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Nighttime Blood Pressure Phenotype and

Cardiovascular Prognosis
Practitioner-Based Nationwide JAMP Study

BACKGROUND: Ambulatory and home blood pressure (BP) monitoring
parameters are better predictors of cardiovascular events than are office
BP monitoring parameters, but there is a lack of robust data and little
information on heart failure (HF) risk. The JAMP study (Japan Ambulatory
Blood Pressure Monitoring Prospective) used the same ambulatory BP
monitoring device, measurement schedule, and diary-based approach to
data processing across all study centers and determined the association
between both nocturnal hypertension and nighttime BP dipping patterns
and the occurrence of cardiovascular events, including HF, in patients with
hypertension.

METHODS: This practitioner-based, nationwide, multicenter, prospective,
observational study included patients with at least 1 cardiovascular risk
factor, mostly hypertension, and free of symptomatic cardiovascular
disease at baseline. All patients underwent 24-hour ambulatory BP
monitoring at baseline. Patients were followed annually to determine the
occurrence of primary end point cardiovascular events (atherosclerotic
cardiovascular disease and HF).

RESULTS: A total of 6,359 patients (68.6+11.7 years of age, 48%

men) were included in the final analysis. During a mean=SD follow-up

of 4.5+2 .4 years, there were 306 cardiovascular events (119 stroke, 99
coronary artery disease, 88 HF). Nighttime systolic BP was significantly
associated with the risk of atherosclerotic cardiovascular disease and HF
(hazard ratio adjusted for demographic and clinical risk factors per 20-
mmHg increase: 1.18 [95% Cl, 1.02-1.37], P=0.029; and 1.25 [95% Cl,
1.00-1.55], P=0.048, respectively). Disrupted circadian BP rhythm (riser
pattern, nighttime BP higher than daytime BP) was significantly associated
with higher overall cardiovascular disease risk (1.48 [95% Cl, 1.05-2.08];
P=0.024), and especially HF (2.45 [95% Cl, 1.34-4.48]; P=0.004)
compared with normal circadian rhythm.

CONCLUSIONS: Nighttime BP levels and a riser pattern were
independently associated with the total cardiovascular event rate,
in particular for HF. These findings suggest the importance of
antihypertensive strategies targeting nighttime systolic BP.

REGISTRATION: URL: https://www.umin.ac.jp/ctr/; Unique identifier:
UMINO00020377.
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Clinical Perspective

What Is New?

e The JAMP study (Japan Ambulatory Blood Pressure
Monitoring Prospective) is the largest prospective
ambulatory blood pressure (BP) monitoring study
to date to use the same device and monitoring pro-
tocol across sites.

e The results showed that higher nighttime BP and
a riser pattern of nocturnal BP were significantly
associated with the risk of total cardiovascular dis-
ease and heart failure, and that the relationship
between a riser pattern and heart failure risk was
independent of nighttime BP.

What Are the Clinical Implications?

e Higher nighttime systolic BP was found to be asso-
ciated with greater relative risk for cardiovascular
disease events than dipping status.

e The risk of coronary artery disease and heart failure
was highest in individuals with a riser pattern and
higher nighttime systolic BP.

e Overall, the study findings highlight the impor-
tance of antihypertensive strategies that target
nocturnal BP.

ut-of-office blood pressure (BP) measurement
Ousing ambulatory BP monitoring (ABPM) or

home BP monitoring is recommended for the
diagnosis and management of hypertension in the
latest guidelines.’ Use of ABPM allows determina-
tion of daytime, nighttime, and 24-hour BP, and diur-
nal BP variation.

Ambulatory BP parameters are more strongly as-
sociated with target organ damage and cardiovascu-
lar disease (CVD) events than are office or clinic BP
parameters.* However, previous studies have many
limitations: (1) baseline ambulatory BP monitoring
data were collected >30 years ago,* and therefore,
generalizability to current practice may be limited; (2)
nonfatal cardiovascular events were not evaluated;®
(3) different monitoring devices were used in each
study, meaning that the algorithms used to calculate
BP were not necessarily the same; (4) heterogeneous
definitions of daytime and nighttime BP were used
(clocktime-based or diary-based); and (5) heart failure
(HF), an important health outcome in the current ag-
ing population, was not assessed.®’

The importance of nighttime BP as a predictor of
cardiovascular risk is increasingly recognized, especially
in patients who have initiation and intensification of
antihypertensive medication based on office or home
BP&"" Of the main nocturnal dipping patterns (extreme
dipping, dipping, nondipping, and riser), the riser pat-
tern (nighttime-to-daytime systolic BP [SBP] ratio >1.0)
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is associated with an increased risk of cardiovascu-
lar events.’'3 In addition, the extreme dipper pattern
(nighttime-to-daytime SBP ratio <0.8) has been linked
with silent cerebral infarcts' and risk of clinical stroke,
but results are inconsistent.®'> However, previous stud-
ies did not adjust for nighttime BP. Therefore, it remains
unclear whether disrupted BP circadian rhythm is as-
sociated with adverse health outcomes independent of
nighttime BP. A recent meta-analysis showed that the
association between extreme dipper status and cardio-
vascular events was evident only in older patients.

The JAMP study (Japan Ambulatory Blood Pressure
Monitoring Prospective) includes a large outpatient
population who had ambulatory BP monitored with
the same validated device, measurement schedule, and
diary-based definition approach to data processing. We
evaluated the association between both nocturnal hy-
pertension and nighttime BP dipping patterns and the
occurrence of cardiovascular events, including HF, in pa-
tients with hypertension.

METHODS
Study Design

The practitioner-based, nationwide, multicenter, prospective,
observational study (University Hospital Medical Information
Network trials registration: UMIN000020377) was conducted
in Japan. Recruitment occurred between 2008 and 2017, with
completion of follow-up by December 31, 2022. This analysis
includes data from all patients registered between 2008 and
2017 with follow-up information to the end of March 2019.
The protocol was approved by the Institutional Review Board
of Jichi Medical School, Tochigi, Japan, and the study was
conducted according to Declaration of Helsinki principles. All
participants provided written informed consent. The data,
analytic methods, and study materials will not be made avail-
able to other researchers for purposes of reproducing the
results or replicating the procedure.

Characteristics of the JAMP Study and
Participants

The JAMP study was designed to investigate the prognostic
effect of ABPM parameters in general practice. Participants
were recruited by general practitioners from 36 prefectures
around Japan using the following inclusion and exclusion cri-
teria. Patients with at least 1 of the following cardiovascular
risk factors were included: diabetes or glucose intolerance;
dyslipidemia; hypertension; current smoking; renal disease;
atrial fibrillation; metabolic syndrome; chronic obstructive pul-
monary disease;"” or sleep apnea syndrome' (see Methods in
the Data Supplement for full definitions and exclusion criteria).

Outcomes

The primary end point was total cardiovascular events, includ-
ing atherosclerotic CVD (ASCVD; fatal and nonfatal stroke,
fatal and nonfatal coronary artery disease [CAD]) and HF (see
Methods in the Data Supplement for full event definitions).
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Patients were followed up annually (clinic visit or by tele-
phone) to determine vital status and the occurrence of cardio-
vascular events over the preceding year. All end point events
were adjudicated by an independent end point committee
who were unaware of the patient’s ambulatory BP profile and
clinical characteristics. If events occurred on 2 or more occa-
sions, the first occurrence was included in the analysis. CAD
events in patients with HF were classified as CAD.

Assessments

Patient history data were obtained from medical records.
Office BP was measured using an upper arm cuff and stan-
dard mercury sphygmomanometer or validated oscillomet-
ric device. Ambulatory BP was determined using a validated
device (TM-2425/2431; A&D Co, Saitama, Japan)'® pro-
grammed to take readings every 30 minutes and repeat a
reading if SBP (60-280 mm Hg), diastolic BP (40-160 mmHg),
pulse pressure (10-150 mmHg), or pulse rate (30-200 beats/
min) fell outside predefined acceptable ranges. Individuals
were instructed to rest or sleep during nighttime and main-
tain usual daytime activities. Daily activities and sleep and
wake times were recorded in a diary.

After wearing monitors for at least 24 hours, participants
returned to the clinic, and device data were downloaded.
Nighttime readings were defined as those taken from the self-
reported time of falling asleep to waking time; all other read-
ings were defined as daytime values. For analysis, ambulatory
recordings had to include at least 6 daytime and 3 nighttime
readings.? Patients were classified into 4 groups based on the
reduction in SBP while asleep versus awake: extreme dippers
(=20%); dippers (10%-<20%); nondippers (0%-<10%); and
risers (any increase).'

Statistical Analysis

Data are presented as mean values with SD, and percentages.
Demographic variables and clinical characteristics were com-
pared between the nocturnal BP dipping pattern groups using
a t test for the slope in linear regression models (continuous
variables) or the Cochran-Armitage test (trends in categorical
variables). The cumulative incidence of cardiovascular events
in nocturnal dipping pattern subgroups was visualized using
Kaplan-Meier curves, adjusted for covariates (age, sex, body
mass index, smoking, alcohol intake, diabetes, dyslipidemia,
CVD history, antihypertensive drug use, bedtime antihyper-
tensive dosing), and office and 24-hour SBP.

Cox proportional hazards models were used to calculate
hazard ratio (HR) and 95% CI values for the risk of cardio-
vascular events associated with a 20-mmHg increase in SBP,
and a 10% increase in nocturnal SBP dipping (after adjust-
ment for the above covariates); the dipper group was used
as the reference in dipping status models. Additional adjust-
ments included office SBP (model 1); office SBP and 24-hour
SBP (model 2); office SBP and daytime SBP (model 3); and
office SBP and nighttime SBP (model 4). The proportionality
assumption for the Cox analyses was confirmed graphically,
and comparison of the discriminative ability of each model
was conducted using Harrell's C-statistics (with 95% Cl values
calculated by bootstrapping),?' net reclassification improve-
ment, and integrated discrimination improvement.?? Heat
maps were used to visually represent the relative associations
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between nocturnal SBP dipping status and nighttime SBP and
the occurrence of cardiovascular events.

All statistical analyses were performed with SAS system,
v9.4 (SAS Institute, Cary, NC). Two-sided P values <0.05 were
defined as statistically significant.

RESULTS

Study Population

A total of 130 doctors from 116 institutions (72 primary
practices, 40 hospital-based outpatient clinics, 3 special-
ized university hospitals, and 1 national center hospi-
tal) recruited patients to the study. Of the 6772 partici-
pants enrolled, 6359 were included in the final analysis;
6288/6772 participants had 20 daytime and 7 nighttime
ABPM recordings. Information about patient withdrawals
is provided in the Methods in the Data Supplement (Figure
| in the Data Supplement). Almost half of all participants
were men (47.6%), 76.7% were taking antihypertensive
medication, and mean (+SD) age was 68.6x11.7 years
(range, 21-96 years, 67.5% age >65 years) (Table 1).
Mean (£SD) follow-up duration was 4.5+2.4 years, dur-
ing which there were 306 total CVD events: 218 ASCVD
events including 119 strokes and 99 CAD events, and 88
episodes of HF (Table | in the Data Supplement).

Cardiovascular Events

Adjusted cumulative incidence rates of CVD events by
baseline nocturnal SBP dipping status are shown in Fig-
ure 1A. The riser versus dipper pattern was associated
with a significantly increased risk of total CVD (P=0.024)
and HF (P=0.004), independent of office and 24-hour
SBP. Adjustment for nighttime rather than 24-hour SBP
showed that the riser versus dipper pattern was signifi-
cantly associated with the occurrence of HF (P=0.027)
but not CAD (Figure Il in the Data Supplement).

Increasing nighttime, but not office, SBP was also
significantly associated with CVD event risk. A 20-
mmHg increase in nighttime SBP was significantly as-
sociated with a 21% to 36% increase in CVD event
risk, whereas daytime SBP was significantly associated
with a 22% increase in stroke risk (Table 2). The riser
pattern was also significantly associated with higher
total CVD event risk compared with the dipper pattern
(58% increase; P=0.007) (Table 2). The risk associated
with a riser pattern was greatest for HF (HR, 2.53;
P=0.002) and remained significant after adjustment
for office SBP and 24-hour SBP (HR, 2.45; P=0.004),
for office SBP and daytime SBP (HR, 2.54; P=0.002),
and for office SBP and nighttime SBP (HR, 2.23;
P=0.027) (Table 2). The risk associated with the riser
pattern also persisted after the addition of morning
SBP surge to model 1 (total CVD: HR, 1.48, P=0.034;
HF: HR, 2.53, P=0.005).
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Table 1. Patient Characteristics at Baseline, Overall, and by Dipping Status

Overall Extreme dipper Dipper Nondipper Riser Trend g
Variables (n=6359) (n=1004) (n=2520) (n=2077) (n=758) (P value) g
Age, y 68.6+11.7 67.2+11.6 67.3+11.8 69.3+11.7 72.9+10.2 <0.001 E ,E
Male, n (%) 3027 (47.6) 456 (45.4) 1215 (48.2) 996 (48.0) 360 (47.5) 0.437 I§ E
Body mass index, kg/m? 24.5+3.8 24.4+3.8 24.4+3.5 24.6+3.8 24.3x4.4 0.968 m E
Current smoker, n (%) 648 (10.2) 154 (15.3) 262 (10.4) 186 (9.0) 46 (6.1) <0.001 §
Alcohol use, n (%) 1975 (31.1) 382 (38.0) 782 (31.0) 598 (28.8) 213 (28.1) <0.001
Hypertension, n (%) 5926 (93.2) 938 (93.4) 2329 (92.4) 1947 (93.7) 712 (93.9) 0.257
Diabetes, n (%) 1233 (19.4) 184 (18.3) 442 (17.5) 428 (20.6) 179 (23.6) <0.001
Dyslipidemia, n (%) 3140 (49.4) 518 (51.6) 1273 (50.5) 1006 (48.4) 343 (45.3) 0.003
Chronic kidney disease, n (%) 1715 (28.8) 218 (23.4) 603 (25.6) 583 (29.7) 311 (43.6) <0.001
Atrial fibrillation, n (%) 272 (4.3) 37 (3.7) 74 (2.9) 104 (5.0) 57 (7.5) <0.001
Metabolic syndrome, n (%) 1466 (23.1) 236 (23.5) 559 (22.2) 508 (24.5) 163 (21.5) 0.970
Chronic obstructive pulmonary disease, n (%) 65 (1.0) 10(1.0) 22 (0.9) 25(1.2) 8(1.1) 0.526
Sleep apnea syndrome, n (%) 232 (3.7) 24 (2.4) 90 (3.6) 91 (4.4) 27 (3.6) 0.047
History of coronary artery disease, n (%) 537 (8.4) 56 (5.6) 190 (7.5) 205 (9.9) 86 (11.3) <0.001
History of heart failure, n (%) 94 (1.5) 10 (1.0) 28 (1.1) 37(1.8) 19(2.5) 0.002
History of stroke, n (%) 343 (5.4) 47 (4.7) 111 (4.4) 119 (5.7) 66 (8.7) <0.001
Antihypertensives, n (%) 4877 (76.7) 788 (78.5) 1856 (73.7) 1614 (77.7) 619 (81.7) 0.009
Number of antihypertensive drugs 1.4£1.1 1.4£1.0 1.321.1 1.5£1.2 1.6x1.2 <0.001
Calcium channel blocker, n (%) 3275 (51.5) 519 (51.7) 1287 (51.1) 1065 (51.3) 404 (53.3) 0.562
Angiotensin-converting enzyme inhibitor, n (%) 348 (5.5) 54 (5.4) 129 (5.1) 118 (5.7) 47 (6.2) 0.313
Angiotensin receptor blocker, n (%) 3168 (49.8) 537 (53.5) 1179 (46.8) 1040 (50.1) 412 (54.4) 0.296
a-Blocker, n (%) 324 (5.1) 30(3.0) 83(3.3) 131 (6.3) 80 (10.6) <0.001
B-Blocker, n (%) 773 (12.2) 83(8.3) 277 (11.0) 294 (14.2) 119 (15.7) <0.001
Diuretics, n (%) 844 (13.3) 119 (11.9) 318(12.6) 298 (14.3) 109 (14.4) 0.027
Bedtime dosing, n (%) 377 (5.9) 54 (5.4) 134 (5.3) 126 (6.1) 63(8.3) 0.008
Office systolic blood pressure, mmHg 143.9+20.1 145.4+20.5 143.7£19.1 143.6+20.3 143.1£21.6 0.024
Office diastolic blood pressure, mmHg 80.5+13.3 81.7+13.3 81.2+13.1 80.0+13.5 78.4+13.1 <0.001
24-h SBP, mmHg 133.2+£14.8 130.6+12.7 132.1£13.7 134.0+£15.7 137.8+17.0 <0.001
24-h diastolic blood pressure, mmHg 76.7+9.2 75.7+8.4 77.0£9.2 76.9+9.5 76.8+9.3 0.034
Daytime systolic blood pressure, mmHg 138.1£15.2 141.9+13.9 138.6+£14.3 136.5+15.9 135.4+£16.7 <0.001
Daytime diastolic blood pressure, mmHg 79.6+£9.6 81.8+9.0 80.6+9.5 78.6+9.7 76.4+£9.4 <0.001
Nighttime systolic blood pressure, mmHg 122.8+£17.5 107.1£10.8 118.3£12.6 128.7£15.5 142.8+£18.4 <0.001
Nighttime diastolic blood pressure, mmHg 70.6+9.9 63.0+7.1 69.3+8.7 73.3+9.6 77.6£10.2 <0.001
Uncontrolled office blood pressure (=140/90 3796 (59.7) 617 (61.5) 1510 (59.9) 1240 (59.7) 429 (56.6) 0.065
mmHg), n (%)
Uncontrolled 24-h blood pressure (>135/85 2771 (43.6) 363 (36.2) 1027 (40.8) 957 (46.1) 424 (55.9) <0.001
mmHg), n (%)
Uncontrolled daytime blood pressure (=135/85 3733 (58.7) 702 (69.9) 1522 (60.4) 1135 (54.6) 374 (49.3) <0.001
mmHg), n (%)
Uncontrolled nighttime blood pressure (=120/70 3968 (62.4) 215 (21.4) 1394 (55.3) 1651 (79.5) 708 (93.4) <0.001
mmHg), n (%)

Values are mean=SD, or n (%).

Heat maps for the 5-year risk of CVD showed that  increased in parallel with increasing nighttime SBP in
higher nighttime SBP was associated with a greater  the other dipping status groups (Figure 1B). The risk
relative risk for CVD events than dipping status (Fig-  of CAD and HF was highest in individuals with a riser
ure 1B). The risk of both ASCVD and stroke increased pattern and higher nighttime SBP (Figure 1B). There
as nighttime SBP decreased in extreme dippers but  was a significantly higher risk of stroke in patients
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Figure 1. Cardiovascular disease risk.
A, Cumulative incidence of different cardiovascular disease events by dipping status

(adjusted for age, sex, body mass index, smoking, alcohol use, diabetes,

dyslipidemia, history of cardiovascular disease, use of antihypertensive drugs, bedtime antihypertensive dosing, office systolic blood pressure, and 24-hour systolic

blood pressure, with dipper status as the reference). B, Heat map showing 5-year ris

k of cardiovascular disease events by nighttime systolic blood pressure and dip-

ping status (adjusted by age, sex, body mass index, smoking, alcohol use, diabetes, dyslipidemia, history of cardiovascular disease, use of antihypertensive drugs,
bedtime antihypertensive dosing, and office systolic blood pressure). ASCVD indicates atherosclerotic cardiovascular disease; CAD, coronary artery disease; CHF,
congestive heart failure; CVD, cardiovascular disease; and SBP, systolic blood pressure.

with well-controlled 24-hour SBP and an extreme dip-
per pattern (HR, 2.30 [95% Cl, 1.22-4.35]; P=0.010),
and a significantly higher risk of HF in those with well-
controlled SBP and a riser pattern (HR, 3.78 [95% CI,
1.61-8.89]; P=0.002) (Figure 2).
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The base model yielded a C-statistic value of 0.717
(95% Cl, 0.685-0.752) for total CVD, 0.694 (95% Cl,
0.662-0.723) for ASCVD, and 0.816 (95% Cl, 0.781-
0.877) for HF (Table 3). Adding nighttime SBP to the
base model resulted in small but statistically significant
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Table 2. Association Between Different Ambulatory Blood Pressure Measures (per 20-mmHg Increase in SBP) or Dipping Status of Nighttime Blood
Pressure (per 10% Increase in Nocturnal SBP Dipping) and Risk of Cardiovascular Disease

Office blood pressure measures*
Office SBP 0.93 0.244 0.98 0.765 1.09 0.360 0.85 0.124 0.81 0.069
(0.83-1.05) (0.85-1.12) (0.91-1.30) (0.69-1.05) (0.65-1.02)
Ambulatory blood pressure measurest
24-hour SBP 1.25 0.007 1.27 0.018 1.30 0.046 1.23 0.171 1.20 0.246
(1.06-1.47) (1.04-1.54) (1.00-1.69) (0.92-1.64) (0.88-1.62)
Daytime SBP 1.16 0.078 1.22 0.048 1.28 0.064 1.15 0.345 1.01 0.947
(0.98-1.37) (1.00-1.48) (0.99-1.66) (0.86-1.53) (0.74-1.37)
Nighttime 1.26 <0.001 1.21 0.017 1.18 0.115 1.25 0.064 1.36 0.009
SBP (1.10-1.43) (1.03-1.41) (0.96-1.46) (0.99-1.58) (1.08-1.71)
Dipping, % 0.84 0.006 0.92 0.287 1.00 0.968 0.84 0.118 0.68 <0.001
(0.75-0.95) (0.80-1.07) (0.82-1.21) (0.68-1.05) (0.55-0.85)
Dipping status+
Model 1
Extreme 1.07 0.726 1.14 0.552 1.38 0.258 0.90 0.754 0.90 0.820
dipper (0.73-1.56) (0.75-1.73) (0.79-2.40) (0.47-1.73) (0.38-2.13)
Dipper 1.00 (Reference) — 1.00 (Reference) — 1.00 (Reference) — 1.00 (Reference) — 1.00 (Reference) —
Nondipper 1.23 0.140 1.14 0.435 1.29 0.246 0.98 0.929 1.59 0.090
(0.94-1.61) (0.84-1.94) (0.84-1.99) (0.61-1.57) (0.93-2.72)
Riser 1.58 0.007 1.28 0.249 1.12 0.707 1.50 0.174 2.53 0.002
(1.13-2.21) (0.84-1.94) (0.62-2.03) (0.83-2.71) (1.40-4.56)
Model 2
Extreme 1.08 0.688 1.15 0.512 1.40 0.231 0.91 0.771 0.91 0.820
dipper (0.74-1.58) (0.76-1.76) (0.81-2.44) (0.47-1.75) (0.39-2.13)
Dipper 1.00 (Reference) — 1.00 (Reference) — 1.00 (Reference) — 1.00 (Reference) — 1.00 (Reference) —
Nondipper 1.21 0.170 1.11 0.504 1.25 0.307 0.97 0.901 1.58 0.093
(0.92-1.59) (0.81-1.53) (0.81-1.93) (0.60-1.56) (0.93-2.71)
Riser 1.48 0.024 1.18 0.446 1.00 0.989 1.43 0.242 2.45 0.004
(1.05-2.08) (0.77-1.80) (0.55-1.84) (0.79-2.59) (1.34-4.48)
Model 3
Extreme 1.03 0.860 1.09 0.678 1.32 0.332 0.87 0.685 0.89 0.791
dipper (0.71-1.51) (0.72-1.67) (0.76-2.30) (0.45-1.69) (0.38-2.10)
Dipper 1.00 (Reference) — 1.00 (Reference) — 1.00 (Reference) — 1.00 (Reference) — 1.00 (Reference) —
Nondipper 1.25 0.103 1.16 0.350 1.32 0.203 1.00 0.992 1.61 0.085
(0.95-1.65) (0.85-1.60) (0.86-2.04) (0.62-1.61) (0.94-2.75)
Riser 1.61 0.005 1.31 0.208 1.14 0.658 1.54 0.150 2.54 0.002
(1.15-2.26) (0.86-1.99) (0.63-2.07) (0.86-2.78) (1.41-4.58)
Model 4
Extreme 1.19 0.383 1.29 0.250 1.61 0.105 1.00 0.993 0.95 0.904
dipper (0.81-1.75) (0.84-1.99) (0.91-2.85) (0.51-1.95) (0.40-2.26)
Dipper 1.00 (Reference) — 1.00 (Reference) — 1.00 (Reference) — 1.00 (Reference) — 1.00 (Reference) —
Nondipper 1.1 0.461 1.01 0.963 1.1 0.644 0.89 0.651 1.52 0.139
(0.84-1.48) (0.72-1.41) (0.71-1.76) (0.54-1.46) (0.87-2.65)
Riser 1.22 0.323 0.94 0.803 0.77 0.462 1.18 0.644 2.23 0.027
(0.82-1.83) (0.57-1.54) (0.38-1.55) (0.59-2.37) (1.10-4.55)

HR indicates hazard ratio; and SBP, systolic blood pressure.

*HR values for office SBP were adjusted for age, sex, body mass index, smoking, alcohol use, diabetes, dyslipidemia, history of cardiovascular disease, use of
antihypertensive drugs, and bedtime antihypertensive dosing.

tHR values for different ambulatory blood pressure measures were adjusted for office SBP, and other covariates (age, sex, body mass index, smoking, alcohol use,
diabetes, dyslipidemia, history of cardiovascular disease, use of antihypertensive drugs, and bedtime antihypertensive dosing).

$HR values for dipping status were adjusted for age, sex, body mass index, smoking, alcohol use, diabetes, dyslipidemia, history of cardiovascular disease, use of
antihypertensive drugs, and bedtime antihypertensive dosing, plus office SBP (model 1), plus office SBP and 24-hour SBP (model 2), plus office SBP and daytime SBP
(model 3), and plus office SBP and nighttime SBP (model 4).
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Stroke
Group Dipping Status N Event HR (95%Cl) P-value
WC 24hBP Extreme Dipper 641 18 —r— 2.30(1.22,4.35) 0.010
Dipper 1493 21 .I 1.00 (Reference)
Non Dipper 1120 20 --— 1.08 (0.58, 2.00) 0.815
Riser 334 4 -o— 0.75(0.26, 2.22) 0.606

UC 24hBP Extreme Dipper 363 1 *— 0.19 (0.03, 1.46) 0.112
L]

Dipper 1027 17 1.00 (Reference)

Non Dipper 957 26 — 1.38 (0.74,2.56) 0.315
Riser 424 12 —0— 1.02 (0.47,222) 0.959
01 2 3 45
HR for Stroke

Heart failure
Group Dipping Status N Event HR (95%Cl) P-value
WC 24hBP Extreme Dipper 641 4 -'— 1.15(0.36, 3.68) 0.813
Dipper 1493 11 .I 1.00 (Reference)
Non Dipper 1120 22 . 216 (1.03,4.51) 0.041
Riser 334 11 ; — 3.78(1.61,8.89) 0.002
UC 24hBP Extreme Dipper 363 3 F 0.72(0.20,2.62) 0616
Dipper 1027 1M ° 1.00 (Reference)
Non Dipper 957 13 t 0.99 (0.44, 2.25) 0.987
Riser 424 13 -'.— 1.37 (0.88, 3.23) 0477
012 4 6 8 10
HR for CHF

Figure 2. Risk of stroke and heart failure by nocturnal blood pressure dipping status and 24-hour systolic blood pressure control status.

Values are adjusted for age, sex, body mass index, smoking, alcohol intake, diabetes, dyslipidemia, prevalent cardiovascular disease, use of antihypertensive
drugs, bedtime dosing, and office and 24-hour systolic blood pressure. CHF indicates congestive heart failure; HR, hazard ratio; UC 24hBP, uncontrolled 24-
hour blood pressure (24-hour systolic blood pressure >130 mmHg); and WC 24hBP, well-controlled 24-hour systolic blood pressure (24-hour systolic blood

pressure <130 mmHg).

increments in C-statistic values (P=0.003, P=0.028, and
P=0.018, respectively); a similarly small but significant
increase in the C-statistic was also seen for HF when
dipping status was added to the base model (P=0.037)
(Table 3). In addition, increments in net reclassification
improvement for total CVD risk after the addition of
nighttime SBP and dipping status to the base model
were 0.150 (95% Cl, 0.026-0.275; P=0.011) and
0.200 (95% ClI, 0.059-0.324; P=0.003), respectively,
whereas the increment in net reclassification improve-
ment for HF risk when dipping status was added was
0.413 (P<0.001) (Table Il in the Data Supplement). In-
crements in integrated discrimination improvement for
the risk of total CVD, ASCVD, and HF when nighttime
SBP and dipping status were added to the base model
were all statistically significant (Table IIl in the Data Sup-
plement). However, model performance to predict the
risk of total CVD, ASCVD, and HF was not significantly
improved by adding daytime SBP when looking at the
C-statistic (Table 3) or net reclassification improvement
(Table Il 'in the Data Supplement). Adding daytime SBP
to the model increased integrated discrimination im-
provement values for total CVD and ASCVD risk but
not HF risk (Table Il in the Data Supplement).

DISCUSSION

This is the largest prospective ABPM study to date to
use the same device and monitoring protocol across
sites. The results showed that higher nighttime BP and
a riser pattern of nocturnal BP were significantly associ-
ated with the risk of total CVD and HF and that the re-
lationship between a riser pattern and HF risk was inde-
pendent of nighttime BP. Daytime SBP was a significant
risk factor for ASCVD only (not for HF). Furthermore, in
patients with well-controlled 24-hour SBP, those at one
end of the extreme of disrupted diurnal BP variation (ie,
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extreme dipper) had a significantly greater relative risk
of stroke, whereas those at the other extreme (ie, riser)
had the greatest relative risk of developing HF.

Nighttime BP Versus Daytime BP

Our findings in a population of mostly treated patients
with hypertension suggest that each 20-mmHg in-
crease in nighttime SBP was associated with increased
risk of ASCVD (21% increase, P=0.017) and HF (36%
increase, P=0.009). Each 20-mmHg increase in day-
time SBP was associated with a significantly increased
relative risk of ASCVD (22% increase, P=0.048), but
not total CVD (16% increase, P=0.078). The model
performance for discrimination of total CVD, ASCVD,
and HF risk was slightly but significantly improved
by the addition of nighttime BP and dipping status,
whereas adding daytime BP slightly improved model
performance for ASCVD risk only. Therefore, higher
nighttime BP and dipping status appear to be more
important contributors to cardiovascular risk than day-
time BP, especially for HF.

The clinical impact of elevated nighttime BP versus
daytime BP might depend on the stage of hyperten-
sion and be affected by antihypertensive drug therapy.
In early-stage hypertension where patients have high-
normal BP or mild hypertension, daytime BP may be a
stronger determinant of left ventricular hypertrophy.
Conversely, the prognostic impact of nighttime BP in-
creases in patients with treated hypertension. In the
current study, in which 77% of participants were re-
ceiving antihypertensive therapy, office SBP was not
significantly associated with CVD risk. Physicians often
use office BP to guide the initiation and intensifica-
tion of antihypertensive medication. Thus, during the
follow-up period, both office BP and daytime BP might
be controlled by antihypertensive medication. However,
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Table 3. Improvements in Model Performance (C-Statistic)
. Atherosclerotic cardiovascular disease
Total cardiovascular
disease (atherosclerotic
cardiovascular disease | Stroke + coronary artery
+ heart failure) disease Stroke Coronary artery disease Heart failure
C-statistic C-statistic C-statistic C-statistic C-statistic
(95% Q1) P value (95% Q1) P value (95% ClI) P value (95% Q1) P value (95% CI) P value

Base model 0.717 0.694 0.706 0.723 0.816

(0.685-0.752) (0.662-0.723) (0.665-0.744) (0.670-0.758) (0.781-0.877)
Base model + 0.725 0.008 0.704 0.026 0.715 0.171 0.727 0.387 0.819 0.267
24-hour SBP* (0.693-0.758) (0.679-0.731) (0.675-0.753) (0.679-0.761) (0.782-0.882)
Base model + 0.721 0.057 0.701 0.072 0.715 0.166 0.724 0.740 0.816 0.657
daytime SBP* (0.687-0.755) (0.674-0.728) (0.674-0.754) (0.674-0.759) (0.781-0.877)
Base model + 0.728 0.003 0.705 0.028 0.711 0.342 0.731 0.218 0.826 0.018
nighttime SBP* | (0.702-0.760) (0.677-0.730) (0.673-0.749) (0.686-0.761) (0.790-0.885)
Base model + 0.724 0.076 0.697 0.284 0.709 0.445 0.731 0.147 0.832 0.037
dipping status* | (0.698-0.755) (0.668-0.722) (0.669-0.752) (0.675-0.766) (0.796-0.888)
Base model + 0.730 0.191 0.706 0.430 0.718 0.421 0.733 0.220 0.833 0.082
24-hour SBP + | (0.704-0.759) (0.678-0.730) (0.674-0.761) (0.679-0.764) (0.796-0.890)
dipping statust
Base model + 0.729 0.059 0.706 0.173 0.717 0.516 0.734 0.128 0.833 0.026
daytime SBP + (0.703-0.759) (0.678-0.731) (0.671-0.759) (0.680-0.765) (0.796-0.890)
dipping statust
Base model + 0.729 0.569 0.706 0.660 0.718 0.205 0.733 0.460 0.834 0.235
nighttime SBP + | (0.702-0.759) (0.678-0.730) (0.673-0.762) (0.681-0.766) (0.796-0.890)
dipping statust

Base model includes age, sex, body mass index, smoking, alcohol use, diabetes, dyslipidemia, history of cardiovascular disease, use of antihypertensive drugs,
nighttime prescription, and office SBP. ABPM indicates ambulatory blood pressure monitoring; and SBP, systolic blood pressure.

*P values are differences of base model vs base model + 24-hour SBP or + daytime SBP or + nighttime SBP or + dipping status.

1P values are differences of base model + ambulatory blood pressure monitoring indices vs base model + ambulatory blood pressure monitoring indices +

dipping status.

assessment of only office and daytime BP may leave a
significant proportion of medicated patients with un-
detected nocturnal hypertension, and therefore at high
risk for cardiovascular events.

ABPM is the standard approach to determine night-
time BP, but this is not widely implicated in routine
clinical practice. Home BP monitoring devices with the
ability to monitor nocturnal BP have recently become
available™23 but are not yet in widespread clinical use.
In the J-HOP study (Japan Morning Surge-Home Blood
Pressure), we suggested that nocturnal BP measure-
ments using a home device were a significant predictor
of ASCVD events, independent of office, morning, and
evening home BP.™

Riser Pattern of Nocturnal BP

In this study, the riser pattern of nighttime BP was signif-
icantly associated with the risk of both total CVD events
(HR, 1.58; P=0.007) and HF (HR, 2.53; P=0.002). The ris-
er pattern is the extreme end of the continuum of non-
dipping nocturnal BP and disrupted circadian variation,
and has been associated with organ damage and poor
cardiovascular prognosis.'>' We found that the asso-
ciation between the riser pattern and total CVD events
remained significant even after adjusting for 24-hour
and daytime SBP, but the association disappeared after

Circulation. 2020;142:1810-1820. DOI: 10.1161/CIRCULATIONAHA.120.049730

adjustment for nighttime SBP. This suggests that higher
nighttime BP is more important than the riser patter as
a risk factor for total CVD. This is consistent with the re-
cent findings from the International Database of Ambu-
latory Blood Pressure in relation to Cardiovascular Out-
come,’® suggesting that the risk associated with a riser
pattern is at least partly mediated by high nighttime BP.
Similarly, the increased HF risk associated with the riser
pattern decreased slightly after controlling for nighttime
SBP in our study, but the risk remained at least 2 times
higher (HR, 2.23; P=0.027) in the riser group, indicating
that a riser patter might be more important than night-
time BP as a risk factor for HF. Only 1 previous study has
evaluated the link between ambulatory BP and HF.'3 It
showed that a riser pattern was an independent predic-
tor of HF risk, even when cases of myocardial infarction
were excluded. The same nonischemic definition of HF
events was used in our study.

Heart Failure

In our study, CAD risk was not significantly associated
with either higher nighttime SBP or a riser pattern of
nocturnal BP. Nevertheless, CAD is an important cause
of HF, as shown in a recent study of older patients from
Japan.?* In the current study, when acute HF occurred
with acute coronary syndrome, it was classified as CAD.
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Thus, the observed association between nighttime SBP
and risk of HF is likely to be independent of a possible
overlap between HF and CAD.

Left ventricular hypertrophy is the form of target
organ damage most likely to precede nonischemic HF.
Other studies have shown that nighttime BP and the
nocturnal fall in BP are stronger correlates of left ven-
tricular hypertrophy than daytime or average 24-hour
BP.2> In addition, nighttime BP was a risk factor for the
development of left ventricular hypertrophy and in-
creased natriuretic peptide levels in the J-HOP study.?®
Data from a large general population in Italy were simi-
lar, showing that nighttime BP was a reliable indepen-
dent predictor of the development of left ventricular
hypertrophy in subjects with normal left ventricular
mass.?” Furthermore, a recent comprehensive 2-dimen-
sional echocardiographic examination including mul-
tilayer strain analysis demonstrated an association be-
tween the riser pattern and left ventricular mechanical
dysfunction in patients with hypertension.?®

The association between a riser pattern and HF, in-
dependent of 24-hour, daytime and nighttime BP, is
indicative of a “beyond BP” pathophysiological mecha-
nism. There are 3 possible mechanisms to explain this.
The first is vascular factors, with the riser pattern be-
ing associated with advanced vascular disease such
as endothelial dysfunction and increased arterial stiff-
ness. The second is circulating volume. Nondipping of
nocturnal BP, including a riser pattern, is known to be
associated with increased circulating volume, which is
predominantly determined by salt sensitivity and salt in-
take. Decreased salt intake and treatment with diuretics
reduces nighttime BP to a greater extent than daytime
BP, causing a shift from a nondipper to a dipper pat-
tern.?®3% The third is sympathetic nerve activity. The ris-
er pattern is characterized by high muscle sympathetic
nerve traffic,®' and recent trial data showed that renal
denervation significantly reduced 24-hour BP, including
nighttime BP32 All these factors increase preload or af-
terload, or directly impact on the left ventricle, contrib-
uting to development of HF.

Extreme Dipper

Our findings suggest that excessive reduction of BP dur-
ing sleep may also be detrimental. Extreme dipper pa-
tients with well-controlled 24-hour SBP showed a signif-
icantly increased risk of stroke, and stroke risk increased
as nighttime SBP decreased. These associations need to
be investigated in prospective studies. Given that the
2 extreme diurnal BP patterns were significantly asso-
ciated with cardiovascular event risk in patients with
well-controlled 24-hour SBP (stroke in extreme dippers
and HF for those with a riser pattern), there appears to
be a need for pathophysiology-based antihypertensive
strategies that can reduce these residual risks.
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Strengths and Limitations

One of the strengths of this study is the use of con-
sistent technology, methodology, and definitions across
centers. In addition, ambulatory BP parameters were
defined based on individual awake-sleep behavior,
which is the gold standard approach for defining night-
time BP and accurately assessing diurnal BP variation.™
However, some limitations need to be taken into ac-
count when interpreting our findings. First, ambulatory
BP data were obtained once at baseline, and we do not
have information on the contribution of subsequent
changes in ambulatory BP to prognosis. Nevertheless,
use of effective antihypertensive therapy is likely to
weaken, rather than strengthen, associations between
baseline ambulatory BP and cardiovascular outcomes.
This analysis focused on systolic, rather than diastolic,
BP because of the older age of our study population.
Furthermore, study evaluations did not include echocar-
diography, precluding differentiation between HF with
preserved versus reduced ejection fraction. The study
population was Japanese, limiting external validity.

CONCLUSIONS

This ABPM study showed that nighttime BP and a riser
pattern of nighttime BP were significantly and inde-
pendently associated with the risk of ASCVD and HF
events. This highlights the potential for, and impor-
tance of, antihypertensive medication strategies target-
ing nocturnal BP.
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