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Aims This study aimed to investigate the impact of baseline blood pressure (BP) on adverse outcomes in patients with atrial fib-
rillation (AF), using a pooled analysis performed on data from J-RISK AF, a large-scale cohort of Japanese patients with AF.

Methods 
and results

Of the 16 918 patients from five major AF registries including the J-RHYTHM Registry, Fushimi AF Registry, Shinken 
Database, Keio interhospital Cardiovascular Studies, and Hokuriku-Plus AF Registry, 15 019 non-valvular AF (NVAF) pa-
tients with baseline BP values (age, 70.0 ± 11.0 years; men, 69.1%) were analysed. Incidence rates of adverse events were 
evaluated between patients divided into baseline systolic BP quartiles or at 150 mmHg. During the follow-up period of 
730 days, ischaemic stroke, major bleeding, all-cause death, and cardiovascular death occurred in 277, 319, 718, and 275 
patients, respectively. Hazard ratios (HRs) for ischaemic stroke and major bleeding were comparable among the quartiles, 
whereas HRs for all-cause and cardiovascular deaths in the lowest quartile with systolic BP <114 mmHg were significantly 
higher [HR 1.43, 95% confidence interval (CI) 1.13–1.81; and HR 1.47, 95% CI 1.01–2.12, respectively] than in the third quar-
tile, even after adjusting for known confounding factors. In patients with a systolic BP of ≥150 mmHg, adjusted HR for major 
bleeding was significantly higher than that of <150 mmHg (HR 1.64, 95% CI 1.12–2.40).

Conclusion In Japanese patients with NVAF, a baseline systolic BP <114 mmHg was significantly associated with higher all-cause and 
cardiovascular mortality. In contrast, a systolic BP ≥150 mmHg was an independent risk factor for major bleeding.
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Introduction
Atrial fibrillation (AF) is a common arrhythmia known to be a risk factor 
for thrombo-embolism.1,2 Hypertension is also a well-known risk factor 
for cardiovascular diseases3–5 In patients with AF, hypertension is a risk 
factor for ischaemic stroke and major bleeding6 and has been applied as 
a component of numerous conventional risk scores for patients with 
non-valvular AF (NVAF), such as CHADS2,

7 CHA2DS2-VASc,8 and 
HAS-BLED scores.9 Although hypertension was a significant risk factor 
for ischaemic stroke in the primary analysis of the J-RISK AF,10 it was 
not always identified as an independent predictor for ischaemic 
stroke.11–15 Blood pressure (BP) control status may contribute to an 
increased risk of adverse events in patients with NVAF, rather than 
the prior diagnosis of hypertension. Indeed, in the J-RHYTHM 
Registry, hypertension or baseline BP quartile was not associated 
with thrombo-embolism, whereas a systolic BP ≥136 mmHg at the 
time closest to an event or at the end of follow-up (BP-end) was inde-
pendently associated with a higher incidence of thromboembolism and 
major haemorrhage.16 Furthermore, systolic BP visit-to-visit variability 
evaluated by standard deviation (SD) was also significantly associated 
with the incidence of thrombo-embolism, major haemorrhage, and all- 
cause death independent of BP-end.17 In contrast, in the Fushimi AF 
Registry, a baseline systolic BP ≥150 mmHg was associated with a high-
er incidence of stroke/systemic embolism, haemorrhagic stroke, and 
major bleeding.18

Thus, we hypothesized that even baseline BP values may be asso-
ciated with adverse outcomes in a larger number of study subjects. 
To investigate the impact of baseline BP values on adverse outcomes, 
a post hoc analysis was performed using pooled data from the J-RISK 
AF, a large-scale cohort of Japanese patients with AF.

Methods
Study design of the J-RISK AF
The J-RISK AF was a large-scale cohort study performed using pooled data 
from five major AF prospective registries in Japan: the J-RHYTHM Registry 
(7937 patients),19 the Fushimi AF Registry (3749 patients),20 the Shinken 
Database (2957 patients),21 the Keio interhospital Cardiovascular Studies 
(783 patients),22 and the Hokuriku-Plus AF Registry (1492 patients).23

The study design and baseline patient characteristics have been reported 
elsewhere.10,24 Briefly, the data from each registry were collected and inte-
grated in March 2016, while those from the Keio Study were updated in 
April 2018. To balance the follow-up period among the registries, event 
data from individuals were collected for up to 730 days. After excluding pa-
tients with valvular AF (mitral stenosis and mechanical prosthetic valves) 
and those lacking complete data, 12 289 patients with NVAF were included 
in the main analysis.10,24 This study was approved by the ethics committees 
of the Hirosaki University Graduate School of Medicine (2015-117, 
2017-1051), the National Cerebral and Cardiovascular Center 
(M27-092-4), the National Hospital Organization Kyoto Medical Center 
(15-101), the Cardiovascular Institute (279), the Kanazawa University 
Graduate School of Medical Science (2035-1, 2460-1), and the Keio 
University School of Medicine (20120029) and was performed in accord-
ance with ethics committee-approved research protocols in other 
institutes.

Seated brachial BP was measured in each patient at the time of enrolment 
using either the auscultatory method or an automated sphygmomanom-
eter, as appropriate at each institution.

For the present post hoc analysis, patients with NVAF and baseline BP 
data were included. The primary endpoints were ischaemic stroke, major 
bleeding, all-cause death, and cardiovascular death. Among the cases with 
major bleeding, the number of intracranial haemorrhages was also counted. 
The diagnostic criteria for each event have been described elsewhere.19–23
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Patients were divided into four groups according to the baseline systolic BP 
quartiles (lowest, <114; second, 114–124; third, 125–135, and highest, 
≥136 mmHg), diastolic BP quartiles (lowest, <65; second, 65–71; third, 
72–79, and highest, ≥80 mmHg) or two groups of baseline systolic BP 
<150 and ≥150 mmHg. The cut-off of systolic BP value of 150 mmHg 
was adopted based on a subanalysis of the Fushimi AF Registry.18 In add-
ition, the influence of baseline BP as a continuous variable on adverse events 
was evaluated. Furthermore, event rates and unadjusted hazard ratios 
(HRs) for adverse events were obtained by sex and anticoagulant use.

Statistical analyses
Data are presented as mean ± SD or number (percentage). To compare pa-
tient characteristics and 2-year event rates among the quartiles, a trend ana-
lysis was performed using the Cochran–Armitage test for categorical 
variables or the Jonckheere–Terpstra test for continuous variables, as ap-
propriate. Differences in parameters between the two groups were ana-
lysed using Student’s t-test for continuous variables and the χ2 test or 
Fisher’s exact test, as appropriate. Cumulative event-free rates were ex-
pressed by Kaplan–Meier curves and were compared among the quartiles 
using a log-rank test. Univariable and multivariable analyses with Cox pro-
portional hazard models were performed to estimate the influence of base-
line BP on adverse events. Hazard ratios and 95% confidence intervals for 
adverse events were calculated for each quartile compared with the third 
group (reference) or per 1 mmHg increase in baseline BP as a continuous 
variable. Explanatory variables for multivariable analysis were adopted 
from well-known risk factors including components of the 
CHA2DS2-VASc score [congestive heart failure, hypertension, age ≥75 
years, diabetes mellitus, history of stroke or transient ischaemic attack 
(TIA), vascular disease (coronary artery disease), age 65–74 years, and fe-
male sex],8 anticoagulant and antiplatelet use, and AF type (Model 1). An 
additional model (Model 2) was constructed using the variables of Model 
1 plus cardiomyopathy, antihypertensive drug use, body mass index 
(BMI), estimated glomerular filtration rate (eGFR), and haemoglobin levels 
according to the difference in baseline patient characteristics (Table 1) and 
previous subanalyses of the J-RHYTHM Registry25–27 and the Fushimi AF 
Registry.28–30 Two-tailed P-values of <0.05 were considered statistically sig-
nificant. All statistical analyses were performed using the SPSS software 
(version 23.0; IBM Corporation, Armonk, NY, USA).

Results
Of the 16 918 patients with AF initially enrolled in the J-RISK AF, 819 
(4.8%) patients with valvular AF, 950 (5.6%) without baseline BP meas-
urement, and 130 (0.8%) missing other essential variables were ex-
cluded. Consequently, a total of 15 019 patients (age, 70.0 ± 11.0 
years; men, 69.1%) were included in this analysis.

Patient characteristics and medications
The characteristics of the 15 019 patients and their medications are 
listed in Supplementary material online, Table S1. Overall, 72% of the 
patients had hypertension, and the mean baseline systolic and diastolic 
BP values were 125.8 ± 17.5 and 73.1 ± 11.9 mmHg, respectively. 
Patient characteristics and medications in the baseline systolic BP quar-
tiles are given in Table 1. Age, systolic and diastolic BP values, prevalence 
of woman, hypertension, and diabetes mellitus showed significant in-
creasing trends across the quartiles, resulting in higher risk scores for 
the higher quartiles. In contrast, the prevalence of heart failure, coron-
ary artery disease, and cardiomyopathy showed inverse trends across 
the quartiles. There was no significant trend in the prevalence of dysli-
pidemia, history of stroke, TIA, bleeding, or catheter ablation (Table 1).

Baseline systolic and diastolic blood 
pressure quartiles on adverse outcomes
During the 2-year follow-up period, ischaemic stroke, major bleeding, 
all-cause death, and cardiovascular death occurred in 277, 319, 718, 
and 275 patients, respectively. The corresponding incidence rates of 

these events were 1.0, 1.2, 2.7, and 1.0/100 person years, respectively, 
during a total follow-up period of 26 639 person years. Two-year event 
rates are summarized in Table 2. All-cause and cardiovascular mortality 
showed significant trends across systolic and diastolic BP quartiles. The 
Kaplan–Meier curves of the baseline systolic BP quartiles for each event 
are shown in Figure 1.

For baseline systolic BP, the HRs for ischaemic stroke and major bleed-
ing were comparable among the quartiles, whereas the HRs for all-cause 
and cardiovascular deaths were significantly higher in the lowest quartile 
than in the third quartile in the unadjusted model (Table 3). This signifi-
cance was consistent after adjusting for the confounding factors 
(Table 4 and Figure 2). In contrast, for baseline diastolic BP, HRs for ischae-
mic stroke, all-cause death, and cardiovascular death were significantly 
higher in the lowest quartile than in the third quartile in the unadjusted 
model (Table 3), whereas only the HR for ischaemic stroke in the highest 
quartile was significantly higher in the fully adjusted model (Table 5).

When baseline BP values were analysed as a continuous vari-
able, each 1 mmHg increase in systolic BP was significantly asso-
ciated with an increased incidence of major bleeding in the fully 
adjusted model (Table 4). In contrast, diastolic BP was not asso-
ciated with any events after adjusting for confounding factors 
(Table 5).

Baseline systolic blood pressure 
≥150 mmHg on adverse outcomes
The patient characteristics and medications in the two groups with base-
line systolic BP <150 and ≥150 mmHg are listed in Supplementary 
material online, Table S1. Age, systolic and diastolic BP values, prevalence 
of women, hypertension, history of stroke, or TIA were significantly high-
er in the systolic BP ≥150 mmHg group than in the systolic BP 
<150 mmHg group, resulting in higher risk scores for the systolic BP 
≥150 mmHg group. In contrast, the prevalence of heart failure and car-
diomyopathy was lower in the group with systolic BP ≥150 mmHg group 
than in the group with systolic BP <150 mmHg (see Supplementary 
material online, Table S1). The 2-year event rates of ischaemic stroke 
and major bleeding were significantly higher in the systolic BP 
≥150 mmHg group than in the systolic BP <150 mmHg group (see 
Supplementary material online, Table S2). The Kaplan–Meier curves of 
the two groups for each event are shown in Figure 3. Unadjusted HRs 
for ischaemic stroke and major bleeding were significantly higher in the 
systolic BP ≥150 mmHg group than in the systolic BP <150 mmHg 
group, whereas only the HR for major bleeding was significantly higher 
after adjusting for confounding factors (Table 6).

Baseline systolic blood pressure and sex on 
adverse outcomes
All-cause and cardiovascular mortality showed significant inverse trends 
across baseline systolic BP quartiles in men but not in women. The 
2-year event rate of major bleeding showed a significant increasing 
trend across systolic BP quartiles only in women (see Supplementary 
material online, Table S3). In contrast, there was no significant differ-
ence in any event rates between the groups of systolic BP <150 and 
≥150 mmHg (see Supplementary material online, Table S4). 
Unadjusted HRs are summarized in Supplementary material online, 
Table S5. There were significant interactions between baseline systolic 
BP and sex for all-cause and cardiovascular deaths (see Supplementary 
material online, Table S5).

Baseline systolic blood pressure and 
anticoagulant use on adverse outcomes
The 2-year event rate of ischaemic stroke was significantly lower, while 
the rate of major bleeding was significantly higher, in patients receiving 
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anticoagulant than in those not receiving anticoagulant only in the high-
est systolic BP quartile (≥136 mmHg) (Figure 4). In contrast, the rates of 
all-cause death were significantly higher in patients not receiving anti-
coagulant than in those receiving anticoagulant in all systolic BP quartiles 
(Figure 4). Crude HRs for events in baseline systolic BP quartiles and 
anticoagulant use are summarized in Supplementary material online, 
Table S6. There was no interaction between baseline systolic BP and 

anticoagulant use for all events (see Supplementary material online, 
Table S6).

Discussion
The major findings of this study are as follows. First, the lowest baseline 
systolic BP quartile (<114 mmHg) was associated with significantly higher 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Patient characteristics in baseline systolic blood pressure quartiles

Lowest quartile Second quartile Third quartile Highest quartile P-value for trend

Systolic BP range, mmHg <114 (n = 3614) 114–124 (n = 3817) 125–135 (n = 3502) ≥136 (n = 4086)

Age, years 69.6 ± 11.9 69.3 ± 11.3 69.9 ± 10.8 71.0 ± 10.0 <0.001

<65 1076 (29.8) 1161 (30.4) 988 (28.2) 989 (24.2)
65–74 1190 (32.9) 1338 (35.1) 1221 (34.9) 1494 (36.6) <0.001

≥75 1348 (37.3) 1318 (34.5) 1293 (36.9) 1603 (39.2)

Sex, men 2535 (70.1) 2696 (70.6) 2452 (70.0) 2701 (66.1) <0.001
Atrial fibrillation type

Paroxysmal 1496 (41.4) 1725 (45.2) 1550 (44.3) 1970 (48.2) <0.001

Persistent/permanent 2118 (58.6) 2092 (54.8) 1952 (55.7) 2116 (51.8)
Comorbidities

Heart failure 1188 (32.9) 970 (25.4) 803 (22.9) 813 (19.9) <0.001

Hypertension 2188 (60.5) 2363 (61.9) 2419 (69.1) 3832 (93.8) <0.001
Diabetes mellitus 671 (18.6) 709 (18.6) 720 (20.6) 853 (20.9) 0.002

Dyslipidaemia 1024 (31.3) 1118 (32.1) 1008 (31.7) 1207 (32.6) 0.333

Coronary artery disease 483 (13.4) 462 (12.1) 432 (12.3) 438 (10.7) 0.001
Cardiomyopathy 354 (10.1) 243 (6.6) 183 (5.5) 173 (4.4) <0.001

History of stroke or TIA 511 (14.1) 520 (13.6) 501 (14.3) 550 (13.5) 0.568

History of bleeding 137 (3.9) 126 (3.4) 133 (3.9) 137 (3.4) 0.549
History of catheter ablation 106 (7.1) 92 (6.9) 88 (7.1) 89 (5.8) 0.178

CHADS2 score 1.6 ± 1.3 1.6 ± 1.3 1.7 ± 1.3 1.9 ± 1.2 <0.001

CHA2DS2-VASc score 2.7 ± 1.7 2.7 ± 1.7 2.9 ± 1.7 3.1 ± 1.6 <0.001
Systolic BP, mmHg 103.9 ± 7.6 119.7 ± 3.1 129.9 ± 2.9 147.3 ± 11.1 <0.001

Diastolic BP, mmHg 63.7 ± 9.5 71.2 ± 9.0 75.5 ± 9.3 81.1 ± 11.7 <0.001

Body mass index, kg/m2 (n = 13 371) 22.8 ± 3.7 23.5 ± 3.6 23.8 ± 3.5 23.9 ± 3.7 <0.001
eGFR, mL/min/1.73 m2 (n = 13 625) 61.3 ± 21.7 63.1 ± 19.9 63.5 ± 20.6 62.7 ± 20.3 <0.001

Haemoglobin, g/dL (n = 13 603) 13.3 ± 1.9 13.6 ± 1.8 13.6 ± 1.8 13.6 ± 1.9 <0.001

Medications
Anticoagulant 2671 (73.9) 2789 (73.1) 2599 (74.2) 2929 (71.7) 0.071

Warfarin 2372 (65.6) 2462 (64.5) 2260 (64.5) 2532 (62.0) 0.002

PT-INR (n = 9337) 1.88 ± 0.53 1.86 ± 0.48 1.87 ± 0.51 1.82 ± 0.52 <0.001
DOAC 305 (8.4) 332 (8.7) 340 (9.7) 397 (9.7) 0.022

Antiplatelet 926 (25.6) 951 (24.9) 910 (26.0) 1064 (26.0) 0.453

Aspirin 812 (22.5) 831 (21.8) 786 (22.4) 894 (21.9) 0.711
Antihypertensive drugs 2178 (60.3) 2316 (60.7) 2308 (65.9) 2613 (64.0) <0.001

Na channel blockers 622 (17.2) 756 (19.8) 801 (22.9) 890 (21.8) <0.001

β-blockers 896 (24.8) 725 (19.0) 631 (18.0) 708 (17.3) <0.001
K channel blockers 144 (4.0) 85 (2.2) 64 (1.8) 80 (2.0) <0.001

Ca channel blockers 602 (16.7) 643 (16.8) 550 (15.7) 585 (14.3) 0.002

Digitalis 399 (11.0) 376 (9.9) 379 (10.8) 421 (10.3) 0.584
Statin 680 (20.8) 767 (22.0) 725 (22.8) 785 (21.2) 0.608

Data are the number of patients (%) or mean ± SD. 
BP, blood pressure; TIA, transient ischaemic attack; CHADS2, congestive heart failure, hypertension, age ≥75 years, diabetes mellitus, and history of stroke or TIA; CHA2DS2-VASc, 
additionally, vascular disease (coronary artery disease), age 65–74 years, and female sex; eGFR, estimated glomerular filtration rate; PT-INR, prothrombin time international 
normalized ratio; DOAC, direct oral anticoagulant.
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Table 2 Two-year event rates in baseline systolic and diastolic blood pressure quartiles

Lowest quartile Second quartile Third quartile Highest quartile P-value for trend

Systolic BP range, mmHg <114 (n = 3614) 114–124 (n = 3817) 125–135 (n = 3502) ≥136 (n = 4086)

Ischaemic stroke 67 (1.9%) 64 (1.7%) 62 (1.8%) 84 (2.1%) 0.441

Major bleeding 70 (1.9%) 73 (1.9%) 77 (2.2%) 99 (2.4%) 0.090
Intracranial haemorrhage 22 (0.6%) 25 (0.7%) 25 (0.7%) 38 (0.9%) 0.090

All-cause death 249 (6.9%) 160 (4.2%) 131 (3.7%) 178 (4.4%) <0.001

Cardiovascular death 97 (2.7%) 63 (1.7%) 49 (1.4%) 66 (1.6%) 0.001
Diastolic BP range, mmHg <65 (n = 3548) 65–71 (n = 3368) 72–79 (n = 3297) ≥80 (n = 4793)

Ischaemic stroke 77 (2.2%) 61 (1.8%) 46 (1.4%) 93 (1.9%) 0.365

Major bleeding 83 (2.3%) 76 (2.3%) 65 (2.0%) 94 (2.0%) 0.174
Intracranial haemorrhage 25 (0.7%) 31 (0.9%) 24 (0.7%) 30 (0.6%) 0.437

All-cause death 288 (8.1%) 136 (4.0%) 125 (3.8%) 169 (3.5%) <0.001

Cardiovascular death 106 (3.0%) 58 (1.7%) 40 (1.2%) 71 (1.5%) 0.001

Data are the number of patients (%). 
BP, blood pressure.

A B

C D

Figure 1 Kaplan–Meier curves of baseline systolic blood pressure quartiles for adverse events. (A) Ischaemic stroke, (B) major bleeding, (C ) all-cause 
death, and (D) cardiovascular death. P-values: comparison among baseline systolic blood pressure quartiles using the log-rank test. BP, blood pressure.
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all-cause and cardiovascular mortality. Second, a baseline systolic BP 
≥150 mmHg was an independent risk factor for major bleeding. Third, 
a baseline diastolic BP ≥80 mmHg was significantly associated with an in-
creased risk of ischaemic stroke in Japanese patients with NVAF.

Impact of low baseline blood pressure on 
mortality
In the present study, a baseline systolic BP <114 mmHg was inde-
pendently associated with all-cause and cardiovascular deaths in 
Japanese patients with NVAF. This is a novel insight from this large 
cohort of Japanese patients with AF. Previous subanalyses of the 
J-RHYTHM Registry16 and the Fushimi AF Registry,18 component 
registries of the J-RISK AF, focused only on thrombo-embolism and 
major bleeding. Since several previous studies have suggested that a 
lower systolic BP is related to a higher risk of all-cause mortality in 
patients with AF,31–34 we further evaluated the impact of a low BP 

on mortality. Although our results support those of previous studies, 
the association of low BP with a high risk of all-cause and cardiovas-
cular deaths seems complicated. Most previous studies were con-
ducted in patients with heart failure32,33 and indicated that patients 
with a lower systolic BP tended to have heart failure, resulting in a 
worse prognosis.34,35 In 187 106 patients with Type 2 diabetes and 
no previous cardiovascular disease from the Swedish national data-
base, the lowest systolic BP group (110–119 mmHg) was associated 
with a significantly increased risk of heart failure and total mortality.36

It was discussed that the association between low BP and increased 
mortality could be caused by concomitant diseases rather than anti-
hypertensive treatment.36 In a large-scale population-based study to 
estimate individual patient BP trajectories for 20 years before 
death,37 systolic and diastolic BP values decreased from 10 to 3 years 
before death, with steeper decreases in the last 2 years of life. 
Decreases in BP values before death were present in individuals 
not treated for hypertension but were the steepest in patients 

A B

C D

Figure 2 Hazard ratios for adverse events in baseline systolic blood pressure quartiles. (A) Ischaemic stroke, (B) major bleeding, (C ) all-cause death, 
and (D) cardiovascular death, hazard ratios are adjusted for components of CHA2DS2-VASc score, anticoagulant and antiplatelet use, atrial fibrillation 
type, cardiomyopathy, antihypertensive drug use, body mass index, estimated glomerular filtration rate, and haemoglobin levels (n = 11 827). BP, blood 
pressure.
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with hypertension, dementia, heart failure, and late-life weight loss.37

Accordingly, these clinical conditions may have become confounders 
for all-cause death.

In the present study, patients in the lower systolic BP quartiles were 
more likely to have poorer clinical conditions, such as older age, lower 
BMI, eGFR, and haemoglobin levels, and more prevalent coronary ar-
tery disease and cardiomyopathy (Table 1). However, even after ad-
justing for these factors in Model 2, the HRs for all-cause and 
cardiovascular deaths in the lowest quartile remained significantly 
higher. Therefore, a baseline systolic BP <114 mmHg could be an in-
dependent indicator of a high risk of mortality. A recent subanalysis of 
the J-RHYTHM Registry further demonstrated that an increase in sys-
tolic BP time in a subtarget range of <110 mmHg during the follow-up 
period tended to be associated with an increased risk of cardiovascu-
lar death.38 These results suggested that a consistent low systolic BP 
may contribute to an increased risk of mortality. In addition, the im-
pact of low baseline BP on mortality was stronger in men than in wo-
men (see Supplementary material online, Table S6).

In the present study, β-blocker use was more frequent in the lower 
baseline systolic BP quartiles. Although β-blocker use is known to con-
tribute to a reduced risk of mortality in patients with heart failure, a 
protective effect of β-blockers on mortality was not observed in the 
present study. This is consistent with a previous meta-analysis of pa-
tients with heart failure and AF.39 However, it is difficult to recommend 
that β-blocker use should be avoided in patients with low systolic BP 
values from this observational study because information regarding 
the degree and type of heart failure such as the New York Heart 
Association class and/or left ventricular ejection fraction was lacking 
in the J-RISK AF.

Lower diastolic BP is known to be associated with reduced coronary 
blood flow.40 Therefore, lower diastolic BP values could be related to 
adverse outcomes, even in patients with AF. In the present study, the 
HRs for all-cause and cardiovascular deaths in the lowest diastolic BP 
quartile were significantly higher than those in the third quartile in 
the unadjusted model and adjusted Model 1 (Tables 3 and 5), as well 
as in systolic BP. However, this statistical significance disappeared after 
adjusting for BMI, eGFR, and haemoglobin levels in Model 2. Therefore, 
these factors may contribute to death more strongly than baseline dia-
stolic BP values. In addition, unknown factors not evaluated in this study 
such as cancer might have affected mortality.

Impact of high baseline blood pressure on 
adverse events
In the present study, the highest baseline systolic BP quartile 
(≥136 mmHg) was not significantly associated with any adverse 
events. This is consistent with previous results of analyses of the 
J-RHYTHM Registry.16 One of the reasons might be that the mean 
baseline systolic BP values were well-controlled to 125.8 mmHg in 
this study’s subjects. Therefore, event risks in the subgroups of pa-
tients with an excessively high systolic BP of ≥150 mmHg other 
than quartiles were additionally evaluated. Consequently, a baseline 
systolic BP ≥150 mmHg was an independent risk factor for major 
bleeding but not for ischaemic stroke or mortality. This is consistent 
with previous results of the Fushimi AF Registry.18 Baseline systolic 
BP per 1 mmHg increase also showed a significantly increased risk 
of major bleeding. Our results indicated that the patients with a base-
line systolic BP ≥150 mmHg were at a higher risk of major bleeding 
(Figure 3) and the rate of major bleeding differed between patients 
with and without oral anticoagulant in the highest quartile 
(≥136 mmHg) (Figure 4). Another recent study from the Swedish 
Primary Care Cardiovascular Database of Skaraborg showed that 
the baseline systolic BP values between 145 and 180 represented a 
significantly higher risk for haemorrhagic stroke compared with a va-
lue of <130 mmHg in patients with AF and hypertension prior to the 
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initiation of anticoagulants.41 Further prospective studies are needed 
to determine an optimal systolic BP target value for patients with AF 
before and during anticoagulation therapy.

In contrast, the highest baseline diastolic BP quartile (≥80 mmHg) 
was significantly associated with ischaemic stroke in the adjusted mod-
els. Moreover, HRs for ischaemic stroke and cardiovascular death fol-
lowed a J-curve. This phenomenon of diastolic BP has often been 
observed in non-AF patient cohorts.42–44

Based on the present results, we propose that even baseline BP va-
lues can be used for risk evaluation in patients with NVAF, that is, lower 
systolic BP for mortality, higher systolic BP for major bleeding, and high-
er diastolic BP for ischaemic stroke.

Limitations
The present study has several limitations that should be mentioned. 
First, this was a post hoc analysis of data from the J-RIKS AF10,24 and 
was therefore only hypothesis-generating in nature. Thus, the optimal 
target BP values could not be determined from the present analyses. 

Second, since all five registries were conducted in Japan, all study sub-
jects in the J-RISK AF were Japanese, except a very small number of 
foreign people who live in Japan. Therefore, the present results may 
not be applicable to other racial/ethnic groups. Third, although HRs 
were fully adjusted for known confounding factors in the multivariable 
analysis, other unknown factors that were not measured in the pre-
sent study could have affected the results. Fourth, the definition of 
hypertension was slightly different among the registries, as described 
in our previous paper.10 The J-RHYTHM Registry19 and the Keio in-
terhospital Cardiovascular Studies22 included a history of hyperten-
sion, but the other registries did not. However, the definition did 
not reflect the present results because only baseline BP values, not 
a diagnosis of hypertension, were used in this subanalysis. Fifth, BP 
measurement methods were not standardized. Blood pressure values 
were obtained using the auscultatory method or an automated sphyg-
momanometer, as appropriate for daily clinical practice in participant 
institutions in each registry. Blood pressure measurement timing 
(morning, afternoon, or exact time) was also unknown. Sixth, changes 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 6 Hazard ratios for adverse events in baseline systolic blood pressure ≥150 mmHg

Ischaemic stroke Major bleeding All-cause death Cardiovascular death

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Univariable (unadjusted)

Systolic BP <150 mmHg Reference — Reference — Reference — Reference —

Systolic BP ≥150 mmHg 1.62 (1.15–2.28) 0.006 1.51 (1.09–2.09) 0.014 1.13 (0.89–1.45) 0.308 0.98 (0.65–1.49) 0.927
Multivariable (Model 1)

Systolic BP <150 mmHg Reference — Reference — Reference — Reference —

Systolic BP ≥150 mmHg 1.41 (0.99–2.00) 0.058 1.46 (1.04–2.04) 0.028 1.07 (0.83–1.37) 0.614 0.92 (0.60–1.41) 0.702
Multivariable (Model 2)

Systolic BP <150 mmHg Reference — Reference — Reference — Reference —

Systolic BP ≥150 mmHg 1.41 (0.94–2.13) 0.097 1.64 (1.12–2.40) 0.012 1.17 (0.89–1.54) 0.309 0.82 (0.51–1.33) 0.430

BP, blood pressure; HR, hazard ratio; CI, confidence interval. 
Model 1: adjusted for the components of CHA2DS2-VASc score, anticoagulant and antiplatelet use, atrial fibrillation type. 
Model 2: adjusted for the variables of Model 1 plus cardiomyopathy, antihypertensive drug use, body mass index, estimated glomerular filtration rate, and haemoglobin levels (n = 11 827).

A B

Figure 3 Kaplan–Meier curves of baseline systolic blood pressure groups for adverse events. (A) Ischaemic stroke and (B) major bleeding. P-values: 
comparison between baseline systolic blood pressure <150 and ≥150 mmHg using the log-rank test. BP, blood pressure.
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in antihypertensive drug use, dosage, and adherence to drugs during 
the follow-up period were not considered in the analysis. Finally, 
only baseline BP values were available for the J-RISK AF. The impact 
of BP values at the time closest to an event, visit-to-visit BP variability, 
and BP consistency during the follow-up period was evaluated only in 
the J-RHYTHM Registry,16,17,38 in which visit-to-visit BP values were 
collected.

Conclusions
In Japanese patients with NVAF, we found that a low baseline systolic 
BP <114 mmHg was significantly associated with higher all-cause and 
cardiovascular mortality. Furthermore, an excessively high systolic BP 
≥150 mmHg was an independent risk factor for major bleeding.
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