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ORIGINAL RESEARCH

Impact of Achieving Blood Pressure Targets 
and High Time in Therapeutic Range on 
Clinical Outcomes in Patients With Atrial 
Fibrillation Adherent to the Atrial Fibrillation 
Better Care Pathway: A Report From the 
COOL-AF Registry
Rungroj Krittayaphong , MD; Arjbordin Winijkul , MD; Komsing Methavigul , MD; Gregory Y. H. Lip , MD

BACKGROUND: We aimed to determine the effect of integrating Atrial Fibrillation Better Care pathway compliance in relation to 
achievement of systolic blood pressure (SBP) targets and good control of time in therapeutic range (TTR) on clinical outcomes 
in patients with atrial fibrillation.

METHODS AND RESULTS: We prospectively enrolled patients with nonvalvular atrial fibrillation  from 27 hospitals in Thailand. All 
clinical outcomes were recorded. Main outcomes were the composite of all-cause death or ischemic stroke/systemic embo-
lism (SSE), as well as secondary outcomes of all-cause death, SSE, major bleeding, intracranial hemorrhage, and heart failure. 
An SBP of 120 to 140 mm Hg was considered good blood pressure control. Target TTR was a TTR ≥65%. A total of 3405 
patients were studied (mean age 67.8 years, 41.8% female). Full ABC pathway compliance was evident in 42.7%. For blood 
pressure control, 41.9% had SBP within target, whereas 35.9% of those on warfarin had TTR within target. The incidence rates 
of all-cause death/SSE, all-cause death, SSE, major bleeding, intracranial hemorrhage, and heart failure were 5.29, 4.21, 1.51, 
2.25, 0.78, and 2.84 per 100 person-years respectively. Adjusted hazard ratios and 95% CI of Atrial Fibrillation Better Care 
pathway compliance for all-cause death/SSE, all-cause death, and heart failure were 0.76 (0.62–0.94), 0.79 (0.62–0.99), and 
0.69 (0.51–0.94), respectively, compared with noncompliance. Patients with Atrial Fibrillation Better Care compliance and SBP 
within target had a better outcome or TTR within target had better outcomes.

CONCLUSIONS: In COOL-AF (Cohort of Antithrombotic Use and Optimal International Normalized Ratio Level in Patients With 
Non-Valvular Atrial Fibrillation in Thailand), a multicenter nationwide prospective cohort of patients with atrial fibrillation, achiev-
ing SBP within target and TTR ≥ 65% has added value to Atrial Fibrillation Better Care pathway compliance in the reduction 
of adverse clinical outcomes in patients with atrial fibrillation.
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Nonvalvular atrial fibrillation (AF) is one of the leading 
causes of cardiovascular morbidity and mortality,1,2 
as well as hospitalizations and increasing health 

care costs.3 A majority of patients with AF are at risk of 

ischemic stroke and, therefore, need oral anticoagulant 
(OAC) for stroke prevention.4 Although OAC reduces 
stroke and all-cause mortality in AF, a residual risk of 
death and other cardiovascular complications remains.5 
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A significant proportion of patients with AF have comor-
bidities such as hypertension, and much more focus has 
been directed to a more holistic or integrated care ap-
proach to AF management, based on the Atrial Fibrillation 
Better Care (ABC) pathway.6 Compliance with such an 
approach is associated with improved outcomes over-
all7–11 and hence, adopted by guidelines.12,13

Specific factors that have a strong impact on clini-
cal outcomes include optimal blood pressure level14,15 
and time in therapeutic range (TTR) for those who 
are on warfarin.16,17 Of note, the majority of OAC use 
in Thailand (and many other developing countries) is 
warfarin owing to the low cost. Indeed, good TTR con-
trol was associated with a reduced risk of ischemic 
stroke, major bleeding, and death.16,18,19 Also, the op-
timal systolic blood pressure (SBP) should be 120 to 
140 mm Hg.14,15,20

We therefore hypothesized that the clinical out-
comes of patients who comply with the ABC pathway 
would be better if blood pressure and TTR were op-
timized, compared with those who did not. The aim 
of this study was to determine the incremental effect 
of integrating ABC pathway compliance in relation 
to achievement of blood pressure targets and good 
TTR on clinical outcomes in a prospective cohort of 
patients with AF on all-cause death, ischemic stroke/
systemic embolism (SSE), major bleeding, intracranial 
hemorrhage (ICH), and heart failure (HF) during the 
mean follow-up of 32 months.

METHODS
The data set that was used to support the results and 
conclusion of this study is included within the article. 
The additional data are available from the correspond-
ing author upon reasonable request.

Study Population
The COOL-AF (Cohort of Antithrombotic Use and 
Optimal International Normalized Ratio [INR] Level in 
Patients With NonValvular Atrial Fibrillation in Thailand) 
registry is a prospective multicenter nationwide regis-
try of patients with nonvalvular AF that was conducted 
in 27 centers in Thailand. Patients with nonvalvular AF 
aged at least 18 years were enrolled. ECG confirmation 
of AF is required. Patients with the following conditions 
were excluded: (1) mechanical heart valve, (2) rheumatic 
mitral valve disease, (3) AF from transient conditions, 
(4) life expectancy less than 3 years, (4) pregnancy, (5) 
hematologic disease that increased risk of bleeding, (6) 
unable to have the follow-up visit, and (7) refuse partici-
pation. Primary objective of the COOL-AF registry is to 
determine antithrombotic pattern and to identify opti-
mal INR for Thai population and clinical outcomes. This 
study was approved by the institutional review board 
of participating hospitals. Each patient gave informed 
consent. The study was conducted in accordance with 
the principles set forth in the Declaration of Helsinki 
and the International Conference on Harmonization for 
Good Clinical Practice Guidelines.

Study Protocol
Investigators were instructed to enroll consecutive 
cases. Investigators reviewed medical records and in-
terviewed patients to acquire the baseline information. 
The data were recorded in the case record form and 
entered in the web-based system. Once the required 
information was recorded, the data were transferred 
to the central data management site where the data 
were validated to ensure the correctness. Site moni-
toring was performed for all participating hospitals to 
check the data quality with the source document and 

CLINICAL PERSPECTIVE

What Is New?
•	 Patients with atrial fibrillation had a high rate 

of adverse clinical outcomes including death, 
ischemic stroke/systemic embolism, major 
bleeding, and heart failure.

•	 Achieving systolic blood pressure within target 
and time in therapeutic range of international 
normalized ratio has an incremental value to 
Atrial Fibrillation Better Care pathway compli-
ance in the reduction of adverse clinical out-
comes in patients with atrial fibrillation.

What Are the Clinical Implications?
•	 Treatment of patients with atrial fibrillation should 

not focus only on stroke prevention but should 
provide a holistic approach including symptom 
management and treatment of comorbidities.

•	 Treatment of comorbidities in patients with atrial 
fibrillation should not focus only on giving the 
medications but also on achieving the target of 
treatments.

Nonstandard Abbreviations and Acronyms

ABC	 Atrial Fibrillation Better Care
COOL-AF	 Cohort of Antithrombotic Use and 

Optimal International Normalized 
Ratio Level in Patients With Non-
Valvular Atrial Fibrillation in Thailand

ICH	 intracranial hemorrhage
OAC	 oral anticoagulant
SSE	 ischemic stroke/systemic embolism
TTR	 time in therapeutic range
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confirm the good clinical practice compliance of the 
study teams. Follow-up data at 6, 12, 18, 24, 30, and 
36 months after the initial visit were recorded.

Data Collection
Baseline information was (1) demographic data, (2) 
weight and height, (3) vital signs, (4) symptoms and 
physical examination, (5) types and duration of AF, (6) 
laboratory data including INR, (7) medical history, (8) 
investigations such as echocardiogram, and (9) medi-
cations. Each component of the CHA2DS2VASc score 
was scored and recorded, as follows: C=congestive 
HF (1 point); H=hypertension (1 point); A=age >75 years 
(2 points); D=diabetes (1 point); S=stroke (2 points); 
V=vascular disease (1 point); A=age 65–74 (1 point); 
and Sc=female sex category (1 point). Each compo-
nent of the HAS-BLED score was scored and recorded, 
as follows: uncontrolled Hypertension, Abnormal renal, 
or liver function; history of Stroke; history of Bleeding; 
Labile INR; Elderly (age above 65 years); and Drugs or 
alcohol (1 point each). ABC pathway data were col-
lected according to the original description,6 as de-
scribed in Figure 1; A for Avoid stroke is defined by the 
appropriate use of OAC, B for Better symptom man-
agement is defined by the European Heart Rhythm 
Association symptom scale score of no more than 2, 
and C for Cardiovascular and comorbidity manage-
ment is defined as the appropriate use of medications 
for hypertension, coronary artery disease, ischemic 
stroke, HF, and diabetes.

Data collected during the follow-up visits included 
outcome data. In patients who used warfarin, TTR was 
calculated using the method proposed by Rosendaal 
et al.21 In brief, we collected INR data and the date of 
INR test of every visit. From the 2 adjacent INR results, 
we estimated the percentage of time between the 2 
adjacent visits when the INR was within range of 2 to 3. 
We then calculated the days within range of the 2 INR 
intervals from the percentage of time within range di-
vided by number of days between the 2 INR tests. We 
then made a sum of days within range of every interval 
between the 2 INR tests. TTR was calculated from the 
overall days within range divided by the total number of 
days started from the first INR test to the last INR test.

Outcomes
Main outcomes were the composite of all-cause death 
or SSE, as well as secondary outcomes of all-cause 
death, SSE, major bleeding, ICH, and HF. Ischemic 
stroke or transient ischemic attack was defined as 
acute onset of focal neurological deficit lasting more 
than 24 hours for ischemic stroke and <24 hours for 
transient ischemic attack. Whether positive or negative, 
imaging data from computerized tomography brain 
scan or magnetic resonance imaging were required 

to be uploaded into the web-based system. Systemic 
embolism was defined by both clinical and objective 
evidence of sudden loss of end-organ perfusion, and 
major bleeding was defined by International Society of 
Thrombosis and Haemostasis criteria.22 ICH was de-
fined as the bleeding within the skull, which could be 
intracerebral bleeds, subarachnoid bleeds, subdural 
bleeds, and epidural bleeds. Our ICH definition does 
not include microbleeds and secondary hemorrhagic 
transformation.23 Secondary hemorrhagic transforma-
tion was excluded from the clinical and imaging infor-
mation, that is, evidence of mottled hemorrhage within 
the larger area of brain infarction. HF event was defined 
as a hospital admission or a presentation of the patient 
for an urgent, unscheduled clinic/office/emergency de-
partment visit, with a primary diagnosis of HF, whereby 
the patient exhibits new or worsening symptoms of 
HF on presentation, has objective evidence of new or 
worsening HF, and receives initiation or intensification 
of treatment specifically for HF.24

Statistical Analysis
The primary analysis was to analyze the difference in 
rate of clinical outcomes between patients with and 
without ABC pathway compliance. ABC compliance 
is defined according to the original description6 as 
shown in Figure 1. ABC compliance was defined as 
compliance in all 3 components of ABC pathway. The 
primary analysis is to compare outcomes between 
patients with ABC compliance and noncompliance. 
Descriptive data were displayed as mean and SD 
for normal distribution variables and median and in-
terquartile range for nonparametric data. Categorical 
variables were shown as frequency and percentages. 
Comparisons of continuous data were made by the 
independent samples t-test. Incidence rates of each 
clinical outcome were calculated and reported as rate 
per 100 person-years, which was calculated from the 
number of each event in the interested group divided 
by the denominator derived from the sum of follow-up 
duration (in years) of that group divided by 100. Chi-
square test or Fisher exact test was used for com-
parison of categorical data. Nonparametric statistics 
were used as needed. Multivariable Cox-proportional 
hazard model was used to determine the predictive 
values for clinical outcomes using backward elimi-
nation with P value <0.05 as the stopping criteria. 
Hazard ratio (HR) and 95% CI were reported for the 
unadjusted and adjusted model with the use of age, 
sex, diabetes, dyslipidemia, hypertension, chronic 
kidney disease, history of HF, history of coronary ar-
tery disease, and history of ischemic stroke/transient 
ischemic attack as covariates. Patients were grouped 
according to ABC compliance status for the analysis. 
We used an SBP target of 120 to 140 mm Hg (at least 
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Figure 1.  Flow diagram of study population.
ABC indicates Atrial Fibrillation Better Care; ACEi/ARB, angiotensin-converting enzyme inhibitors/
angiotensin II receptor antagonists; BB, beta blocker; CAD, coronary artery disease; CCB, calcium channel 
blocker; COOL-AF, Cohort of Antithrombotic Use and Optimal International Normalized Ratio Level in 
Patients With Non-Valvular Atrial Fibrillation in Thailand; EHRA, European Heart Rhythm Association; 
ICH, intracranial hemorrhage; OAC, oral anticoagulant; SSE, ischemic stroke/systemic embolism; and 
TIA, transient ischemic attack.
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120 and <140 mm Hg), which has been reported by 
our group to have the best mortality outcome.14 Target 
TTR was defined as ≥65%.16

Sensitivity analysis was performed by treating 
ABC compliance as 3 groups: 0- to 1-factor, 2-factor, 
and 3-factor ABC compliance. Table demonstrated 
the details of ABC and the definition of compliance 
to A, B, or C. We defined 0- to 1-factor compliance 
as a group with 0 or 1 item of A, B, or C compliance 
according to the definition shown in Figure  1. Two- 
or 3-factor compliance was defined as 2 or 3 items 
of ABC are compliant respectively. All statistics were 
performed using the SPSS statistical software ver-
sion 18.0 (SPSS, Inc., Chicago, IL, USA) and STATA 
Statistical Software Release 17 (StataCorp LLC, 
College Station, TX, USA). A P value <0.05 was con-
sidered statistically significant.

RESULTS
Study Population
We studied a total of 3405 patients (mean age 
67.8±11.3 years; 1424 [41.8%] were female). Proportions 
of the study population that were compliant to A, B, 
and C criteria were 2561 (77.9%), 2608 (76.6%), and 
2345 (68.9%). Overall, 1453 (42.7%) were compliant to 
all components of the ABC pathway. Baseline charac-
teristics of patients with and without ABC compliance 
are shown in Table. Patients with ABC compliance 
had a younger age, less frequently female. History 
of HF, coronary artery disease, ischemic stroke/tran-
sient ischemic attack, diabetes, dyslipidemia, chronic 
kidney disease/renal replacement therapy, dementia, 
peripheral arterial disease, coronary artery bypass 
grafting, history of bleeding, and anemia were less in 
the ABC-compliant group. Mean CHA2DS2-VASc and 
HAS-BLED scores were lower in the ABC-compliant 
group. OACs and many cardiovascular medications 
were used more and antiplatelets were used less in the 
ABC-compliant group.

Clinical Outcomes
Average follow-up duration was 31.8±8.7 months or 
9026.7 person-years. According to the study proto-
col, the follow-up data were entered in the web-based 
system every 6 months at months 6, 12, 18, 24, 30, 
and 36. The average follow-up duration was calculated 
from the mean of follow-up duration of each patient. 
Because there were some patients with loss to follow-
up or who withdrew consent and some patients who 
died during the follow-up, the average follow-up time 
was 31.8±8.7 months. The incidence rates of all-cause 
death/SSE, all-cause death, SSE, major bleeding, ICH, 
and HF were 5.29 (4.82–5.79), 4.21 (3.80–4.65), 1.51 
(1.26–1.78), 2.25 (1.95–2.59), 0.78 (0.61–0.98), and 2.84 

(2.49–3.21) per 100 person-years respectively. Flow 
diagram of study population and clinical outcomes is 
shown in Figure 1. Tables S1–S4 show the proportions 
of patients with A, B, and C compliance.

Table S2 demonstrates incidence rate of each clin-
ical outcome in patients who were ABC-compliant 
and in patients who were compliant in each of the 
A, B, and C components. Overall, compliance with 
the ABC pathway was associated with a significant 
reduction in the occurrence of clinical outcomes. 
Comparisons of incidence rate of clinical outcomes in 
patients with and without ABC compliance are shown 
in Figures  S1–S4. The ABC-compliant group had a 
lower incidence rates of all-cause death/SSE (3.77 
versus 6.45 per 100 person-years, P<0.001), all-
cause death (3.03 versus 5.11 per 100 person-years, 
P<0.001), SSE (1.17 versus 1.76 per 100 person-
years, P=0.001), major bleeding (2.10 versus 2.36 per 
100 person-years, P=0.210), ICH (0.64 versus 0.88 
per 100 person-years, P=0.106), and HF (1.67 ver-
sus 3.75 per 100 person-years, P<0.001), when com-
pared with those without ABC compliance.

Univariable and Multivariable Analysis
Univariable and multivariable Cox proportional hazard 
model was performed. Figure 2 shows forest plot of un-
adjusted (blue color) and adjusted (red color) HRs and 
95% CIs of all clinical outcomes in the ABC-compliant 
and noncompliant groups. The ABC-compliant group 
had a reduction in all-cause death/SSE (adjusted HR, 
0.76 [95% CI, 0.62–0.94]), all-cause death (adjusted 
HR, 0.79 [95% CI, 0.62–0.99]), and HF outcomes (ad-
justed HR, 0.69 [95% CI, 0.51–0.94]), both for unad-
justed and adjusted analysis. For SSE outcome, the 
ABC-compliant group had a better outcome on uni-
variable analysis but was nonsignificant with wide 95% 
CIs on multivariable analysis.

ABC Pathway Compliance in Combination With 
Achievement of SBP Targets

SBP target was achieved in 1427 (41.9%) patients. 
Table  S3 demonstrates baseline characteristics be-
tween patients with SBP at target and not at target. The 
data of ABC pathway compliance and achievement of 
SBP target were analyzed by classifying patients into 4 
groups: (1) ABC noncompliant and SBP not at target, 
n=1142 (33.5%); (2) ABC noncompliant and SBP at tar-
get, n=810 (23.8%); (3) ABC-compliant and SBP not at 
target, n=836 (24.6%); and (4) ABC-compliant and SBP 
at target, 617 (18.1%). Figure 3 showed forest plots of 
unadjusted and adjusted HRs and 95% CIs of all clin-
ical outcomes using the patients who were ABC non-
compliant and SBP not at target as the reference group. 
Patients with ABC compliance and SBP at target were 
the group with the best outcomes for all-cause death/
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Table.   Baseline Characteristics of Study Population

Characteristics All (N=3405) ABC-compliant (n=1453)
ABC-not compliant 
(n=1952) P value

Age, y 67.8±11.3 66.8±11.0 68.6±11.4 <0.001†

Female sex 1424 (41.8%) 576 (39.6%) 848 (43.4%) 0.026*

Body mass index, kg/m2 25.2±4.7 25.3±4.8 25.1±4.7 0.113

Systolic BP, mm Hg 128.5±18.4 128.2±18.1 128.7±18.6 0.456

Diastolic BP, mm Hg 75.2±12.7 75.6±12.4 75.0±12.8 0.157

Pulse, bpm 77.4±16.2 77.1±15.8 77.6±16.5 0.367

Time after diagnosis of AF, y 3.4±4.3 3.3±4.2 3.5±4.4 0.177

Atrial fibrillation 0.212

Paroxysmal 1148 (33.7%) 492 (33.9%) 656 (33.6%)

Persistent 645 (18.9%) 256 (17.6%) 389 (19.9%)

Permanent 1612 (47.3%) 705 (48.5%) 907 (46.5%)

Symptomatic AF 2620 (76.9%) 1107 (76.2%) 1513 (77.5%) 0.365

History of heart failure 913 (26.8%) 193 (13.3%) 720 (36.9%) <0.001*

History of coronary artery disease 547 (16.1%) 177 (12.2%) 370 (19.0%) <0.001*

Cardiac implantable electronic device 341 (10.0%) 142 (9.8%) 199 (10.2%) 0.685

History of ischemic stroke/transient ischemic 
attack

592 (17.4%) 229 (15.8%) 363 (18.6%) 0.031*

Diabetes 839 (24.6%) 309 (21.3%) 530 (27.2%) <0.001*

Hypertension 2330 (68.4%) 982 (67.6%) 1348 (69.1%) 0.360

Smoking 678 (19.9%) 270 (18.6%) 408 (20.9%) 0.094

Dyslipidemia 1917 (56.3%) 762 (52.4%) 1155 (59.2%) <0.001*

Renal replacement therapy 40 (1.2%) 6 (0.4%) 34 (1.7%) <0.001*

Dementia 29 (0.9%) 5 (0.3%) 24 (1.2%) 0.005*

Systemic embolism 25 (0.7%) 9 (0.6%) 16 (0.8%) 0.498

History of peripheral vascular disease 44 (1.3%) 11 (0.8%) 33 (1.7%) 0.017*

History of carotid occlusive disease 8 (0.2%) 4 (0.3%) 4 (0.2%) 0.730

History of stent use 253 (7.4%) 95 (6.5%) 158 (8.1%) 0.087

History of coronary artery bypass graft 65 (1.9%) 16 (1.1%) 49 (2.5%) 0.003*

History of alcohol abuse, 140 (4.1%) 52 (3.6%) 88 (4.5%) 0.177

History of bleeding 324 (9.5%) 118 (8.1%) 206 (10.6%) 0.017*

Chronic kidney disease 1756 (51.6%) 676 (46.5%) 1080 (55.3%) <0.001*

Anemia 1293 (38.0%) 447 (30.8%) 846 (43.3%) <0.001*

Left ventricular ejection fraction 60.2±13.7 60.4±13.2 59.5±14.1 0.305

CHA2DS2-VASc score* 0.001*

Low risk 287 (8.4%) 151 (10.4%) 136 (7.0%)

Intermediate risk 548 (16.1%) 243 (16.7%) 305 (15.6%)

High risk 2570 (75.5%) 1059 (72.9%) 1511 (77.4%)

HAS-BLED score <0.001*

0 490 (14.4%) 256 (17.6%) 234 (12.0%)

1–2 1255 (36.9%) 620 (42.7%) 635 (32.5%)

≥3 1660 (48.8%) 577 (39.7%) 1083 (55.5%)

Antiplatelet 892 (26.2%) 217 (14.9%) 675 (24.6%) <0.001*

Anticoagulant 2568 (75.4%) 1302 (89.6%) 1266 (64.9%) <0.001*

Warfarin 2340 (68.7%) 1172 (80.7%) 1168 (59.8%) <0.001*

Non-vitamin K antagonist anticoagulants 228 (6.7%) 130 (8.9%) 98 (5.0%) <0.001*

Beta blocker 2477 (72.7%) 1123 (77.3%) 1354 (69.4%) <0.001*

Calcium channel blocker 935 (27.5%) 440 (30.3%) 495 (25.4%) 0.001*

Digitalis 539 (15.8%) 209 (14.4%) 330 (16.9%) 0.046*

Mineralocorticoid receptor antagonists 280 (8.2%) 117 (8.1%) 163 (8.4%) 0.754

Statin 2014 (59.1%) 972 (66.9%) 1042 (53.4%) <0.001*

Angiotensin-converting enzyme inhibitors/
angiotensin II receptor antagonists

1557 (45.7%) 771 (53.1%) 786 (40.3%) <0.001*

Nonsteroidal anti-inflammatory drugs /
cyclooxygenase-2 inhibitor

83 (2.4%) 29 (2.0%) 54 (2.8%) 0.149

ABC indicates Atrial Fibrillation Better Care; AF, atrial fibrillation; and BP, blood pressure.
* Low risk=CHA2DS2-VASc score=0 in men or 1 in women, intermediate risk=CHA2DS2-VASc score=1 in men or 2 in women, high risk=CHA2DS2-VASc score 

>1 in men or >2 in women.
†Statistical significance (P<0.05).
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SSE (adjusted HR, 0.71 [95% CI, 0.53–0.96]), all-cause 
death (adjusted HR, 0.68 [95% CI, 0.48–0.96]), and HF 
(adjusted HR, 0.60 [95% CI, 0.39–0.94]).

ABC Pathway Compliance in Combination With 
Achievement of TTR Target

Warfarin was used in 2340 patients (68.7%). Among 
patients who were on warfarin, the number of INRs 
allow TTR to be calculated in 2233 patients (65.6% 
of all patients). A target TTR of ≥65% was achieved in 
801 (35.9%). Table S4 demonstrates baseline charac-
teristics between patients with TTR < and ≥65%. The 
data of ABC pathway and achievement of TTR target 
were analyzed by classifying patients into 4 groups: (1) 
ABC noncompliant and TTR <65%, n=759 (22.3%); (2) 
ABC noncompliant and TTR ≥65%, n=385 (11.3%); (3) 
ABC-compliant and TTR <65%, n=735 (21.6%); and (4) 
ABC-compliant and TTR ≥65%, n=416 (12.2%). Figure 4 
shows the forest plot of unadjusted and adjusted HRs 
and 95% CIs of all clinical outcomes using patients 
who were ABC noncompliant and TTR not at target as 

reference group. Patients with ABC compliance and 
TTR at target were the group with the best outcomes 
for all-cause death/SSE (adjusted HR, 0.48 [95% CI, 
0.32–0.73]), all-cause death (adjusted HR, 0.44 [95% 
CI, 0.27–0.71]), major bleeding (adjusted HR, 0.52 [95% 
CI, 0.30–0.89]), ICH (adjusted HR, 0.22 [95% CI, 0.08–
0.63]), and HF (adjusted HR, 0.43 [95% CI, 0.24–0.76]).

Sensitivity Analysis

Sensitivity analysis was performed by classifying ABC 
pathway compliance into 3 groups: 0 to 1 factor compli-
ant, 2 factors compliant, and 3 factors compliant. The 
risks of all-cause death/SSE, all-cause death, SSE, and 
HF increased in patients with poor ABC compliance 
compared with those with better ABC compliance. 
Figures S2 and S3 show bar graphs of the incidence 
rates of clinical outcomes and forest plot of outcomes 
according to the 3 groups of ABC compliance. The re-
sults indicated that the magnitude of reduction of clinical 
outcomes mainly depended on the levels of ABC path-
way achievement that each patient had.

Figure 2.  Forest plot of unadjusted and adjusted hazard ratio of ABC-compliant status and clinical outcome.
ABC indicates Atrial Fibrillation Better Care; ICH, intracranial hemorrhage; and SSE, ischemic stroke/systemic embolism.



J Am Heart Assoc. 2023;12:e028463. DOI: 10.1161/JAHA.122.028463� 8

Krittayaphong et al� ABC Pathway, SBP and TTR Target and AF Outcomes

DISCUSSION
The principal findings from this study are that patients 
with AF who had ABC pathway compliance had a bet-
ter clinical outcome compared with those who were 
noncompliant, and the more components of ABC were 
achieved, the better the clinical outcomes. Second, 
ABC compliance has added value on top of SBP target 
achievement for the reduction of adverse outcomes. 
Third, for patients with warfarin, ABC compliance and 
good TTR control complement each other for better 
cardiovascular outcomes in patients with AF.

The ABC pathway was been introduced to provide 
holistic or integrated care management in patients with 
AF.6 The majority of patients with AF need OAC to prevent 
ischemic stroke, whereas patient-centered, symptom-
directed decisions on rate or rhythm control are part of 
the management approach. Although rate control should 
be considered for all patients with AF, a rhythm control 
strategy is appropriate especially in those newly diag-
nosed, paroxysmal, and symptomatic.25 Most patients 
with AF also had multiple comorbidities such as diabe-
tes, chronic kidney disease, and hypertension, and the 
ABC pathway focuses on the appropriate management 
of all such comorbidities and lifestyle changes. ABC 
pathway has been one of the recommended strategies 
for AF management in recent guidelines.12,13,26

Many studies have shown the advantages of com-
pliance with integrated ABC pathway care in AF man-
agement,7–10 including studies from Asian7,8 and Western 
populations.9,10 The results of these studies demon-
strated a consistent benefit of using an integrated care 
ABC pathway in the improvement of clinical outcomes. 
A systematic review and meta-analysis of benefit of ABC 
pathway showed that ABC pathway compliance was as-
sociated with a reduction in all-cause death, cardiovas-
cular death, ischemic stroke, and major bleeding of 58%, 
63%, 45%, and 31%, respectively.11 The results of the 
present study from a prospectively collected nationwide 
cohort demonstrated that using the ABC pathway was 
associated with a reduction in all-cause death/SSE, all-
cause death, SSE, and HF. Multivariable analysis showed 
that benefit of ABC remained significant for all-cause 
death/SSE, all-cause death, and HF, although there was 
no statistically significant effect on major bleeding.

Additional novelty of our study includes showing the 
benefit of ABC pathway on top of the achievement of 
optimal SBP target and TTR target (for those who were 
on warfarin) in patients with AF. Previous studies have 
shown the advantage of SBP control in patients with 
AF,15,27 although not in combination with ABC pathway 
compliance. Data from the COOL-AF study previously 
demonstrated a benefit of SBP control on clinical out-
come of patients with AF,14 with a J-curve on mortality 

Figure 3.  Forest plot of ABC-compliant status and achievement of systolic blood pressure target and clinical outcomes.
ABC indicates Atrial Fibrillation Better Care; ICH, intracranial hemorrhage; and SSE, ischemic stroke/systemic embolism.
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but no J-curve effect on ischemic stroke and major 
bleeding, and suggested an optimal SBP target of 120 
to 140 mm Hg. Of note, the nature of these prior stud-
ies was different: one study was clinical trial data,15 
one study was national health insurance data,27 and 
one study was a prospective cohort.14 previous study 
that also demonstrated a J-curve effect on clinical 
outcome.15 We demonstrate an additional benefit of 
ABC on top of SBP target achievement on reducing 
all-cause death/SSE, all-cause death, and HF.

Previous studies have shown that achievement 
of good TTR target was associated with better out-
comes in patients with AF.17,19 The results of our pre-
vious report demonstrated a benefit of good TTR 
control in the reduction of death, ischemic stroke, 
and major bleeding.16 This is especially important in 
an Asian population because the rate of major bleed-
ing and ICH is generally higher than in a Western 
population.28–30 However, only 36% of patients had 
a TTR ≥65%.16 The result of this study demonstrated 
that among patients with AF who were on warfarin, 
the integration of ABC pathway with good TTR would 
have additional advantages on the protection of pa-
tients from adverse clinical outcomes.

Compliance with the ABC pathway was defined 
according to the original study.6 Most of the recom-
mendations in the ABC pathway were based on 
whether the patients received appropriate treatment 

for stroke prevention, symptoms, and comorbidities. 
ABC-guided management,7–10 attainment of good 
SBP control,14,15,27 and achievement of a high TTR16,17,19 
have been demonstrated to have an impact on clinical 
outcomes. The results of our study indicated that we 
should not focus only on giving the medications but 
also on achieving the target of treatments.

Limitations
There were some limitations of this study. First, this is a 
multicenter study based on 27 hospitals, most of which 
were large. We did not have data indicating whether 
care of patients with AF was similar or different be-
tween large hospitals versus small hospitals. Second, 
despite 75.4% of our study population using OAC, the 
majority of them use warfarin, and only 8.9% of OAC 
were non-vitamin K antagonist OACs. The choice of 
OAC use may affect the clinical outcome. Lastly, the 
lack of detailed information about ABC compliance 
during follow-up is also a study limitation.

CONCLUSIONS
In this multicenter nationwide prospective cohort of pa-
tients with AF, achieving SBP within target and TTR ≥ 65% 
has added value to ABC pathway compliance in the re-
duction of adverse clinical outcomes in patients with AF.

Figure 4.  Forest plot of ABC-compliant status and achievement of target level of time in therapeutic range (TTR) and 
clinical outcomes.
ABC indicates Atrial Fibrillation Better Care; ICH, intracranial hemorrhage; and SSE, ischemic stroke/systemic embolism.
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Table S1. Number and proportion of patients with ABC compliant – to be removed 

ABC - groups N (%) 

- A compliant 2561 (77.9%) 

- A not compliant 754 (22.1%) 

- B compliant 2608 (76.6%) 

- B not compliant 797 (23.4%) 

- C compliant 2345 (68.9%) 

- C not compliant 1060 (31.1%) 

- ABC compliant 1453 (42.7%) 

- ABC not compliant 1952 (57.3%) 



 Table S2. Incidence rate of clinical outcome according to ABC compliance status 

ABC groups 
Number of 

patients 

Number of 

events 

100 person-

years 

Rate per 100 

person-years 

All-cause death/SSE 3405 467 88.24 5.29 

- A compliant 2651 356 68.90 5.17 

- A not compliant 754 111 19.34 5.74 

- B compliant 2608 293 68.25 4.29 

- B not compliant 797 174 19.99 8.70 

- C compliant 2345 282 61.36 4.60 

- C not compliant 1060 185 26.88 6.88 

- ABC compliant 1453 144 38.19 3.77 

- ABC not compliant 1952 323 50.06 6.45 

All-cause death 3405 380 90.27 4.21 

- A compliant 2651 300 70.30 4.27 

- A not compliant 754 80 19.97 4.01 

- B compliant 2608 232 69.72 3.33 

- B not compliant 797 148 20.55 7.20 

- C compliant 2345 229 62.74 3.65 

- C not compliant 1060 151 27.53 5.49 

- ABC compliant 1453 118 38.97 3.03 

- ABC not compliant 1952 262 51.30 5.11 

SSE 3405 134 88.99 1.51 

- A compliant 2651 95 69.48 1.37 

- A not compliant 754 39 19.51 2.00 

- B compliant 2608 91 68.83 1.32 

- B not compliant 797 43 20.16 2.13 

- C compliant 2345 82 61.89 1.33 

- C not compliant 1060 52 27.11 1.92 

- ABC compliant 1453 45 38.51 1.17 

- ABC not compliant 1952 89 50.48 1.76 

Major bleeding 3405 199 88.36 2.25 



- A compliant 2651 170 68.58 2.48 

- A not compliant 754 29 19.77 1.47 

- B compliant 2608 150 68.11 2.20 

- B not compliant 797 49 20.25 2.42 

- C compliant 2345 133 61.40 2.17 

- C not compliant 1060 66 26.96 2.45 

- ABC compliant 1453 80 38.03 2.10 

- ABC not compliant 1952 119 50.33 2.36 

ICH 3405 70 89.85 0.78 

- A compliant 2651 62 69.91 0.89 

- A not compliant 754 8 19.94 0.40 

- B compliant 2608 48 69.40 0.69 

- B not compliant 797 22 20.45 1.08 

- C compliant 2345 48 62.43 0.77 

- C not compliant 1060 22 27.42 0.80 

- ABC compliant 1453 25 38.77 0.64 

- ABC not compliant 1952 45 51.08 0.88 

Heart failure 3405 247 87.08 2.84 

- A compliant 2651 196 67.72 2.89 

- A not compliant 754 51 19.36 2.63 

- B compliant 2608 152 67.89 2.24 

- B not compliant 797 95 19.19 4.95 

- C compliant 2345 139 60.99 2.28 

- C not compliant 1060 108 26.09 4.14 

- ABC compliant 1453 64 38.26 1.67 

- ABC not compliant 1952 183 48.82 3.75 

SSE = ischemic stroke/systemic embolism, ICH = intracranial hemorrhage 



Table S3. Baseline characteristics of study population with systole blood pressure 

(SBP) target and not target. 

Characteristics All 

(N=3,405) 

SBP target 

(n=1,427) 

SBP not target 

(n=1,978) 

p-value

Age (years) 67.8±11.3 67.6±10.9 68±11.5 0.316 

Female gender 1,424 (41.8%) 589 (41.3%) 835 (42.2%) 0.584 

BMI (kg/m2) 25.2±4.7 25.5±4.8 24.9±4.6 <0.001 

SBP (mmHg) 128.5±18.4 129.5±5.7 127.7±23.7 0.001 

DBP (mmHg) 75.2±12.7 76.6±10.7 74.2±13.8 <0.001 

Pulse (bpm) 77.4±16.2 77.5±15.5 77.3±16.7 0.723 

Time after diagnosis of AF (years) 3.4±4.3 3.5±4.1 3.3±4.5 0.324 

Atrial fibrillation 0.045 

- Paroxysmal 1,148 (33.7%) 481 (33.7%) 667 (33.7%) 

- Persistent 645 (18.9%) 244 (17.1%) 401 (20.3%) 

- Permanent 1,612 (47.3%) 702 (49.2%) 910 (46.0%) 

Symptomatic AF 2,620 (76.9%) 1,100 (77.1%) 1,520 (76.8%) 0.870 

History of heart failure 913 (26.8%) 344 (24.1%) 569 (28.8%) 0.002 

History of CAD 547 (16.1%) 214 (15.0%) 333 (16.8%) 0.149 

CIED 341 (10.0%) 117 (8.2%) 224 (11.3%) 0.003 

History of ischemic stroke/TIA 592 (17.4%) 239 (16.7%) 353 (17.8%) 0.404 

Diabetes mellitus 839 (24.6%) 370 (25.9%) 469 (23.7%) 0.138 

Hypertension 2,330 (68.4%) 1,002 (70.2%) 1,328 (67.1%) 0.057 

Smoking 678 (19.9%) 290 (20.3%) 388 (19.6%) 0.610 

Dyslipidemia 1,917 (56.3%) 839 (58.8%) 1,078 (54.5%) 0.013 

Renal replacement therapy 40 (1.2%) 16 (1.1%) 24 (1.2%) 0.806 

Dementia 29 (0.9%) 16 (1.1%) 13 (0.7%) 0.146 

Systemic embolism 25 (0.7%) 7 (0.5%) 18 (0.9%) 0.157 

History of peripheral vascular disease 44 (1.3%) 17 (1.2%) 27 (1.4%) 0.658 

History of carotid occlusive disease 8 (0.2%) 3 (0.2%) 5 (0.3%) 0.800 

History of stent use 253 (7.4%) 96 (6.7%) 157 (7.9%) 0.184 

History of CABG 65 (1.9%) 26 (1.8%) 39 (2.0%) 0.753 

History of alcohol abuse,  140 (4.1%) 55 (3.9%) 85 (4.3%) 0.521 

History of bleeding 324 (9.5%) 138 (9.7%) 186 (9.4%) 0.793 

CKD 1,756 (51.6%) 710 (49.8%) 1,046 (52.9%) 0.072 

Anemia 1,293 (38.0%) 530 (37.1%) 763 (38.6%) 0.395 

LVEF  60.2±13.7 61±13.2 59.6±14.1 0.002 

CHA2DS2-VASc score 0.765 

- Low risk 287 (8.4%) 126 (8.8%) 161 (8.1%) 

- Intermediate risk 548 (16.1%) 227 (15.9%) 321 (16.2%) 

- High risk 2,570 (75.5%) 1,074 (75.3%) 1,496 (75.6%) 

HAS-BLED score 0.312 



- 0 490 (14.4%) 220 (15.4%) 270 (13.7%) 

- 1-2 1,255 (36.9%) 526 (36.9%) 729 (36.9%) 

- ≥3 1,660 (48.8%) 681 (47.7%) 979 (49.5%) 

Antiplatelet 892 (26.2%) 359 (25.2%) 533 (26.9%) 0.241 

Anticoagulant 2,568 (75.4%) 1,092 (76.5%) 1,476 (74.6%) 0.203 

- Warfarin 2,340 (68.7%) 994 (69.7%) 1,346 (68.0%) 0.318 

- NOACs 228 (6.7%) 98 (6.9%) 130 (6.6%) 0.734 

Beta blocker 2,477 (72.7%) 1,032 (72.3%) 1,445 (73.1%) 0.635 

CCB 935 (27.5%) 429 (30.1%) 506 (25.6%) 0.004 

Digitalis 539 (15.8%) 230 (16.1%) 309 (15.6%) 0.696 

MRA 280 (8.2%) 83 (5.8%) 197 (10.0%) <0.001 

Statin 2,014 (59.1%) 855 (59.9%) 1,159 (58.6%) 0.439 

ACEI/ARB 1,557 (45.7%) 624 (43.7%) 933 (47.2%) 0.047 

NSAID/Cox-2 inhibitor 83 (2.4%) 32 (2.2%) 51 (2.6%) 0.531 



Table S4. Baseline characteristics of study population with time in therapeutic range (TTR) < 

and ≥65%. 

Characteristics All 

(N=2,233) 

TTR <65% 

(n=1,432) 

TTR ≥65% 

(n=801) 

p-value

Age (years) 68.9±10.6 69±10.5 68.6±10.6 0.437 

Female gender 980 (43.9%) 629 (43.9%) 351 (43.8%) 0.962 

BMI (kg/m2) 25.3±4.8 25.1±4.9 25.5±4.6 0.080 

SBP (mmHg) 128.1±18 128.3±18 127.7±18 0.483 

DBP (mmHg) 75±12.5 74.9±12.3 75.1±12.9 0.784 

Pulse (bpm) 77.4±16.2 77.8±16.3 76.6±16 0.103 

Time after diagnosis of AF (years) 3.6±4.4 3.4±4.2 3.8±4.7 0.039 

Atrial fibrillation 0.085 

- Paroxysmal 631 (28.3%) 382 (26.7%) 249 (31.1%) 

- Persistent 421 (18.9%) 276 (19.3%) 145 (18.1%) 

- Permanent 1181 (52.9%) 774 (54.1%) 407 (50.8%) 

Symptomatic AF 1720 (77%) 1128 (78.8%) 592 (73.9%) 0.009 

History of heart failure 628 (28.1%) 436 (30.4%) 192 (24%) 0.001 

History of CAD 356 (15.9%) 232 (16.2%) 124 (15.5%) 0.656 

CIED 216 (9.7%) 114 (8%) 102 (12.7%) <0.001 

History of ischemic stroke/TIA 485 (21.7%) 292 (20.4%) 193 (24.1%) 0.042 

Diabetes mellitus 610 (27.3%) 426 (29.7%) 184 (23%) 0.001 

Hypertension 1641 (73.5%) 1067 (74.5%) 574 (71.7%) 0.143 

Smoking 414 (18.5%) 262 (18.3%) 152 (19%) 0.692 

Dyslipidemia 1320 (59.1%) 835 (58.3%) 485 (60.5%) 0.302 

Renal replacement therapy 20 (0.9%) 15 (1%) 5 (0.6%) 0.309 

Dementia 20 (0.9%) 12 (0.8%) 8 (1%) 0.699 

Systemic embolism 22 (1%) 11 (0.8%) 11 (1.4%) 0.165 

History of peripheral vascular disease 29 (1.3%) 17 (1.2%) 12 (1.5%) 0.534 

History of carotid occlusive disease 8 (0.4%) 5 (0.3%) 3 (0.4%) 0.923 

History of stent use 158 (7.1%) 103 (7.2%) 55 (6.9%) 0.773 

History of CABG 49 (2.2%) 31 (2.2%) 18 (2.2%) 0.899 

History of alcohol abuse,  73 (3.3%) 51 (3.6%) 22 (2.7%) 0.299 

History of bleeding 241 (10.8%) 168 (11.7%) 73 (9.1%) 0.056 

CKD 1226 (54.9%) 805 (56.2%) 421 (52.6%) 0.096 

Anemia 899 (40.3%) 614 (42.9%) 285 (35.6%) 0.001 

LVEF  59.7±14.2 59.2±14.5 60.5±13.5 0.036 

CHA2DS2-VASc score 0.051 

- Low risk 77 (3.4%) 40 (2.8%) 37 (4.6%) 
- Intermediate risk 294 (13.2%) 183 (12.8%) 111 (13.9%) 
- High risk 1862 (83.4%) 1209 (84.4%) 653 (81.5%) 

HAS-BLED score 0.039 



- 0 271 (12.1%) 165 (11.5%) 106 (13.2%) 
- 1-2 845 (37.8%) 522 (36.5%) 323 (40.3%) 
- ≥3 1117 (50%) 745 (52%) 372 (46.4%) 

Antiplatelet 277 (12.4%) 191 (13.3%) 86 (10.7%) 0.074 

Anticoagulant 2233 (100%) 1432 (100%) 801 (100%) - 

- Warfarin 2233 (100%) 1432 (100%) 801 (100%) - 

    - NOACs 0 (0.0%) 0 (0.0%) 0 (0.0%) - 

Beta blocker 1645 (73.7%) 1053 (73.5%) 592 (73.9%) 0.847 

CCB 659 (29.5%) 426 (29.7%) 233 (29.1%) 0.743 

Digitalis 371 (16.6%) 245 (17.1%) 126 (15.7%) 0.401 

MRA 203 (9.1%) 137 (9.6%) 66 (8.2%) 0.295 

Statin 1398 (62.6%) 882 (61.6%) 516 (64.4%) 0.185 

ACEI/ARB 1115 (49.9%) 717 (50.1%) 398 (49.7%) 0.863 

NSAID/Cox-2 inhibitor 37 (1.7%) 23 (1.6%) 14 (1.7%) 0.801 



Figure S1. Comparison of incidence rate of clinical outcomes between patients who were ABC pathway 

compliant and not compliant (SSE = ischemic stroke/systemic embolism, ICH = intracranial hemorrhage) 



Figure S2. Bar graphs of comparisons of incidence rate of clinical outcomes stratified by the 3 groups 

of ABC compliant status 



Figure S3. Forest plot of unadjusted and adjusted hazard ratio of 3 groups of ABC pathway 

compliant status and clinical outcomes 
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