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Home blood pressure (BP) monitoring is endorsed in multiple guidelines as a valuable 
adjunct to office BP measurements for the diagnosis and management of hyperten-
sion. In many countries throughout Asia, physicians are yet to appreciate the signifi-
cant contribution of BP variability to cardiovascular events. Furthermore, data from 
Japanese cohort studies have shown that there is a strong association between morn-
ing BP surge and cardiovascular events, suggesting that Asians in general may benefit 
from more effective control of morning BP. We designed the Asia BP@Home study to 
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1  | INTRODUCTION

Hypertension, the leading preventable cause of premature mortality 
worldwide, affects an estimated 1.4 billion persons, with the major-
ity of these residing in low- and middle-income countries.1-3 In Asia, 
the burden of hypertension is particularly high, with some countries 
continuing to experience increasing rates of mortality from cardiovas-
cular disease (CVD) along with low rates of hypertension control and 
awareness.4-7

Dramatic improvements in the rate of CVD mortality are possible, 
as shown by a 37% reduction in Korea between 2000 and 2012 as 
a consequence of improved hypertension awareness, treatment, and 
control rates.6 Effective screening and diagnosis are also critical for the 
prevention of CVD mortality and management of hypertension. To this 
end, there is a growing recognition for the role of out-of-office blood 
pressure (BP) monitoring.8

In several parts of Asia, home BP monitoring (HBPM) is recog-
nized in hypertension guidelines as a valuable adjunct to conventional 
office BP measurements9-12 and is supported by regional data. For 
example, the Ohasama study in Japan showed that measurement of 
BP using HBPM had a stronger predictive power for mortality than 
office-based BP screening.13 In Japanese patients with essential hy-
pertension receiving antihypertensive therapy, the HONEST (Home 
Blood Pressure Measurement With Olmesartan Naive Patients to 
Establish Standard Target Blood Pressure) study14 demonstrated a 
relationship between HBPM threshold BP values and risk of a major 
cardiovascular event. Furthermore, several reports confirmed that 
HBPM-guided antihypertensive therapy was effective in preventing 
target organ damage.15,16 Importantly, even when office BP is well 
controlled, uncontrolled masked morning hypertension with resid-
ual cardiovascular risk should still be a target for the management of 
hypertension.17,18

In addition, BP variability (BPV) is an important risk factor for CVD, 
independent of average BP. This finding is reinforced by the results of 
a meta-analysis showing that in the case of office-based BP measure-
ments, visit-to-visit variability was moderately associated with CVD 
and all-cause mortality.19 In the Ohasama study, the day-to-day BPV 
was an independent predictor of cardiovascular mortality.20 In the  
J-CORE (Japan-Combined Treatment With Olmesartan and a Calcium 
Channel Blocker Versus Olmesartan and Diuretics Randomized 
Efficacy) study, home BPV was significantly associated with mea-
sures of organ damage such as left ventricular mass index, carotid 

intima-media thickness, and urinary albumin/creatinine ratio indepen-
dent of the average home BP measurements.21 However, the indices 
of BPV differ for home and office settings, which make it difficult to 
provide a clear message for clinical practice.22 

BPV may be greater in Asians than in the Western population. In a 
recent international collaboration study, morning BP surge was greater 
in Japanese patients with hypertension than in Spanish and Italian pa-
tients.23 Similarly, morning and nocturnal BP surges were greater in 
Japanese patients with drug-resistant hypertension when compared 
with US patients recruited by the same global inclusion and exclu-
sion criteria for a clinical trial of catheter-based renal denervation.24 
Exaggerated morning BP surge was also found to be an independent 
risk factor for stroke in elderly Japanese patients with hypertension.25 
Taken together, these studies suggest that morning BP monitoring 
may be clinically relevant in the management of hypertension by iden-
tifying patients with morning BP surge who may benefit more from 
long-acting antihypertensive drugs.18

As dietary intake of salt is typically higher in the Asian popula-
tion than the Western population, and as higher salt intake decreases 
renin-angiotensin system activity, the BP-lowering effect of renin-
angiotensin system inhibitors may be weaker than that of calcium 
channel blockers in Asian patients with hypertension. In addition, cal-
cium channel blockers are likely to reduce BPV more extensively than 
other drugs,26 and this tendency may be more clearly observed in Asian 
patients with hypertension than those in the Western population.

In Asia, where not only are the hypertension awareness and control 
rates low, but many physicians are yet to appreciate the influence of 
BPV on cardiovascular outcomes, there is a plausible benefit in con-
ducting research into HBPM to enhance current recommendations for 
clinical practice. However, there is no Pan-Asian study on the control 
status of home BP using the same validated HBPM device and the same 
standardized method of home BP measurements across the region.

Therefore, using the same HBPM device, we designed the 
Asia BP@Home study with the intention of collecting and an-
alyzing data from across 12 territories in Asia, not only to de-
termine relevant indices of BPV in the home setting, but also to 
undertake an epidemiological evaluation of masked morning hy-
pertension, white-coat hypertension, uncontrolled hypertension, 
and well-controlled hypertension in the region. This study is de-
signed to complement previous recommendations of the World 
Hypertension League on BP measurement. Herein, we report the 
study methodology.

investigate the distribution of hypertension subtypes, including white-coat hyperten-
sion, masked morning hypertension, and well-controlled and uncontrolled hyperten-
sion. The study will also investigate the determinants of home BP control status 
evaluated by the same validated home BP monitoring device and the same standard-
ized method of home BP measurement among 1600 or more medicated patients with 
hypertension from 12 countries/regions across Asia.
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2  | METHODS

2.1 | Study protocol

The study protocol described herein was approved by the institutional 
review board of Jichi Medical University, Japan, with each participating 
institution seeking local approval based on its own ethical guidelines. 
The Asia BP@Home study is a prospective, multicenter, noninterven-
tional study designed to collect home BP data among people with hy-
pertension living in Asia. Patients are to be enrolled from China, Hong 
Kong, India, Indonesia, Japan, Korea, Malaysia, Pakistan, Philippines, 
Singapore, Taiwan, and Thailand.

2.2 | Objectives

This study is designed to investigate: (1) the proportion of patients who 
meet predefined criteria for masked morning hypertension, white-
coat hypertension, uncontrolled hypertension, and well-controlled 
hypertension based on home BP measurements; and (2) the normal 
range (90th percentile of standard deviation [SD]) and difference in 
home BPV among each territory.

2.3 | Patient recruitment

Patients living in Asia aged 20 years and older with a diagnosis of hy-
pertension and who are receiving stable doses of antihypertensive 
medications for ≥3 months are eligible irrespective of whether they 
have additional risk factors, such as left ventricular hypertrophy, other 
specified abnormalities on electrocardiogram, type 2 diabetes mellitus, 
smoking status, hyperlipidemia, chronic kidney disease, coronary artery 
disease, previous stroke or transient ischemic attack, or peripheral ar-
terial disease (Table). In addition, patients are informed of the purpose 
and methodology of the study, their right to withdraw at any time, and 
the measures taken to protect their privacy. After providing written 
informed consent, patients will be enrolled and their data collected.

2.4 | Study procedures

At the initial study visit (visit 1, day 0) during which patients will be 
screened for eligibility and provide their written informed consent, 
eligible patients will have their sex, age, birth date, height, weight, 
and waist and hip circumferences recorded. Medical history includes 
family history of hypertension, duration of hypertension and anti-
hypertensive therapy, current medication status, and the presence 

of additional risk factors including diabetes mellitus, hyperlipidemia, 
carotid artery disease, thoracic aortic aneurysm, chronic kidney dis-
ease, atrial fibrillation, history of angina pectoris, myocardial infarc-
tion, aortic dissection, peripheral artery disease, stroke (ischemic, 
hemorrhagic, or other), and congestive heart failure. The following 
information will also be collected: smoking and drinking habits and 
whether they are a shift worker. This information, together with 
the patient’s vital signs, including office systolic BP (SBP), diastolic 
BP, and heart rate (HR), will be recorded on a patient registration 
form specifically designed for the study. Antihypertensive medica-
tions will be categorized by generic name, class, and dosing sched-
ule. Patients will be provided with a validated HBPM device (Omron 
HEM-7130-AP or HEM-7131-E) and instructed in its use at the first 
study visit. At a second study visit (visit 2, day 8–15), the investiga-
tor will obtain documentation from each patient regarding recorded 
home BP data and retrieve the HBPM device.

2.5 | Home BP monitoring

Patients will be instructed to measure their BP at home using the pro-
vided HBPM device twice in the morning and twice at bedtime for at 
least 7 days during a 15-day period. The morning measurements are to 
be taken within 1 hour after waking, following urination, before taking 
any medications, before eating breakfast, and after 2 minutes of rest 
while in a sitting position. Patients will be instructed to lean against a 
seat back and rest both feet on the floor, with no moving or talking. 
The bedtime measurements are to be taken immediately before going 
to bed and after 2 minutes of rest while in a sitting position as be-
fore. The interval between the two measurements should be at least 
1 minute. BP measurements should be taken from the nondominant 
arm in the upper arm area. However, if BP readings of the right and 
left arms differ significantly, patients will be instructed to use the arm 
with the highest BP––as determined at the first study visit––for use 
for all subsequent home BP measurements. Patients will be instructed 
to document the BP values on a sheet provided for all participants 
and to return this sheet for reporting purposes at the second visit. 
This sheet includes a set of simple instructions for taking home BP 
measurements, as well as space for recording up to 15 days of HBPM 
values, including the time of the first and second measurements on 
waking and at bedtime, and the SBP, diastolic BP, and pulse values.

2.6 | Antihypertensive drugs and concomitant 
drug use

No restrictions will be placed on antihypertensive drug treatment or 
concomitant use of other medications. The information of the daily 
dose and the classes of antihypertensive drugs, and the timing of dos-
ing will be collected.

2.7 | Outcomes

The primary outcome measure is the distribution of masked morn-
ing, white-coat, uncontrolled, and well-controlled hypertension in 

TABLE  Inclusion criteria of the Asia BP@Home study

Patients living in Asia

Age ≥20 years 

Patients with a diagnosis of hypertension

Patients receiving stable doses of antihypertensive medication for 
≥3 mo

Patients from whom written informed consent was obtained
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the overall study sample. SBP measurements of 135 mm Hg and 
140 mm Hg obtained by HBPM and office BP measurement, re-
spectively, will be used as cutoff values for defining hypertension. 
The secondary outcome measure is the mean and SD of home BP 
values.

2.8 | Statistical analysis

Since this study is observational and there is no plan to conduct for-
mal hypothesis testing, sample size calculations are not applicable. 
A planned sample size of at least 1600 patients across 12 territories 
was selected to obtain a representative cross-sectional sample of out-
patients with hypertension in Asia. The planned enrollment includes 
at least 100 patients in each of Hong Kong, India, Japan, Malaysia, 
Pakistan, Singapore, Taiwan, and Thailand, and at least 200 patients 
in each of China, Indonesia, Korea, and the Philippines. The mean 
home SBP (morning SBP, evening SBP, and the average of morning 
and evening SBPs) vs the mean clinic SBP values of each patient will 
be plotted to obtain overall and per-territory estimates of each hyper-
tension subtype (Figure). The Chi-square test will be used to evaluate 
the differences in prevalence of each hypertension subtype in each 
country. The SD of home BP (morning SBP, evening SBP, and the 
average of morning and evening SBP values) of each patient will be 
calculated as the measure of home BPV. We will assess the difference 
in the SD of home BP among each country/region. Finally, we will 
identify the determinants of four different hypertension subgroups, 
and of the mean home SBP and SD of home SBP. Possible determi-
nants are age, sex, body mass index, chronic kidney disease, diabetes 
mellitus, history of CVD, and different classes of antihypertensive 
drugs. Associations or differences with a P value <.05 (two-tailed) 
will be considered statistically significant. All statistical analyses will 
be conducted by Super Circulation Monitoring With High Technology 

R&D Center, Jichi Medical University COE Cardiovascular Research 
and Development Center (JCARD) (Tochigi, Japan).

3  | DISCUSSION

The use of HBPM is emphasized in guidelines for its role in diagnosing 
and managing hypertension.10 The importance of HBPM in patients 
with hypertension on treatment was demonstrated in the HONEST 
study, which reported that uncontrolled morning hypertension before 
taking medication was significantly associated with a high risk of both 
stroke and coronary artery disease even in patients whose office BP 
was well controlled.14,27 Moreover, a higher morning BP surge was 
shown in a Japanese cohort study than in a Western cohort study.28 
Thus, Asians in general may benefit from more effective control of 
morning BP as an initial step to reducing overall BPV associated with 
nocturnal BP dipping and morning surge.29 Especially to achieve well-
controlled home morning BP and to reduce home BPV, long-acting 
calcium channel blockers may be the most effective antihypertensive 
drug class, because their BP-lowering effect is independent of salt 
intake.

One important area of research that requires further investigation 
is masked morning hypertension, as its presence may be caused by 
the loss of BP-lowering effects of antihypertensive drugs with shorter 
half-lives or through patients not taking medication at night. This study 
will provide data on the distribution of masked morning hypertension 
in Asia and allow an investigation into its possible cause.

There is some discrepancy among the guidelines in the optimal 
time of the evening home BP measurement. The ESH 2010 guide-
lines recommend measuring evening home BP before dinner,30 while 
the Japanese Society of Hypertension (JSH) 2014 guidelines recom-
mend measurement just before going to bed.10 In a recent study, the 

F IGURE Template distribution plot 
showing cutoffs for hypertension according 
to home- and office-based blood pressure 
measurements. The distribution of masked 
morning, white-coat, uncontrolled, and 
well-controlled hypertension is based on 
aggregate data
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at-bedtime minus the before-dinner home SBP was −8.7 mm Hg. This 
reduction is largely affected by consumption of alcohol and taking 
a bath.31 This depressor effect of bathing significantly persists for 
2 hours. Thus, day-to-day variability of evening home BP depends 
largely on daily lifestyle activities. As having dinner outside of the 
home is common in Asia, it is difficult to measure evening BP before 
dinner. Thus, considering the Asian lifestyle, morning BP may be a 
better measure than evening BP to exclude the effects of different 
evening activities and to more accurately determine the pathophysi-
ology of BPV. The two guidelines also differ on the recommended rest 
period before measuring home BP, with the ESH guidelines recom-
mending at least 5 minutes and the JSH guidelines recommending 1 
to 2 minutes. We chose at least 2 minutes rest for our study as this 
is more practical and convenient for patients and in line with the JSH 
recommendations.

In addition to offering prognostic significance for patients receiv-
ing treatment, HBPM is ideally suited to the measurement of morning 
BP since it offers patients convenience. In addition, information and 
communication technology–based HBPM is beneficial for patients 
who live in remote Asian geographical locations.32,33 However, in the 
wider region, there is uncertainty among practitioners in Asia as to 
how best to integrate this technology into clinical practice.

4  | CONCLUSIONS

The data on the control status of home BP and its determinants—
through which to explore the known benefits of HBPM in a local con-
text—are limited throughout most of Asia. Thus, the Asia BP@Home 
study plans to investigate the distribution of hypertension subtypes 
based on the control status of office and home BP measurements and 
the determinants of home BP control status in patients with hyperten-
sion who live in 12 territories in Asia. The Asia BP@Home study will 
clarify the current control status and determinants of home BP in each 
Asian territory and facilitate better home BP management, resulting in 
reduced CVD and renal disease across Asia.
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