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Background: Although atrial fibrillation (AF) is a risk factor for ischemic bowel disease,
data regarding the incidence of ischemic bowel disease in patients with anticoagulated
AF were limited.

Methods: The present study used the Taiwan NHIRD and included newly diagnosed
patients with AF aged > 20 years without ischemic bowel disease from 2012
to 2018. A total of 69,549 patients taking warfarin or non-vitamin K antagonist
oral anticoagulants (NOACs) constituted the final study group. We aimed to study
the incidence of ischemic bowel disease in patients with AF receiving warfarin
or NOACs. Secondary endpoints were also analyzed, including ischemic stroke,
systemic embolism, myocardial infarction, mortality, intracranial hemorrhage (ICH),
major bleeding, and composite adverse events (ischemic bowel disease or ICH or
major bleeding).

Results: There were 43,787 patients taking NOACs and 25,762 patients taking
warfarin. The overall incidence rate of ischemic bowel disease was 0.036% per year and
increased with the CHA,DS,-VASc scores [0.013% for patients with a CHA»DS»-VASC
score of 0 (men) or 1 (women), 0.022% for those with a CHA>DS»-VASc score of 1 (men)
or 2 (women), and 0.039% for those with a CHA»,DS,-VASCc score > 2 (men) or > 3
(women)]. The risk of ischemic bowel disease was similar between NOAC and warfarin
groups (0.086%/year vs. 0.037%/year; adjusted hazard ratio 0.802, p = 0.430), whereas
the NOAC group had a significantly lower risk of secondary endpoints compared to
the warfarin group.

Conclusion: We reported the incidence of ischemic bowel disease in patients with
anticoagulated AF from a nationwide cohort database and observed a positive
correlation between the increase of CHA-DS,-VASc scores and the incidence rate.
Moreover, NOAC was as effective as warfarin for the risk of ischemic bowel disease.
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INTRODUCTION

Ischemic bowel disease encompasses a heterogeneous group of
disorders characteristic of inadequate oxygenated blood supply
to any part of the bowel walls (1) and associated with high
morbidity and mortality rates. Ischemic bowel disease includes
acute and chronic mesenteric ischemia affecting the small bowel
and colon ischemia (1, 2) with the main pathophysiologic process
of embolism, arterial or venous thrombosis, and non-occlusive
mesenteric ischemia (3, 4). Atherosclerosis, hypoperfusion as a
result of arrhythmia, heart failure, or shock, hypercoagulable
state, vasculitis, or any mechanical obstruction to the mesenteric
blood vessels may also lead to ischemic bowel disease (1).
Embolism to the visceral vessels is the most common cause of
mesenteric ischemia, responsible for approximately 30-50% of
cases, and is often seen in the context of atrial fibrillation (AF),
structural heart disease, or ischemic heart disease (4-6).

AF increases the risk of ischemic stroke and systemic
embolism (IS/SE) (7), and oral anticoagulants (OACs) are
recommended in high-risk patients unless contraindications exist
(8, 9). Because of comparable or better efficacy and better safety,
non-vitamin K antagonist oral anticoagulants (NOACs) have
replaced warfarin as the mainstream OAC for stroke prevention.
AF as a risk factor for ischemic bowel disease is justified by the
tendency of embolism. Besides, AF-related irregular heart rhythm
may predispose to hypoperfusion and ischemia of the bowel walls
(1). Although the relationship between AF and ischemic bowel
disease is legitimate and recognized, data regarding incident
ischemic bowel disease in patients with anticoagulated AF
remain limited. Therefore, we aimed to analyze and compare
the incidence of ischemic bowel disease in patients with AF
receiving warfarin or NOACs, which was not reported in the
prior randomized trials.

MATERIALS AND METHODS

We used the “National Health Insurance Research Database
(NHIRD)” provided by the Health and Welfare Data Science
Center (HWDC), Ministry of Health and Welfare (MOHW),
Taiwan in the present study. The National Health Insurance
(NHI) system is a mandatory universal health insurance program
that covers comprehensive medical care for all Taiwanese
residents. The NHIRD consists of detailed health care data
of > 23 million enrollees, representing > 99% of Taiwan’s
population. Patients” original identification numbers have been
encrypted in this cohort dataset to protect privacy, but the
encrypting procedure was consistent so that a linkage of the
claims belonging to the same patient was feasible within the NHI
database and can be followed continuously. Details about Taiwan
NHIRD have been provided in our previous studies (10-20), and
the accuracy of the NHIRD has been validated (21, 22).

Study Population

From 1 January 2012 to 31 December 2018, 228,112 patients
aged > 20 years newly diagnosed with AF without a history
of ischemic bowel disease were identified from NHIRD. The

diagnosis of AF was identified by using the International
Classification of Diseases, Ninth Revision (ICD-9), Clinical
Modification codes (427.31), which were registered by the
responsible physicians. The diagnosis of ischemic bowel disease
was based on the ICD-9-CM codes 557.0, 557.1, and 557.9. The
diagnostic accuracy of AF and ischemic bowel disease using
this definition in NHIRD has been validated before (23-25).
Among these patients, 203,616 of them had a CHA,DS,-VASc
score > 1 (men) or > 2 (women), and 69,549 patients receiving
OAGCs (25,762 with warfarin, 7,232 with apixaban, 14,361 with
dabigatran, 4,132 with edoxaban, and 18,062 with rivaroxaban)
have constituted the study population. The flowchart of patient
enrollment and study design is shown in Figure 1.

The CHA,DS,-VASc, HAS-BLED Scores,

and Clinical Endpoints

The CHA,;DS;,-VASc score was calculated for each patient
by assigning 1 point each for the history of hypertension,
diabetes, heart failure, vascular disease (myocardial infarction
or peripheral artery disease), female sex, and age between 65
and 74 years and 2 points each for a history of ischemic
stroke or transient ischemic attack (TIA) or age > 75 years
(26). The HAS-BLED score was calculated by assigning 1 point
each for the history of hypertension, abnormal renal or liver
function, stroke, bleeding history, age > 65 years, and antiplatelet
drug or alcohol use (27). Abnormal renal or liver function
was defined by the ICD-9-CM codes rather than laboratory
data. The component of “labile INR (international normalized
ratio)” was excluded from the scoring scheme in the present
study because the INR of warfarin was not available in the
registry database. The primary endpoint was the occurrence of
ischemic bowel disease. Secondary endpoints included systemic
embolism, myocardial infarction, mortality, ICH, major bleeding,
and composite adverse events (ischemic bowel disease or ICH or
major bleeding).

Statistical Analysis

Continuous variables were expressed as mean and categorical
variables as standard deviation and proportions. Differences
between continuous values were assessed using the unpaired
two-tailed ¢-test, and differences between nominal variables were
compared by the chi-squared test. The incidence rates of events
were calculated by dividing the number of events across the entire
study period by person-year at risk. The risk of clinical events
between NOAC and warfarin was compared using multivariate
Cox regression analysis. The risk of events was assessed using
Cox regression analysis adjusted for age, sex, and variables which
were significantly different between patients receiving NOACs
and warfarin. Since multiple clinical factors have already been
incorporated into the CHA,DS;-VASc and HAS-BLED scores,
which were used to represent the stroke and bleeding risk,
respectively, only the comorbidity which was not included in
these scoring schemes and significantly differed between the 2
groups was adjusted for, in the multivariable Cox regression
model. To overcome the differences in baseline demographics,
propensity matching analysis was also done between the warfarin
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NHIRD cohort (2012-2018)
Newly-diagnosed AF patients aged 2 20 years
(n =228,296)
patients with a history of IBD excluded
(n=228,112)
y
patients with a the CHA,DS,-VASc score 2 1 (male) or 2 (female) survived or
received follow-up for more than 3 months after the enroliment
(n =203,616)
| , l
No treatment Anti-platelet agents OACs
(n = 65,180) (n = 68,887) (n = 69,549)
y
Apixaban Dabigatran Edoxaban Rivaroxaban Warfarin
(n=7,232) (n=14,361) (n=4,132) (n =18,062) (n =25,762)
FIGURE 1 | The flowchart of the enroliment of study patients. AF, atrial fibrillation; IBD, ischemic bowel disease; NHIRD, National Health Insurance Research
Database; NOACs, non-vitamin K antagonist oral anticoagulants; OACs, oral anticoagulants.

and NOAC groups. All statistical significances were set at a
p-value < 0.05.

RESULTS

Baseline characteristics of patients are shown in Table 1.
There were marked differences in baseline demographic and
underlying diseases between the NOAC and warfarin groups.
Patients taking NOACs were older, had more comobidities of
hypertension, diabetes mellitus, stroke, vascular disease, chronic
obstructive pulmonary disease, hyperlipidemia, autoimmune
diseases, cancer, hyperthyroidism, abnormal liver function,
history of bleeding, and had less congestive heart failure,
abnormal renal function, anemia, alcohol excess/abuse, and gout.
In general, the NOAC group had higher CHA,DS;-VASc and
HAS-BLED scores than the warfarin group.

Incidence and Risk of Ischemic Bowel
Disease

During the follow-up period, 67 patients experienced ischemic
bowel disease with an annual incidence of 0.036% (Table 2).
The incidence rates of ischemic bowel disease were proportional
to the increase of the CHA,DS,-VASc score as follows: 0.013%
for patients with a CHA,;DS;-VASc score of 0 (men) or 1
(women), 0.022% for those with a CHA,DS,-VASc score of 1
(men) or 2 (women), and 0.039% for those with a CHA,DS;-
VASc score > 2 (men) or > 3 (women) (Table 2). Multivariate
Cox regression analysis adjusted for age, sex, CHA,;DS,-VASc
score, HAS-BLED score, chronic obstructive pulmonary disease,
hyperlipidemia, autoimmune diseases, cancer, hyperthyroidism,

and gout observed a similar risk of ischemic bowel disease
between the NOAC and warfarin groups [adjusted hazard
ratio (aHR): 0.802; 95% confidence interval (CI): 0.501-1.342;
p = 0.430] (Figure 2). We also performed a propensity score
matching analysis that showed the same results between the
NOACs and warfarin groups (HR: 0.886; 95% CI: 0.422-1.775;
p=0.598).

Risks of Secondary Endpoints in Patients
Receiving Non-vitamin K Antagonist Oral

Anticoagulants or Warfarin

Compared to warfarin use, Non-vitamin K Antagonist Oral
Anticoagulant (NOAC) was associated with a lower risk of ICH
(aHR: 0.613; 95% CI: 0.536-0.702; p < 0.001), major bleeding
(aHR: 0.703; 95% CI: 0.661-0.747; p < 0.001), composite adverse
events (aHR: 0.706; 95% CI: 0.664-0.750; p < 0.001), ischemic
stroke (aHR: 0.505; 95% CI: 0.470-0.543; p < 0.001), mortality
(aHR: 0.724; 95% CIL: 0.699-0.750; p < 0.001), myocardial
infarction (aHR: 0.815; 95% CI: 0.743-0.894; p < 0.001),
and systemic embolism (aHR: 0.859; 95% CI: 0.788-0.936;
p < 0.001) (Figure 2).

Subgroup Analysis Among Different
Non-vitamin K Antagonist Oral
Anticoagulants in Relation to the Risk of

Ischemic Bowel Disease

Subgroup analysis comparing each Non-vitamin K Antagonist
Oral Anticoagulant (NOAC) with warfarin in relation to risks
of ischemic bowel disease was done, and the results showed
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TABLE 1 | Baseline characteristics of NOAC and warfarin groups.

Variables NOACs Warfarin p
N = 43,787 N = 25,762
Age, years; mean value 75.73 (10.69) 70.06 (12.75) <0.001

(SD)

Age > 75 years, n (%) 25,734 (68.77) 10,321 (40.06) <0.001
Age 65-74 years, n (%) 12,093 (27.62) 6,811 (26.44) <0.001
Male sex, n (%) 23,699 (54.12) 14,286 (55.45) <0.001
CHA,DS,-VASC score; 4.20 (1.75) 3.68 (1.96) <0.001
mean values (SD)

HAS-BLED score, mean 2.89 (1.27) 2.61(1.43) <0.001
value (SD)

Comorbidities, n (%)

Hypertension 36,542 (83.45) 19,337 (75.06) <0.001
Diabetes mellitus 16,792 (38.35) 8,815 (34.22) <0.001
Congestive heart failure 16,532 (37.76) 11,299 (43.86) <0.001
Stroke 12,587 (28.75) 6,838 (26.54) <0.001
Vascular diseases 5,112 (11.67) 2,756 (10.7) <0.001
COPD 11,232 (25.65) 5,784 (22.45) <0.001
Hyperlipidemia 23,545 (63.77) 11,748 (45.6) <0.001
Autoimmune diseases 2,995 (6.84) 1,489 (5.78) <0.001
Cancer 5,610 (12.81) 2,631 (10.21) <0.001
Hyperthyroidism 879 (2.01) 459 (1.78) 0.036
Abnormal renal function 7,911 (18.07) 5,227 (20.29) <0.001
Abnormal liver function 9,144 (20.88) 4,783 (18.57) <0.001
Anemia 5,068 (11.57) 3,686 (14.31) <0.001
History of bleeding 11,923 (27.23) 6,702 (26.02) <0.001
Alcohol excess/abuse 584 (1.33) 414 (1.61) 0.003
Gout 8,984 (20.52) 5,635 (21.87) <0.001

COPD, chronic obstructive pulmonary disease; NOACs, non-vitamin K antagonist
oral anticoagulants; SD, standard deviation.

TABLE 2 | Incidence of IBD in relation to the CHA,DS,-VASC score.

CHA,DS,-VASc score n Event Person-year Incidence
number of rate
IBD (% per year)
All 69,549 67 185,659 0.036
0 (male) or 1 (female) 2,470 1 7,831 0.013
1 (male) or 2 (female) 6,046 4 18,021 0.022
>2 (male) or >3 (female) 61,033 62 159,807 0.039

IBD, ischemic bowel disease.

no significant differences between each NOAC and warfarin
(apixaban: aHR: 0.586, 95% CI: 0.203-1.692, p = 0.3234;
dabigatran: aHR: 0.469, 95% CI: 0.215-1.023, p = 0.0571;
edoxaban: aHR 0.308, 95% CI: 0.042-2.287, p = 0.2498; and
rivaroxaban: aHR 1.058, 95% CI: 0.597-1.874, p = 0.8475). The
interaction p-value was 0.1901 between the subgroups (Figure 3).

DISCUSSION
Main Findings

In this nationwide cohort study, we investigated the risk of
ischemic bowel disease in patients with anticoagulated AF and its

relationship with the CHA,;DS;,-VASc score. The main findings
were as follows: (1) the annual incidence of ischemic bowel
disease in patients with anticoagulated AF was 0.036% with a
positive correlation with the increase of CHA,;DS,-VASc scores
and (2) NOACs and warfarin were comparable in the risk of
ischemic bowel disease.

Current Data About the Risk of Ischemic
Bowel Disease in Patients With
Anticoagulated Atrial Fibrillation

Because of the different entities of ischemic bowel disease, the
actual incidence of ischemic bowel disease based on previous
literature remains unknown, ranging between 0.09 and 0.2%
of acute mesenteric ischemia (1, 28) and 0.16 and 0.18% of
colon ischemia (29-31). A retrospective nationwide cohort study
by Hu et al. reported an incidence between 0.36 and 1.1%,
higher than the results in our study (24). Of note, it is not
fair to directly compare the incidence of ischemic bowel disease
between different studies because of different study designs and
populations. Our study included patients with anticoagulated
Atrial Fibrillation (AF) only whereas Hu’s study enrolled patients
with AF regardless of OAC use. Besides, clinical management
for patients with AF varies in different eras, which might partly
explain the difference in reported incidence rates. For example,
Hu’s study population was between the years 2000 and 2011,
whereas our study population ranged from 2012 to 2018, when
OAC use has become more common because of the introduction
of NOAC:s (32, 33). Our report of a lower incidence of 0.036% per
year might suggest a beneficial role of anticoagulation in reducing
ischemic bowel disease. However, more studies are warranted to
support our assumption.

We found that the risk of ischemic bowel disease was
proportional to the increase in CHA,;DS;-VASc score, consistent
with a previous study that reported a 3.35 times higher risk of
ischemic bowel disease in patients with AF with a CHA,DS;-
VASc score > 2 compared to those with a CHA,DS,-VASc
score < 2 (24). However, old age is a well-recognized risk factor
of ischemic bowel disease and, at the same time, an important
component of the CHA,;DS;-VASc score. Therefore, we cannot
exclude the possibility that old age is a principal driver of the
increased incidence in patients with AF with high CHA,DS;-
VASc scores. Even so, we observed that, the CHA,DS,-VASc
score, an important risk scheme for ischemic stroke and a must-
do in patients with AF also serves as a useful tool for risk
stratification of ischemic bowel disease.

Bleeding Complications Between the
Warfarin and Non-vitamin K Antagonist
Oral Anticoagulants Groups

It is important to weigh the benefit against risk when choosing
OAC in patients with AF. NOAC is the mainstream OAC for
patients with AF because of better or comparable efficacy in
preventing ischemic stroke/systemic embolism and less ICH or
major bleeding compared to warfarin in randomized controlled
trials and real-world cohort studies (32, 34-38). However, to the
best of our knowledge, no studies analyzed endpoints of ischemic

Frontiers in Cardiovascular Medicine | www.frontiersin.org

July 2022 | Volume 9 | Article 874460


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Liao et al. IBD in Anticoagulated AF Patients

Number of event
umber of events Adjusted HR (95% Cl) P value

(%/year)
Teo
Warfarin 33 (0.037) L 2 Ref
NOACs 34 (0.036) L 0.802 (0.501 - 1.342) 0.430
ek
Warfarin 517 (0.578) Ref
NOACs 382 (0.402) —— 0.613 (0.536 - 0.702) <0.001
Major bleeding
Warfarin 2,256 (2.650) Ref
NOACs 2,010 (2.182) = 0.703 (0.661 - 0.747) <0.001
ICHorMBoriBD
Warfarin 2,279 (2.678) ' Ref
NOACs 2,039 (2.215) - - 0.706 (0.664 - 0.750) <0.001
Ischemic stroke :
Warfarin 1,762 (2.07) Ref
NOACs 1,418 (1.54) —— 0.505 (0.470 - 0.543) <0.001
Mortality
Warfarin 6,600 (7.31) Ref
NOACs 6,635 (6.95) 0.724 (0.699 - 0.750) <0.001
* Myocardial infarction
Warfarin 957 (1.08) Ref
NOACs 1,036 (1.10) 0.815 (0.743 - 0.894) <0.001
Systemic embolism :
Warfarin 358 (0.41) ¢ Ref
NOACs 269 (0.28) —0— 0.859 (0.788 - 0.936) <0.001

0.4 0.8 1.0 1.6

Adjusted HR (95% Cl)

FIGURE 2 | Risk of clinical events of NOACs compared to warfarin. The risk of ischemic bowel disease was similar between the NOAC and warfarin groups. As for
secondary endpoints, including ICH, major bleeding, ischemic stroke, mortality, myocardial infarction, and systemic embolism, NOACs were associated with a
significantly lower risk compared to warfarin. HR, hazard ratio; Cl, confidence interval; IBD, ischemic bowel disease; ICH, intracranial hemorrhage; MB, major
bleeding; NOACs, non-vitamin K antagonist oral anticoagulants.

_ Number of events (%/year) Adjusted HR (95% Cl) P value Interaction P

Warfarin 33(0.037) L 4 Ref
NOACs 34 (0.036) —— 0.802 (0.501 - 1.342) 0.430
Apixaban 4(0.034) —_ 0.586 (0.203 - 1.692) 0.323
Dabigatran 8(0.021) —— 0.469 (0.215 - 1.023) 0.057 0.191
Edoxaban 1(0.024) . 0.308 (0.042 - 2.287) 0.250
Rivaroxaban 21 (0.051) —_— 1.058 (0.597 - 1.874) 0.848

003 0.06 0.13 0.25 0.50 1.00 2.00 4.00
Adjusted HR (95% Cl)

FIGURE 3 | Subgroup analysis: risk of ischemic bowel disease between each NOAC and warfarin. Subgroup analysis showed a comparable risk of ischemic bowel
disease between each NOAC and warfarin. The interaction p-value was 0.1907. HR, hazard ratio; Cl, confidence interval; IBD, ischemic bowel disease; NOACs,
non-vitamin K antagonist oral anticoagulants.

bowel disease and bleeding under different OAC use in patients A composite endpoint combining ischemic bowel disease, ICH,
with AF at the same time. In the present study, we observed and major bleeding was analyzed, and NOACs were associated
similar effectiveness of NOACs and warfarin in preventing with a 29% decrease in risk compared to warfarin. Our results
ischemic bowel disease, whereas NOACs were associated with  imply that NOAC might be a better choice than warfarin
decreased risks of secondary endpoints compared to warfarin.  balancing effectiveness and the risk of bleeding.
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Limitations

Our study had some limitations. First, the present nationwide
cohort study was based on the Taiwan National Insurance
database and may be limited by the coding system that
does not completely reflect types of ischemic bowel disease.
Therefore, details of ischemic bowel disease were unknown,
and the types of ischemic bowel disease with pathologic
processes other than embolism also should have been included
in the analysis. However, atherosclerosis is also an important
mechanism underlying AF-associated adverse consequences and
might be involved in ischemic bowel disease. Although our
findings cannot represent a true causal relationship between
AF and ischemic bowel disease, we demonstrated that these
two are closely intertwined and increased the risk of ischemic
bowel disease with the increase of the CHA,DS,-VASc scores.
Second, ischemic bowel disease is sometimes overlooked in
clinical practice, especially in elderly patients, besides the
possibility of underdiagnosis/under-coding of ischemic bowel
disease in the retrospective administrative databases, which
might be one of the reasons underlying a low incidence of
ischemic bowel disease in our report. Nevertheless, what we
tried to report is the incidence of ischemic bowel disease
in patients with anticoagulated AF, which has not been well
studied before. Besides, underdiagnosis/underreporting can be
present in both warfarin and NOAC groups and may not
interfere with the focus of our study. Third, although we
observed a similar risk of incident ischemic bowel disease
between the NOACs and warfarin groups, the analysis may
be limited by the low event number. Fourth, how types of
AF influence the risk of ischemic bowel disease is unknown
since types of AF were unavailable in the database. However,
current guidelines suggested OAC use in AF patients with
a high risk of systemic embolism irrespective of the type
of AE so the lack of AF types in the database may not
influence the decision of OAC. Fifth, detailed information
about echocardiographic parameters was unavailable in the
database. However, this limitation is present in both warfarin
and NOAC groups and the choice of OAC should not
be influenced by echocardiographic parameters. Last, marked
differences in baseline characteristics and underlying diseases are
common in real-world cohort databases. Although we used the
multivariate Cox regression analysis and the propensity score
matching analysis to overcome the baseline differences, potential
confounding factors cannot be excluded.

Clinical Implication and Future Directions
Despite current advances in diagnostic tools for most
gastrointestinal diseases, ischemic bowel disease remains a
highly morbid disease relying on a high degree of clinical
suspicion and prompt management (6). A focused review of
underlying history along with clinical symptoms/signs is crucial
to improve the diagnostic rate. Since patients with AF are
susceptible to an increased risk of ischemic bowel disease and
prone to the complicated clinical course, a high awareness is
important for timely detection. The CHA,DS,-VASc score is the
most used scheme for the risk of ischemic stroke in patients with
AF, and we proved that it can also be applied for risk stratification
of ischemic bowel disease.

Although inadequate anticoagulation is associated with
mesenteric ischemia in patients with AF (39), data regarding
incidence rates of ischemic bowel disease in patients with AF are
still limited, not to mention the scarcity of evidence in patients
with anticoagulated AF. Besides, previous studies mostly used
warfarin as the main OAC, whereas NOACs have largely replaced
warfarin nowadays. In the present study, we used a nationwide
cohort database to report the incidence of ischemic bowel disease
in patients with anticoagulated AF and compared the incidence
of various adverse events, especially ischemic bowel disease,
between patients with AF taking warfarin and NOACs.

Despite all the efforts trying to improve the accuracy
and minimize baseline differences, potential biases cannot be
excluded. Future studies are needed to identify the risk of
ischemic bowel disease between patients with AF and non-
AF patients and to prove the beneficial effect of OAC in AF-
related ischemic bowel disease. For example, prospective studies
including detailed information on ischemic bowel disease in
relation to treatment strategies should be done since a relatively
low incidence of ischemic bowel disease in the present study may
fail to tell prognostic differences between warfarin and NOACs.
Furthermore, studies comparing the use of antiplatelet agents and
OACs might be helpful to clarify the effect of OAC for ischemic
bowel disease in patients with AF.

CONCLUSION

This nationwide cohort study showed that the incidence of
ischemic bowel disease was around 0.036%/year in patients
with anticoagulated AF and proportional to the increase of the
CHA,DS,-VASc scores. NOACs showed similar effectiveness to
warfarin for the risk of ischemic bowel disease.

DATA AVAILABILITY STATEMENT

The original contributions presented in this study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Board, Taipei Veterans
General Hospital. Written informed consent for participation
was not required for this study in accordance with the national
legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

J-NL was responsible for manuscript writing. Y-HC was
responsible for database resources. LK was responsible for data
analysis. C-TT was responsible for idea conceptualization. S-SL
was responsible for editing figures. T-FC was responsible for key
ideas and organization. All authors contributed to the article and
approved the submitted version.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

July 2022 | Volume 9 | Article 874460


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Liao et al.

IBD in Anticoagulated AF Patients

FUNDING

This work was supported in part by the grants from Chang
Gung Memorial Hospital (CMRPG3]1371). This study was based

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Ahmed M. Ischemic bowel disease in 2021. World ] Gastroenterol. (2021)
27:4746-62. doi: 10.3748/wjg.v27.i29.4746

. Clair DG, Beach JM. Mesenteric ischemia. N Engl ] Med. (2016) 374:959-68.

doi: 10.1056/NEJMral503884

. Cotter TG, Bledsoe AC, Sweetser S. Colon ischemia: an update for clinicians.

Mayo Clin Proc. (2016) 91:671-7. doi: 10.1016/j.mayocp.2016.02.006

. Prakash VS, Marin M, Faries PL. Acute and chronic ischemic disorders of the

small bowel. Curr Gastroenterol Rep. (2019) 21:27. doi: 10.1007/s11894-019-
0694-5

. Sise MJ. Acute mesenteric ischemia. Surg Clin North Am. (2014) 94:165-81.

doi: 10.1016/j.5uc.2013.10.012

. Herbert GS, Steele SR. Acute and chronic mesenteric ischemia. Surg Clin North

Am. (2007) 87:1115-34. doi: 10.1016/j.suc.2007.07.016

. Friberg L, Rosenqvist M, Lindgren A, Terent A, Norrving B, Asplund K. High

prevalence of atrial fibrillation among patients with ischemic stroke. Stroke.
(2014) 45:2599-605. doi: 10.1161/STROKEAHA.114.006070

. Chao TE Joung B, Takahashi Y, Lim TW, Choi EK, Chan YH, et al.

2021 Focused update of the 2017 consensus guidelines of the Asia Pacific
Heart Rhythm Society (APHRS) on stroke prevention in atrial fibrillation. J
Arrhythm. (2021) 37:1389-426. doi: 10.1002/joa3.12652

. Chao TE Joung B, Takahashi Y, Lim TW, Choi EK, Chan YH, et al.

2021 Focused update consensus guidelines of the Asia pacific heart rhythm
society on stroke prevention in atrial fibrillation: executive summary. Thromb
Haemost. (2022) 122:20-47. doi: 10.1055/s-0041-1739411

Chao TF Liu CJ, Tuan TC, Chen TJ, Hsieh MH, Lip GYH, et al. Lifetime
risks, projected numbers, and adverse outcomes in asian patients with atrial
fibrillation: a report from the Taiwan nationwide AF cohort study. Chest.
(2018) 153:453-66. doi: 10.1016/j.chest.2017.10.001

Chao TF, Lip GYH, Liu CJ, Lin YJ, Chang SL, Lo LW, et al. Relationship
of aging and incident comorbidities to stroke risk in patients with atrial
fibrillation. ] Am Coll Cardiol. (2018) 71:122-32. doi: 10.1016/j.jacc.2017.10.
085

Chao TE Lip GYH, Lin YJ, Chang SL, Lo LW, Hu YF, et al. Age threshold for
the use of non-vitamin K antagonist oral anticoagulants for stroke prevention
in patients with atrial fibrillation: insights into the optimal assessment of age
and incident comorbidities. Eur Heart J. (2019) 40:1504-14. doi: 10.1093/
eurheartj/ehy837

Cheng WH, Chiang CE, Lin YJ, Chang SL, Lo LW, Hu YF, et al. Non-vitamin
K antagonist oral anticoagulants in elderly (>/=85 years) patients with newly
diagnosed atrial fibrillation: changing clinical practice and outcomes for stroke
prevention in a nationwide cohort study. Mayo Clin Proc. (2021) 96:52-65.
doi: 10.1016/j.mayocp.2020.08.042

Chao TE Chiang CE, Chan YH, Liao JN, Chen TJ, Lip GYH, et al. Oral
anticoagulants in extremely-high-risk, very elderly (>90 years) patients with
atrial fibrillation. Heart Rhythm. (2021) 18:871-7. doi: 10.1016/j.hrthm.2021.
02.018

Chao TE Chan YH, Chiang CE, Tuan TC, Liao JN, Chen TJ, et al.
Continuation or discontinuation of oral anticoagulants after HAS-BLED
scores increase in patients with atrial fibrillation. Clin Res Cardiol. (2022)
111:23-33. doi: 10.1007/s00392-021-01816-z

Chao TE Chiang CE, Chen TJ, Liao JN, Tuan TC, Chen SA. Clinical risk score
for the prediction of incident atrial fibrillation: derivation in 7 220 654 Taiwan
patients with 438 930 incident atrial fibrillations during a 16-year follow-up. J
Am Heart Assoc. (2021) 10:¢020194. doi: 10.1161/JAHA.120.020194

Tsai CT, Liao JN, Chiang CE, Lin YJ, Chang SL, Lo LW, et al. Association
of ischemic stroke, major bleeding, and other adverse events with warfarin
use Vs non-vitamin K antagonist oral anticoagulant use in patients with
atrial fibrillation with a history of intracranial hemorrhage. JAMA Netw Open.
(2020) 3:¢206424. doi: 10.1001/jamanetworkopen.2020.6424

on data from the Health and Welfare Data Science Center
(HWDC), Ministry of Health and Welfare (MOHW), Taiwan.
The interpretation and conclusions contained herein do not
represent those of HWDC, MOHW, Taiwan.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chao TF, Chan YH, Chiang CE, Tuan TC, Liao JN, Chen TJ, et al. Early rhythm
control and the risks of ischaemic stroke, heart failure, mortality and adverse
events when performed early (<3 months). Thromb Haemost. (2022). [Online
ahead of print]. doi: 10.1055/a-1807-0336

Chao TE, Chan YH, Chiang CE, Tuan TC, Liao JN, Chen TJ, et al. Stroke
prevention with direct oral anticoagulants in high risk elderly atrial fibrillation
patients at increased bleeding risk. Eur Heart ] Qual Care Clin Outcomes.
(2021). [Online ahead of print]. doi: 10.1093/ehjqcco/qcab076

Chao TE, Chan YH, Tuan TC, Liao JN, Chen TJ, Lip GYH, et al. Should
oral anticoagulants still be prescribed to patients with atrial fibrillation with
a single stroke risk factor but at high bleeding risk? a nationwide cohort
study. Eur Heart ] Qual Care Clin Outcomes. (2021). [Online ahead of print].
doi: 10.1093/ehjqcco/qcab050

Lin CC, Lai MS, Syu CY, Chang SC, Tseng FY. Accuracy of diabetes diagnosis
in health insurance claims data in Taiwan. | Formos Med Assoc. (2005)
104:157-63.

Cheng CL, Kao YH, Lin S§J, Lee CH, Lai ML. Validation of the National
Health Insurance Research Database with ischemic stroke cases in Taiwan.
Pharmacoepidemiol Drug Saf. (2011) 20:236-42. doi: 10.1002/pds.2087
Chang CH, Lee YC, Tsai CT, Chang SN, Chung YH, Lin MS, et al
Continuation of statin therapy and a decreased risk of atrial fibrillation/flutter
in patients with and without chronic kidney disease. Atherosclerosis. (2014)
232:224-30. doi: 10.1016/j.atherosclerosis.2013.11.036

Hu WS, Lin CL. CHA2DS2-VASc score in the prediction of ischemic bowel
disease among patients with atrial fibrillation: insights from a nationwide
cohort. Int J Cardiol. (2017) 235:56-60. doi: 10.1016/j.ijcard.2017.02.097

Wei CW, Wang YC, Hung DZ, Chung YT, Chen WK, Kao CH. Increased risk
of mesenteric ischemia in patients with alcohol use disorder: a population-
based retrospective cohort study. Mayo Clin Proc. (2016) 91:189-95. doi: 10.
1016/j.mayocp.2015.09.023

Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk
stratification for predicting stroke and thromboembolism in atrial fibrillation
using a novel risk factor-based approach: the euro heart survey on atrial
fibrillation. Chest. (2010) 137:263-72. doi: 10.1378/chest.09-1584

Pisters R, Lane DA, Nieuwlaat R, de Vos CB, Crijns HJ, Lip GY. A novel user-
friendly score (HAS-BLED) to assess 1-year risk of major bleeding in patients
with atrial fibrillation: the Euro Heart Survey. Chest. (2010) 138:1093-100.
doi: 10.1378/chest.10-0134

Bala M, Kashuk J, Moore EE, Kluger Y, Biffl W, Gomes CA, et al. Acute
mesenteric ischemia: guidelines of the World Society of Emergency Surgery.
World ] Emerg Surg. (2017) 12:38. doi: 10.1186/s13017-017-0150-5

Suh DC, Kahler KH, Choi IS, Shin H, Kralstein ], Shetzline M. Patients with
irritable bowel syndrome or constipation have an increased risk for ischaemic
colitis. Aliment Pharmacol Ther. (2007) 25:681-92. doi: 10.1111/j.1365-2036.
2007.03250.x

Longstreth GE Yao JF. Epidemiology, clinical features, high-risk factors, and
outcome of acute large bowel ischemia. Clin Gastroenterol Hepatol. (2009)
7:1075-80. doi: 10.1016/j.cgh.2009.05.026

Yadav S, Dave M, Edakkanambeth Varayil ], Harmsen WS, Tremaine WJ,
Zinsmeister AR, et al. A population-based study of incidence, risk factors,
clinical spectrum, and outcomes of ischemic colitis. Clin Gastroenterol
Hepatol. (2015) 13:731-8. doi: 10.1016/j.cgh.2014.07.061

Chao TE Chiang CE, Lin YJ, Chang SL, Lo LW, Hu YE et al. Evolving
changes of the use of oral anticoagulants and outcomes in patients with newly
diagnosed atrial fibrillation in Taiwan. Circulation. (2018) 138:1485-7. doi:
10.1161/CIRCULATIONAHA.118.036046

Chao TE, Liu CJ, Lin YJ, Chang SL, Lo LW, Hu YF, et al. Oral anticoagulation
in very elderly patients with atrial fibrillation: a nationwide cohort study.
Circulation. (2018) 138:37-47. doi: 10.1161/CIRCULATIONAHA.117.031658
Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz
MD, et al. Comparison of the efficacy and safety of new oral anticoagulants

Frontiers in Cardiovascular Medicine | www.frontiersin.org

July 2022 | Volume 9 | Article 874460


https://doi.org/10.3748/wjg.v27.i29.4746
https://doi.org/10.1056/NEJMra1503884
https://doi.org/10.1016/j.mayocp.2016.02.006
https://doi.org/10.1007/s11894-019-0694-5
https://doi.org/10.1007/s11894-019-0694-5
https://doi.org/10.1016/j.suc.2013.10.012
https://doi.org/10.1016/j.suc.2007.07.016
https://doi.org/10.1161/STROKEAHA.114.006070
https://doi.org/10.1002/joa3.12652
https://doi.org/10.1055/s-0041-1739411
https://doi.org/10.1016/j.chest.2017.10.001
https://doi.org/10.1016/j.jacc.2017.10.085
https://doi.org/10.1016/j.jacc.2017.10.085
https://doi.org/10.1093/eurheartj/ehy837
https://doi.org/10.1093/eurheartj/ehy837
https://doi.org/10.1016/j.mayocp.2020.08.042
https://doi.org/10.1016/j.hrthm.2021.02.018
https://doi.org/10.1016/j.hrthm.2021.02.018
https://doi.org/10.1007/s00392-021-01816-z
https://doi.org/10.1161/JAHA.120.020194
https://doi.org/10.1001/jamanetworkopen.2020.6424
https://doi.org/10.1055/a-1807-0336
https://doi.org/10.1093/ehjqcco/qcab076
https://doi.org/10.1093/ehjqcco/qcab050
https://doi.org/10.1002/pds.2087
https://doi.org/10.1016/j.atherosclerosis.2013.11.036
https://doi.org/10.1016/j.ijcard.2017.02.097
https://doi.org/10.1016/j.mayocp.2015.09.023
https://doi.org/10.1016/j.mayocp.2015.09.023
https://doi.org/10.1378/chest.09-1584
https://doi.org/10.1378/chest.10-0134
https://doi.org/10.1186/s13017-017-0150-5
https://doi.org/10.1111/j.1365-2036.2007.03250.x
https://doi.org/10.1111/j.1365-2036.2007.03250.x
https://doi.org/10.1016/j.cgh.2009.05.026
https://doi.org/10.1016/j.cgh.2014.07.061
https://doi.org/10.1161/CIRCULATIONAHA.118.036046
https://doi.org/10.1161/CIRCULATIONAHA.118.036046
https://doi.org/10.1161/CIRCULATIONAHA.117.031658
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Liao et al.

IBD in Anticoagulated AF Patients

35.

36.

37.

38.

39.

with warfarin in patients with atrial fibrillation: a meta-analysis of randomised
trials. Lancet. (2014) 383:955-62. doi: 10.1016/S0140-6736(13)62343-0
Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M,
et al. Apixaban versus warfarin in patients with atrial fibrillation. N Engl ] Med.
(2011) 365:981-92. doi: 10.1056/NEJMoal107039

Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, et al.
Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N Engl ] Med.
(2011) 365:883-91. doi: 10.1056/NEJM0al009638

Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A, et al.
Dabigatran versus warfarin in patients with atrial fibrillation. N Engl ] Med.
(2009) 361:1139-51. doi: 10.1056/NEJM0a0905561

Giugliano RP, Ruft CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL,
et al. Edoxaban versus warfarin in patients with atrial fibrillation. N Engl ] Med.
(2013) 369:2093-104. doi: 10.1056/NEJMo0al1310907

Edwards MS, Cherr GS, Craven TE, Olsen AW, Plonk GW, Geary RL, et al.
Acute occlusive mesenteric ischemia: surgical management and outcomes.
Ann Vasc Surg. (2003) 17:72-9. doi: 10.1007/s10016-001-0329-8

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Liao, Chan, Kuo, Tsai, Lim and Chao. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org

July 2022 | Volume 9 | Article 874460


https://doi.org/10.1016/S0140-6736(13)62343-0
https://doi.org/10.1056/NEJMoa1107039
https://doi.org/10.1056/NEJMoa1009638
https://doi.org/10.1056/NEJMoa0905561
https://doi.org/10.1056/NEJMoa1310907
https://doi.org/10.1007/s10016-001-0329-8
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Risk of Ischemic Bowel Disease in Patients With Atrial Fibrillation Receiving Warfarin or Non-vitamin K Antagonist Oral Anticoagulants
	Introduction
	Materials and Methods
	Study Population
	The CHA2DS2-VASc, HAS-BLED Scores, and Clinical Endpoints
	Statistical Analysis

	Results
	Incidence and Risk of Ischemic Bowel Disease
	Risks of Secondary Endpoints in Patients Receiving Non-vitamin K Antagonist Oral Anticoagulants or Warfarin
	Subgroup Analysis Among Different Non-vitamin K Antagonist Oral Anticoagulants in Relation to the Risk of Ischemic Bowel Disease

	Discussion
	Main Findings
	Current Data About the Risk of Ischemic Bowel Disease in Patients With Anticoagulated Atrial Fibrillation
	Bleeding Complications Between the Warfarin and Non-vitamin K Antagonist Oral Anticoagulants Groups
	Limitations
	Clinical Implication and Future Directions

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


