Cardiomyopathies
Valvular heart diseases
Infiltrative
Fatty replacement
Fibrosis
Sarcoidosis
Amyloidosis
Hemochromatosis
Collagen vascular diseases
Systemic lupus erythematosus
Rheumatic carditis
Scleroderma
Inflammatory
Chagas’ disease
Typhoid
Endocarditis
Surgical trauma
Valve replacement
Correction of congenital heart disease
Heart transplantation
Myotonic muscular dystrophy
Congenital sinus node abnormalities

cause mortality. Nevertheless, variables such
as aging, male gender, atrial fibrillation, and
abnormal QRS significantly predicted allcause mortality.28 The limitation of this study
lies in the information missing on medication
and cardiac disease, and that the vast
majority had rate .40 bpm.

MORTALITY
No studies have estimated the prognostic
significance of asymptomatic bradycardia
and its impact on all-cause mortality until
recently.28 Jeffrey et al evaluated the need for
subsequent pacemaker implantation and
mortality in older outpatients (.60) with or
without bradycardia. The cohort consisted of
2560 patients, of whom 470 had asymptomatic bradycardia. The bradycardia group
consisted of 66% patients with 50–54 bpm,
24% with 45–49 bpm, 8% with 40–44 bpm,
and 3% with ,40 bpm. A very low rate of
subsequent pacemaker implantation was
recorded for asymptomatic bradycardia, annualized to ,1% per year. Asymptomatic
bradycardia had no adverse impact on all-

ETIOLOGY OF SINUS BRADYCARDIA
AND ASSOCIATED DISORDERS
Etiology
A classification of sinus bradycardia is
introduced here. Sinus bradycardia is regarded as either reversible or irreversible
with the latter divided into physiological and
pathological (Table 4). Aging is a critical risk
106
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found by Holter recording to suggest SND.31
In the Theopace study,32 patients were included for detection of SND if they met all the
following criteria: (1) age $45; (2) mean sinus
rate at rest ,50 bpm and/or intermittent
sinoatrial block in .1 standard electrocardiogram recorded during diurnal hours on
different days; (3) symptoms attributable to
SND such as syncope or dizziness, and/or
easy fatigue or effort dyspnea.

factor for sinus bradycardia if other causes
can be ruled out. In normal healthy humans,
the intrinsic heart rate (the heart rate without
any autonomic input) declines from 107 bpm
at 25 years to 90 bpm at 50 years, then to
70 bpm at 85 years.29 Pathologically irreversible bradycardia is characterized by the
replacement or infiltration of nodal tissue
especially with fibrous tissues. Permanent
injury can also occur due to cardiac surgery.
Cardiac medications are the most common
causes of reversible bradycardia. Since sinus
rhythm is constrained by vagal tone, extrinsic causes which enhance vagal reflex activity may also contribute to sinus bradycardia.
The value of this classification of etiologies
of sinus bradycardia is its simplicity, clarity
and thus conformity to risk evaluation in life
insurance. A risk stratification flowchart
based on this classification will be discussed
later (Figure 2).

Variations in Automatic Nervous System
The low heart rate response to exercise is
recently regarded as ‘‘chronotropic incompetence,’’ and blunted heart rate response
during circadian cycle has been termed
‘‘nocturnal non-dipping.’’ Abnormal heart
rate variation has been reported to be
associated with advanced target organ damage and further CVD events.

Sinus Node Dysfunction

Chronotropic Incompetence

Sinus node dysfunction (SND), also referred to as ‘‘sick sinus syndrome,’’ is a
common cause of sinus bradycardia.3 It is an
electrocardiographically defined group of
abnormalities that include: marked sinus
bradycardia (,40 bpm), sinoatrial arrest,
sinoatrial exit block, and bradycardia-tachycardia syndrome. If acquired cardiac conditions and other reversible etiologies can be
ruled out, the most important differential
diagnosis is often idiopathic SND.
Since patients with SND are often asymptomatic, its precise prevalence has not been
well quantified. One index for the incidence of
the SND is the rate with which cardiac
pacemakers are implanted for this condition.
The incidence of new pacemaker implants is
about 150 per million populations across the
world (,700 in Europe and United States).
SND accounts for approximately 30%–50% of
the pacemaker implantations.30
Suspected patients with mild or moderate
sinus bradycardia or symptoms are often
evaluated for SND with Holter electrocardiographic recording. A threshold of 50 bpm was

Chronotropic incompetence (CI), broadly
defined as the inability of the heart to increase
its rate commensurate with increased activity
or demand, is common in patients with
cardiovascular disease. Using ,80% of
APMHR (age-predicted maximal heart rate,
usually based on the 220 – age equation) as
the criterion, approximately 25%–75% of
heart failure patients demonstrate CI.33 Besides APMHR, there are other measures for
CI including the following: (1) absolute HR
achieved at the end of stage 2 of exercise stress
test; (2) absolute peak HR achieved with
maximal exercise stress testing; (3) HR reserve
(HRpeak 2 HRrest); (4) peak HR $1 SD below
the mean HR achieved for age by cohort; (5)
chronotropic index [(HRpeak 2 HRrest)/ (220
2 age 2 HRrest)].34,35
CI has been considered as an independent
predictor of major adverse cardiovascular
events and overall mortality even in health
asymptomatic people.35–37 Those who were
chronotropically incompetent were significantly older, hypertensive, more likely to
107
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Figure 2.

Flowchart for the risk evaluation of uncertain sinus bradycardia.

smoke, had a greater body mass index,
higher total cholesterol, lower HDL, and
ultimately had a higher Framingham Risk
Score.35 Commonly used cardiovascular
medications, including b-blockers, digitalis,
certain calcium channel blockers, amiodarone, and others, can confound the determination of CI. Rate-adaptive pacing has been

shown to enhance functional capacity in
patients with CI.38
Nocturnal Non-dipping
Heart rate during sleep is lower than
during daytime. Heart rate nondipping is
defined as follows: (average awake value 2
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average sleep value)/average awake value
,10% (in other words, the sleep dip is less
than 10%). The dipping pattern is now
considered to be a better predictor of CVD
events than resting heart rate.39
Non-dipping of heart rate showed a significant relationship with both cardiovascular
events and all-cause mortality (CVD HR: 3.00,
P50.001; all-cause mortality HR52.38, P50.028,
vs dipping) in hypertensive patients.39 In
multivariable analyses, the risk of CVD events
in the non-dipping group is almost the same as
that of the diabetes group. Older individuals,
smokers, women, subjects with a higher BMI,
and patients treated for diabetes or hypertension had less dipping.40

40 bpm, either symptomatic or asymptomatic, is usually investigated because of the risk
of low coronary perfusion or SND. For sinus
rate between 40 to 50 bpm, distinguishing
between physiologic and pathologic is the
key component of evaluating sinus bradycardia and often confuses physicians. Possible causes are sought in a comprehensive
investigation of the history and physical
examination. Ambulatory electrocardiography is performed when differential diagnosis
is needed.
Nevertheless, the evaluation of the risk of
sinus bradycardia depends on full profiles
rather than absolute heart rate limits. A
systematic approach to risk evaluation of
sinus bradycardia should identify potentially
correctable or reversible causes, heart rate
variation, underlying pathological alteration,
coexisting severe arrhythmias and SND.
Following this strategy, a flowchart for the
risk stratification of uncertain sinus bradycardia has been designed (Figure 2). Using
this, subjects with sinus bradycardia can be
stratified into 4 major levels with graded
risk: (a) favourable healthy; (b) specific CVD;
(c) specific CVD and potential pacing; and
(d) severe risk and pacing.
Factors that increase the risk of heart
disease may also increase the risk of bradycardia. Adverse lifestyle factors such as: high
cholesterol, smoking, heavy alcohol use,
use of illegal drugs, psychological stress or
anxiety and physical inactivity may prompt
investigation for underlying CVD.

MEASUREMENTS
The standard ECG is not a sensitive measurement for the investigation of sinus bradycardia. Since the key to prognostic evaluation
lies in the cause-and-effect relationship between symptoms and bradycardia, ambulatory 24–48 hours electrocardiographic recording
is particularly useful.41 Ambulatory monitoring also helps with the diagnosis of SND and
abnormal heart rate variation. External or
implantable intermittent recorders offer further advantage for subjects with less frequent
symptoms.42
An exercise ECG is often considered for
cardiovascular risk assessment in asymptomatic subjects. Atropine and isoproterenol
tests are also reliable measurements of
asymptomatic sinus bradycardia.43
The diagnostic sensitivity of electrophysiologic testing in subjects with symptoms
caused by bradycardia is limited, because it
may sometimes reveal unrelated rhythm
disturbances that may mistakenly be designated as the cause of the syncope.44

SUMMARY
Commonly accepted reference ranges for
heart rate have been in use with little change
over many decades. Sinus bradycardia conventionally defined as ,60 bpm is too
common an abnormality. According to recent
epidemiologic studies, reduction of the sinus
heart rate threshold from 60 bpm to 50 bpm
would improve the specificity of bradycardia
detection. On the other hand, recent findings
on the potential risk associated with low heart

EVALUATION
Sinus bradycardia with resting HR over
50 bpm should not be considered as abnormal as discussed above. Heart rate below
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