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1 | INTRODUCTION

Nocturnal blood pressure (BP) measured by ambulatory BP monitor-
ing (ABPM) is a better predictor of future cardiovascular disease (CVD)
events than daytime BP in both general and hypertensive popula-
tions.1® Although ABPM has historically been the gold standard for
the measurement of nocturnal BP levels, nocturnal BP measured by a
home BP monitoring (HBPM) device has been used in clinical practice
over the past two decades.” A 2017 meta-analysis showed that the clin-
ical significance of nocturnal BP measured by HBPM is comparable to
that of nocturnal BP measured by ABPM.8 Compared to ABPM, HBPM
has been widely adopted in clinical practice due to its wide availability,
simplicity, convenience, and tolerability, and it is unanimously recom-
mended by major hypertension guidelines.”** However, the evidence
concerning nocturnal BP measured by an HBPM device has been rel-
atively limited. In addition, the precise management of nocturnal BP
levels is especially important in Asians, who are at high risk of nocturnal
hypertension due to high salt sensitivity and salt intake. In this review,
we summarize the remaining clinical issues, the latest findings regard-
ing nocturnal BP measured by HBPM, and its clinical implications. Little
is known regarding the clinical significance of nocturnal BP measured
by HBPM, and we wrote this review with a primary focus on the results
of our own researches. Based on the results, our goal was to ensure
that appropriate future research into HBPM-measured nocturnal BP is
performed and that the results of such research be appropriately inter-
preted in order to assist physicians in the management of hypertension.

2 | NOCTURNAL HOME BLOOD
PRESSURE MONITORING

2.1 | Definition of nocturnal hypertension

Nocturnal hypertension is defined as a BP value of
2120/70 mmHg®™13 or 2110/65 mmHg in the 2017 American
College of Cardiology/American Heart Association BP guidelines.9
Although these thresholds were set based on previous studies

using ABPM, 2017 meta-analysis revealed that nocturnal BP values

average morning and evening BP < 135/85 mmHg). This evidence revealed that (a) it
is feasible to use a nocturnal HBPM device for monitoring nocturnal BP levels, and (b)
such a device may offer an alternative to ambulatory BP monitoring, which has been
the gold standard for the measurement of nocturnal BP. However, many unresolved
clinical problems remain, such as the measurement schedule and conditions for the
use of nocturnal HBPM. Further investigation of the measurement of nocturnal BP
using an HBPM device and assessments of the prognostic value are thus warranted.
Asians are at high risk of developing nocturnal hypertension due to high salt sensitivity
and salt intake, and the precise management of their nocturnal BP levels is important.
Information and communication technology-based monitoring devices are expected

to facilitate the management of nocturnal hypertension in Asian populations.

measured by HBPM and those measured by ABPM were almost the
same; the differences in systolic BP (SBP) and diastolic BP (DBP) be-
tween them were 1.4 mmHg (95% confidence interval [CI]: 0.3 to
2.6) and -0.2 mmHg (95% Cl: -0.9 to 0.6).8 Thus, the same definition
of nocturnal hypertension obtained by ABPM has been used in the
definition of nocturnal hypertension obtained by HBPM.

In the J-HOP (Japan Morning Surge Home Blood Pressure)
Nocturnal BP study (n = 2,545, mean age: 63 years; antihyperten-
sive medication use: 83%), we observed that nocturnal hyperten-
sion obtained by HBPM (defined as nocturnal SBP = 120 mmHg)
and masked nocturnal hypertension obtained by HBPM (defined as
nocturnal home BP 2 120/70 mmHg and the average of morning and
evening BP < 135/85 mmHg) were present in 49.3% and 26.7% of a

Japanese general practice population, respectively.?>¢

2.2 | Measurement schedules

In nocturnal BP measurements by ABPM, the term “nocturnal” has
been defined by self-reported, fixed-time, or actigraphy-based ap-
proaches, and nocturnal BP values were automatically measured
at regular intervals (e.g., 30 min) throughout the participant's time
spent sleeping. In HBPM, the participants must wrap the BP cuff
around the upper arm by themselves and press a button to start the
timer before going to bed. It is easy to set the cuff by oneself since
the procedure is the same as the usual HBPM of morning and even-
ing BPs. The nocturnal BP values are then automatically measured
based on the participant's specified bedtime (eg, 2, 3, and 4 h after
the chosen bedtime) or measured at fixed time points (eg, 2:00, 3:00,
and 4:00 a.m.).

Although recently developed HBPM devices permit participants
to set the nocturnal BP measurement schedule freely, there are no
established criteria regarding when and at what time intervals the
nocturnal BP measurements should be taken in one night. We pre-
viously compared the reliability of different schedules of multiple
nocturnal home BP readings measured based on the participants’
specified bedtimes and those measured at fixed time points.?’
The reliability of the nocturnal home BP values measured using
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bedtime-based measurements and that of the values measured using
fixed-time measurements were similar. That study also revealed that
multiple measurements (>2 times) in a single night could provide reli-
able information about the nocturnal home BP values.

In the J-HOP study, we asked study participants to measure
their nocturnal home BP at three fixed time points (2:00, 3:00, and
4:00 a.m.).”> There was no difference between nocturnal SBP at
2:00 a.m. and 3:00 a.m., whereas at 4:00 a.m. the nocturnal SBP
values were slightly, but significantly, higher by 1.5 mmHg. It is nec-
essary to have further discussions about when nocturnal home BP
should be measured.

Another matter of debate has been how many times nocturnal
home BP must be measured within 1 week for a reliable assessment
of nocturnal BP levels. We demonstrated that two nights of noctur-
nal home BP measurement in 1 week should be recommended in
consideration of its feasibility.” Kollias and colleagues also showed
that a schedule of three automated measurements at intervals of 1 h
on each of two nights was the minimum requirement for the reliable
assessment of nocturnal home BP values.'® Taking these findings
into consideration, two nights of nocturnal home BP measurement
in 1 week would be reliable and feasible in clinical practice. However,
further study is necessary to establish the necessary number of noc-
turnal home BP measurements per night and the number of nights
per week, in order to gather more robust evidence for the use of
HBPM to measure nocturnal BP.

2.3 | Measurement conditions

Measurement conditions are also essential factors affecting noc-
turnal BP levels. Saeki and colleagues demonstrated that (a) a 1°C
lower nighttime bed temperature was significantly associated with
0.019 mmHg higher nocturnal SBP; (b) a 1°C lower indoor tempera-
ture was significantly associated with a 0.18% greater fall of noctur-
nal BP; and (c) a 1°C lower ambient temperature was significantly
associated with a 0.21% greater fall of nocturnal BP, independently
of traditional CVD risk factors (all BPs were measured by ABPM).19
Tabara and colleagues also showed that the nocturnal BP fall as-
sessed by an HBPM device differed according to the season, with a
higher frequency of riser and non-dipper patterns in the summer.2°
These studies showed that attention must be paid to environmen-
tal factors when patients are told to measure their nocturnal BP at
home.

The posture during nocturnal BP measurements might also
affect the BP level. Since the arm-cuff height of an HBPM device
differs between the supine position and the lateral position when
measuring nocturnal BP, the nocturnal BP levels might be measured
in different positions. In addition, during the supine position of sleep,
nocturnal BP levels vary depending on the position of the arm cuff
of the upper-arm device or wrist-type BP device and the position of
the palm when using a wrist-type BP device 2?2

These various factors affect nocturnal BP measurements and
may not reflect “inherent” BP levels.

2.4 | Association with target organ damage

In regard to the associations between nocturnal home BP and hyper-
tensive target organ damages (TODs), we demonstrated that nocturnal
home SBP levels were significantly correlated with the urinary albu-
min/creatinine ratio (UACR), left ventricular mass index (LVMI), and
brachial-ankle pulse wave velocity (baPWV) even after adjustment for
morning, evening, and office BP levels.® Studies comparing the asso-
ciation of hypertensive TOD with nocturnal BP measured by HBPM
and the association of hypertensive TOD with nocturnal BP measured
by ABPM reported that the correlation coefficient between nocturnal
home SBP and UACR was significantly greater than that for the rela-
tionship between nocturnal ambulatory SBP and UACR.?>%* This re-
sult is likely attributed to the superiority of nocturnal BP measured by
HBPM compared with nocturnal BP measured by conventional ABPM
in terms of measurement frequency, reproducibility, and acceptabil-
ity. Further studies are needed to confirm the superiority of noctur-
nal home BP measurement compared with nocturnal ambulatory BP

measurement in terms of the association with hypertensive TODs.

2.5 | ICT-based home BP monitoring device

The technological advances over the last two decades have been
remarkable, enabling the measurement of nocturnal home BP levels
with information and communication technology (ICT)-based HBPM
devices.?>?% This ICT-based approach has allowed us to obtain reli-
able nocturnal home BP data that are transmitted automatically to a
cloud server. This technological revolution brings light to nocturnal
BP measurement, once a “dark spot,” and it is expected to be widely

adopted in clinical practice in the future.

3 | PATHOPHYSIOLOGY AND CLINICAL
CHARACTERISTICS

Various factors account for the increase in nocturnal BP. First, the
increases in the circulating volumes of blood and interstitial fluid,
particularly in patients with heart and/or renal failure when they are
supine, cause an increase in sleep/nocturnal BP. During sleep, ve-
nous return from the lower body is increased by the body's supine
position, which in turn increases nocturnal BP levels. Second, auto-
nomic neuropathy would cause an increase in nocturnal BP. Usually,
sympathetic activity is reduced during the nighttime compared
with daytime, since there is little external stimulation during sleep.
However, sympathetic tone during sleep is elevated, especially in
patients with diabetes or insomnia, and elevated sympathetic tone
causes an abnormal circadian BP pattern and increased nocturnal
BP levels. Third, obstructive sleep apnea (OSA) is a significant risk
factor for nocturnal hypertension. In patients with OSA, repetitive
OSA episodes produce hypoxia, which induces transient sympa-
thetic overactivation. The sympathetic overdrive causes nocturnal
BP surges, and this nocturnal BP surge may be a trigger for the onset
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of CVD events during the night. Fourth, in patients with cerebro-
vascular disease, persistent sympathetic overactivity, impaired en-
dothelial function, platelet activation, and enhanced inflammatory
response have been reported to be responsible for a nocturnal BP
increase.?’ Various other factors such as depressive state/anxiety,
cognitive impairment, and lifestyle habits (alcohol intake, insuffi-
cient sleep time/poor sleep quality) can also cause a nocturnal BP
elevation.?® As such, nocturnal BP should be actively measured in
patients with those factors.

The timing of antihypertensive medication administration would
also affect nocturnal BP levels. The bedtime administration of an-
tihypertensive medications has been shown to lower nocturnal BP
compared with morning administration in some, but not all,?? stud-
ies. The HERMONY (Hellenic-Anglo Research into Morning or Night
Antihypertensive Drug Delivery) trial demonstrated that the timing
of antihypertensive medication administration (morning or evening)
did not affect nocturnal BP levels.>° We previously demonstrated
that there were no significant differences in nocturnal BP reduction
between morning and bedtime administrations of an angiotensin Il
receptor blocker (ARB)/calcium-channel blocker (CCB) combination
in the ACROBAT (ARB and CCB Longest Combination Treatment on
Ambulatory and Home BP in Hypertension With Atrial Fibrillation
Multicenter Study on Time of Dosing (ACROBAT) trial).®! We also ob-
served that the morning administration of ARB/CCB was not inferior
to the bedtime administration in the terms of the reduction in not only
nocturnal brachial but also central BP levels.®? These studies vary in
several respects, including the populations, baseline comorbidities,
and treatment regimens, which might have contributed to the incon-
sistent results. Further evidence is needed to determine when to take
antihypertensive medications to control nocturnal BP levels.

4 | CLINICAL RESEARCH AND THE
LATEST FINDINGS OF NOCTURNAL HOME
BP MONITORING

Table 1 shows the up-to-date publications on nocturnal HBPM. The
schedules (ie, timing and number) of the measurement of nocturnal
home BP differ among the studies, indicating that there is no es-
tablished method for conducting nocturnal home BP measurement.
In addition, among these 33 studies, 27 were conducted in Japan,
including most of the clinical trials concerning nocturnal HBPM.
Japanese individuals are very tolerant of home BP measurements
and widely accept them as a daily activity to track their health. In ad-
dition, Japanese medical device manufacturers are focusing on clini-
cal research and investing significant effort into the development of
new nocturnal HBPM devices.

There have been only four randomized control clinical trials
(RCTs) using nocturnal HBPM devices?>2%%3%# and one RCT using
a hypoxia-triggered nocturnal HBPM device®® to compare the ef-
fects of two different classes of antihypertensive medications on
nocturnal BP lowering. All of these trials demonstrated that it was
possible to have participants self-measure their nocturnal BP at
home. Nocturnal HBPM devices could thus have the potential to

be an alternative to ABPM for the measurement of nocturnal BP.
Further clinical studies are needed to verify the tolerability of noc-
turnal HBPM with these devices and to determine antihypertensive

medications that can effectively reduce nocturnal BP levels.

5 | NOCTURNAL HOME BP MONITORING
IN ASIA

There is strong evidence of a causal relationship between salt intake
and BP increase. Asians are likely to have a genetic predisposition
to salt sensitivity,>¢ and salt sensitivity is an independent risk fac-
tor for cardiovascular events and a strong predictor for total mor-
tality in both hypertensive and normotensive patients.®” This is of
importance particularly in Asian populations as their salt intake is
higher compared with other populations, and excessive salt intake
remains a societal problem.®® This excessive salt intake causes noc-
turnal hypertension via an increase in the circulating volume during
the nighttime. In other words, nocturnal hypertension is considered
to be one of the phenotypes of increased salt sensitivity. Salt restric-
tion should thus be an important strategy for the management of
nocturnal hypertension in Asian populations.

We recently demonstrated that nocturnal SBP measured by an
HBPM device was a significant predictor of incident CVD events
independent of office and morning home SBP levels in a Japanese
general practice population of the J-HOP Nocturnal BP Study.%’
In the same J-HOP study participants, we observed that masked
nocturnal hypertension obtained by home BP monitoring (defined
as nocturnal home BP 2= 120/70 mmHg and average morning and
evening BP < 135/85 mmHg) was associated with an increased
risk for total CVD events compared with controlled BP (noctur-
nal home BP < 120/70 mmHg and average morning and evening
BP < 135/85 mmHg).!® This means that even in individuals with
controlled daytime BP, those with increased nocturnal BP have a
significant CVD risk. This evidence emphasizes the importance of
nocturnal HBPM in clinical practice.

In a direct comparison with ABPM in the J-HOP Nocturnal BP
study, nocturnal hypertension (nocturnal home SBP > 120 mmHg)
obtained by HBPM was independently associated with CVD
events, and there was no association between nocturnal hyper-
tension (nocturnal ambulatory SBP > 120 mmHg) obtained by
ABPM and CVD events. These results indicate that it is worth-
while to measure nocturnal home BP in addition to the morning
and evening home BP levels. Knowledge of patients’ nocturnal
HBPM would be useful for identifying patients with high CVD risk
and could be used widely in daily clinical practice, especially for
Asian populations.

6 | CONCLUSIONS AND PERSPECTIVES

Nocturnal HBPM values and the management of nocturnal hy-
pertension are important for hypertensive patients. Due to high
salt sensitivity and salt intake, Asians are at high risk of nocturnal
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FIGURE 1 The management of
nocturnal hypertension in Asia

hypertension, and a precise management of nocturnal BP levels is
crucial (Figure 1). The ICT-based approach could be a revolutionary
approach for the management of nocturnal home BP. This techno-
logical innovation improves nocturnal BP measurement, and it is
expected to be ripe for wider adaptation in clinical practice in the
future. Nocturnal HBPM could thus have the potential to be an al-
ternative to ABPM for the measurement of nocturnal BP. Further
research on how to measure nocturnal BP and assessments of its
prognostic values is warranted. Lastly, data on the clinical signifi-
cance of nocturnal BP measured by HBPM in other racial and ethnic

groups will be needed.
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