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Abstract—We developed an innovative automated home blood pressure (BP) monitoring method that measures BP while
asleep repeatedly over several days. Our aim was to assess the predictive ability of nighttime BP obtained using the home
BP device for incident cardiovascular disease (CVD) in general practice patients. We used data from the nationwide
practice-based J-HOP (Japan Morning Surge—Home Blood Pressure) Nocturnal BP Study, which recruited 2545 Japanese
with a history of or risk factors for CVD (mean age 63 years; antihypertensive medication use 83%). The associations
between nighttime home BPs (measured at 2:00, 3:00, and 4:00 aM using validated, automatic, and oscillometric home BP
devices) and incident CVD, including coronary disease and stroke events, were assessed with Cox proportional hazards
models. The mean+SD office, morning home, and nighttime home systolic BP (SBP)/diastolic BP were 140+15/82+10,
137+15/79+10, and 121+15/70+9 mmHg, respectively. During a follow-up of 7.1£3.8 years (18,116 person-years), 152
CVD events occurred. A 10-mmHg increase of nighttime home SBP was associated with an increased risk of CVD
events (hazard ratios [95% Cls]: 1.201 [1.046-1.378]), after adjustments for covariates including office and morning
home SBPs. The model fit assessed by the change in Goodness-of-Fit was improved when we added nighttime home SBP
into the base models including office and morning home SBPs (A6.838 [5.6%]; P=0.009). This is among the first and
largest nationwide practice-based study demonstrating that nighttime SBP obtained using a home device is a predictor of
incident CVD events, independent of in-office and morning in-home SBP measurement.

Clinical Trial Registration—URL.: http://www.umin.ac.jp/icdr/index.html. Unique identifier: UMIN000000894.
(Hypertension. 2019;73:1240-1248. DOI: 10.1161/HYPERTENSIONAHA.118.12740.) ® Online Data Supplement
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Recent guidelines recommend the assessment of not only
clinic blood pressure (BP) but also out-of-clinic BP,
that is, home BP measurement or ambulatory BP monitoring
(ABPM) for the management of hypertension throughout the
24-hour day.'”* Studies using ABPM have demonstrated that
BP while asleep (referred to as nighttime BP) is a better pre-
dictor of cardiovascular disease (CVD) than office or daytime
BP in both a community-dwelling sample and hypertensive
patients and especially among medicated patients.** Even in
individuals who show normotensive office BP or daytime BP,
BP values that indicate higher nighttime BP (isolated noc-
turnal hypertension), and a nondipper/riser pattern defined
as nighttime BP that is higher than daytime BP, are each as-
sociated with organ damage and subsequent cardiovascular
events.>10

Although ABPM has historically been the gold standard
for measuring nighttime BP, ABPM is not widely used in clin-
ical practice because of its costliness and the discomfort and
sleep disturbance because of frequent cuff-inflations. To over-
come the limitations of ABPM, we developed an automated
home BP monitoring (HBPM) device that measures nighttime
BP (Medinote; Omron Healthcare, Inc, Kyoto, Japan).'' The
device has been found to be comparable to ABPM in meas-
uring nighttime BP."? Using the device, we established a na-
tionwide practitioner-based cohort investigation known as the
J-HOP study (Japan Morning Surge—-Home Blood Pressure)."?
In the J-HOP study, we recently demonstrated that night-
time BP obtained using the home device (nighttime home BP
[HBP]) at baseline was significantly correlated with meas-
ures of organ damage independently of office and morning
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HBPs.'>!* It has been proposed that more multiple measure-
ments of nighttime BP provided by ABPM over 1 night may
result in an increase in the reproducibility and reliability of
BP readings.” However, frequent measurements of nighttime
BP during 1 night may disturb sleep quality.' The potential
advantages of nighttime BP assessed by home BP measure-
ments set by the patients themselves (as an alternative to
measurements by ABPM) are that it permits the collection of
nighttime home BP values over multiple nights. No study has
tested whether the less-frequent measurement of nighttime BP
per night on multiple nights by home BP provides prognostic
power that is similar to the power afforded by nighttime BP on
1 night measured by ABPM.

Following the first use of the nighttime HBP in a clinical
study in 2001, several studies investigated the positive as-
sociation between nighttime HBP and organ damage and the
BP-lowering effect of antihypertensive drugs and a sodium-
glucose cotransporter 2 inhibitor on nighttime HBP.'®2
However, there has been no study on the prognostic impact
of nighttime HBP. This is the first prospective study to assess
the predictive ability of nighttime HBP for incident CVD in
Japanese general practice patients.

Methods

The data, analytic methods, and study materials will not be made
available to other researchers for purposes of reproducing the results
or replicating the procedure.

The recruitment of the consecutive study patients of the J-HOP
study was conducted from January 2005 to May 2012, by 75 doctors
at 71 institutions (45 primary practices, 22 hospital-based outpatient
clinics, and 4 specialized university hospitals) throughout Japan. The
ethics committee of the internal review board of the Jichi Medical
University School of Medicine, Tochigi, Japan, approved the proto-
col. The study protocol was registered with the University Hospital
Medical Information Network Clinical Trials Registry. Written in-
formed consent was obtained from all patients who enrolled in the
study.

For the present study, the J-HOP Nocturnal BP study, we used
the nighttime HBPM data from the J-HOP study. At baseline, the
physicians participating in the J-HOP study were asked whether they
or their staff would be able to instruct patients to measure not only
morning and evening home BP but also nighttime home BP. A final
total of 50 doctors at 45 institutions agreed to participate in the J-HOP
nocturnal BP Study. In addition, a final follow-up survey to reconfirm
the clinical outcomes was performed from December 2017 to May
2018 and fixed the dataset for the J-HOP Nocturnal BP study.

Study Subjects

For the entire J-HOP study, between January 2005 and May 2012,
75 doctors enrolled 4310 ambulatory outpatients with >1 of the fol-
lowing CVD risks: hypertension, hyperlipidemia, diabetes mellitus
(fasting blood sugar =126 mg/dL or receiving an antidiabetic drug),
glucose intolerance, metabolic syndrome, chronic kidney disease
(estimated glomerular filtration rate <60 mL), history of CVD (cor-
onary artery disease [CAD], stroke, aortic dissection, peripheral ar-
tery disease, or congestive heart failure), atrial fibrillation, current
smoking, chronic obstructive pulmonary disease, and sleep apnea
syndrome. We excluded patients who had a malignancy or chronic
inflammatory disease. Fifty doctors agreed to participate in the
Nocturnal BP Study, and 2562 patients were enrolled (Figure S1 in
the online-only Data Supplement).

BP Measurements

HBPM was performed using a validated cuff oscillometric device
(HEM-5001; Medinote, Omron Healthcare, Kyoto, Japan, Figure
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$2)!14 according to the guidelines for the management of hyperten-
sion issued by the United States, Europe, and Japan.?-?” All recorded
BP parameters are stored in its memory. BP data measured in the
morning, the evening, and during sleep are stored separately.

The patients were instructed to measure their morning HBP each
day (measured after waking and before breakfast and taking antihy-
pertensive medication) and their evening HBP (measured before tak-
ing antihypertensive medication and going to bed) in a sitting position
for the 2-week period.

This computerized, self-measured HBPM device automatically
makes 3 measurements at 15-s intervals for each occasion. All of the
HBP data recorded by the HBPM device were downloaded to a com-
puter and sent to the study control center (Jichi Medical University,
Tochigi, Japan). After we excluded the data from the first day, the
averages of all the HBP values measured 3% in the morning (Morning
HBP) and 3x in the evening (Evening HBP) for 13 days (78 readings
in total) were separately calculated by the study coordinator, who was
blinded to the clinical characteristics of the study subjects.

In addition, the physicians who agreed to participate in the
J-HOP Nocturnal BP Study enrolled 4130 patients. Of the 4130 pa-
tients, 2562 patients (59% of the total J-HOP sample) measured their
nighttime HBP on at least 1 day within the 2-week study period. The
Omron HEM-5001 is able to automatically take BP readings at fixed
times during sleep. This is fully automatic; the participant only needs
to wrap the cuff around the upper arm and press a button for the ma-
chine to start the timer when they go to bed. The detailed information
about the instruction of this device is shown in Figure S3. We have de-
veloped an algorithm for measuring nighttime BP at 1-hour intervals;
the home BP device will be preset to take asleep BP measurements at
2:00, 3:00, and 4:00 am (1 measurement at each time: 3 readings in
total). Nighttime HBP was defined as the average of the 3 nighttime
BPs measured.

The subjects’ office BP was measured at local medical centers
using the same HBPM device and cuff used for the HBPM after the
patients had been seated for 2 minutes; it was calculated as the mean
of 3 consecutive measurements.

Ascertainment of Outcomes

We collected follow-up data with an average follow-up period of
7.1+3.8 years (18116 person-years). The CVD outcomes were cat-
egorized as follows: (1) Stroke event: Fatal or nonfatal stroke, de-
fined as the sudden onset of a neurological deficit persisting for >24
hours in the absence of any other disease that could account for the
symptoms, based on the findings of brain computed tomography or
magnetic resonance imaging. Transient ischemic attack was not in-
cluded. (2) CAD event: Fatal and nonfatal CAD, defined as acute my-
ocardial infarction, angina pectoris requiring percutaneous coronary
intervention, and sudden death within 24 hours of the abrupt onset of
symptoms. If events occurred on 22 occasions, the first occurrence
was included in the analysis.

Evidence on the above CVD outcomes was ascertained by ongo-
ing reports from a general physician at each institute. The incident
stroke and CAD outcomes were also ascertained by means of annual
or more frequent reviews of patients’ medical records. When subjects
failed to come to the hospital, we interviewed them or their families
by telephone.

The end point committee identified all events by reviewing the
subjects’ files and source documents or by requesting more detailed
written information from investigators. The committee was blinded
to individual clinical characteristics including HBP data. A final fol-
low-up survey to reconfirm the clinical outcomes was performed from
December 2017 to May 2018, and complete follow-up was achieved
for 99.3% of the subjects.

Statistical Analyses

An unpaired Student ¢ test and 1-way ANOVA were performed to
detect between-group-differences in mean values, and the ¥’ test was
used to detect differences in prevalence rates among groups. We used
the Cox proportional hazards model to examine the associations be-
tween nighttime HBP measures and risks for total CVD, stroke, and
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CAD events, and the hazard ratios and 95% CIs were calculated.
The proportionality assumption for the Cox analyses was confirmed
graphically. In base model I, the covariates were as follows: tradi-
tional risk factors (age, sex, body mass index, current smoking, a
history of diabetes mellitus, total cholesterol, HDL [high-density li-
poprotein] cholesterol, history of CVD [ie, angina pectoris, acute
myocardial infarction, or stroke], and office systolic BP [SBP]),
statin use, aspirin use, and antihypertensive medication use. We fur-
ther adjusted for morning home SBP (HSBP) or diastolic BP (base
model II) or morning and evening HSBP or diastolic BP (base model
III). The likelihood ratio test was used to evaluate whether the addi-
tion of nighttime HSBP improved the goodness-of-fit of the model
for the total CVD, stroke, and CAD events. Survival rates were cal-
culated and plotted according to the Kaplan-Meier product limit
method, and statistical significance was tested for the linear trend
across groups with the log-rank statistic. In addition, to assess the
clinical threshold of nighttime HSBP and outcome, we conducted
quintile analysis of nighttime HSBP. A 2-sided P value <0.05 was
accepted as significant. All statistical analyses were performed with
SAS version 9.4 software (SAS Institute, Inc, Cary, NC). All data
were managed, and statistical analysis was conducted in an inde-
pendent facility, the Jichi Medical University Center of Global
Home and Ambulatory BP Analysis, Jichi Medical University Center
of Excellence Community Medicine Cardiovascular Research and
Development, Shimotsuke, Japan.

Results

Subjects’ Characteristics

At the baseline, nighttime HBP data were collected from all
2562 patients, but 17 patients were subsequently lost to fol-
low-up. The average number of BP readings was 73+15 for
morning HBP and for evening HBP and 18+13 for nighttime
HBP. There was no significant difference between the night-
time HSBP levels between the time points of 2:00 and 3:00 am,
whereas those at 4:00 am were slightly higher by 1.5 mmHg
and 1.4 mm Hg, respectively (both P<0.001; Table 1). The av-
erage number of nighttime HBP readings was 6.14+4.50 for
2:00 am, 6.11£4.50 for 3:00 am, and 6.03+4.50 for 4:00 am.
There was no significant difference in the demographics or
BP levels between the subjects with follow-up prognosis data
and those lost to follow-up (data not shown). Age, BP level,
and degree of target organ damage were slightly lower in the
nighttime BP study subjects (n=2545) than in the entire series
of J-HOP study subjects (N=4278; Table S1).

CVD Events

During a mean follow-up of 7.1+3.8 years (18116 person-
years), 64 stroke events (3.5 per 1000 person-years) and 88
CAD events (4.9 per 1000 person-years) occurred in the night-
time BP study subjects (n=2545). Additional details of CVD
events are given in Table S2.

Table 2 shows the results of the Cox regression analysis
of nighttime HSBP as a continuous variable. The nighttime
HSBP (the average of 3 nighttime HSBP values at 2:00, 3:00,
and 4:00 am) was significantly associated with CVD event risk
independently of office, morning, and evening home BPs.

The nighttime BP measurements at each of 2:00, 3:00, and
4:00 am were associated with CVD event risk independently
of office SBP (Table 2, model 1), but after adjusting for both
office SBP and morning HSBP, the statistical significance of
the association between nighttime HSBP at 4:00 am and CVD
events disappeared (P=0.073) because of the collinearity of
nighttime HSBP at 4:00 am and morning HSBP (7=0.589;

P<0.001). The incidence of CVD events was significantly as-
sociated with both nighttime HSBP defined as the average of
the 2 BP measurements at 2:00 and 3:00 am (21.4% increase
in total CVD events for a 10-mm Hg increase; P=0.004) and
that defined as the average of the 3 BP measurements at
2:00, 3:00, and 4:00 am (20.1% increase in CVD events for
a 10-mm Hg increase; P=0.009), even after adjusting for both
office SBP and morning HSBP (Table 2, model 2). The pre-
dictive power was slightly higher when nighttime HSBP was
defined as the average of the 2 measurements at 2:00 and 3:00
aM than when it was defined as the average of the 3 measure-
ments at 2:00, 3:00, and 4:00 am. Even after controlling for
all office SBP, morning, and evening HSBP values, the risk
of nighttime HSBP remained significant (Table 2, model 3).
Even after controlling for office SBP and evening HSBP, the
risk of nighttime HSBP was similar (model 4 in Table S3), and
after controlling for office SBP and the mean of the morning
and evening BP, the results remained significant (model 5 in
Table S3). In these models, the risks of nighttime home dias-
tolic BP were not significant after controlling for nighttime
HSBP (data not shown).

Figure 1 shows the incidence rate and the HRs for CVD
events according to quintiles (Qs) of nighttime HSBP (the av-
erage of 3 nighttime HSBP values at 2:00, 3:00, and 4:00 am).
Figure 2 shows the Kaplan-Meier curve of CVD events. Table
S4 provides the demographic and BP variables of the study
patients classified into quintiles of nighttime HSBP. Higher
nighttime HSBP was associated with higher age, male sex,
higher body mass index, and lower levels of total cholesterol
and HDL-cholesterol, and higher prevalence of diabetes mel-
litus (all P<0.01). The CVD risk was significantly higher in
Q3 than Q1 and Q2, whereas there was no significant differ-
ence in the risk between Q1 and Q2, suggesting that the risk
threshold of nighttime HSBP is around 116 mmHg (Table
S4). The CVD and stroke risks were significantly associated
with higher quintiles (Figures 1 and 2 and Table S4), even
after adjusting for covariates including age, office SBP, and
morning HSBP (Table 2, model 2). This association was pre-
dominantly because of the increase in stroke events at the
higher quintiles.

The goodness-of-fit of the model for CVD events was
improved by adding all nighttime HSBP measures except that
at 4:00 am to the model including only confounders (age, sex,
body mass index, smoking, diabetes mellitus, total choles-
terol, HDL-cholesterol, past history of CVD, use of antihyper-
tensive drugs, aspirin and statins, and office SBP and morning
HSBP; Table 2, model 2).

When we performed a further analysis of the association
between CVD events and nighttime HSBP in the group with
HSBP measured on at least 2 days (n=2227), the results were
similar to those obtained for the initial population (Table S5).

Discussion
In this study, we used data from the J-HOP Nocturnal BP
Study, the first and the largest nationwide practice-based
HBP cohort, to demonstrate that HBPM-measured nighttime
BP is a strong predictor of CVD independently of conven-
tional office and home BPs measured in the morning and eve-
ning. Our findings demonstrate the benefit of detecting and
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Table 1. Characteristics of the Nocturnal BP Study Subjects (Follow-Up of the J-HOP Study)

Nighttime Home BP and Cardiovascular Prognosis

Characteristics n=2545 n=17 PValue
Age,y 63.3x10.3 57.3+8.7 0.012
Men, % 49.0 64.7 0.229
Body mass index, kg/m? 24.3+3.5 26.3+3.6 0.039
Current smoker, % 11.8 17.6 0.443
Daily drinker, % 28.5 29.4 1.000
Diabetes mellitus, % 25.1 41.2 0.158
Past history of cardiovascular disease, % 13.0 11.8 1.000
Antihypertensive drug, % 82.6 70.6 0.200
Calcium channel blocker 51.3 47.1 0.810
ACE inhibitor 6.4 0.0 0.621
Angiotensin receptor blocker 51.8 70.6 0.147
Diuretic 28.8 17.6 0.424
a-Blocker 5.1 5.9 0.589
{3-Blocker 15.4 17.6 0.737
Statin use, % 23.8 17.6 0.776
Aspirin use, % 17.4 59 0.336
Total cholesterol, mg/dL 204.3+32.1 224.8+51.4 0.120
HDL-cholesterol, mg/dL 58.3+15.6 53.4+15.3 0.206
NT-proBNP, pg/mL* 45.8 (23.0 - 88.1) 57.7 (20.2, 94.5) 0.214
UACR, mg/g Cr* 12.1(6.9-27.3) 13.1(6.4, 28.4) 0.041
BP parameters, mm Hg:
Office SBP 140.0+15.4 137.8+13.5 0.522
Office DBP 81.8+10.3 83.9+7.1 0.236
Morning home SBP 136.5+14.7 135.1+13.2 0.688
Morning home DBP 79.3+9.6 82.1+8.1 0.180
Evening home SBP 128.9+14.3 131.5+15.5 0.493
Evening home DBP 72.9+9.3 78.1£6.9 0.007
Nighttime home SBP (2:00 aw) 120.6+15.4 122.2+16.5 0.695
Nighttime home DBP (2:00 aw) 69.2+9.5 73.7+x11.3 0.117
Nighttime home SBP (3:00 aw) 120.7+15.5 120.8+19.0 0.981
Nighttime home DBP (3:00 Au) 69.6+9.3 72.5+8.1 0.156
Nighttime home SBP (4:00 aw) 122.1+15.7 117.7+14.8 0.242
Nighttime home DBP (4:00 Au) 70.8+9.7 72.7+9.6 0.430
Nighttime home SBP (average of 2:00 and 3:00 au) 120.6+14.8 121.5+16.9 0.837
Nighttime home DBP (average of 2:00 and 3:00 aw) 69.4+8.9 73.1+8.8 0.101
Nighttime home SBP (average of 3:00 and 4:00 aw) 121.4+14.9 119.3£16.5 0.602
Nighttime home DBP (average of 3:00 and 4:00 aw) 70.2+8.9 72.6+8.3 0.254
Nighttime home SBP (average of 2:00, 3:00 and 4:00 aw) 121.1+14.6 120.2+15.6 0.818
Nighttime home DBP (average of 2:00, 3:00 and 4:00 aw) 69.9+8.7 73.0+8.3 0.140

Data are expressed as mean+SD or a percentage. ACE indicates angiotensin-converting enzyme; BP, blood pressure; DBP,
diastolic BP; HDL, high-density lipoprotein; J-HOP, Japan Morning Surge—Home Blood Pressure; NT-proBNP: N-terminal pro-B-type

natriuretic peptide; SBP, systolic BP; and UACR, urine albumin/creatinine ratio.

*Variables are shown as the median (interquartile range).
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Table 2. Relative hazards expressed as the increase in events associated with a 10 mmHg higher nighttime home systolic blood pressure

Total CV events (n=152) Stroke event (n=64) CAD event (n=88)
HRs (95% Cls) for a HRs (95% Cls) for a HRs (95% Cls) for a
10-mmHg-increase 10-mmHg-increase 10-mmHg-increase
in nighttime home = Goodness-of-fit ' in nighttime home = Goodness-of-fit in nighttime home Goodness-of-fit
Model SBP (%) SBP (%) SBP (%)
Model 1
Base model | - 115.080 - 45.988 - 96.373
Base model [+AM 2:00 1.249 A15.363% (13.3) 1.389 A15.539% (33.8) 1.141 £2.902 (3.0)
(1.120 - 1.392)f (1.186 - 1.627)F (0.982 - 1.326)
Base model I+AM 3:00 1.210 A11.583t (10.1) 1.412 A18.4217 (40.1) 1.049 A0.379 (0.4)
(1.086 - 1.349)f (1.213 - 1.643)F (0.901 - 1.221)
Base model I+AM 4:00 1.174 A8.7211 (7.6) 1.359 A15.121% (32.9) 1.028 A0.137 (0.1)
(1.057 - 1.304)t (1.169 - 1.580)F (0.888 - 1.190)
Base model I+average of AM 1.255 A14.759% (12.8) 1.444 A18.584% (40.4) 1.105 A1.488 (1.5)
2:00 and AM 3:00 (1.120 - 1.405)F (1.230 - 1.696)F (0.943 - 1.294)
Base model I+average of AM 1.213 A11.1281(9.7) 1.430 A18.378% (40.0) 1.042 ~0.267 (0.3)
3:00 and AM 4:00 (1.085 - 1.357) (1.220 - 1.675) (0.891 - 1.220)
Base model I+average of 1.244 n13.445% (11.7) 1.450 A18.681% (40.6) 1.082 10.914 (0.9)
AM 2:00, 3:00 and AM 4:00 (1.110 - 1.395)} (1.233 - 1.706)% (0.922 - 1.270)
Model 2
Base model Il - 122.488 - 66.411 - 96.785
Base model I1+AM 2:00 1.210 N8.9427 (7.3) 1.202 A3.958* (6.0) 1.222 A5.100* (5.3)
(1.068 - 1.371)t (1.002 - 1.442)* (1.028 - 1.453)*
Base model II+AM 3:00 1.163 15.600* (4.6) 1.227 A4.956* (7.5) 1.097 A1.079 (1.1)
(1.026 - 1.319)* (1.024 - 1.470)* (0.921 - 1.306)
Base model II+AM 4:00 1.120 A3.219 (2.6) 1.165 N2.764 (4.2) 1.074 ~0.662 (0.7)
(0.989 - 1.267) (0.972 - 1.396) (0.904 - 1.276)
Base model Il+average of AM 1.214 18.1431 (6.6) 1.245 A4.995% (7.5) 1.183 n3.114 (3.2)
2:00 and AM 3:00 (1.063 - 1.388)t (1.027 - 1.509)* (0.982 - 1.425)
Base model Il+average of AM 1.163 A4.933* (4.0) 1.226 N4.292* (6.5) 1.099 10.986 (1.0)
3:00 and AM 4:00 (1.017 - 1.329)* (1.009 - 1.489)* (0.912 - 1.324)
Base model ll+average of 1.201 16.838t (5.6) 1.242 £4.587* (6.9) 1.159 N2.283 (2.4)
AM 2:00, 3:00 and AM 4:00 (1.046 - 1.378)t (1.017 - 1.516)* (0.957 - 1.404)
Model 3
Base model llI - 125.537 - 66.876 - 100.149
Base model IlI+AM 2:00 1.189 N6.773t (5.4) 1.199 A3.502 (5.2) 1.183 n3.312(3.3)
(1.044 - 1.354)t (0.991 - 1.451) (0.988 - 1.417)
Base model IlI+AM 3:00 1.142 A4.140% (3.3) 1.222 A4.524% (6.8) 1.063 ~0.452 (0.5)
(1.005 - 1.298)* (1.014 - 1.471)* (0.890 - 1.270)
Base model IlI+AM 4:00 1.102 A2.309 (1.8) 1.157 N2.474 (3.7) 1.048 n0.273 (0.3)
(0.972 - 1.250) (0.963 - 1.390) (0.879 - 1.249)
Base model lll+average of AM 1.191 16.135* (4.9) 1.242 ~4.534* (6.8) 1.140 A1.775(1.8)
2:00 and AM 3:00 (1.037 - 1.367)* (1.016 - 1.520)* (0.940 - 1.382)
Base model lll+average of AM 1.141 A3.613 (2.9) 1.219 A3.894 (5.8) 1.064 A0.412 (0.4)
3:00 and AM 4:00 (0.996 - 1.308) (0.999 - 1.487) (0.880 - 1.287)
Base model lll+average of 1.177 ~5.091* (4.1) 1.236 ~4.145* (6.2) 1.118 n1.223 (1.2)
AM 2:00, 3:00 and AM 4:00 (1.021 - 1.356)* (1.006 - 1.520)* (0.918 - 1.361)

Base model | includes age, sex, BMI, current smoking, a history of diabetes, statin use, antihypertensive medication use, past history of CVD, total-cholesterol, HDL,
and office SBP. Base model Il includes base model 1 components + morning home SBP. Base model lll includes the base model 1 components + morning home SBP
and evening home SBP.

CV indicates cardiovascular; CAD, coronary artery disease; SBP, systolic blood pressure; HR, hazard ratio; Cl, confidence interval. Statistical significance was defined
as P <0.05. *P<0.05; T P<0.01; ¥ P<0.001.
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Figure 1. Hazard ratios for cardiovascular events according to quintiles of nighttime home systolic blood pressure (average of the values at 2:00, 3:00, and
4:00 am; n=2545). Hazard ratios are adjusted by demographic variables (age and sex), clinical characteristics at baseline (body mass index, past history of
cardiovascular disease (CVD), diabetes mellitus, total cholesterol, HDL [high-density lipoprotein]-cholesterol, smoking, and the use of antihypertensive drugs,
statins, and aspirin), and office and morning home systolic blood pressures. The second quintile (Q2) was taken as the reference. CAD indicates coronary

artery disease.

managing uncontrolled nighttime hypertension by HBPM in
combination with a conventional HBP (morning and evening
HBP)-guided approach for the management of hypertension.
In the J-HOP Nocturnal BP Study, a 10-mm Hg increase
in nighttime HSBP was associated with a significant, 20.1%
increase in CVD events by Cox regression analysis, even after
controlling for covariates, including both office and morn-
ing home BPs (Table 2, model 2). These predictive values
seem to be similar to those for nighttime SBP measured by
ABPM. In a study using data from the International Database
on Ambulatory Blood Pressure Monitoring in Relation to
Cardiovascular Outcomes, a 10-mm Hg increase in nighttime
ambulatory SBP as measured by ABPM was associated with a

20% increase in CVD risk, independently of daytime ambula-
tory SBP in medicated patients with hypertension.® However,
it remains uncertain whether the prediction for CVD events
between nighttime HBP and nighttime BP on ABPM is sim-
ilar. For example, ABPM typically records BP for only one
day, which may result in unrepresentative nighttime BP mea-
surements. Our innovative automated HBPM method makes
it possible to measure asleep BP repeatedly over several days,
which may provide more accurate nighttime BP measure-
ments compared with ABPM. Because 82.6% of the patients
in the J-HOP Nocturnal BP Study were medicated, our results
indicate that nighttime BP is a kind of blind spot in current
antihypertensive treatment, despite its association with CVD
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Figure 2. Kaplan-Meyer curve of cardiovascular events in quintiles (Qs) of nighttime home systolic blood pressure (average of the values at 2:00, 3:00, and

4:00 Awm).
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event risk. In the era of HBPM-guided management of hy-
pertension, nighttime HBPM, when added to conventional
HBPM, could unveil a hidden risk of uncontrolled nocturnal
hypertension.

The present study’s quintile analysis demonstrated that the
threshold of nighttime HSBP which increases the cardiovas-
cular risk is around 116 mm Hg (Figures 1 and 2 and Table S4).
This threshold of HBPM-measured nighttime SBP is interme-
diate between the 110 mmHg (corresponding to a universal
BP threshold of 130 mmHg for clinic, home, and daytime
ambulatory SBPs) and the 120 mm Hg (corresponding to 140
mm Hg for clinic SBP or 135 mmHg for home and daytime
ambulatory SBPs) thresholds of nighttime BP given in the
new 2017 American Heart Association/American College of
Cardiology guidelines.! Randomized controlled clinical trials
with the objective of investigating optimal nighttime HBP lev-
els are needed to make more definitive conclusions.

In the J-HOP Nocturnal BP Study, nighttime HSBP de-
fined as the average of the 3 BP readings at 2:00, 3:00, and
4:00 aM was significantly associated with the CVD events,
even after adjusting for both office SBP and morning HSBP
(Table 2, model 2). There is no consensus on the numbers
and time of the measurement of nighttime BP using a home
device. For an ABPM analysis, daytime and nighttime inter-
vals are best defined using the sleeping time reported by
individual users on diary cards (from the time of going to
bed to the time of rising from bed) or by fixed and narrow
24-hour clock time intervals by discarding the transition
periods between daytime and nighttime (eg, daytime de-
fined as 9:00 AM—9:00 pm and nighttime as 1:00-6:00 am).’
In our recent crossover study using a validated automatic
information/communication technology—based nighttime
HBPM device, the reliability and levels of nighttime HBP
were similar between nighttime HBP measured at fixed time
points (2:00, 3:00, and 4:00 am) and that measured based
on the chosen bedtime of individual subjects (measurement
at 2, 3, and 4 hours after the chosen bedtime).?® Nighttime
HSBP at 2:00 am and that at 3:00 am were almost the same
but that at 4:00 am was slightly higher (Table 1). In the pre-
sent study, nighttime HSBP at 2:00 to 3:00 am remained
significantly associated with cardiovascular and stroke
risk independently of both office SBP and morning HSBP.
However, although the risk of high nighttime HBP at 4:00
AM remained significant even after adjusting for office SBP
(Table 2, model 1) when morning HSBP was added to the
model, this significance disappeared (Table 2, model 2). In
addition, the goodness-of-fit to the model for CVD risk was
significantly improved by adding all of the nighttime HSBP
parameters except that at 4:00 am (Table 2, model 2, 3).
Thus, measuring nighttime HBP only at 4:00 AM may be
insufficient to identify hypertensive patients at high risk for
CVD events. The average of the nighttime HBP readings at
2:00, 3:00, and 4:00 am, or the average of BP readings at
2:00 and 3:00 aM may be adequate for CVD risk assessment
among patients with hypertension.

In our previous cross-sectional study using baseline data
of the J-HOP Nocturnal BP Study, the nighttime HBP was
significantly correlated with measures of organ damage (left
ventricular mass index. carotid intima-media thickness, pulse

wave velocity, urine albumin/creatinine ratio, and plasma
NT-proBNP [N-terminal pro-B-type natriuretic peptide]
levels) independently of office SBP, morning, and evening
HSBPs. In addition, in our drug intervention study, the J-TOP
study (Japan Morning Surge-Target Organ Protection), in
which candesartan (thiazide diuretics were added, if needed)
was administered to hypertensive patients in the morning or
at bedtime, the reduction in nighttime HSBP (the average of
BPs at 2:00, 3:00, and 4:00 am) at 6 months was significantly
correlated with the reductions in left ventricular mass index
(r=0.385; P=0.013) and Sokolow-Lyon voltage (r=0.335;
P=0.035).” Considering these evidences, reducing nighttime
HBP would contribute to a reduction in organ damage and risk
of CVD events.

Study Limitations

We could not follow HBPs during the follow-up period, and a
therapeutic target for the nighttime BP level could not be de-
termined because this was not an intervention study targeting
nighttime BP. In addition, there remains no consensus on the
appropriate conditions for the measurement of nighttime HBP.
Many ABPM studies have demonstrated the clinical utility of
ABPM-measured nighttime BP. Because this study did not di-
rectly compare HBPM and ABPM, it remains unclear which
of these nighttime BP measurement methods is better for pre-
dicting CVD prognosis. We did not determine the number of
nights that would be the optimal schedule of nighttime home
BP measurements for the prediction of CVD events. Further
research is needed to address this question. We performed
many comparisons on the nighttime BP time points in the pre-
sent study, and caution is thus required when interpreting the
results. In particular, some present models suggested an asso-
ciation between 1 or 2 time points of nighttime BP and cardi-
ovascular outcomes, but these findings should be interpreted
carefully because of overfitting.

Conclusions

Nighttime BP feasibly detected by HBPM is a strong pre-
dictor of future CVD independently of office, morning, and
evening home BPs, suggesting that nighttime HBP is worth
monitoring in addition to conventional HBP to detect the re-
sidual cardiovascular risk. Randomized controlled trials are
needed to determine whether the reduction in CVD events
by the nighttime BP-guided approach on top of conventional
management exceeds that by conventional management alone.

Perspectives

In the era of HBPM-guided approaches to hypertension man-
agement, the control of nocturnal uncontrolled hypertension
detected using the same HBPM device will be important for
reducing CVD, especially in high-risk patients with diabetes
mellitus, chronic kidney disease, obstructive sleep apnea, or
hypertensive organ damage.”* Research and development of
more comfortable HBPM devices, along with further clin-
ical evidence, will be critical to the successful introduction
of nocturnal HBPM into clinical practice.'"'%** Wrist HBPM
devices could reduce the discomfort of cuff inflation and
thereby minimize sleep disturbance.?*° Finally, the expanded
use of wearable watch-type BP monitoring with information
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communication technology would contribute to the personal-
ized anticipation management of hypertension.*!
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Novelty and Significance

What Is New?

No studies to date have investigated the prognostic impact of nighttime
blood pressure (BP) obtained using a home BP monitoring device.This
prospective study demonstrated for the first time that increased night-
time home BP automatically measured during sleep is a strong predictor
of cardiovascular disease incidence, independent of conventional office
and home BP measured in the morning and evening.

What Is Relevant?

This study in treated hypertensive patients shows that uncontrolled
nighttime home BP increases the risk of future cardiovascular events.In
the era of home BP monitoring-guided management of hypertension,
the addition of nighttime home BP monitoring to conventional home BP
monitoring could identify previously undocumented uncontrolled noctur-
nal hypertension.

e Targeting this uncontrolled nocturnal hypertension could contribute to a
more complete reduction of cardiovascular event risk.

Summary

This large, nationwide, practice-based study demonstrated that
nighttime systolic BP obtained using a new home monitoring de-
vice predicts incident cardiovascular disease events, independent
of office and traditional home BP measurement.






