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Abstract

Purpose Acid-suppressive drugs (ASDs) are often prescribed for patients with nonvalvular atrial fibrillation (NVAF) taking
oral anticoagulants (OACs). However, the risk-benefit balance of ASDs prescription for patients with NVAF taking OACs
is still unclear. This study aimed to assess the association between ASDs and clinical outcomes in patients taking OACs for
NVAF.

Methods This study is a subanalysis of an historical registry study from 71 centers in Japan. We included patients taking
vitamin K antagonists for NVAF and excluded those with mechanical heart valves or a history of pulmonary thrombosis
or deep vein thrombosis. We registered consecutive patients in February 2013 and followed them up until February 2017.
The primary outcomes were ischemic events, major bleedings, and all-cause mortality. Ischemic stroke, acute myocardial
infarction, and hemorrhagic stroke comprised the secondary outcomes.

Results We included 7826 patients with a mean age of 73 years, 5274 (67%) of whom were males. The adjusted hazard ratios
(95% confidence intervals) for ischemic events, major bleedings, and all-cause mortality in the ASD group compared with
the no-ASD group were 0.998 (0.78-1.27), 0.98 (0.81-1.18), and 1.22 (1.02-1.47), respectively, while those for ischemic
stroke, acute myocardial infarction, and hemorrhagic stroke were 0.96 (0.74-1.24), 0.82 (0.36-1.88), and 1.17 (0.69-1.99),
respectively.

Conclusions ASDs were significantly associated with all-cause mortality in patients with NVAF taking OACs.

Acid-suppressive drugs (ASDs), including proton pump
inhibitors and histamine-2 receptor antagonists, are often
prescribed for patients with nonvalvular atrial fibrillation
(NVAF) taking oral anticoagulants (OACs).

However, ASDs have various adverse effects, including
an increased risk for all-cause mortality and cardiovascu-
lar mortality.
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1 Introduction

Acid-suppressive drugs (ASDs), including proton pump
inhibitors (PPIs) and histamine-2 receptor antagonists
(H2RAs), are among the most commonly prescribed drugs
worldwide, mainly for treating and preventing gastrointes-
tinal symptoms [1]. In particular, PPIs are often prescribed
for patients with nonvalvular atrial fibrillation (NVAF) who
are taking oral anticoagulants (OACs), which precipitate
bleeding events [2, 3]. Concomitant use of PPIs for such
patients reportedly reduces the risk of gastrointestinal bleed-
ing [2-7]. However, ASDs have various adverse effects
[1-3, 8-13]. For instance, PPIs show an increased risk for
all-cause mortality and cardiovascular mortality [1, 8—13].
H2RAs also cause cytopenias, nephrotoxicity, and hepato-
toxicity, although these adverse events are less severe than
PPIs [1]. Furthermore, ASDs cause poor control of vitamin
K antagonists (VKAs) owing to their interaction with VKAs
[14]. However, the use of ASDs for patients with NVAF tak-
ing OACs and the risk—benefit balance remain unclear and
considerably controversial [2].

We therefore implemented a subanalysis of patients with
NVAF taking OACs in a large registry study. This study
aimed to investigate the association between ASDs and clini-
cal outcomes in patients with NVAF prescribed OACs.

2 Methods

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

This study was a subanalysis of an historical registry
study from 71 centers in Japan [15, 16]. We included patients
with NVAF, taking VKAs, on 2 February 2013 and excluded
those with mechanical heart valves or a history of pulmonary
thrombosis or deep vein thrombosis. We followed up the
participants until 25 February 2017. Those with a history
of stroke or major bleeding were included. The Institutional
Review Boards of all 71 participating centers approved the
study protocol (electronic supplementary Table 1), which
conforms to the Ethical Guidelines for Medical and Health
Research Involving Human Subjects in Japan [15-17]. Writ-
ten informed consent was replaced with the opt-out method
in line with the guidelines.

2.1 Data Collection and Definitions
Clinical research coordinators reviewed the hospital charts to
collect clinical information [15, 16]. We collected follow-up

information such as patient characteristics, laboratory data,
medication use, risk for ischemic stroke (CHADS, score),
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and risk for hemorrhagic stroke (HAS-BLED score) at 1, 2,
3, and 4 years for the same procedure. The CHADS, score,
which includes chronic heart failure, hypertension history,
age > 75 years, diabetes mellitus (DM), and prior cerebral
ischemia, was developed to assess the stroke risk in patients
with NVAF [18]. The HAS-BLED score, which consists of
hypertension, abnormal renal or liver function, stroke, bleed-
ing history or predisposition, labile international normal-
ized ratio of prothrombin time (PT-INR), age > 65 years,
and concomitant use of drugs and alcohol, was developed
to predict major bleeding events in anticoagulation for
patients with NVAF [19]. The participants were divided into
two groups: ASDs group and no-ASDs group. Those who
received ASDs at baseline comprised the ASDs group, while
all others belonged to the no-ASDs group. Because we did
not assess the use of ASDs after the inclusion of patients,
we assumed that those in the ASD group continued to use
ASDs during the follow-up and vice versa.

2.2 Outcomes

The primary outcomes consist of ischemic events, major
bleedings, and all-cause mortality. In this study, ischemic
events included ischemic stroke and systemic embolism
[20], and major bleedings were defined according to the
International Society on Thrombosis and Hemostasis criteria
[21]. The secondary outcomes were ischemic stroke (tran-
sient ischemic attack), acute myocardial infarction (AMI),
and hemorrhagic stroke (intracranial hemorrhage and suba-
rachnoid hemorrhage).

2.3 Statistical Analysis

Clinical characteristics and outcomes of the ASDs and no-
ASDs groups are presented as number (%), mean and standard
deviation (SD), or median and interquartile range (IQR), as
appropriate. Numbers of missing observed variables are also
presented. We used the Student ¢ test or Wilcoxon rank-sum
test for analyzing continuous data according to their distribu-
tion, and the Chi-square test for categorical data. The obser-
vation began on 26 February 2013 (index date) until the date
of death or last visit at the participating centers. Follow-up
periods were separately calculated for each outcome, taking
into consideration censoring due to death or last visit to cal-
culate the incidences and survival functions. In estimating
the cause-specific survival functions, we ignored nonfatal
outcomes, except for the analyzed outcomes. The incidence
of clinical outcomes was stratified by group and estimated
with cases per 1000 patient-years. In addition, we used the
Kaplan—Meier method and log-rank test for evaluating the
cumulative incidence and intergroup differences, respectively.
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Hazard ratios (HRs) with 95% confidence intervals
(CIs) of the outcomes of the ASDs group in comparison
with those of the no-ASDs group were estimated using
Cox proportional hazard models. We included the clini-
cally relevant variables to adjust the potential confound-
ers in the multivariable Cox proportional hazard models.
The adjusters for ischemic events, ischemic stroke, and
AMI were age; CHADS, score; baseline hemoglobin level;
medical histories such as coronary artery disease (CAD),
malignancy, and major bleeding; hemodialysis (HD) or
renal transplant; use of drugs such as aspirin, clopidogrel or
prasugrel, ticlopidine, statin, 3-blockers, angiotensin-con-
verting enzyme inhibitors (ACEIs) or angiotensin II receptor
blockers (ARBs), and nonsteroidal anti-inflammatory drugs
(NSAIDs); time in therapeutic range (TTR); and switching
from VKAs to direct OACs (DOACs). For major bleedings
and hemorrhagic stroke, the adjusters were age; HAS-BLED
score; baseline hemoglobin level; medical histories such as
CAD and malignancy; use of aspirin, clopidogrel or prasu-
grel, ticlopidine, statin, p-blockers, ACEIs or ARBs, and
NSAIDs; TTR; and switching from VKAs to DOACs. The
adjustment for all-cause mortality was a combination of
these factors.

To estimate the adjusted HRs for each subgroup and
the interaction p values, we constructed the same mul-
tivariable Cox proportional hazard models for primary
outcomes in the subgroups. The subgroups included
age (> 75 or < 75 years), sex, NVAF type (paroxysmal
or persistent), current smoking, DM history, estimated
glomerular filtration rate (¢GFR) (> 60, < 60 but > 30,
< 30 or HD), stroke history, CAD history, malignancy
history, use of aspirin and NSAIDs, CHADS, score (> 2
or < 2), HAS-BLED score (> 3 or < 3), and switching
from VKAs to DOACs.

As sensitivity analysis, we constructed the propen-
sity score for the use of ASDs and estimated the HRs
on the propensity score-matched cohort. We constructed
the multivariable logistic regression model for the use of
ASDs with 16 variables relevant to the selection of ASDs,
including age; medical histories such as CAD, chronic
liver disease, malignancy, and major bleeding; HD;
hemoglobin, platelet < 10 X 104/pL; creatinine; TTR;
use of aspirin, clopidogrel or prasugrel, ticlopidine, and
NSAIDs; switching from VKAs to DOACs; and HAS-
BLED score. After calculating the propensity score by
summing up all coefficients of variables, patients in the
ASDs group were matched to those in the no-ASDs group
using a 1:1 greedy matching technique. We eliminated
those patients without counterparts with corresponding
propensity score, and finally constructed the propensity
score-matched cohort of 5756 patients (ASDs group:
2878 patients; no-ASDs group: 2878 patients). Because
some patient characteristics were not balanced even after

propensity score matching, we constructed the Cox pro-
portional hazard models adjusting for unbalanced vari-
ables such as type of AF, medical history such as hyper-
tension, DM, and heart failure, and use of pB-blockers.
We evaluated HRs and their 95% Cls to assess the risk of
the ASDs group relative to the no-ASDs group for each
outcome measure.

A two-sided p value < 0.05 was considered statistically
significant. All statistical data were analyzed using JMP 15
(SAS Institute Inc., Cary, NC, USA).

3 Results
3.1 Patient Characteristics

Among 8366 patients initially registered in this study, 540
(7%) were excluded, leaving 7826 patients for analysis
(Fig. 1). The mean (SD) age was 73 (10) years and 5274
(67%) patients were males. Paroxysmal NVAF and persistent
NVAF were found in 2643 (34%) and 4185 (53%) patients,
respectively (Table 1).

The ASDs group included 3476 (44%) patients and was
significantly older (mean 74 years vs. 72 years, p < 0.0001)
and included fewer males (65% vs. 70%, p < 0.0001) than
the no-ASDs group. The ASDs group also had signifi-
cantly higher incidences of hypertension (80% vs. 77%,
p = 0.0002), peripheral arterial disease (10% vs. 7%,
p < 0.0001), CAD (33% vs. 21%, p < 0.0001), acute coro-
nary syndrome (14% vs. 8%, p < 0.0001), percutaneous
coronary intervention (14% vs. 5%, p < 0.0001), coronary
artery bypass graft (4% vs. 2%, p < 0.0001), stroke (27%
vs. 23%, p < 0.0001), chronic obstructive pulmonary dis-
ease (5% vs. 4%, p = 0.0057), heart failure (46% vs. 39%,
p < 0.0001), and major bleeding (5% vs. 2%, p < 0.0001).
The incidences of reduced left ventricular ejection frac-
tion (LVEF; 8% vs. 4%, p < 0.0001), reduced eGFR (< 60

NVAF patients with OACs
(n = 8366)

Excluded | Met exclusion criteria (n = 16)
Unclear information of OACs (n = 519)
Erroneous data (n = 5)

(n = 7826)

|
l |

ASDs group No ASDs group
(n = 3476) (n = 4350)

| Enrolled patients |

[ Propensity-score matched cohort |

ASDs group
(n=2878)

No ASDs group
(n =2878)

Fig. 1 Study flowchart. ASDs acid-suppressive drugs, NVAF nonval-
vular atrial fibrillation, OACs oral anticoagulants
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Table 1 Patient characteristics
Variable Entire cohort Propensity score-matched cohort
ASDs group [N = 3476) No-ASDs group pvalue  ASDs group [N =2878] No-ASDs p value
[N =4350] group
[N =2878]
Age, years [mean (SD)] 74 (10) 72 (10) < 0.0001 73 (10) 74 (10) 0.35
Males 2249 (65) 3025 (70) < 0.0001 1852 (64) 1914 (67) 0.086
Type of atrial fibrillation
Paroxysmal 1238 (36) 1405 (32) 0.0028 1017 (35) 910 (32) 0.0074
Persistent 1786 (51) 2399 (55) 1484 (52) 1593 (56)
Unknown 452 (13) 546 (13) 377 (13) 375 (13)
Medical history
Current smoking 285 (8) 349 (8) 0.78 24509 212 (7) 0.11
Alcohol abuse 19 (0.55) 24 (0.55) 098 17(0.59) 15 (0.52) 0.72
Hypertension 2786 (80) 3333 (77) 0.0002 2299 (80) 2234 (78) 0.036
Diabetes mellitus 1089 (31) 1355 (31) 0.87 848(29) 919 (32) 0.043
Dyslipidemia 1775 (51) 2137 (49) 0.088 1428 (50) 1437 (50) 0.81
Peripheral arterial 361 (10) 286 (7) < 0.0001 258 (9) 229 (8) 0.17
disease
Coronary artery disease 1148 (33) 927 (21) < 0.0001 794 (28) 798 (28) 0.91
Acute coronary syn- 481 (14) 338 (8) < 0.0001 317 (11) 285 (10) 0.17
drome
Percutaneous coronary 471 (14) 213 (5) < 0.0001 268 (9) 191 (7) 0.0002
intervention
Coronary artery bypass 142 (4) 104 (2) < 0.0001 86 (3) 93 (3) 0.6
graft
Stroke 922 (27) 981 (23) < 0.0001 744 (26) 710 (25) 0.3
Chronic obstructive 171 (5) 159 (4) 0.0057 144 (5) 119 (4) 0.11
pulmonary disease
Chronic liver disease 273 (8) 333 (8) 0.11 222 (8) 231 (8) 0.66
Malignancy 402 (12) 473 (11) 0.33  335(12) 332 (12) 0.9
Heart failure 1607 (46) 1684 (39) < 0.0001 1315 (46) 1206 (42) 0.0038
Major bleeding 172 (5) 107 (2) < 0.0001 103 (4) 102 (4) 0.94
Baseline laboratory data
BMI, kg/m? [mean 2423 (4.2) 24.48 (3.92) 0.014 24.24 (4.23) 24.26 (3.9) 0.89
(SD)I*
LVEF < 40%* 226 (8) 161 (4) < 0.0001 169 (7) 114 (5) 0.0014
eGFR < 60 mL/ 1975 (57) 2077 (48) < 0.0001 1604 (56) 1523 (53) 0.032
min/1.73 m? or HD,
eGFR < 30 mL/ 317 (9) 195 (4) < 0.0001 206 (7) 170 (6) 0.055
min/1.73 m* or HD?
Hemoglobin < 11 g/ 438 (13) 288 (7) < 0.0001 303 (11) 280 (10) 0.32
dL?
Platelet < 10 x 10*/uL? 101 (3) 133 (3) 0.63 893 98 (3) 0.5
Creatinine, mg/dL 0.92 (0.77-1.15) 0.89 (0.75-1.07) < 0.0001 0.9 (0.76-1.12) 0.9 (0.75-1.1) 0.11
[median (IQR)]
TTR, % [median 84 (41-100) 83 (38-100) 0.29 83 (39-100) 84 (40-100) 0.96
(IQR)]
Medication
Aspirin 1013 (29) 671 (15) < 0.0001 628 (22) 636 (22) 0.8
Clopidogrel or prasu- 238 (7) 109 (3) < 0.0001 112 (4) 102 (4) 0.49
grel
Ticlopidine 75 (2) 49 (1) 0.0003 38 (1) 43 (1) 0.58
Statins 1260 (36) 1339 (31) < 0.0001 981 (34) 943 (33) 0.29
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Table 1 (continued)
Variable Entire cohort Propensity score-matched cohort
ASDs group [N = 3476) No-ASDs group pvalue  ASDs group [N =2878] No-ASDs p value
[N =4350] group
[N =2878]
fB-blockers 1606 (46) 1710 (39) < 0.0001 1336 (46) 1148 (40) < 0.0001
ACEIs or ARBs 1898 (55) 2183 (50) 0.0001 1272 (44) 1206 (42) 0.079
NSAIDs 180 (5) 133 (3) < 0.0001 123 (4) 123 (4) 1
Switching from VKAs to 819 (24) 1074 (25) 025 707 (25) 683 (24) 0.46
DOACs
CHADS?2 score [median 2 (2-3) 2(1-3) < 0.0001 2(2-3) 2 (1-3) 0.13
(IQR)]
HAS-BLED score 2 (1-3) 2 (1-2) < 0.0001 2(1-2) 2 (1-2) 0.45
[median (IQR)]
Follow-up period, years  2.87 (1.14-3.93) 3(1.16-3.93) 0.15 2.87(1.12-3.93) 2.92 (1.1-3.93) 0.58
[median (IQR)]

Data are expressed as n (%) unless otherwise stated

ACElIs angiotensin-converting enzyme inhibitors, ARBs angiotensin II receptor blockers, ASDs acid-suppressive drugs, BMI body mass index,
DOAC: direct oral anticoagulants, eGFR estimated glomerular filtration rate, HD hemodialysis, /QR interquartile range, LVEF left ventricular
ejection fraction, NSAIDs nonsteroidal anti-inflammatory drugs, SD standard deviation, T7R time in therapeutic range, VKAs vitamin K antago-

nists

#Variables with missing data: BMI (376 in the ASDs group and 523 in the no-ASDs group); LVEF (474 in the ASDs group and 727 in the
no-ASDs group); eGFR (63 in the ASDs group and 137 in the no-ASDs group); hemoglobin (99 in the ASDs group and 169 in the no-ASDs

group); platelet (91 in the ASDs group and 163 in the no-ASDs group)

mL/min/1.73 m?) or HD (57% vs. 48%, p < 0.0001),
and reduced hemoglobin level (< 11 g/dL; 13% vs. 7%,
p < 0.0001) were also higher in the ASDs group than in
the no-ASDs group. In contrast, TTR was not significantly
higher in the ASDs group than in the no-ASDs group (84%
vs. 83%, p = 0.29). The ASDs group was also prescribed
more aspirin (29% vs. 15%, p < 0.0001), clopidogrel or
prasugrel (7% vs. 3%, p < 0.0001), ticlopidine (2% vs. 1%,
p = 0.0003), statins (36% vs. 31%, p < 0.0001), p-blockers
(46% vs. 39%, p < 0.0001), ACEIs or ARBs (55% vs. 50%,
p =0.0001), and NSAIDs (5% vs. 3%, p < 0.0001) than the
no-ASDs group. Switching from VKAs to DOACs was not
significantly lower in the ASDs group than in the no-ASDs
group (24% vs. 25%, p = 0.25). Moreover, the median
CHADS, score and HAS-BLED score were numerically
similar between such groups (2 vs. 2, p < 0.0001; 2 vs. 2,
p < 0.0001, respectively) (Table 1).

3.2 Outcomes

Between the ASDs group and the no-ASDs group, the cumu-
lative incidences of primary outcomes such as ischemic
events and major bleedings at 4 years were 5.82% vs. 5.31%
(p = 0.42) and 9.86% vs. 7.92% (p = 0.19), respectively
(Fig. 2a, b). The cumulative incidence of all-cause mortality
was significantly different between the two groups (10.75%
vs. 6.66%, p < 0.0001) (Fig. 2c). According to cases per
1000 patient-years, the incidences of ischemic events, major

bleeding, and all-cause mortality in the ASDs group versus
the no-ASDs group were 15.28 vs. 13.84, 25.22 vs. 22.25, and
26.89 vs. 16.93, and the adjusted HRs (95% Cls) were 0.998
(0.78-1.27), 0.98 (0.81-1.18), and 1.22 (1.02-1.47), respec-
tively (Table 2).

For the secondary outcomes, the cumulative incidences of
ischemic stroke, AMI, and hemorrhagic stroke between the
ASDs and no-ASDs groups were 5.3% vs. 4.83% (p = 0.52),
0.53% vs. 0.46% (p = 0.43), and 1.3% vs. 1.04% (p = 0.42)
(Fig. 2d-f) at 4 years, and 13.74 vs. 12.64, 1.61 vs. 1.17,
and 3.31 vs. 2.68 in terms of cases per 1000 patient-years,
and the adjusted HRs (95% ClIs) were 0.96 (0.74-1.24), 0.82
(0.36-1.88), and 1.17 (0.69-1.99), respectively (Table 2).

In the subgroup analyses, we identified those with numer-
ically higher HRs in the switch from VKAs to DOACs:,
with a significant effect on ischemic events in the ASDs
group; the interaction p value was also significant (Fig. 3a).
In the subgroups for major bleeding, the higher boundary
of 95% CI was lower than 1 in the subgroup of patients
with NSAIDs use, and the interaction p value was signifi-
cant (Fig. 3b). In most subgroups for all-cause mortality, the
ASDs group had consistently higher HRs, with no signifi-
cant interaction p-values in all subgroups (Fig. 3c).

3.3 Sensitivity Analyses

The clinical characteristics were generally similar between
the ASDs and no-ASDs groups after propensity score
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Follow-up, years 0 1 2 3 4 Follow-up, years 0 1 2 3 4
Ischemic events ASDs group Number at risk, n 3476 2616 2033 1574 39 Major bleedings ASDs group Number at risk, n 3476 2601 2018 1554 41
Cumulative events, n 0 45 89 17 132 Cumulative events, n 0 76 135 178 216
Cumulative incidence, % 0 1.45 3.28 4.77 5.82 C ive inci % 0 242 4.82 7.06 9.86
No ASDs group | Number at risk, n 4350 3265 2616 2124 42 No ASDs group | Number at risk, n 4350 3252 2584 2096 40
Cumulative events, n 0 57 100 125 153 Cumulative events, n 0 110 179 218 244
Cumulative incidence, % 0 1.51 2.86 3.85 5.31 Cumulative incidence, % 0 2.83 5.09 6.61 7.92
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Follow-up, years 0 1 2 3 4 Follow-up, years 0 1 2 3 4
All-cause mortality ASDs group Number at risk, n 3476 2934 2496 2103 67 Ischemic stroke ASDs group Number at risk, n 3476 2618 2038 1582 39
Cumulative events, n 0 86 166 235 276 Cumulative events, n 0 41 80 103 119
Cumulative incidence, % 0 26 541 8.19 10.75 Cumulative incidence, % 0 1.33 2.94 417 5.3
No ASDs group | Number at risk, n 4350 3698 3223 2819 62 No ASDs group | Number at risk, n 4350 3268 2621 2129 42
Cumulative events, n 0 73 129 181 224 Cumulative events, n 0 54 93 117 140
Cumulative incidence, % 0 1.77 3.33 4.97 6.66 Cumulative incidence, % 0 141 2.66 3.61 4.83
12.0% 12.0%
e Log-rank P = 0.43 == ASDSs group f Log-rank P = 0.42 == ASDs group
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AMI ASDs group Number at risk, n 3476 2617 2054 1594 45 Hemorrhagic ASDs group Number at risk, n 3476 2637 2078 1617 47
Cumulative events, n 0 7 13 14 14 stroke Cumulative events, n 0 7 19 25 29
Cumulative incidence, % 0 0.23 0.48 0.53 0.53 Cumulative incidence, % 0 0.22 0.72 1.04 13
No ASDs group | Number at risk, n 4350 | 3282 | 2642 | 2148 42 No ASDs group | Number at risk, n 4350 | 3302 | 2661 2168 4
Cumulative events, n 0 6 11 12 13 Cumulative events, n 0 12 21 25 30
Cumulative incidence, % 0 0.15 0.31 0.36 0.46 Cumulative incidence, % 0 0.32 0.62 0.78 1.04

Fig.2 Cumulative incidence of outcomes: a ischemic events; b major bleedings; ¢ all-cause mortality; d ischemic stroke; e acute myocardial
infarction; f hemorrhagic stroke. AMI acute myocardial infarction, ASDs acid-suppressive drugs

matching, but there were significant differences in some
variables we included, such as the type of NVAF, hyper-
tension, DM, percutaneous coronary intervention, heart
failure, reduced LVEF (< 40%), reduced eGFR (< 60 mL/
min/1.73 mz) or HD, and f-blockers were not balanced
(Table 1). In the propensity score-matched cohort, the
adjusted HRs (95% Cls) for ischemic events, major bleed-
ing, and all-cause mortality were 0.86 (0.65-1.15), 0.9
(0.72-1.12), and 1.27 (1.02—1.58), respectively (Table 3).
The HRs for other outcomes were also consistent with the
results of the entire cohort (Table 3).
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4 Discussion

Our study shows that patients with NVAF taking ASDs had
a significantly higher mortality risk than those with NVAF
without ASD prescription; however, the ischemic events and
major bleedings were not significantly different between the
two groups. This study is the first to describe an increased
risk of all-cause mortality among OAC-treated patients with
NVAF receiving ASDs.

Singh et al. have reported that despite improvements in the
care of patients with atrial fibrillation, all-cause mortality did
not significantly change during the study period from 2007 to
2015 [22]. Cardiovascular death significantly decreased, but
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Table 2 Clinical outcomes among the entire cohort

Outcomes ASDs group No-ASDs group Crude HR 95% Cls Adjusted HR 95% Cls

(/1000 PY) (/1000 PY)

Ischemic events 132 (15.28) 153 (13.84) 1.10 0.87-1.39 0.998 0.78-1.27
Ischemic stroke 119 (13.74) 140 (12.64) 1.09 0.86-1.40 0.96 0.74-1.24
Acute myocardial infarction 14 (1.61) 13 (1.17) 1.36 0.64-2.89 0.82 0.36-1.88

Major bleedings 216 (25.22) 244 (22.25) 1.13 0.94-1.36 0.98 0.81-1.18
Hemorrhagic stroke 29 (3.31) 30 (2.68) 1.24 0.74-2.06 1.17 0.69-1.99

All-cause mortality 276 (26.89) 224 (16.93) 1.59 1.33-1.89 1.22 1.02-1.47

Adjusters for ischemic events, ischemic stroke, and acute myocardial infarction included age; CHADS, score; baseline hemoglobin level; history
of CAD; history of major bleeding; history of malignancy; hemodialysis or renal transplant; use of aspirin, clopidogrel or prasugrel, ticlopidine,
statin, B-blockers, ACEIs or ARBs, and NSAIDs; TTR; and switching from VKAs to DOACs

Adjusters for major bleedings and hemorrhagic stroke included age; HAS-BLED score; baseline hemoglobin level; history of CAD; history of
malignancy; use of aspirin, clopidogrel or prasugrel, ticlopidine, statin, f-blockers, ACEIs or ARBs, and NSAIDs; TTR; and switching from
VKAs to DOACs

Adjusters for all-cause mortality included age; CHADS, score; HAS-BLED score; baseline hemoglobin level; history of CAD; history of major
bleeding; history of malignancy; hemodialysis or renal transplant; use of aspirin, clopidogrel or prasugrel, ticlopidine, statin, f-blockers, ACEIs
or ARBs, and NSAIDs; TTR; and switching from VKAs to DOACs

ACEIs angiotensin-converting enzyme inhibitors, ARBs angiotensin II receptor blockers, ASDs acid-suppressive drugs, CAD coronary artery
disease, CI confidence interval, DOACs direct oral anticoagulants, HR hazard ratio, NSAIDs nonsteroidal anti-inflammatory drugs, PY patient-

years, TTR time in therapeutic range, VKAs vitamin K antagonists

noncardiovascular death significantly increased, resulting in
no significant change in all-cause mortality during the study
period. Furthermore, noncardiovascular and cardiovascular
death accounted for 61% and 39%, respectively [22]. The
noncardiovascular death included cancer (30% of noncardio-
vascular deaths) and respiratory failure (10%) [22]. Although
the causes of death were not examined, such noncardiovascu-
lar deaths could be the majority in our study. The increased
risk of mortality with ASDs could be explained if the non-
cardiovascular death was dominant.

PPIs have been reported to be associated with gastric can-
cer, nosocomial pneumonia, and community-acquired pneu-
monia [1, 2,9, 11-13, 23]. The long-term exposure to PPIs
was reported to increase the risk of gastric cancer due to
gastrin-mediated trophic stimulus of gastric mucosa, gastric
atrophy, and alteration of gut microbiota and gastric mucosal
immunology [11]. The increased risk of death due to upper
gastrointestinal cancer was more evident in those without
documented indication for ASDs [11]. Micro-aspiration of
the altered gut flora due to decreased gastric acidity with
PPIs was considered a mechanism for the increased pneu-
monia risk [24]. Proton pumps were localized in the upper
and lower respiratory tract, and pH dysregulation due to PPIs
also altered respiratory flora, resulting in the increased risk
of respiratory tract infections [24].

Other pathophysiology for increased mortality with ASDs
should be considered. The suppression of gastric acidity and
the alteration in gut bacterial flora was reported to lead to
Clostridium difficile infections among long-term PPI users

[23]. Abolishing acid production due to PPIs could inter-
fere with the absorption of nutrients, which enhances the
risk of malnutrition, including B12 deficiency, hypomagne-
semia, and hypokalemia [23]. The electrolyte disturbances
also contributed to the increased cardiovascular death risk,
such as arrhythmias [23]. Other risks of PPIs were reported
as acute interstitial nephritis, chronic kidney disease, colla-
genous colitis, anemia, osteoporotic fractures, and dementia
[1-3, 8-13]. H2RAs were also reported to be associated with
cytopenia, nephrotoxicity, and hepatotoxicity [1].

In addition to the effects of ASDs on mortality risk, inter-
actions between ASDs and OACs should be considered.
Concomitant use of PPIs was reported to reduce dabigatran
absorption [14], which could be consistent to our finding that
there was significant interaction between ASDs and switch-
ing from VKAs to DOAC:sS in terms of ischemic events.

Despite these explanations, other conditions related to
concomitant use of ASDs should be considered. Although
we adjusted the potential confounders in this study, the ASD
group included more patients with comorbidities than the
no-ASD group, and the adjustments might not be inadequate.
Kimura et al. reported that PPI use is associated with an
increased risk for all-cause mortality in patients after under-
going percutaneous coronary intervention [25], although the
unobserved differences in patients’ characteristics in these
studies might have contributed to the increased risk of death.

In this study, prescribing ASDs to patients with NVAF
increased the risk for all-cause mortality. Mizokami et al.
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Fig.3 Subgroup analyses on
outcomes: a ischemic events;
b major bleedings; ¢ all-cause
mortality. AF atrial fibrillation,
ASDs acid-suppressive drugs,
CAD coronary artery disease,
CI confidence interval, DOACs
direct oral anticoagulants,
eGFR estimated glomerular
filtration rate, HD hemodi-
alysis, HR hazard ratio, NA not
assessed, NSAIDs nonsteroidal
anti-inflammatory drugs, VKA
vitamin K antagonist
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Table3 Clinical outcomes Outcome Crude HR 95% CI Adjusted HR 95% CI
of the ASDs group relative
to the no—ASDs group among Ischemic events 0.86 0.65-1.15 0.86 0.65-1.15
3 propensity score-matched Ischemic stroke 0.83 0.62-1.12 0.83 0.61-1.12
Acute myocardial infarction 1.001 0.38-2.67 1.02 0.38-2.72
Major bleedings 0.91 0.73-1.13 0.9 0.72-1.12
Hemorrhagic stroke 1.004 0.55-1.84 1.02 0.55-1.87
All-cause mortality 1.29 1.04-1.61 1.27 1.02-1.58

Adjusters for outcomes: type of atrial fibrillation, history of hypertension, history of diabetes mellitus, his-
tory of heart failure, and use of p-blockers

ASDs acid-suppressive drugs, CI confidence interval, HR hazard ratio

reported that PPIs were prescribed to more than half of
patients with NVAF without an appropriate indication,
including gastrointestinal disorders [2]. Therefore, physi-
cians need to carefully consider the benefits and risks of
ASDs and prescribe ASDs to patients with NVAF having
distinct indications for ASDs.

4.1 Limitations

This study has several limitations. First, we did not con-
sider the details of the ASDs, including the type, dura-
tion, and daily dosage of the medication. Because differ-
ent types of ASDs have divergent pharmacologic effects
on OACs [14], and the pharmacological effects of ASDs
depend on the duration of administration, further studies
are needed on the prognostic value of different types of
ASDs or the duration of administration. Second, our study
did not include patients with NVAF who were not taking
OAC s because this study was a subanalysis of an histori-
cal registry study that investigated those taking OACs.
Therefore, the effect of ASDs on all patients with NVAF
irrespective of the use of OACs could not be investigated.
Thus, our findings should be limited in those with NVAF
taking OACs. Third, the registry did not include data on
the types of ischemic or hemorrhagic strokes, components
of major bleedings, or reasons for death. In particular,
because death is the most fatal adverse event of PPIs in
patients with NVAF [2], causes of death should be further
evaluated. Fourth, we did not scrutinize the incidences
of acid-related diseases, including gastrointestinal tract
examination. Therefore, the effects of ASDs on such gas-
trointestinal diseases remain uncertain. Finally, the sample
size was insufficient to evaluate low-incidence events, such
as AMI. Considering that AMI is one of the important
adverse events of PPIs [12], we should increase the sam-
ple size in future to clarify the association between AMI
and ASDs.

5 Conclusions

Among patients with NVAF taking OACs, patients with
ASDs had a significantly higher incidence of all-cause
mortality than those without ASDs as a co-therapy of
OACs. Further clinical studies are needed to confirm
the effect of ASDs on clinical outcomes in patients with
NVAF.
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