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A self-measured home blood pressure (BP)-guided strategy is an effective practical
approach to hypertension management. The Asia BP@Home study is the first de-
signed to investigate current home BP control status in different Asian countries/re-
gions using standardized home BP measurements taken with the same validated

home BP monitoring device with data memory. We enrolled 1443 medicated
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hypertensive patients from 15 Asian specialist centers in 11 countries/regions be-
tween April 2017 and March 2018. BP was relatively well controlled in 68.2% of pa-
tients using a morning home systolic BP (SBP) cutoff of <135 mm Hg, and in 55.1% of
patients using a clinic SBP cutoff of <140 mm Hg. When cutoff values were changed
to the 2017 AHA/ACC threshold (SBP <130 mm Hg), 53.6% of patients were well
controlled for morning home SBP. Using clinic 140 mm Hg and morning home
135 mm Hg SBP thresholds, the proportion of patients with well-controlled hyper-
tension (46%) was higher than for uncontrolled sustained (22%), white-coat (23%),
and masked uncontrolled (9%) hypertension, with significant country/regional differ-
ences. Home BP variability in Asian countries was high, and varied by country/region.
In conclusion, the Asia BP@Home study demonstrated that home BP is relatively well
controlled at hypertension specialist centers in Asia. However, almost half of patients
remain uncontrolled for morning BP according to new guidelines, with significant
country/regional differences. Strict home BP control should be beneficial in Asian

populations. The findings of this study are important to facilitate development of

1 | INTRODUCTION

Hypertension is a major risk factor for cardiovascular disease and
other age-related conditions, such as dementia and chronic kidney
disease, worldwide. Strict blood pressure (BP) control is one of the
most effective approaches to prevent cardiovascular events.
Recently released 2017 American Heart Association (AHA)/
American College of Cardiology (ACC) guidelines lowered thresholds
for the diagnosis and management of hypertension from 140/90 to
130/80 mm Hg.*

This new threshold may be particularly relevant in Asia due to
the different characteristics of hypertension and related cardiovas-
cular disease in Asians.>” Stroke and non-ischemic heart failure,
both of which are closely related to hypertension, are more com-
mon in Asia than in Western countries.>” The BP-associated slope
of cardiovascular events, especially stroke, is steeper in Asia than
in Westerners.® Thus, the benefits associated with strict BP control
should be even greater in Asia,>810

Out-of-clinic measurement of BP using ambulatory BP monitor-
ing (ABPM) or home BP monitoring (HBPM) is now recommended for
the management of hypertension.'*4 This is because ambulatory or
home BP measurements are more closely associated with cardio-
vascular event risk and organ damage than clinic BP.4*31%1¢ Again,
this is likely to be of greater importance in Asia due to the presence
of Asian-specific characteristics in the 24-hour BP profile.>Y”%? In
addition, the prevalence of masked uncontrolled hypertension (nor-
motensive for clinic BP and hypertension based on out-of-office BP),
excessive morning BP surge and morning hypertension, and noctur-
nal hypertension is higher in Asians than in Westerners.}2024

A self-measured home BP-guided strategy has been stressed
as the most effective practical approach of the management of

hypertension in Asia.*®2>27 There are several studies highlighting

health policies focused on reducing cardiovascular complications in Asia.

the importance of home BP for improving cardiovascular progno-
sis.28%% However, the findings of some of these studies are limited
due to a lack of standardization in the BP measurement schedule, BP
measurement device, and recording of home BP measurements, as
well as a lack of measurement of nocturnal BP, which is an emerg-
ing important cardiovascular risk factor. In addition, all the home BP
data in these studies were obtained at least 5 years ago and may
not reflect the current status of home BP. Given that guideline-
driven antihypertensive medication with a lower home BP target
(<135/85 mm Hg) has been widely introduced in Asian hypertension
specialist centers over the last 10 years, home BP control status in
Asia might now be quite different. However, there are no recent
studies looking at home BP control status, and none have employed
the same BP measurement schedule using the same validated HBPM
device with data memory.

We have recently established the Hypertension, brain, cardiovas-
cular and renal Outcome Prevention and Evidence in Asia (HOPE Asia)
Network to improve management of hypertension and organ protec-
tion for “zero” cardiovascular events in Asia. The HOPE Asia Network
has three key initiatives: (a) to understand the current evidence; (b) to
achieve consensus; and (c) to conduct clinical studies on the current
status.®* As part of the last initiative, the Asia BP@Home study was de-
signed to investigate the current 2017-2018 home BP control status in
11 Asian countries/regions using standardized home BP measurements

taken with the same validated HBPM device with data memory.35

2 | METHODS

2.1 | Study design

The Asia BP@Home study design has been described in detail
previously.®® In brief, the study was a prospective, multicenter,
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non-interventional trial designed to collect home BP data from out-
patients living in Asian countries and regions. All patients provided
written informed consent before study enroliment, and the study
protocol was approved by independent ethics committees or institu-
tional review boards for every study center. All procedures were con-
ducted in accordance with the ethical principles of the Declaration
of Helsinki. The study was registered on the ClinicalTrials.gov web-
site (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 23 months were recruited from 15 Asian specialist hypertension
centers in China, India, Indonesia, Japan, Korea, Malaysia, Pakistan,
Philippines, Singapore, Taiwan, and Thailand. Patients were enrolled
between April 2017 and March 2018. The predefined number of
study patients was approximately 100 patients from each center.

2.3 | BP measurements

Patients were provided with the same validated automatic, oscillo-
metric HBPM device (Omron HEM-7130-AP or HEM-7131-E; Omron
Healthcare, Kyoto, Japan)®® and instructed to measure their BP at
home for at least 7 days during a 15-day HBPM period. Patients were
asked not to change their medication during the monitoring period.
To avoid reporting bias, BP data were automatically stored in device
memory, then entered into the study database by a physician or nurse.

Home BP measurements were performed according to the
Expert Panel Consensus Recommendations for HBPM (the
HOPE Asia Network),z""27 which modified guidelines from the
European Society of Hypertension (ESH), 1412 Japanese Society of
Hypertension (JSH),*® and the Korean Society of Hypertension,37
and the China consensus document on HBPM.*® Patients measured
their BP at home using the device provided twice in the morning
(morning home BP) and twice at bedtime (evening home BP) as fol-
lows. Patients were instructed to take morning BP measurements,
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 (leaning against a seat back and resting
both feet on the floor), with no moving or talking. Bedtime mea-
surements were to be taken immediately before going to bed and
after 2 minutes of rest while in a sitting position (as for morning BP
measurement). For both morning and evening home BP, the interval
between the two measurements should be at least 1 minute, and BP
measurements should be taken from the upper area of the nondom-
inant arm. However, if BP readings taken in the right and left arms
differed significantly, patients were instructed to use the arm with
the highest BP (as determined at the first study visit) for all subse-
quent home BP measurements. Patients were asked to record BP
values on the sheet provided and to return this at the second visit.

Clinic BP was measured twice at the first and second (if applica-
ble) study visit.

2.4 | Definition of hypertension control subgroups

Definition was based on the morning home SBP measured by HBPM
and clinic SBP. Using the clinic 140 mm Hg and morning home
135 mm Hg SBP thresholds, the proportion of patients with well-
controlled, white-coat, masked uncontrolled, and sustained morn-
ing hypertension was determined. We also defined this classification
using the new 2017 ACC/AHA guideline thresholds of 130 mm Hg

for morning and clinic BP.

2.5 | Day-to-day home BP variability

We calculated coefficient of variation (CV) for morning home SBP
based on the patients’ home BP readings during the study period.
Average real variability (ARV) is the average absolute difference be-
tween successive BP measurements and, in contrast to CV, takes the
order of the BP measurements into account. Both CV and ARV are
partially dependent on the overall mean BP levels over time, and this
issue may not be resolved even if mean BP level over time is used as
an adjustment factor. Therefore, we used BP variability independent
of the mean (VIM), another BP variability measure that has no cor-
relation with mean BP levels. These variability measures have been

used in previously reported BP variability studies.3”4!

2.6 | Comparison with historical home BP study

Home BP control status and home BP variability profiles from the
Asia BP@Home study were compared with those of the Japanese na-
tionwide general practitioner-based home BP study (Japan Morning
Surge-Home Blood Pressure [J-HOP] study) which used the same
home BP measurement schedule and the same validated, automatic,
oscillometric HBPM device,*? and collected baseline data over the
period 2005-2012.3%% Characteristics for patients enrolled in the
J-HOP study (mean age 64.8 years, 47.0% male, body mass index
24.3 kg/m?, 23.5% with diabetes) are described elsewhere in detail. 43

2.7 | Statistical analyses

All statistical analyses were performed using SAS version 9.4 soft-
ware (SAS Institute Inc) at Super Circulation Monitoring With High
Technology R&D Center, Jichi Medical University COE Cardiovascular
Research and Development Center (JCARD) (Tochigi, Japan). The
mean morning home SBP (average of all morning BP measurements
during the monitoring period) vs the mean clinic SBP (average of two
measurements at the first visit) values for each patient were plotted

to obtain the distribution, overall and by hypertension subtype.

3 | RESULTS

3.1 | Patient demographics and characteristics

Atotal of 1467 patients with medicated hypertension from 15 hyperten-
sion specialist centers in 11 countries/regions were recruited. Of these,
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TABLE 1 Baseline characteristics

Age, years

Male, %

BMI, kg/m?

Habitual drinking, %

Current smoking, %

Shift worker, %

Current disease, %
Hyperlipidemia
Diabetes
Carotid artery disease
Thoracic aortic aneurysm
Chronic kidney disease

Atrial fibrillation

Antihypertensive medication, %

ARB

ACE

CCB
Alpha-blocker
Beta-blocker
Diuretics
Other

Bedtime dosing

N = 1443

62.3+12.1
47.4
26.0+4.5
10.6

8.4

3.1

52.0
251
121
0.6
5.6
3.7

49.4
11.6
66.0
3.7
29.7
17.6
1.0
8.0

Number of antihypertensive medications, %

1
2
3
4
5
6

Medical history, %
Angina pectoris
Myocardial infarction
Aortic dissection
Heart failure
Peripheral artery disease
Stroke

Clinic blood pressure
Systolic, mm Hg

Diastolic, mm Hg

Pulse rate, bpm

45.6
34.2
13.9
5.1
0.9
0.3

10.2
3.4
0.1
3.9
0.7
6.4

138.8 +18.4
82.2+111
74.3+11.8

Self-measured blood pressure at home

Morning measurement
Systolic, mm Hg
Diastolic, mm Hg

Pulse rate, bpm

130.4 £ 14.6
80.6 £ 9.5
70.3£9.6

(Continues)

WILEY-—¥

TABLE 1 (Continued)

N = 1443
Evening measurement
Systolic, mm Hg 129.1+15.4
Diastolic, mm Hg 78.1+9.7
Pulse rate, bpm 73.1+10.5

Data are shown as the mean + SD, % or median (interquartile range).
ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker;
BMI, body mass index; CCB, calcium channel blocker.

1443 were included in the analysis (Figure S1). Overall, 47.4% of patients
were men (mean age 62.3 + 12.1 years); the prevalence of diabetes and
chronic kidney disease was 25.1% and 5.6%, respectively (Table 1).

Morning and evening home SBP was 1304+ 14.6 and
129.1 + 15.4 mm Hg, respectively (Table 1). The mean number of
the days of the BP measurements was 8.2 + 2.7 days, and the total
measurement of morning and evening BPs per person was 16.2 + 5.6
and 16.0 £ 5.6, respectively. The mean values of morning and eve-
ning home SBP are significantly lower than those for patients in
the J-HOP study (138.4 + 15.8 and 130.1 + 14.9 mm Hg, respec-
tively). Differences between morning and evening BP readings were
1.3 mm Hg for SBP and 2.5 mm Hg for diastolic BP (Table 1), much
lower than 8.3 and 6.5 mm Hg, respectively, at baseline in the J-
HOP study. The most popular antihypertensive agents were calcium
channel blockers (CCBs, 66.0% of patients), followed by angiotensin
receptor blockers (ARBs; 49.4%), beta-blockers (29.7%), diuretics
(17.6%), and angiotensin converting enzyme (ACE) inhibitors (11.6%);
other antihypertensive drug classes were used by less than 10% of
patients (Table 1). Amlodipine was the most commonly used CCB
(48.8% of the total population, 73.9% of all CCBs).

Using the clinic 140 mm Hg and morning home 135 mm Hg SBP
thresholds, the proportion of patients with well-controlled hyper-
tension (46%) was higher than that for uncontrolled sustained (22%),
white-coat (23%), and masked uncontrolled (9%) hypertension.
Corresponding values calculated using the 2017 ACC/AHA guide-
line thresholds of 130 mm Hg for morning and clinic BP were 26% of
patients with well-controlled hypertension and 40%, 28%, and 6%,
respectively, with uncontrolled sustained, white-coat or masked un-
controlled hypertension.

3.2 | Home BP control status

Well-controlled morning home SBP (SBP <135 mm Hg; Seventh
Report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure [JNC 7] thresh-
old*%) was documented in 68.2% of patients, and 55.1% had well-con-
trolled clinic SBP (Figure 1A, black). Even using the new 2017 AHA/
ACC threshold of 130 mm Hg,* 53.6% of patients were well controlled
for morning home SBP and 32.3% were well controlled for clinic SBP
<130 mm Hg (Figure 1A, red). The prevalence of well-controlled hy-
pertension based on both clinic and home morning systolic BP (SBP)

was highest (45.6%) when control was classified using the clinic SBP
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FIGURE 1 Distributions of blood pressure (BP) control status based on different clinic and morning home blood pressure thresholds in
(A) the Asia BP@Home study (N = 1443) and (B) the J-HOP study (N = 4310). Black lines show cutoff values of 140 mm Hg for clinic systolic
BP (SBP) and 135 mm Hg for home SBP, and black numbers show the proportion of patients with different types of hypertension based on
those cutoff values. Red lines show cutoff values of 130 mm Hg for both clinic SBP and home SBP, and red numbers show the proportion of
patients with different types of hypertension based on those cutoff values

140 mm Hg and morning home SBP 135 mm Hg thresholds. Adopting
the 2017 AHA/ACC classification thresholds (clinic SBP 130 mm Hg
and morning home SBP 130 mm Hg), the prevalence of well-con-
trolled hypertension decreased from 45.6% to 26.0%, and that of
masked uncontrolled hypertension decreased from 9.5% to 6.3%.

3.3 | Country/region difference

There were significant country/region differences in the demo-
graphics of study participants (Table S1) and home BP control sta-
tus. However, the prevalence of controlled hypertension was higher
than that of white-coat, masked uncontrolled or uncontrolled

hypertensionin 11 out of 15 centers when the clinic SBP 140 mm Hg
and morning home SBP 135 mm Hg thresholds were used
(Figure 2A). With the new, lower thresholds (clinic SBP 130 mm Hg
and morning home SBP 130 mm Hg), the prevalence of well-con-
trolled hypertension exceeded that of white-coat, masked uncon-
trolled, and uncontrolled hypertension in 5/15 centers (Figure 2B).

The prevalence of well-controlled morning home SBP (well-con-
trolled hypertension plus white-coat hypertension) was higher than
that of uncontrolled morning home SBP (masked uncontrolled hy-
pertension plus uncontrolled hypertension) in 13/15 centers using
the higher thresholds (Figure 2A) and in 11/15 centers using the
new, lower thresholds (Figure 2B).
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3.4 | Home BP variability

Despite relatively good BP control rates based on mean morning
home BP (Figure 2), the prevalence of exaggerated BP variabil-
ity based on CV, ARV, and VIM was quite high in Asian countries,
with clear country/regional differences (Figure 3A-C). The highest
quartile (Q4) of day-by-day morning home SBP variability measures
(CV 2 6.1, ARV 2 8.5 and VIM = 8.2) of the J-HOP study®’ was seen
more often in this study (Figure 3D). In addition, more than 25% of
patients were in the highest quartile for BP variability at 13/15 cent-
ers (the exceptions were India and Japan) (Figure 3D).

4 | DISCUSSION

The Asia BP@Home study is the first Asian simultaneous cross-sec-
tional study on home BP control status in major hypertension spe-
cialist centers across Asia using the same measurement schedule and
the same validated device with memory. The results from 15 cent-

ers in 11 countries/regions showed that home BP control status in

2017-2018 for patients managed at hypertension specialist centers
in Asia was relatively good. However, almost one in three patients
(31.8%) still did not reach their morning home SBP goal according
to the conservative guidelines, and almost half (46.4%) were uncon-
trolled based on the new 2017 AHA/ACC threshold of 130 mm Hg.*
In addition, there were significant country/regional differences in
home BP control status and the degree of home BP variability.

In the 2017 ACC/AHA guidelines compared with other or
previous documents, the office SBP target has decreased by
10 mm Hg lower (SBP <140 mm Hg to <130 mm Hg) and the home
SBP target is 5 mm Hg lower (SBP <135 mm Hg to <130 mm Hg).
Needless to say, this will make uncontrolled hypertension more
common while fewer patients will have controlled hypertension.
Similarly, white-coat effect will be found more often because
some patients previously classified as having controlled hyper-
tension will now be defined as having white-coat effect, while
masked uncontrolled hypertension should be found less often
because many of these patients will now fit the criteria for uncon-
trolled hypertension (although some controlled hypertension will
become masked uncontrolled hypertension).
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FIGURE 3 Country/regional difference in measures of day-by-day morning home systolic blood pressure variability (A. coefficient of
variation; B. average real variability; C. variability independent of the mean) and the prevalence of risky exaggerated home blood pressure

variability groups (D) in different countries/regions

The control rates of 68.2% for morning home SBP <135 mm Hg
and 53.6% using the new 2017 AHA/ACC threshold of 130 mm Hg*
are higher than those reported in previous general practitioner-
based home BP studies conducted in Asian and Western countries
293132 Home BP control rates achieved in this study from 2017 to
2018 were higher than those reported in the Japanese nationwide
general practitioner-based J-HOP study from 2005 to 2012.%° Given
that Asian patients with hypertension have different characteristics
from those in Western populations, including higher salt intake and

517 it could theoretically be more difficult to

higher salt sensitivity,
achieve BP control during antihypertensive treatment in these pa-
tients. The better home BP control status of Asia BP@Home study
than previous studies may partly be increased use of more potent
and long-acting antihypertensive agents. The most commonly used
antihypertensive agent in the Asia BP@Home study was the long-
acting CCB, amlodipine (used by 48.8% of patients). The BP-lower-
ing effect of amlodipine persists for 24 hours and is not affected by
salt sensitivity and salt intake, although it is dependent on baseline
BP.*>4¢ Thus, amlodipine is an appropriate choice for Asian hyper-
tensive patients with high salt intake and high salt sensitivity. The
use of long-acting, effective antihypertensives could also have con-
tributed to the smaller morning-evening difference in home SBP and
DBP seen in the current study compared with J-HOP.3® Another
difference between the Asia BP@Home and J-HOP studies was the
setting in which patients were treated. Our study was conducted
in hypertension specialist centers (organized by members of HOPE

Asia Network), whereas J-HOP patients were managed by general
practitioners.

For Asian patients, we recommend measurement of morning
BP before taking medication as the first target of a hypertension
management strategy.‘”’50 Lifestyle factors in Asia mean that eve-
ning BP is difficult to measure before dinner at home, and eve-
ning home BP measured at bedtime after dinner is significantly
affected by alcohol consumption and bathing,®® making this ap-
proach much less reliable, as has been shown previously.>? In
addition, as highlighted above, there is a good body of data from
Asia showing that morning home BP is an independent predictor
of cardiovascular events.?®3%3133% The results of the prospec-
tive J-HOP study clearly demonstrated that patients with well-
controlled morning home SBP (<135 mm Hg at baseline) were at
lower risk of having a stroke than those with a higher morning
home SBP.% In addition, the large real-world observational pro-
spective HONEST study of more than 20 000 hypertensive pa-
tients receiving olmesartan-based antihypertensive medication
showed that on-treatment morning home SBP <125 mm Hg was
associated with a significantly lower rate of both stroke and coro-
nary artery disease events compared with a morning home SBP of
>145 mm Hg, especially in high-risk patients.>® Furthermore, the
home BP-guided interventional HOMED-BP study demonstrated
that achievement of lower home SBP was significantly associated
with better cardiovascular prognosis.?® Considering these results,
the well-controlled home BP achieved with specialist management
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in the Asia BP@Home study should result in a significant reduction
of cardiovascular events in Asian countries. The challenge will be
to ensure that these practices and control rates are translated to
other clinical settings, such as for the majority of patients with
hypertension who are managed in primary care.

The prevalence of masked uncontrolled morning hypertension
(clinic SBP <140 mm Hg, and morning home SBP 2135 mm Hg)
in the Asia BP@Home study was 9.5% of the total sample, almost
half the 19% rate found in the J-HOP study.30 Masked uncontrolled
hypertension is an important clinical issue. In the international
ABPM registry of hypertensive patients, ARTEMIS, the prevalence
of masked uncontrolled hypertension was higher in Asians than
in the Westerners.?* In an analysis of data from the J-HOP study
of Japanese patients, the increased stroke risk associated with
the presence of masked uncontrolled hypertension was compara-
ble to that of sustained hypertension (clinic SBP >140 mm Hg and
home SBP 2135 mm Hg).>* A recent largest Spanish ABPM registry
demonstrated that the risk associated with masked uncontrolled
hypertension was highest compared with other hypertension sub-
groups (controlled, uncontrolled, and white-coat).>® This may be a
result of out-of-clinic hypertension that had been unrecognized by
doctors for a long time. Again, this difference may be due to im-
provements in hypertension therapies over time, or care in the spe-
cialist vs primary care setting. Whatever, the underlying reason, the
lower rates of masked uncontrolled hypertension seen in the Asia
BP@home study suggest effective management of hypertension and
should translate to reduced cardiovascular risk.

Home BP variability was greater in the Asia BP@Home study
with a significant country/regional difference, even though home BP
control status was better in the Asia BP@Home vs J-HOP studies.
Differences in environmental factors and lifestyles between coun-
ties may contribute to increased home BP variability. In the current
study, we used three measures of day-by-day home BP variability
(CV, ARB, and VIM) because values in the highest quartiles of these
three measures (CV = 6.1, ARV 2 8.5, and VIM = 8.2) were signifi-
cantly associated with stroke prognosis independent of mean home
BP in the J-HOP study.®? Similar findings were reported in other pop-
ulation-based studies, where day-by-day home BP variability was a
significant predictor of cardiovascular prognosis independent of the
average home BP.*%°%°7 The pathological thresholds of day-by-day
home BP variability in treated patients with well-controlled average
home BP need to be determined in the future prospective studies.

There were significant country/regional differences in home
BP control status, and in home BP variability. Rates of uncontrolled
hypertension were much higher in some regions, while controlled
hypertension was more common in others. These trends were ac-
centuated when the 2017 ACC/AHA thresholds were applied. In
addition, there are significant country/regional difference in cardio-
vascular death rates in Asia.” Each county leader of the HOPE Asia
Network plans to explore these inter-country differences and their
underlying reasons; results will be reported in due course.

This study also has some limitations. Firstly, the sample size in
each country/region was small. Secondly, this study may not be
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directly applicable to routine clinical care in all participating coun-
tries. It is also possible that study patients enrolled from specialist
hypertension centers, as was the case in this study, may be more
motivated than patients treated in general practice or hospital clin-
ics. An important next step is to create a real-world database of out-
patients recruited from general practitioners in each country. We did
not collect urine or blood samples to confirm adherence to antihy-
pertensive therapy, although we asked patients not to change their
medication during the monitoring period. Finally, there is not yet any
data on the clinical relevance of the four hypertension phenotype
classifications using the lower new thresholds in the 2017 ACC/AHA
guidelines. Therefore, the prognosis for hypertension subgroups
based on this classification needs to be determined.

5 | CONCLUSIONS

The Asia BP@Home study showed that hypertension special-
ist centers in Asia can achieve relatively good home BP control
status for their patients. However, morning SBP remained above
130 mm Hg in the entire sample, and there were significant coun-
try/regional differences. Considering the characteristics of hyper-
tension in Asians, strict home BP control would be expected to
be beneficial. The findings of this study are important to facilitate
development of health policies targeting the reduction of cardio-
vascular disease complications in Asia. A key component of this is
transferring expertise in hypertension management from specialist
centers to primary care, where the majority of patients with hyper-
tension are managed.
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