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Heart rate (HR) is strongly associated with both peripheral and central blood pressures. This association has implications in
hypertension (HTN) prognosis and management. Elevated HR in HTN further elevates the risk of adverse outcomes. Evidence
suggests that HR is an independent risk factor for cardiovascular (CV) and total mortality in patients with HTN.With objective to
engage physicians and researchers in India to identify and discuss the implications related to HR management in HTN, experts in
the HTN management provided consensus recommendations. The key expert recommendations included the following. (i) Heart
rate (HR) has inverse relationship with the central aortic pressure, whereby reduction in HR is associated with an increase in
central aortic pressure.This counter-balances the benefit of HR reduction with the harmful effects of rising central aortic pressure.
(ii) Increase in the resting HR is associated with increased risk of incident HTN. A linear association between the two is observed
especially in individuals with HR >80 bpm. (iii) A reduced HR variability further adds to the propensity for the development of
HTN, especially in men. (iv) Each 10 beats per minute increase in the resting HR can substantially increase the risk of adverse CV
and mortality outcomes. On treatment HR provides a better prognostic guide. (v) Ambulatory HR with day-time and night-time
HR evaluation may also suggest different impact on outcomes. (vi) Target HR in patients with HTN remains unclear. Generally,
HR<70 bpm on beta blocker (BB) treatment is advised which may be further lowered in patients with comorbidities like heart
failure and coronary artery disease. (vii) Adopting healthy lifestyle approaches to keep check on BP and HR is essential. (viii) Use
selective beta-1 blocker in symptomatic cases with elevated HR beyond 80-85mmHg. BBs are expected to benefit by lowering HR
by nearly 10 bpm. Preference should be given to newer beta-blockers which reduce HR and both peripheral and central blood
pressure to derive comprehensive advantage of this dual action. (ix) It still remains unclear whether reducing HR in HTN without
comorbidities alters the CV and mortality outcomes.
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1. Introduction

Hypertension (HTN) is a widely prevalent major cardiovas-
cular (CV) risk factor [1]. The risk factors for development
of HTN include age, smoking, alcohol, obesity, diabetes,
renal damage, and others [2]. The other risk factors that
might contribute to pathogenesis of HTN are often neglected
and one such risk factor is heart rate (HR). Increase in HR
is associated with increase in blood pressure (BP). A 3-4
times higher risk of HTN has been reported with increase
in HR even after controlling the traditional risk factors [3].
In young hypertensives, baseline HR and changes in HR in
first few months are found to be associated with sustained
HTN [4]. Additionally, increasingHR inpatientswithHTN is
associated with adverse CV outcomes [5].Thus, management
of raised HR in HTN is crucial. At present, European Society
of Hypertension (ESH) provides some recommendations
for HR measurement in HTN, approach to management of
elevated HR and carrying out supplementary research to
provide solutions for problematic areas [6]. In Indian context
where prevalence of HTN is colossal, we felt that there is need
to enlighten the importance of HR in HTN to the physicians,
advise them on issues with management of HR in HTN, and
identify the critical areas to carry out further research in field
ofHR inHTN.This document highlights important literature
along with expert opinion from authors for management of
elevated HR in patients with HTN. The discussion of the
consensus was limited to heart rate in sinus rhythm and does
not include the abnormal heart rate conditions like tachy- or
brady-arrhythmias.

2. HR and Relation to Peripheral
and Central Blood Pressure

Changes in both peripheral and central pressures are strongly
associated with HR and this relationship is quite complex.
The difference between central pressure and peripheral blood
pressure can be up to 20mmHg [7]. With regard to CV
outcomes, the strong heart study demonstrated that the
central pulse pressure is more strongly associated with vas-
cular hypertrophy, extent of atherosclerosis, and CV events
than peripheral pulse pressure [8]. Increase in HR is known
to increase the peripheral pressure whereas it reduces the
central pressure. These antagonistic effects of the HR on
the two pressures raise concern with respect to selection
of the antihypertensive medications [7]. Among various
antihypertensives, beta-blockers (BBs) reduce theHR besides
reducing BP.The CAFÉ study observed significant reduction
in the central aortic pressure with amlodipine-based but not
with the atenolol-based treatment despite similar reduction
in the brachial pressures. Therefore, differences in central
pressure with two treatments could possibly explain the
differences in outcomes reported in the study [9]. A further
analysis from this CAFÉ data observed that HR has no effect
on brachial pressure, but a significant inverse relationship
exists between HR and central pressure.Multivariate analysis
showed that HR was the major determinant of the central

pressure.Thus, atenolol-based treatment was associated with
less effective central pressure reduction relative to decrease
in the peripheral pressure [10]. This inverse association with
the central aortic pressure has been found to be associated
with increased risk of CV events with the use of BB in HTN.
A metanalysis of randomized controlled trials assessing HR
changes with the use of BB in HTN reported increased risk
of all-cause deaths (r = -0.51; p < 0.0001), CV deaths (r
= -0.61; p < 0.0001), myocardial infarction (r = -0.85; p <
0.0001), stroke (r = -0.20; p = 0.06), or heart failure (r = -
0.64; p < 0.0001) with lower HR in patients of HTN [11]. This
implies important therapeutic considerations for selecting
antihypertensive drugs affecting HR. However, some authors
have advised caution in interpretation of the results of this
metanalysis [12].

Expert Opinion. HR has inverse relation with the central
aortic pressure which affects CV outcomes in patients with
HTN. This has implications in selecting antihypertensive
drugs that affect HR. A preference to the drugs like newer BB
which reduce HR as well as peripheral and central pressure is
advised.

3. Resting HR and Risk of Incident HTN

In lieu of these effects, the question arises whether increase
in HR increases the risk of incident HTN. Studies done in
different regions worldwide suggested that increase in HR
from baseline is associated with increased risk of HTN and
these are discussed briefly below.

A cross-sectional survey from India—TheBEAT survey—
performed in 3743 young (18 to 55 years) hypertensive re-
ported average resting heart rate of 82.79±10.41 bpm and
BP of 146.82±15.46 / 89.08±8.8mmHg. HR had significant
positive correlation with both SBP (r = 0.247, p<0.01) and
DBP (r =0.219, p<0.01).The resting HRwas elevated in Indian
population as observed in this survey which can impact CV
morbidity and mortality [13].

In the Kailuan cohort study, Wang et al. from China
studied 31507 participants with mean age of 46.3±11.5 years
having no known HTN. During the mean follow-up of
3.5 years, 39.88% developed HTN. In multivariate analysis,
significant increase in new onset HTN with increase in the
resting HR (p<0.0001) was observed. Further, with increase
in the restingHR by 10 bpm, a rise of 8% inHTNwas reported
[14].

Results of the fifth Korea National Health and Nutrition
Examination Survey suggested that men with resting HR
of 90 bpm or more were at 2.75-times increased risk of
incident HTN, but the same relation was not seen in women.
Higher body mass index (>23 kg/m2) was also associated
with higher risk of incident HTN. Further, a higher HR
significantly increased the risk of diabetes and metabolic
syndrome in both genders [15].These proofs clearly suggest a
significant increase in incident HTN with increase in resting
HR.

Besides increase in HR, variability in HR is also a
crucial component. HR variability has also been reported
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to increase the risk of developing HTN. From the Fram-
ingham Heart Study data, patients who were normotensives
(BP<140/90mmHg) and had HR variability (HRV) indices
measured at baseline were studied further. Among 1434
patients (633 men and 801 women) identified from the
dataset, 244 (119 men and 125 women) developed HTN
during the 4-years of follow-up. Adjusted multiple logistic
regression analysis suggested association of low-frequency
power (LF) with development of HTN in men but not
in women. However, authors concluded that a reduced
HR variability in normotensive individuals poses greater
risk of incident HTN and the dysregulation of autoim-
mune functions can be observed from early stages of HTN
[16].

Expert Opinion. An increase in the resting HR is associ-
ated with increased risk of incident HTN.A linear association
may be observed in individuals with HR >80 bpm. A reduced
HR variability may add to the prediction of the development
of HTN especially in men.

4. HR as a Prognostic Marker

One of the earliest proofs about prognostic importance of
HR is from the study of Levy et al., published in JAMA in
1945 [17]. Transient tachycardia was defined as HR (of sinus-
origin) being ≥100 bpm and the subsequent HR after a rest
or at a later examination being <100 bpm. With increasing
age, the frequency of first transient tachycardia was linearly
related increasing from 3.7% in patients between 25 and 29
years to 6.6% in patients aged between 50 and 54 years.
Transient tachycardia was associated with later development
of sustained HTN. Also, presence of transient HTN was
associated with increased death rate due to cardiovascular-
renal disease beyond 45 years of age. Additionally, presence
of transient HTN along with transient tachycardia was
associated with twice greater risk of development of sustained
HTN and enhanced risk of CV disease related deaths [17].
Evaluation of Framingham study data by Gilman et al.
suggested association of HR with mortality in patients of
HTNnot treated with antihypertensives. Each increase inHR
of 40 bpmwas associated with nearly two-times higher risk of
all-cause mortality and 1.5-times higher risk of CV mortality
suggesting HR as independent predictor of mortality in HTN
[18].

Evaluation of the data from the VALUE trial suggested
incremental risk of cardiac events with rise of HR. In
patients with high-risk HTN, every supplemental increment
of 10 bpm from baseline was associated with hazard ratio
(HR) of 1.16 for composite cardiac outcome. The significant
association persisted in individual cardiac events like heart
failure (HR 1.24), sudden cardiac death (HR 1.18), MI (HR
1.10), stroke (HR 1.09), and all-cause death (HR 1.19). Among
five quintiles of baseline HR, patients in the highest quintile
and the second highest quintile had significantly increased
risk of the composite and individual cardiac events except
stroke. When the highest HR quintile was compared to mean
of lower four quintiles, association of the highest quintile
with primary composite endpoint, heart failure, and total

mortality persisted. Further, an evaluation by controlled
and uncontrolled BP reported that the highest HR quintiles
had significantly higher rates of composite endpoint in
both controlled (+53%, p <0.0001) and uncontrolled (+34%,
p<0.002) BP groups. Also, lower four quintiles combined
with uncontrolled BP had greater risk of incident composite
endpoint (p=0.0035) [19]. Another evaluation of data from
LIFE study reported 25% increase in risk of CV deaths and
27% higher risk of all-cause deaths with each increment
in HR by 10 bpm. HR of 84 bpm or more was associated
with increased risk of CV deaths (89%) and all-cause deaths
(97%).This association persisted even inmultivariate analysis
after adjustment for various factors including treatment with
losartan or atenolol [20]. A further analysis suggested that in
patients with persistent HR ≥84 bpm or development of HR
beyond this threshold was associated with 159% higher risk
of heart failure [21]. Similar investigation done in INVEST
data showed that baseline resting HR had linear association
with adverse outcomes in patients of coronary artery disease
(CAD) treated for HTN. Treatment with atenolol-strategy
reduced HR more than verapamil-strategy with mean HR of
69.2 vs 72.8 bpm, respectively, by 24 months. However, the
incidence of adverse outcomes was similar in two treatments
(9.88% vs 9.67%, respectively, p=0.62). Study concluded that
on-treatment HR is better predictor of outcomes than resting
HR [22].These analyses highlight the important fact that on-
treatment rise in HR is predictive of adverse outcomes and
should be considered in all patients under treatment forHTN.

An interesting study by Hozawa et al.—the Ohasama
study from Japan—enrolling 1444 individuals from general
population without any CV disease (27.4% with HTN)
observed that after 12-year follow-up, deaths occurred due
to CV disease in 101, non-CV disease in 195, and all-disease
mortality seen in 296 participants. When ambulatory HRwas
assessed, a 10-bpm increment in neither day-time HR nor
night-time HR failed to show association with CV deaths.
However, both predicted non-CV deaths (HR 1.28 and 1.48,
respectively). A 10 bpm rise in night-time HR had inde-
pendent association with all-cause mortality (HR 1.29) [23].
This highlights the importance of measuring ambulatory HR
which can have differential impact on mortality outcomes in
general population.

Expert Opinion. Resting HR has linear association with
adverse outcomes. Each 10 bpm increase in resting HR can
substantially increase the risk of adverse CV and mortality
outcomes, and on-treatment HR can provide a better prog-
nostic guide. Ambulatory HR with day-time and night-time
HR may also have different impact on outcomes.

5. Management of Elevated HR in HTN

5.1. Target HR in Patients with or without Comorbidities.
The evidence from either observational or randomized trials
suggesting a specific target at which there can be optimal
benefits of HR lowering in patients of HTN is lacking. This
restricts identifying specific target HR. For using BB in an
Asian population, experts have suggested a target HR of
<70 beats per min (bpm) in all HTN patients. In achieving
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this, higher propensity for various adverse effects including
bradycardia with older BB deters their use. Newer BBs like
nebivolol must be preferred as they reduce HR as well as
both central and peripheral pressures. Further, target HR can
be lowered to <65 bpm in patients with coexisting coronary
artery disease [24]. In an analysis fromSHIFT trial in patients
with systolic heart failure, sinus rhythm, and HR≥70bpm
on background of BB treatment, ivabradine addition was
associated with significant reduction of composite primary
endpoint (CV death or HF hospitalization) and HF hospi-
talization was reduced significantly in subgroups of no BB
(p=0.012) and in all patients <50% of target BB dose. HTN
was accompaniment in nearly 2/3rd of the patient population
in each subgroup. It was concluded from these results
that magnitude of HR reduction with two drugs combined
determines the outcomes rather than background BB therapy
[25]. In patients with stable CAD receiving stable background
𝛽-blocker therapy with HR > 70 bpm, addition of ivabradine
lowered HR by 15 bpm (from the baseline of 73.8±3.7 bpm)
with no change in central BP but was associated with increase
in left-ventricular ejection fraction, diastolic perfusion time,
and improved myocardial perfusion index. Nearly 83% of
the patients had associated HTN. These proofs indicate that,
in HTN with comorbidity having HR > 70bpm despite BB
treatment, addition of ivabradine can provide benefits in HF
and stable CAD [26].

Expert Opinion. In patients with HTN, the target HR
remains unclear. Generally, HR<70bpm on BB treatment
is advised which may further be lowered in patients with
comorbidities like HF and CAD. Reducing resting HR by at-
least 10 bpm from baseline may provide benefits which need
to be confirmed in prospective studies.

5.2. General Approach to Treatment ofHR inHTN. Treatment
of an elevated HR in HTN is a subject of debate and there is
no clear evidence for optimal approach inmanagement of ele-
vated HR in HTN. The consensus statement endorsed from
European Society of Hypertension suggested the following
approaches in patients of HTN with high resting HR [6].

(i) There should be self-measurement of HR in patients
who can manage at home

(ii) In patients with high HR in clinic, ambulatory HR
measurement should be considered

(iii) Look for secondary causes of increased HR
(iv) There should be emphasis on improvement of

lifestyle: increase physical activity, stop smoking,
avoid alcohol, and reduce heavy coffee intake

(v) There should be dietary modification for weight
control

(vi) Selective beta-1 blockers have to be considered in
symptomatic patients

This consensus document further identifies that in there is
no clear evidence to recommend any specific treatment for
elevated HR with in HTN that is beneficial and can alter
the outcomes. However, in symptomatic tachycardia cases, a

selective beta-1 blocker would be safe to use for reducing the
HR [6].

5.3. Possible Benefits with HR Reduction in HTN. Since
publication of ESC consensus document in 2016, we searched
for any further evidence studying management of HR in
HTN. Relevant literature is discussed in brief here. A recent
metanalysis by Xie et al. reported atenolol to be more
beneficial than angiotensin converting enzyme inhibitors
(ACEIs) in terms of reducing peripheral diastolic pressure
andHR inpatients ofHTNwithin first 3-months of treatment
[27]. Another metanalysis by Nogueira-Silva et al. reported
BP reduction by 10/8mmHg, pulse pressure by 2mmHg, and
HR by 11 bpm with use of BB in HTN [28]. Further, in an
interesting analysis from SIMPLICITY registry, Bohm et al.
observed that renal denervation in uncontrolled HTN was
associated with reduction HR at 12 months of follow-up. The
reduction in HR correlated with tertiles of HR at baseline
with better reduction in upper tertile of HR (>74 bpm at
baseline). They suggested that HR reduction can be a target
for renal denervation especially for higher HR at baseline
[29]. However, this evidence still did not answer the question
whether reducing HR in HTN improves the outcomes in
HTN. A possible link to understand effect of lowering HR
in HTN in target organ damage has been suggested by a
study by Jozwiak et al., where they determined effect of
ivabradine on chronic HTN. Administration of ivabradine
resulted in 25% reduction in HR from baseline of 86±5 bpm.
There was significant improvement in left ventricular twist
and untwist which occur in systole and diastole, respectively.
This suggests its beneficial effect on LVH in patients of HTN
[30].

Expert Opinion. Adopt healthy lifestyle approaches to
keep check on BP and HR. Use selective beta-1 blocker in
symptomatic cases with elevated HR beyond 80-85mmHg.
BBs are expected to lower HR by nearly 10 bpm. It remains
unclear whether reducing HR in HTNwithout comorbidities
alters the CV and mortality outcomes.

6. Future Research

There is need to generate more data for HR in HTN. We
identify the following areas where new research should be
focussed to get answers to unanswered questions in Indian
setting.

(i) Deciding on methods of HR assessment at home and
in clinic

(ii) Defining a threshold HR for consideration of its
treatment

(iii) Defining a target HR (e.g., <70 bpm) or target reduc-
tion in HR (e.g., at least 20%) which is safe and
effective in HTN

(iv) Assessing effect of lifestyle interventions on HR in
uncomplicated HTN

(v) Assessing CV and mortality outcomes with HR low-
ering agents (e.g., BB)
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(vi) Understanding role of pure HR reducing agents like
ivabradine in HTN

7. Conclusion

Resting HR is one of the factors found to be associated with
incident HTN. Elevated HR is a risk factor and not just
a risk indicator. Heart rate in HTN tends to be elevated
which has been identified as an independent predictor for
adverse cardiovascular and mortality outcomes. It can aid
in determining the prognosis of patients with HTN. There
remains much uncertainty about optimal approaches to
reduce HR in HTN and whether reducing HR improves
outcomes in uncomplicated HTN. Use of selective beta-1
blockers is advised in symptomatic cases with elevated HR.
There is need of future research to understand the role of HR
in HTN and to steer a universal approach in its management.
At present, it would suffice to be aware that high heart
rate is detrimental in normotensive individuals as well as in
hypertensive patients, and, in situations with inappropriately
high heart rates, reducing the rate would be justified.
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