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Purpose: Hypertension is associated with incident atrial fibrillation (AF) and AF-related
complications. We investigated the associations between average systolic blood pressure
(SBP) and outcomes in a nationwide cohort of Asian patients with non-valvular atrial
fibrillation (NVAF).
Patients and Methods: A multicenter nationwide registry of patients with NVAF in
Thailand was conducted during 2014–2017. Clinical data, including blood pressure, were
recorded at baseline and then every 6 months. Average SBP was calculated from the average
of SBP from every visit. Cox regression models were used to calculate the rate of clinical
outcomes of interest, ie ischemic stroke or transient ischemic attack (TIA), intracerebral
hemorrhage (ICH), and all-cause death. Average SBP was categorized into three groups:
<120, 120–140, and ≥140 mmHg.
Results: A total of 3402 patients were included, and the mean age was 67.4±11.3 years. The
mean (±SD) baseline and average SBPs were 128.5±18.5 and 128.0±13.4 mmHg, respec
tively. The mean follow-up duration was 25.7±10.6 months. The median rate of ischemic
stroke/TIA, ICH, and all-cause death was 1.43 (1.17–1.74), 0.70 (0.52–0.92), and 3.77 (3.33–
4.24) per 100 person-years, respectively. The rate of ischemic stroke/TIA and ICH was
lowest in patients with average SBP <120 mmHg, and highest among those with average
SBP ≥140 mmHg. The death rates were consistent with a J-curve effect, being lowest in
patients with an average SBP 120–140 mmHg. Sustained SBP control is more important than
the SBP from a single visit.
Conclusion: Sustained control of SBP was significantly associated with a reduction in
adverse clinical outcomes in patients with NVAF.
Keywords: atrial fibrillation, ischemic stroke, intracerebral hemorrhage, blood pressure,
hypertension
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Non-valvular atrial fibrillation (NVAF) is the most common sustained arrhythmia,1
with a greater prevalence and incidence in the elderly.2 More than half of patients
with NVAF have hypertension,3 which is a risk factor for both ischemic and
hemorrhagic stroke.4 Indeed, treatment of hypertension can reduce stroke and
bleeding risk.5 The annual rate of major bleeding and intracerebral hemorrhage
(ICH) in patients who were on warfarin was approximately 1–2% and 0.5%,
respectively.6 Although the non-vitamin K antagonist oral anticoagulants (NOAC)
have a lower rate of ICH compared to warfarin, these drugs are prescribed less than
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warfarin in Thailand due to their comparatively high cost
and the reimbursement policies of the national healthcare
coverage schemes in Thailand.7 The presence of uncon
trolled hypertension can lead to bleeding, especially in
patients who are on oral anticoagulants (OAC).8
The J-curve effect has been demonstrated in patients
with diabetes9 and coronary artery disease.10 Results of the
SPRINT trial showed that the rate of cardiovascular events
and death was lower among patients with a systolic blood
pressure less than 120 mmHg.11 Thus, the results of the
SPRINT trial do not support the J-curve theory leading to
a guideline recommendation of a lower blood pressure
target, especially in the presence of hypertensive target
organ damage.12,13 There has been no specific recommen
dation that the treatment of hypertension in NVAF should
be different from the treatment of hypertension in nonNVAF patients.5,12
The aim of this study was to investigate the associa
tions between average systolic blood pressure (SBP) and
clinical outcomes in a nationwide cohort of Asian patients
with NVAF using prospective data from a multicenter
nationwide NVAF registry in Thailand.

Methods
Study Population, Study Protocol and
Data Collection
The COhort of antithrombotic use and Optimal INR Level
in patients with non-valvular Atrial Fibrillation in Thailand
(COOL-AF) registry is a prospective multicenter registry of
patients with NVAF that was conducted from 2014 to
2017.7 We enrolled patients with NVAF aged older than
18 years. Patients who had the following conditions were
excluded: 1) rheumatic valvular disease; 2) mechanical
heart valve; 3) hematologic conditions that increased bleed
ing risk, such as thrombocytopenia and myeloproliferative
disorders; 4) NVAF from transient reversible cause, such as
pneumonia; 5) life expectancy less than 3 years; 6) ischemic
stroke within 3 months; 7) could not attend follow-up
visits; 8) pregnancy; and/or 9) refusal to participate. For
this study, patients needed to have at least 6 months of
follow-up data. Details of study population and study pro
tocol were previously described.7 The protocol for this
study was approved by the Institutional Review Board
(IRB) of Faculty of Medicine, Siriraj Hospital, Mahidol
University, Faculty of Medicine, Chulalongkorn
University, Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Faculty of Medicine, Chiang Mai
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University, Police General Hospital, Phramongkutklao
College of Medicine, Faculty of Medicine Vajira Hospital,
Navamindradhiraj University, Central Chest Institute of
Thailand, Faculty of Medicine, Prince of Songkla
University, Faculty of Medicine, Thammasat University,
Rangsit Campus, Faculty of Medicine, Naresuan
University, Faculty of Medicine, Khon Kaen University,
Golden Jubilee Medical Center, Charoen Krung Pracha
Rak Hospital, Lampang Hospital, Nakornping Hospital,
Prapokklao Hospital (Chanthaburi), Maharat Nakhon
Ratchasima Hospital, Suratthani Hospital, Chonburi
Hospital, Buddhachinaraj Hospital, Sapphasitthiprasong
Hospital, Ratchaburi Hospital, Chiangrai Prachanukroh
Hospital, Udonthani Hospital, Queen Savang Vadhana
Memorial Hospital, Surin Hospital. All patients gave writ
ten informed consent prior to participation.
The following baseline data were recorded: 1) demo
graphic data; 2) weight and height; 3) blood pressure and
pulse rate; 4) risk factors (diabetes, hypertension, smoking,
dyslipidemia); 5) the components of the CHA2DS2-VASc
and HAS-BLED scores; 6) comorbidities (heart failure,
coronary artery disease, stroke); 7) laboratory data; 8)
cardiac investigations (ECG, echocardiogram); and 9)
medications, including anticoagulants and antiplatelets.
Investigators were instructed to measure blood pressure
according to guideline recommendation.12 To improve
accuracy of blood pressure measurement in patients with
AF, investigator were encouraged to take three blood
pressure measurements and recording the average.14 All
required data were entered into a web-based system. Site
monitoring was performed at every study site to confirm
data quality and to ensure that the study was conducted
according to good clinical practice (GCP) guideline.

Outcomes
The following outcomes were collected: 1) death and
cause of death; 2) ischemic stroke or transient ischemic
attack (TIA); 3) major bleeding, including intracerebral
hemorrhage (ICH); 4) heart failure; and, 5) myocardial
infarction. For this study, we focused on ischemic stroke/
TIA, ICH, and all-cause death. The occurrence and date of
each clinical outcome was recorded in the case record
form and the web-based system. For all outcomes, inves
tigators had to upload the source documents used to sup
port the outcomes into the web-based system. Source
documents were sent to adjudication committee members
to conclude the presence or absence of clinical outcomes.
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Queries seeking additional information or clarification
were made when needed.

Definitions of Outcomes
Ischemic stroke was defined as acute onset of neurological
deficit lasting for at least 24 hours. The diagnosis was
confirmed by the physician after a review of clinical
information and imaging data. TIA was defined similar to
ischemic stroke, but the duration of the neurological deficit
is less than 24 hours. ICH was defined as acute onset of
neurological deficit caused by bleeding within the central
nervous system that was confirmed by imaging.

Statistical Analysis
Continuous data are described as mean plus/minus stan
dard deviation (SD), and categorical data are presented as
number and percentage. Average SBP was calculated by
adding all of the SBP values from all visits, and then
divided that sum by the number of visits. Patients were
categorized into the three following groups based on
average SBP: Group 1, <120 mmHg; Group 2, 120–140
mmHg; and Group 3, ≥140 mmHg. Comparisons of con
tinuous data among three groups were performed by
analysis of variance (ANOVA) test with Bonferroni post
hoc analysis. Comparisons of categorical data among
three groups were performed by chi-square test with
Bonferroni post hoc analysis. Occurrence of clinical out
comes is described by rate per 100 person-years and 95%
confidence interval (CI). The results of survival analysis
of clinical outcomes compared among the three average
SBP groups were compared using Log rank test. Cubic
spline graph was used to calculate the hazard ratio and
95% CI of clinical outcomes with average SBP being
considered as a continuous data. Cox proportional
hazards model was used to perform univariate and multi
variate analysis to determine the effect of average SBP
on each clinical outcome. Multivariate analysis was then
performed to determine the effect of average SBP on
each clinical outcome with two models of adjustment: 1)
adjustment for baseline covariates, including age, gender,
risk factors, and comorbidities, and antithrombotic medi
cations and 2) adjustment for time varying covariates for
the factors mentioned in model 1. Cox model was also
used to calculate the rate of clinical outcome with “death
without event” considered to be a competing risk.
Generalized estimating equation (GEE) with exchange
able correlation structure was used to determine the effect
of the average SBP groups on clinical outcomes with the
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adjustment of time varying covariates. Sensitivity analy
sis was performed for the assessment of the relationship
between the three average SBP groups and clinical out
comes using Cox proportional hazards model and cubic
spline graph in which average SBP was treated as
a continuous variable. Sensitivity analysis was also per
formed for the assessment of the interaction test among
focused subgroups, ie, 1) with and without history of
hypertension, 2) with and without antihypertensive
drugs, 3) with and without OAC, 4) with and without
CKD, and 5) with and without exclusion of type 2
diabetes or eGFR <20 mL/min/1.73 m2 mimicking exclu
sion population of SPRINT trial. All analyses were per
formed using SPSS statistical software version 18.0
(SPSS, Inc., Chicago, IL, USA) and R version 3.6.3
(www.r-project.org).

Results
Baseline Characteristics
There were a total of 3402 patients (mean age was 67.4
±11.3 years; 58.2% male) were included. The mean ±SD
baseline and average SBPs were 128.5±18.5 and 128.0
±13.4 mmHg, respectively. The study population was cate
gorized into three groups according to average SBP, as
follows: Group 1 (average SBP <120 mmHg) 922 patients,
Group 2 (average SBP ≥120, but <140 mmHg) 1866
patients, and Group 3 (average SBP ≥140 mmHg) 614
patients. Baseline characteristics of the entire study popu
lation, including a comparison among the three average
SBP groups, are shown in Table 1. Overall, Group 3 had
more elderly subjects and females; as well as more parox
ysmal AF, diabetes mellitus, dyslipidemia and antiplatelet
therapy use; as well as higher mean CHA2DS2-VASc and
HAS-BLED scores; and were less likely to have heart
failure.

Average SBP and Rate of Clinical
Outcomes
The mean follow-up duration was 25.7±10.6 months or
7192.6 person-years. The incidence rate of ischemic
stroke/TIA, ICH, and all-cause death per 100 person-years
in Group 1, Group 2, and Group 3 (Table 2). The median
(range) overall rate of ischemic stroke/TIA, ICH, and allcause death was 1.43 (1.17–1.74), 0.70 (0.52–0.92), and
3.77 (3.33–4.24) per 100 person-years, respectively. The
bar graph in Figure 1 shows comparisons of the event
rates among the three average SBP groups. The rate of
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Table 1 Baseline Demographic and Clinical Characteristics Among the Three Average SBP Groups
Characteristics

All Patients

SBP Average

SBP Average 120 to

SBP Average

(N=3402)

<120 (n=922)

<140 (n=1866)

≥140 (n=614)

67.4±11.3

65.6±12.4

67.5±10.8

69.5±10.5

<0.001

1422 (41.8%)

368 (39.9%)

760 (40.7%)

294 (47.9%)

0.003

3.36±4.33

3.43±4.03

3.46±4.58

2.95±3.91

0.022

Atrial fibrillation
- Paroxysmal
- Persistent

1148 (33.7%)
643 (18.9%)

271 (29.4%)
189 (20.5%)

640 (34.3%)
336 (18.0%)

237 (38.6%)
118 (19.2%)

- Permanent

1611 (47.4%)

462 (50.1%)

890 (47.7%)

259 (42.2%)

Symptomatic AF

2618 (77.0%)

728 (79.0%)

1430 (76.6%)

460 (74.9%)

0.163

History of heart failure

912 (26.8%)

320 (34.7%)

436 (23.4%)

156 (25.4%)

<0.001

History of coronary artery disease
Cardiac implantable electronic device

547 (16.1%)
341 (10.0%)

167 (8.1%)
104 (11.3%)

279 (15.0%)
189 (10.1%)

101 (16.4%)
48 (7.8%)

0.098
0.084

History of ischemic stroke/TIA

592 (17.4%)

173 (18.8%)

322 (17.3%)

97 (15.8%)

0.314

Diabetes mellitus
History of hypertension

839 (24.7%)
2328 (68.4%)

165 (17.9%)
466 (50.6%)

483 (25.9%)
1330 (71.3%)

191 (31.1%)
532 (86.6%)

<0.001
<0.001

Smoking

678 (19.9%)

205 (22.2%)

370 (19.8%)

103 (16.8%)

0.032

Dyslipidemia
CKD (n = 2538)

1915 (56.3%)
1594 (62.8%)

468 (50.8%)
429 (62.2%)

1084 (58.1%)
879 (63.3%)

363 (59.1%)
286 (62.3%)

<0.001
0.860

Age (years)
Female gender
Time after diagnosis of AF (years)

p-value

0.002

Renal replacement therapy

40 (1.2%)

7 (0.8%)

23 (1.2%)

10 (1.6%)

0.285

Dementia
History of bleeding

29 (0.9%)
323 (9.5%)

8 (0.9%)
89 (9.7%)

16 (0.9%)
181 (9.7%)

5 (0.8%)
53 (8.6%)

0.993
0.722

CHA2DS2-VASc score
−0

196 (5.8%)

68 (7.4%)

114 (6.1%)

14 (2.3%)

422 (12.4%)
2784 (81.8%)

462 (50.1%)
711 (77.1%)

890 (47.7%)
1525 (81.7%)

259 (42.2%)
548 (89.3%)

490 (14.4%)

155 (16.8%)

270 (14.5%)

65 (10.6%)

− 1–2
- ≥3

2373 (69.8%)
539 (15.8%)

634 (98.8%)
133 (14.4%)

1319 (70.7%)
277 (14.8%)

420 (68.4%)
129 (21.0%)

Antiplatelet

890 (26.2%)

253 (27.4%)

458 (24.5%)

179 (29.2%)

Anticoagulant

2566 (75.4%)

695 (75.4%)

1419 (76.0%)

452 (73.6%)

- Warfarin
- NOACs

2338 (68.7%)
228 (6.7%)

638 (69.2%)
57 (6.2%)

1288 (69.0%)
131 (7.0%)

412 (67.1%)
40 (6.5%)

3091 (90.9%)
2476 (72.8%)

842 (91.3%)
727 (78.9%)

1681 (90.1%)
1318 (70.6%)

568 (92.5%)
431 (70.2%)

0.166
<0.001*

−1
- ≥2
HAS-BLED score
−0

Antihypertensive agents
-Beta-blockers

<0.001

<0.001

0.046

-Calcium channel blockers

934 (27.5%)

141 (15.3%)

558 (29.9%)

235 (38.3%)

<0.001*

-ACEI
-ARB

758 (22.3%)
814 (23.9%)

230 (24.9%)
159 (17.2%)

382 (20.5%)
449 (24.1%)

146 (23.8%)
206 (33.6%)

0.017*
<0.001*

-Aldosterone blockade
-Diuretics

280 (8.2%)

149 (16.2%)

101 (5.4%)

30 (4.9%)

<0.001*

1030 (30.3%)

358 (38.8%)

506 (27.1%)

166 (27.0%)

<0.001*

Notes: Data presented as mean ± standard deviation or number and percentage. *A p-value<0.05 indicates statistical significance.
Abbreviations: SBP, systolic blood pressure; AF, atrial fibrillation; TIA, transient ischemic attack; NOAC, non-vitamin K antagonist oral anticoagulant; ACEI, angiotensin
converting enzyme inhibitor; ARB, angiotensin receptor blocker.

ischemic stroke/TIA was lowest in Group 1, and highest in
Group 3. The death rate was lowest in Group 2 compared to
Group 1 and Group 3.
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The cumulative event rates of ischemic stroke/TIA,
ICH, and all-cause death in Groups 1, 2, and 3 over time
during follow-up are shown in Figure 2. A comparison
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Table 2 Rate of Clinical Outcomes Among the Tthree Different Baseline SBP Groups and Among the Three Different Average SBP
Groups
SBP Groups

Number of

Number

100

Rate per 100 Person-

Absolute 2-Year Risk (95% CI)

Patients

of Events

PersonYears

Years (95% CI)

(Death as Competing Risk)

Ischemic Stroke/TIA
Baseline SBP (mmHg)
<120
120–140

1097
1426

29
38

22.64
30.41

1.28 (0.86–1.84)
1.25 (0.88–1.72)

2.32 (1.68–3.12)
2.86 (2.28–3.54)

≥140

879

36

18.87

1.91 (1.34–2.64)

3.52 (2.46–4.85)

<120
120–140

922
1866

18
55

18.88
40.21

0.95 (0.57–1.51)
1.37 (1.03–1.78)

2.41 (1.80–3.16)
3.00 (2.36–3.76)

≥140

614

30

12.83

2.34 (1.58–3.34)

3.73 (2.45–5.40)

Average SBP (mmHg)

ICH
Baseline SBP (mmHg)
<120

1097

7

22.64

0.31 (0.12–0.64)

1.15 (0.70–1.79)

120–140

1426

22

30.41

0.72 (0.45–1.10)

1.41 (1.02–1.90)

≥140

879

21

18.87

1.11 (0.69–1.70)

1.73 (1.02–2.78)

<120
120–140

922
1866

5
30

18.88
40.21

0.26 (0.09–0.62)
0.75 (0.50–1.07)

1.28 (0.84–1.86)
1.44 (1.02–2.00)

≥140

614

15

12.83

1.17 (0.65–1.93)

1.63 (0.84–2.88)

Average SBP (mmHg)

Death
Baseline SBP (mmHg)
<120

1097

85

22.64

3.75 (3.00–4.64)

120–140

1426

102

30.41

3.35 (2.73–4.07)

≥140

879

84

18.87

4.45 (3.55–5.51)

<120
120–140

922
1866

90
125

18.88
40.21

4.77 (3.83–5.86)
3.11 (2.59–3.70)

≥140

614

56

12.83

4.37 (3.30–5.57)

Average SBP (mmHg)

Abbreviations: SBP, systolic blood pressure; CI, confidence interval; TIA, transient ischemic attack; ICH, intracranial hemorrhage.

among groups by Log rank test showed similar trends as
that described in Figure 1.

Univariate and Multivariate Analysis
Univariate and multivariate analysis was performed to deter
mine the effect of baseline and average SBP on the clinical
outcomes. Figure 3 shows forest plots of unadjusted hazard
ratio (HR) and 95% confidence interval (CI) for the effect of
baseline and average SBP on ischemic stroke/TIA, ICH, and
all-cause death, with Group 1 as a reference group for ischemic
stroke/TIA and ICH, and Group 2 as the reference group for
all-cause death. For each clinical outcome, the effect of average
SBP was stronger than the effect of baseline SBP alone.
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Figure 3 shows multivariate analysis of the effect of
SBP on ischemic stroke/TIA, ICH, and all-cause death
based on 1) baseline SBP 2), average SBP 3) average
SBP adjusted for baseline covariates and 4) average SBP
adjusted for time varying covariates. The rate of ischemic
stroke/TIA and ICH was lowest in patients with average
SBP <120 mmHg, and highest among those with average
SBP ≥140 mmHg. The death rates were consistent with
a J-curve effect, being lowest in patients with an average
SBP 120–140 mmHg. Sustained SBP control is more
important than the SBP from a single visit. Baseline SBP
was not significantly predict ischemic stroke/TIA, whereas
average SBP with or without adjustment of covariates
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Figure 1 Rate of ischemic stroke/transient ischemic attack (TIA), intracerebral hemorrhage (ICH), and death compared among the three average systolic blood pressure
(SBP) groups (<120, 120–140, and ≥140 mmHg).

significantly predict ischemic stroke/TIA. For ICH, the
outcome was associated with both baseline SBP and aver
age SBP. For death, average SBP also associated with
outcome more than baseline SBP. When we analyzed the
causes of death, we found that the proportions of cardio
vascular and non-cardiovascular death were not different
among the three groups of average SBP. Since CKD data
was based on laboratory results, it was available in 2538
patients (74.6%). Mean eGFR was 55.9±21.3 mL/min/
1.73 m2. CKD stage 3–5 was present in 1594 patients
(62.8%). Since CKD data had a significant proportion of
missing data, we did not decide to use CKD for multi
variate analysis despite the fact that imputation may be
performed. For univariate analysis, CKD significantly
increased risk of Ischemic stroke/TIA and all-cause death
with HR and 95% CI of 2.21 (1.27–3.84, p=0.005) and
1.56 (1.16–2.10, p=0.003) respectively but did not increase
risk of ICH, HR (95% CI) = 1.19 (0.63–2.25, p=0.601).
The significant effect of average SBP on clinical out
comes remained after adjustment for both baseline covari
ates and time varying covariates. Left ventricular ejection
fraction (LVEF) was lowest in patients with an average
SBP lower than 120 mmHg, whereby the mean LVEF
values in patients with an average SBP <120, 120–140,
and ≥140 mmHg were 54.8±16.6%, 61.3±13.4%, and 63.4
±13.5%, respectively (p<0.001). The rate of cardiovascular
causes of death was not significantly different among the
three groups of average SBP (4.0%, 3.1%, and 4.4% in
patients with average SBP <120, 120–140, and ≥140
mmHg, respectively).
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Sensitivity Analysis
We analyzed the relationship between the three average SBP
groups and clinical outcomes using Cox proportional
hazards model in which average SBP was treated as
a continuous variable. The results of that analysis are
shown as a cubic spline graph in Figure 4. The risk of
ischemic stroke/TIA and ICH increased, as shown by an
HR greater than 1 when the average SBP was greater than
130 mmHg and 125 mmHg, respectively. Regarding allcause death, the risk of all-cause death increased when the
average SBP was greater than 140 or lower than 120 mmHg.
We performed interaction tests to determine whether
there is a difference in the impact of average SBP and
clinical outcomes between patients 1) with and without
history of hypertension, 2) with and without antihyperten
sive drugs, 3) with and without OAC, 4) with and without
CKD, and 5) with and without exclusion of type 2 diabetes
or eGFR <20 mL/min/1.73 m2 mimicking exclusion popu
lation of SPRINT trial. The results of interaction test We
found no significant interaction among patients with and
without these subgroups on the effect of average SBP on
ischemic stroke/TIA, ICH, and all-cause death (Figure 5).

Discussion
In this prospective multicenter nationwide NVAF registry
our principal findings are as follows: 1) the risk of
ischemic stroke/TIA and ICH increased as the average
SBP increased; 2) the rate of ischemic stroke/TIA and
ICH was lowest in patients with average SBP <120
mmHg, and highest among those with average SBP ≥140

Clinical Interventions in Aging 2021:16
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Figure 2 (A) Cumulative event rate over time for ischemic stroke/transient
ischemic attack (TIA), (B) intracerebral hemorrhage (ICH), and (C) death (C)
among the three average systolic blood pressure (SBP) groups (<120, 120–140,
and ≥140 mmHg).

mmHg; 3) the death rates were consistent with a J-curve
effect, being lowest in patients with an average SBP 120–
140 mmHg; and 4) sustained SBP control is more impor
tant than the SBP from a single visit.
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Previous studies observed a J-curve effect of blood
pressure lowering, which means that the rate of adverse
outcomes increased when the SBP become too low after
treatment.10,15 Other data from meta-analysis have demon
strated that intensive BP lowering can reduce the risk of
cardiovascular events,16 which is consistent with the
results of the SPRINT study, which targeted SBP control
at 120 mmHg.11 Thus, it has been recommended that the
SBP should not be lower than 120 mmHg during hyper
tension treatment.12 However, the data in patients with
NVAF are limited. It has been shown that both oscillo
metric and automated blood pressure measurements were
accurate and reliable in patients with NVAF.14,17,18 Recent
data from the RELY study showed that achievement of
blood pressure control was related to clinical outcomes,19
whereby the lowest event rates for death, ischemic stroke,
and bleeding were achieved at an SBP of 120–140 mmHg.
The event rates of patients with an achieved SBP greater
than 140 or lower than 120 mmHg were greater than in
those with an achieved SBP of 120–140 mmHg.
Data from the Action to Control Cardiovascular Risk
in Diabetes (ACCORD) Study demonstrated that allcause mortality had a trend towards an increased risk in
type 2 diabetes patients with tight control of SBP to
below 120 mmHg.9 Similarly, The prospective observa
tional longitudinal registry of patients with stable coron
ary artery disease (CLARIFY) showed that among
patients with stable CAD, the risk of the composite out
come including cardiovascular death, myocardial infarc
tion, and stroke increased when the SBP was below 120
mmHg.10 For patients with combined type 2 diabetes and
CAD, results from the International Verapamil SRTrandolapril Study (INVEST) indicated that tight control
group targeted at SBP below 130 mmHg had an
increased risk of composite outcome of all-cause death,
myocardial infarction, and ischemic stroke.20 It has been
postulated that when the SBP becomes too low, perfusion
to the heart and brain may be inadequate, which results in
an increased risk of adverse events.21 The SPRINT study
demonstrated that subjects with a tight control strategy
(SBP aim less than 120 mmHg) had a lower rate of
clinical outcomes compared to the usual strategy, which
aimed for a SBP less than 140 mmHg.11 The results of
the SPRINT trial informed guideline changes in recom
mended target SBP levels.12,13 We analyzed the associa
tion of antihypertensive drugs used and average SBP
below 120 mmHg. The results showed that use of anti
hypertensive drugs was not different in patients with
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Figure 3 Hazard ratio (HR) and 95% confidence interval (CI) for (A) ischemic stroke/transient ischemic attack (TIA), (B) intracerebral hemorrhage (ICH), and (C) death
(C) among the three average systolic blood pressure (SBP) groups (<120, 120–140, and ≥140 mmHg) with and without adjustment for baseline and time-varying covariates.

average SBP <120 versus ≥120 mmHg (91.3% vs 90.7%,
p=0.566). Therefore, the differences in clinical outcomes
among different average SBP groups should not be
related to antihypertensive drugs use. Besides, we did
not find any significant interaction between the use of
antihypertensive drugs and the three clinical outcomes,
namely ischemic stroke/TIA, ICH, and all-cause death
(interaction p-value 0.178, 0.694, and 0.485,
respectively).
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The results of our cohort study are different from those
reported from the RELY study in that we could not demon
strate a J-curve effect for ischemic stroke and ICH in our
population. The rate of ischemic stroke and ICH in our study
was lowest in patients with an average SBP lower than 120
mmHg, and highest in those with an SBP >140 mmHg.
However, the J-curve effect was present for the death outcome
in our study. We showed that the average SBP to be superior to
single-visit SBP or baseline SBP for predicting clinical
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Figure 4 Cubic spline graph showing the adjusted hazard ratio (HR) and 95%
confidence interval (CI) for (A) ischemic stroke/transient ischemic attack (TIA), (B)
intracerebral hemorrhage (ICH), and (C) death relative to average systolic blood
pressure (SBP) as a continuous variable.

outcomes. One previous study showed mean achieved SBP to
be more important than baseline SBP for predicting death and
major bleeding.19 This indicates that sustained SBP adherence
should be recommended to improve clinical outcomes.
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We showed that the average SBP to be superior to
single-visit SBP or baseline SBP for predicting clinical
outcomes. Although the results of our study suggest that
the ischemic stroke and ICH outcomes to be lowest in
patients with an average SBP lower than 120 mmHg, this
group had an increased risk of all-cause death compared to
those with an average SBP 120–140 mmHg. Although the
observed difference in LVEF may play a role in the
increased death rate among patients with an average SBP
<120 mmHg, we could not demonstrate that cardiovascu
lar causes of death were increased in these patients. The
average SBP of our study was 128 mmHg, which is
relatively within normal range. Antihypertensive drugs
were used in 90.9%, which may be one of the reasons
why the SBP was not high. The sensitivity analysis of our
data demonstrated that there was no significant interaction
among focused subgroups based on history of hyperten
sion, use of antihypertensive agents, use of OAC, presence
of CKD, and SPRINT mimicked population, which
reflected that the results of our study are relatively con
sistent among subgroups.
Our results support the data from the Korean
National Health Insurance Service database from
246,459 NVAF patients during 2005–2015, which is
data from Asian population like our study population.
They showed that long-term strict control of SBP was
associated with a reduction in ischemic stroke risk.22
Their results support the control of SBP target to less
than 120 mmHg. With our nationwide multicenter reg
istry design, we could control the quality of data via the
use of a well-planned prospective registry design. We
also monitored for data quality at every study site.
Moreover, we included other outcomes, such as ICH
and all-cause death. Data from the FUSHIMI study,
which enrolled 3713 Japanese patients with NVAF,
demonstrated that history of hypertension was not
a predictor of ischemic stroke or major bleeding; how
ever, uncontrolled hypertension defined as a baseline
SBP ≥150 mmHg was found to be a predictor of
ischemic stroke and major bleeding.23 We also demon
strated that average SBP, which reflects sustained con
trol of SBP, is more important than baseline SBP for
predicting clinical outcome. This finding supports the
theory of integrated AF management, ie the “C” of the
ABC (Atrial fibrillation Better Care) pathway recom
mended in guidelines, which refers to cardiovascular
and comorbidity risk optimization.5,24
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Figure 5 Forest plot of Hazard ratio and 95% confidence interval selected subgroups of patients with atrial fibrillation on clinical outcomes (A–C).

Limitations
Our study has some limitations. First, our study population
was mainly enrolled from large community hospitals or uni
versity hospitals. Because we did not include patients from all
care level settings, the generalizability of our findings could be
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limited. Second, the majority of NVAF patients received OAC,
and OAC might affect clinical outcomes. Therefore, the results
of this study may not reflect the effect of SBP control in NVAF
per se. In our study 75.4% of the patients were on OAC, and
NOACs were used in 8.9% of those who were on OAC. Third,
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not all patients in our study had hypertension. Hypertension
was present in 68.4% of the patients in our study. Therefore,
the results of our study should not be interpreted as the target
SBP in patients with AF and hypertension. The results of our
study reflect a comparison of clinical outcomes among patients
with NVAF who had different average SBP levels. We also
analyzed the interaction of specific subgroups such as history
of hypertension versus no history of hypertension, OAC ver
sus no OAC, etc. We found no significant interaction between
these subgroups on the effect of average SBP on ischemic
stroke/TIA, ICH, and all-cause death. Although CKD has been
considered as a high risk factor of patients with NVAF,25 we
did not include CKD in multivariate analysis due to
a significant proportion of missing data.

Conclusion
Average SBP is related to ischemic stroke/TIA, ICH, and
all-cause death in patients with NVAF. The rate of
ischemic stroke/TIA and ICH was lowest in patients with
average SBP <120 mmHg, and highest in those with
average SBP ≥140 mmHg. In contrast, the death rate
demonstrated a J-curve effect, being lowest in patients
with average SBP 120–140 mmHg. Sustained control of
SBP was significantly associated with lower adverse clin
ical outcomes in patients with NVAF.
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