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Abstract
Increased heart rate is a predictor of cardiovascular disease, heart failure, and all- cause 
mortality. In those with high heart rates, interventions for heart rate reduction have been 
associated with reductions in coronary events. Asia is a diverse continent, and the prev-
alences of hypertension and cardiovascular disease differ among its countries. The pre-
sent analysis of AsiaBP@Home study data investigated differences among resting heart 
rates (RHRs) in 1443 hypertensive patients from three Asian regions: East Asia (N = 595), 
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1  |  INTRODUC TION

Increased resting heart rate (RHR) is recognized as a predictor of 
cardiovascular disease, heart failure, and all- cause mortality in both 
general populations and high- risk patients.1– 3 In these studies, a sin-
gle RHR measurement, performed at hospital or clinic, was used for 
the evaluation. However, a Japanese study in the general popula-
tion demonstrated that the average of multiple home RHR measure-
ments using a home blood pressure monitoring (HBPM) device was 
directly associated with cardiovascular mortality.4 In addition, Böhn 
and colleagues recently reported that the sympathetic modulation 
caused by renal denervation reduced not only blood pressure (BP) 
levels but also ambulatory heart rate, and that greater BP reduc-
tion was observed in patients with higher baseline heart rate.5 An 
interventional randomized controlled trial with ivabradine, a specific 
inhibitor of the If current in the sinoatrial node, demonstrated that 
reduction in heart rate per se significantly reduced the risk of future 
coronary artery disease.6 Taken together, these data suggest that 
heart rate is an important clinical indicator in the management of 
hypertension and cardiovascular risk.

A report from the US population survey showed the existence 
of significant racial differences in RHR.7 In a recent analysis, race-  
and sex- specific differences in the association of RHR during young 
adulthood with incident hypertension in later life were observed 
among black and white men and women.8 We reasoned that in-
vestigating race-  and sex- specific differences in RHR among Asian 
regions, which has never been studied before, might uncover geo-
graphic trends that could inform clinical implications and strategies 
in those regions. Asia is a diverse continent consisting of countries 
with different climates, cultures, food, and incomes, not to mention 
population genetics. These differences, as well as differences in the 
awareness, treatment, and control rate of hypertension among Asian 
countries,9 might be the source of disparities in heart rate that, in 
turn, impact on hypertension and cardiovascular risk even in the 
same continent, Asia.

We previously reported the evidence for substantial differences 
in BP control status and BP variability among Asian countries/re-
gions in the AsiaBP@Home study.10 The AsiaBP@Home is the first 
Asian simultaneous cross- sectional study to investigate home BP 
control status in major hypertension specialist centers across Asia 
using the same validated device and the same home BP measure-
ment protocol. In the present analysis of the AsiaBP@Home data, we 
focused on self- measured home RHRs which measured for multiple 
days according to the same measurement protocol and investigated 
region-  and sex- specific differences in home RHRs measured by the 
same HBPM device in hypertensive patients in East Asia, Southeast 
Asia, and South Asia.

2  |  METHODS

2.1  |  Study design

The AsiaBP@Home study design has been described in detail 
previously.11 In brief, the study was a prospective, multicenter, 
non- interventional trial designed to collect home BP data from 
outpatients living in eleven countries in three regions of Asia. 
All patients provided written informed consent before study en-
rollment, and the study protocol was approved by an independ-
ent ethics committee or institutional review board at each study 
center. The study was registered on the ClinicalTrials.gov website 
(NCT03096119).

2.2  |  Study participants

Patients aged 20 years and older with a diagnosis of hypertension who 
had been receiving stable doses of antihypertensive medications for 
≥3 months were recruited from 15 Asian specialist hypertension cent-
ers in three Asian regions. “East Asia” included centers in China, Japan, 

Southeast Asia (N = 680), and South Asia (N = 168). This is the first study to investigate 
self- measured RHR values in different Asian countries/regions using the same validated 
home BP monitoring device (Omron HEM- 7130- AP/HEM- 7131- E). Subjects in South Asia 
had higher RHR values compared with the other two regions, and the regional tendency 
found in RHR values was different from that found in BP values. Even after adjusting for 
age, sex, BMI, habitual alcohol consumption, current smoking habit, shift worker, hyperlipi-
demia, diabetes, chronic kidney disease, history of heart failure, and beta- blocker use, both 
office and home RHR values in South Asia were the highest among Asia (mean values ± SE 
of office: East Asia [E] 75.2 ± 1.5 bpm, Southeast Asia [Se] 76.7 ± 1.5 bpm, South Asia [S] 
81.9 ± 1.4 bpm; home morning: [E] 69.0 ± 1.2 bpm, [Se] 72.9 ± 1.2 bpm, [S] 74.9 ± 1.1 bpm; 
home evening: [E] 74.6 ± 1.2 bpm, [Se] 78.3 ± 1.2 bpm, [S] 83.8 ± 1.1 bpm). Given what is 
known about the impact of RHR on heart disease, our findings suggest the possible benefit 
of regionally tailored clinical strategies for cardiovascular disease prevention.



608  |    TOMITANI eT Al.

Korea, and Taiwan; “Southeast Asia,” Indonesia, Malaysia, Philippines, 
Singapore, and Thailand; and “South Asia,” India and Pakistan. Patients 
were enrolled between April 2017 and March 2018.

2.3  |  BP and heart rate measurements

Patients were provided with the same validated automatic, oscillo-
metric home BP monitoring device (Omron HEM- 7130- AP or HEM- 
7131- E; Omron Healthcare)12 and instructed to measure their BP 
and heart rate at home for at least 7 days during a 15- day home BP 
monitoring period. To avoid reporting bias, BP and heart rate data 
were automatically stored in device memory, which will be entered 
into the study database by a physician or nurse.

Patients measured their BP and heart rate at home using the 
provided device twice in the morning (morning home BP) and twice 
at bedtime (evening home BP) at 1- min intervals. Patients were in-
structed to take morning measurements within 1 h after waking, 
following urination, before taking any medications, before eating 
breakfast, and after 2 min of rest in a sitting position with no moving 
or talking. Bedtime measurements were to be taken immediately 
before going to bed and after 2 min of rest in a sitting position. For 
each subject, the mean values of the morning BP, morning heart 
rate, evening BP, and evening heart rate during the BP monitoring 
period (7– 15 days) were used as the subject's morning BP, morning 
heart rate, evening BP, and evening heart rate, respectively.

Clinic BP and heart rate were measured twice at the initial visit 
and again (if applicable) at the second study visit.

2.4  |  Statistical analyses

All statistical analyses were performed using SAS version 9.4 soft-
ware (SAS Institute) at the Super Circulation Monitoring with High 
Technology (SURGE) R&D Center of the Jichi Medical University COE 
Cardiovascular Research and Development Center (JCARD) (Tochigi, 
Japan). A linear regression or multivariable linear regression model was 
used to assess differences among the three Asian regions. In the sensi-
tivity analysis, we performed similar analyses in the population exclud-
ing those with prevalent heart failure, beta- blocker use, and alcohol 
habit, all of which generally affect heart rate.

3  |  RESULTS

3.1  |  Patient demographics and characteristics

Table 1 summarizes the demographics of the patients recruited from 
hypertension centers in East Asia, Southeast Asia, and South Asia. 
There were significant differences in the patients’ ages, body mass 
index (BMI), habits, complications, and medical history among the re-
gions. The types of antihypertensive medication and the prevalence 

of bedtime dosing of antihypertensive medication varied among re-
gions. Patients’ demographics in each of 15 centers were previously 
reported and are shown in the Table S1.

3.2  |  Resting heart rate and BP measurements

The study patients measured home morning BP and RHR over an 
average of 8.1 ± 2.7 days and home evening BP and RHR over an 
average of 8.1 ± 2.7 days.

The office RHR and self- measured, home RHR values were sig-
nificantly different among the three Asian regions (all P < .001), 
with the highest values in South Asia. The office and home SBP 
values were also significantly different among the regions (all 
P < .01), with the highest office and morning SBP in Southeast Asia 
and the highest evening SBP in South Asia (Table 1). Even after 
excluding subjects with atrial fibrillation, the results were similar 
(Data not shown).

Figure 1 shows the RHR values of the three Asian regions adjust-
ing for age, sex, BMI, habitual alcohol consumption, current smoking 
habit, shift worker, hyperlipidemia, diabetes, chronic kidney disease, 
history of heart failure, and beta- blocker use. Compared with the 
subjects in East Asia and Southeast Asia, subjects in South Asia had 
higher RHRs for both office and home measurements (mean val-
ues ± SE of office: East Asia [E] 75.2 ± 1.5 bpm, Southeast Asia [Se] 
76.7 ± 1.5 bpm, South Asia [S] 81.9 ± 1.4 bpm; home morning: [E] 
69.0 ± 1.2 bpm, [Se] 72.9 ± 1.2 bpm, [S] 74.9 ± 1.1 bpm; home eve-
ning: [E] 74.6 ± 1.2 bpm, [Se] 78.3 ± 1.2 bpm, [S] 83.8 ± 1.1 bpm) 
(Figure 1A). In addition, both office and home RHRs in South Asia 
were significantly higher than those in East Asia and Southeast 
Asia with further adjustment for systolic blood pressure values 
(Figure 1B).

The percentage of subjects being treated with a beta- blocker 
was remarkably higher in South Asia than in East and Southeast 
Asia ([E] 32.3%, [Se] 20.2%, [S] 58.9%). Table 2 shows the differ-
ences in RHRs between subjects taking a beta- blocker and those 
without. In East and Southeast Asia, subjects with taking a beta- 
blocker had lower office and home RHR values compared with 
those without. However, no significant difference was found in 
South Asia.

When we excluded subjects with a history of heart failure, the 
South Asian subjects had the highest office and home evening RHR 
measurements. Morning RHR values in the Southeast and South 
Asian subjects were significantly higher than those in the East Asian 
subjects, with no significant difference between Southeast and 
South Asian subjects (Figure S1A). Additional analyses in subjects 
without habitual alcohol consumption showed results similar to 
those in Figure S1A (Figure S1B).

In the present study subjects, no significant difference in RHR 
between male and female subjects was observed for any region. In 
addition, the interaction between region and sex was not significant 
(Figure 2).
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TA B L E  1 Baseline demographics and characteristics

East Asia (N = 595) Southeast Asia (N = 680) South Asia (N = 168) P value

Age, years 65.8 ± 11.6 60.6 ± 11.6 57.0 ± 12.7 <.001

Male, % 48.1 43.8 59.5 .001

BMI, kg/m2 25.3 ± 3.5 25.9 ± 4.6 29.0 ± 5.6 <.001

Habitual drinking, % 12.8 4.7 26.8 <.001

Current smoking, % 9.4 4.7 19.6 <.001

Shift worker, % 1.2 2.4 13.1 <.001

Current disease, %

Hyperlipidemia 49.4 59.0 32.7 <.001

Diabetes 21.5 26.8 31.0 .017

Chronic kidney disease 4.4 6.0 8.3 .109

Atrial fibrillation 6.1 1.3 5.4 <.001

Medical history, %

Angina pectoris 16.0 4.9 11.3 <.001

Myocardial infarction 4.2 2.1 6.0 .014

Aortic dissection 0.3 0 0 .389

Heart failure 1.5 1.0 23.8 <.001

Peripheral artery disease 0.5 0.8 1.2 .541

Stroke 7.1 6.9 2.4 .052

Antihypertensive medication, %

ARB 63.7 41.2 32.1 <.001

ACE 6.9 14.4 17.3 <.001

CCB 68.6 68.7 46.4 <.001

Alpha- blocker 4.4 3.2 3.6 .555

Beta- blocker 32.3 20.2 58.9 <.001

Diuretics 22.9 12.1 21.4 <.001

Other 1.0 1.3 0 .435

Number of antihypertensive medications 2.0 ± 1.1 1.6 ± 0.8 1.9 ± 0.8 <.001

Bedtime dosing of antihypertensive medications, % 4.9 0.6 48.8 <.001

Resting heart rate and BP measurements

Office BP measurement

Office heart rate, bpm 71.8 ± 11.0 74.9 ± 11.6 80.7 ± 12.7 <.001

Office SBP, mmHg 135.9 ± 16.6 142.1 ± 19.4 135.8 ± 18.2 <.001

Office DBP, mmHg 79.5 ± 9.8 84.5 ± 12.1 82.4 ± 8.7 <.001

Home BP measurement

Morning measurement, days 7.2 ± 1.2 9.0 ± 3.4 7.7 ± 2.2 <.001

Morning heart rate, bpm 67.1 ± 8.7 71.9 ± 9.7 74.8 ± 8.3 <.001

Morning SBP, mmHg 129.7 ± 13.3 131.6 ± 16.2 127.7 ± 11.6 .003

Morning DBP, mmHg 80.0 ± 9.0 81.1 ± 10.6 80.5 ± 6.1 .137

Evening measurement, days 7.2 ± 1.1 8.9 ± 3.5 7.7 ± 2.0 <.001

Evening heart rate, bpm 69.4 ± 9.3 74.0 ± 9.7 82.2 ± 11.3 <.001

Evening SBP, mmHg 126.2 ± 13.2 130.0 ± 16.6 136.0 ± 15.5 <.001

Evening DBP, mmHg 76.5 ± 8.7 78.4 ± 10.6 82.1 ± 7.5 <.001

Note: Data are shown as the mean ± SD or percentage.
Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; CCB, calcium 
channel blocker; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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4  |  DISCUSSION

In the present analysis, we found significant differences in office 
and home RHRs among East, Southeast, and South Asia regions. 
Although BP levels were higher in Southeast Asia than in South Asia, 
higher RHRs were found in South Asia.

4.1  |  Regional difference in resting heart rate

In our study, both office and home RHRs showed significant dif-
ferences among Asian regions. Although all the participants 
performed their home morning and home evening RHR measure-
ments using the same device and protocol (details are described 

in the Methods section), the home morning and evening RHR val-
ues were higher in South Asia than in other regions. The increased 
RHR is known to be related to BP elevation and metabolic distur-
bances.1 However, the elevation in heart rate and the elevation in 
blood pressure were not found in parallel in this study. The South 
Asian subjects were significantly younger and had higher BMI, 
higher incidence of diabetes and heart failure, higher frequency 
of smoking habits, drinking habits and beta- blocker use, and more 
males. However, even after adjusting for these risk factors, re-
gional difference in RHRs remained significant. Especially, a his-
tory of heart failure, treatment with beta- blocker, and habitual 
alcohol consumption, that potentially affect heart rate, were much 
more frequently found in South Asian subjects compared to other 
regions. The analyses that excluded subjects with these factors 

F I G U R E  1 Multivariable adjusted 
resting heart rate by Asian regions 
(N = 1443) (A) Resting heart rate after 
adjustment for age, sex, BMI, habitual 
alcohol consumption, current smoking 
habit, shift worker, hyperlipidemia, 
diabetes, chronic kidney disease, history 
of heart failure, and beta- blocker use, 
and (B) Resting heart rate after further 
adjustment for office, morning, or evening 
systolic blood pressure values. The 
number shown above each bar chart is an 
estimated mean value. BMI, body mass 
index; HR, heart rate. *P < .05, **P < .01
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produced the same results as those for all subjects, with the high-
est RHRs in South Asia. Interestingly, although the subjects with 
beta- blocker treatment had lower RHRs than those without in 
East and Southeast Asia; this association was not found in South 
Asia. These results may suggest that the effect of beta- blocker on 
heart rate is weak in South Asian population, which means that 
there is a racial difference in the effect of antihypertensive treat-
ment. However, further research is needed to clarify these issues, 
because this is a cross- sectional study.

Elevation in heart rate in hypertensive patients may be influ-
enced by various factors such as population genetics, food, lifestyle, 
and climate. Physiologically, heart rate is regulated by the sympa-
thetic nervous system and the parasympathetic nervous system. 
A previous study comparing South Asians with Europeans have re-
ported that South Asians had higher heart rate independent of in-
sulin resistance and other factors and have indicated that altered 
sympathovagal balance contributed to the ethnic difference in heart 

rate and coronary disease risk.13 In the present study, South Asians 
had the highest heart rate among East, Southeast, and South Asians. 
These results suggest that the contribution of the autonomic ner-
vous system to the incidence of hypertension may differ among 
Asian regions and South Asian hypertensive patients might indicate 
increased sympathetic activation in balance with parasympathetic 
tone. Several cohort studies have demonstrated that increased 
heart rate precedes the development of hypertension.14,15 Given 
these results, increased sympathetic tone may be a major factor in 
the pathophysiology of hypertension and subsequent cardiovascular 
disease in South Asians. The characteristics and prognostic impact 
of increased heart rate in Asians, especially South Asians, merits fur-
ther study. In addition, the climates of the countries participating 
in this study are diverse. BP and heart rate might be affected by a 
combination of factors such as temperature, humidity, sunlight, sea-
son, and other factors. Further studies are needed to investigate the 
differences in BP and heart rate according to climate.

Subjects with Beta- 
blocker use (N = 428)

Subjects without Beta- 
blocker use (N = 1015) P value

Office heart rate, bpm

East Asia 73.5 ± 1.6 77.4 ± 1.5 <.001

Southeast Asia 72.2 ± 1.7 79.7 ± 1.5 <.001

South Asia 80.8 ± 1.5 82.7 ± 1.7 .878

Home morning heart rate, bpm

East Asia 68.0 ± 1.3 70.2 ± 1.2 .066

Southeast Asia 70.8 ± 1.3 74.3 ± 1.2 <.001

South Asia 74.5 ± 1.2 74.9 ± 1.4 1.000

Home evening heart rate, bpm

East Asia 73.0 ± 1.3 76.4 ± 1.3 <.001

Southeast Asia 75.4 ± 1.4 80.3 ± 1.2 <.001

South Asia 83.9 ± 1.3 83.2 ± 1.4 .998

Note: Data are least square mean ± SE in a multivariable regression model adjusting for age, sex, 
BMI, habitual alcohol consumption, current smoking habit, shift worker, hyperlipidemia, diabetes, 
chronic kidney disease, history of heart failure, beta- blocker use, and interaction between Area 
and beta- blocker use.

TA B L E  2 Multivariable adjusted heart 
rate in subjects with taking a beta- blocker 
versus those without

F I G U R E  2 Regional and sex differences 
in resting heart rate. A multivariable 
linear regression model adjusting for age, 
sex, body mass index, habitual alcohol 
consumption, current smoking habit, shift 
worker, hyperlipidemia, diabetes, chronic 
kidney disease, history of heart failure, 
and beta- blocker intake was used to 
compare data among three Asian regions. 
The number shown above each bar chart 
is an estimated mean value. HR, heart 
rate. *P for interaction between region 
and sex
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In our study subjects, no sex- specific difference or region– sex 
interactions were observed. Some studies have suggested the exis-
tence of sex and racial differences in autonomic cardiovascular regu-
lation.8,16 The reason for this discrepancy is unclear from the present 
results. Our sample size may have insufficient analytical power. 
Alternatively, it may be that Asians do not have sex- specific differ-
ences in RHR and sympathetic regulation. Further study is needed 
to determine the sex- specific differences among Asian populations.

4.2  |  Heart rate as a prognostic risk factor

Numerous studies have shown that increased RHR was associated 
with overall and cardiovascular mortality, hypertension, ischemic 
heart disease, heart failure, and stroke1; however, several stud-
ies have shown inconsistent results.2,6 A meta- analysis of two US 
studies enrolling black and white subjects and one cohort study 
in Finland found that increased RHR was associated with incident 
heart failure.2 The BEAUTIFUL study in patients with stable coro-
nary artery disease, of which 98% of total subjects were Caucasian, 
demonstrated that using ivabradine to reduce heart rate decreased 
the incidence of coronary artery disease outcomes but not of car-
diac outcomes.6 In addition, some studies have reported significant 
racial differences in RHR.7,8 From these results, the aforementioned 
inconsistency among studies might be partly explained by racial dif-
ferences and the severity of subjects’ concomitant cardiovascular 
risk. The Kailuan study, a prospective longitudinal cohort study from 
China, showed that elevated RHR was associated with an increased 
risk of myocardial infarction and all- cause death, but not all- cause 
cardiovascular disease and stroke,17 indicating that elevated RHR 
could be a prognostic risk factor, especially for coronary artery dis-
ease, in the Asian population. In addition, a study comparing multi- 
ethnic groups living in Malaysia has shown that Indians had higher 
prevalence of coronary heart disease than Chinese and Malays,18 
and a study in Singapore has reported similar results.19 Thus, even 
within the same country, different ethnicities might partly affect 
heart rate and coronary disease risk. Ueshima and colleagues re-
ported the difference in mortality from stroke and coronary heart 
disease across countries of different regions of Asia.20 East Asian 
countries have lower incidence and mortality from coronary heart 
disease than stroke,21 whereas South Asian countries have lower 
incidence and mortality from stroke than coronary heart disease 
(Figure S2). In their study, South Asian countries showed higher 
coronary heart disease mortality than East and Southeast Asian 
countries. The difference in RHR among Asian regions found in our 
present study might contribute to the higher mortality rate of coro-
nary heart disease in South Asian countries.

4.3  |  Strengths and limitations

This is the first study to compare self- measured home heart rates 
using the same HBPM device and measurement protocol among 

broad regions of the Asian continent. Self- measured home heart rate 
is advantageous for excluding the “white coat” effects of tension felt 
at the hospital or clinic. Measurement in sitting position is another 
advantage for self- measured home heart rate. Heart rate varies in 
different body position22 but ambulatory heart rate is usually meas-
ured in sitting, standing, and supine position. In addition, home heart 
rates averaged over 7– 15 days of measurement are expected to be 
more reliable than a one- time RHR measurement.

In the present study, we used resting heart rate in the same body 
position, sitting position.

This study also has some limitations. First, the sample size in 
each country/region was small. In particular, the number of subjects 
in South Asia was smaller than in the other two regions. Second, the 
hypertension stage and BP control status of study participants were 
not consistent. However, the present results do suggest that regional 
differences of RHR in Asia are independent of BP levels. Third, there 
are many different ethnic groups living in Southeast Asia, especially 
in Singapore; however, we did not collect information on the ethnic-
ity of study patients. It should be considered the ethnicity of par-
ticipants in the future Asian study. Finally, the study patients were 
enrolled from hypertension specialist centers; hence, it is unknown 
whether our results can be extended to the general population of 
Asia. Further studies with larger numbers of study subjects in the 
general population are needed to confirm the existence of regional 
differences in RHR across Asia.

5  |  CONCLUSIONS

The present analysis of the AsiaBP@Home study demonstrated the 
existence of regional differences in home RHR levels measured by 
the same HBPM device across Asia. If confirmed in a larger study in-
cluding general populations, RHR might be identified as a convenient 
therapeutic target for preventing coronary heart disease in South 
Asia, in particular.
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