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Abstract

Background: Interaction between proton pump inhibitors (PPI) and warfarin is controversial.
Previous clinical studies have only a short follow-up period. Methods and Results: All patients (n =
716) for whom warfarin was prescribed from November 1, 2010 to October 30, 2011 were ex-
tracted from electronic health records. In retrospective analysis for 1 year, PPI were prescribed to
404 patients. Among them, 108 patients were taking warfarin for more than 6 weeks before and
after PPL. The profile of these patients was analyzed: 63 patients took lansoprazole; 15 patients
took omeprazole; 30 patients took rabeprazole. No statistical difference was observed among 3
groups in age, body weight, concomitant use of other drugs, and comorbidity. Warfarin dose and
INR did not change after PPI. Multivariate stepwise logistic regression analysis revealed that up-
per quartile of increment of INR was associated with the presence of atrial fibrillation (OR 3.77,
95% CI 1.16 - 12.27). The patients who had warfarin for shorter periods before PPI, or those who
had PPI first (n = 141) had similar dose of warfarin and INR. In all patients analyzed (n = 404), in-
cluding patients whose follow-up periods were shorter than 6 weeks (n = 155), a patient had ce-
rebral bleeding, and 2 patients had cerebral infarction. Conclusions: Unfavorable interaction be-
tween warfarin and PPI was negligible in clinical use. Relatively higher INR was achieved after PPI
in the presence of atrial fibrillation.
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1. Introduction

Atrial fibrillation is a major cause of systemic embolism, which often results in cerebral infarction with severe
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sequelae [1]. Warfarin is used to prevent cardiogenic embolism for the patients at risk [1]-[3]. The other major
indications are deep vein thrombosis and mechanical valve replacement, which large numbers of the patients
suffer from. Proton pump inhibitors (PPI) are also widely used because the number of patients with esophageal
regurgitation is increasing and the prevention of aspirin-ulcer has been more and more important [4]. Cardiolo-
gists thus often use these drugs concomitantly [5].

Drug interaction of warfarin and PPI is a very important issue, because warfarin inhibits competitively the
metabolic enzymes of PPI for their degradation [6]. For example, R-warfarin inhibits CYP2C19 [7] [8], which
metabolizes most of lansoprazole [9] and omeprazole [10]. It also metabolizes a part of rabeprazole [6]. Howev-
er, it is not known how this pharmacological difference among PPI is relevant to the clinical practice. In fact,
there are few clinical studies on this matter [11]-[14]. Some studies pointed out that PPI increased the anti-coa-
gulation effect of warfarin [11] [14], i.e., INR was increased, but their observation periods were too short (1 to 2
weeks) to draw a definite conclusion. The effect of warfarin is known to fluctuate during a long-term follow-up
where adverse effects could be seen [15].

We studied the interaction of warfarin and 3 PPI by the retrospective observation for relatively long-term.

2. Methods
2.1. Patients

All patients who received warfarin and one of PPI from November 1, 2010 to October 30, 2011 were extracted
from the electrical health records in our institution (n = 716).

2.2. Analysis

Main analysis was performed using the data of the patients who received warfarin more than 6 weeks before the
initial administration of a PPI. Information on demographic data, underlying disease, NSAIDS and/or anti-
platelet drug use, time course of warfarin dose and prothrombin time (INR), complications were collected, di-
viding into 3 drug groups of PPI (lansoprazole, omeprazole, rabeprazole). The other PPI were not included be-
cause they were not available in Japan during the study period. A linear logistic regression analysis was done to
find factors that affected the warfarin effects.

A supplementary analysis was also done for the patients who received warfarin first but equal to or less than 6
weeks prior to PPl administration, and the patients who received PPI first (n = 141). Mean warfarin dose and
INR was calculated for these patients. Because warfarin dose could be adjusted along with the time course in the
presence of PPI, they were excluded from a logistic regression analysis for the factors affecting warfarin dose
and INR.

Only side effects were studied for the patients who received warfarin and PPI for less than 6 weeks (n = 155).
The patients who did not receive warfarin and PP1 simultaneously were excluded from the analysis (n = 312).

2.3. Statistics

Data are shown as mean + SD in the text, and median (the first and the third quartile) in some figures. Statistical
analysis was performed using ANOVA for the difference of demographic data among 3 groups, Friedman test
for the time-course of warfarin dose and INR within the same PPI group, Kruskal-Wallis test for the comparison
among 3 groups during the time course. Chi-square test was performed when appropriate. Univariate and multi-
variate logistic regression analysis was performed for the main analysis to find out the factors that affected an
anti-thrombotic effect of warfarin. P < 0.05 was considered statistically significant. Confidential intervals were
shown in the presentation of odds ratio. The protocol of this study was approved by the ethics committee of our
institution.

3. Results
3.1. Main Results

The subjects of this analysis were the patients who had a sufficient period of warfarin dose adjustment (>6
weeks) prior to the introduction of PPI (n = 108). Table 1 shows age, sex, body weight, underlying diseases for
the warfarin requirement, drug use that could affect the anti-coagulation in each PPI group. There was no dif-
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ference among 3 groups.

Time-course of prothrombin time (INR) before and after PPI introduction was shown in Figure 1. The fol-
low-up period was at least 12 weeks for omeprazole, at least 16 weeks for lansoprazole and rabeprazole. Aver-
age INR before PPI administration were 1.89 + 0.50 for lansoprazole group (n = 63), 1.80 + 0.68 for omeprezole
group (n = 15), and 1.78 £ 0.48 for rabeprazole group (n = 30), respectively (not statistically significant). PPI

Table 1. Comparison of patients’ characteristics.

Lansoprazole Omeprazole Rabeprazole P value”

Patient number 63 15 30
Age (years old) 712+113 741+89 71.0+12.1 0.6420
Body weight (kg) 60.0+12.1 63.5+15.4 60.5+12.5 0.6310
Male [%] 40 [63.5] 10 [66.7] 24 [80.0] 0.2732
Atrial fibrillation [%] 37 [58.7] 8 [53.3] 14 [6.7] 0.5474
Ventricular tachycardia [%] 11[17.5] 3[20.0] 6 [20.0] 0.9454
Valvular heart disease [%] 16 [25.4] 4126.7] 6 [20.0] 0.8237
Cardiac valve replacement [%)] 8[12.7] 3[20.0] 5[16.7] 0.7317
Cardiomyopathy [%] 7111.1] 0[0] 2[6.7] 0.3484
Myocardial infarction [%] 17 [27.0] 5[33.3] 6 [20.0] 0.6023
Angina pectoris [%] 6 [9.5] 0[0] 4[13.3] 0.3450
Amiodarone [%] 3[4.8] 0[0] 21[6.7] 0.6027
Antiplatelet [%] 11 [17.5] 2[13.3] 7[23.3] 0.6788
Aspirin [%] 27 [42.9] 6 [40.0] 11[36.7] 0.8494
NSAIDS [%] 11 [17.5] 2[13.3] 4[13.3] 0.8449

P-value™: Chi-square test or Kruskal-Wallis test.
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Figure 1. Changes in INR before and after PPI: The average
INR were plotted against time-course of each PPI group. At
the week 0, PPI was introduced to the patient. No significant
changes were observed in all groups.
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did not change INR during the treatment in 3 groups.

Dose adjustment of warfarin was shown in Figure 2. Average dose was 2.99 + 1.26 mg for lansoprazole
group, 2.95 + 0.81 mg for omeprazole group, and 2.68 + 0.94 mg for rabeprazole group. In average, there was
no statististical difference in warfarin dose after PPl administration.

Visit-to-visit changes of INR after the introduction of PPI are shown in Figure 3. Standard deviation for the
entire time-course was divided by mean INR in each patient, and the distribution of these data was plotted.

There was a tendency that the changes were greater in lansoprazole group, but the difference was less than
50%. There was no statistical difference among 3 groups.

Maximal change of INR in each patient after the introduction of PPI was shown in Figure 4. Median change
was within +0.5, and there was no statistical difference among 3 groups. Bar graphs demonstrate that INR
swung to the smaller number more often than the larger number. INR of some patients, however, increased by
more than 1. Patient-to-patient difference seemed rather greater in lansoprazole group. The percentage of the
upper quartile (>75%) of maximal INR change (>0.690) during the time course was compared in Figure 5, but
the difference was not statistically significant among 3 drug groups.

mg
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2.04 ] |
1.0 Friedman test [intra-group]
} o—e Lansoprazole [n=63] P=0.759
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-12 -8 -4 0 4 8 12
Weeks

Figure 2. Changes in warfarin dose before and after PPI: The
average doses of warfarin were plotted against time-course of
each PPI group, as shown in Figure 1. Dose was not changed
after PPI introduction.
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Figure 3. Visit-to-visit INR variability: The range of INR va-
riability of each patient was evaluated as standard deviation
over mean INR. Variability was not different in all groups.
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Figure 4. Maximum change of INR after PPI introduction:
The maximum change of INR during follow-up period after
PPI introduction was compared among each PPI group. There
was no significant difference among 3 groups.
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Figure 5. Percentage of the patients who was in the upper
quartile of INR increase: Some patients showed relatively
large increase of INR after the introduction of PPl. When the
patients showed >0.690 increase of INR, they were in the up-
per-most quarter of all study population. The distribution of
these patients in each PPI group is shown in the figure. INR
of the patients in the labeprezole group tended to increase
larger than INR in other groups, but it was not significant.

Univariate logistic regression analysis was performed to find the conditions that could affect the INR increase
(Table 2). When the upper quartile increase of INR (>0.690) is set to a dependent variable, the presence of atrial
fibrillation had the odds ratio >3.0 (CI 1.16 - 12.27). The same result was obtained when a multivariate analysis
was performed (Table 3).

3.2. Supplementary Analysis

Analysis was done for the patients for whom the add-on effects of PPl to warfarin could not be evaluated be-
cause of the short period (<6 weeks) before PPI introduction or the presence of PPl administration before warfa-
rin. Eighty (80) patients for lansoprazole, 22 patients for opmeprazole and 39 patients for rabeprazole were iden-
tified for this analysis. The average INR was 1.84 + 0.42 for lansoprazole group, 1.80 + 0.36 for omeprazole

840



T. Shirayama et al.

Table 2. Univariate logistic regression analysis.

Variable Odds ratio 95% CI P-value

Age 1.0078 0.9605 - 1.0575 0.7511

Gender [male vs female] 1.0000 0.3225 - 3.1006 0.9923
Atrial fibrillation 3.7692 1.1579 - 12.2702 0.0227
Ventricular tachycardia 0.7187 0.1447 - 3.5689 0.6863
Valvular heart disease 1.0000 0.3109 - 3.2163 0.9943
Cardiac valve replacement 2.0125 0.5130 - 7.8951 0.3159
Cardiomyopathy 1.8182 0.3883 - 8.5140 0.4415
Myocardial infarction 1.3068 0.3100 - 5.5095 0.7148
Angina pectoris 1.0250 0.9611 - 1.0931 0.4522
Amiodarone 0.4808 0.0410 - 5.6413 0.5599
Antiplatelet 0.3520 0.0620 - 1.9996 0.2387
Aspirin 1.3750 0.4537 - 4.1676 0.5735
NSAIDS 1.0000 0.2228 - 4.4889 0.9921
Lansoprazole vs other PPI 1.1875 0.3760 - 3.7506 0.7696

Dependent variable = upper quartile (75") of INR increment >0.690.

Table 3. Multivarite logistic regression analysis.

Variable Odds ratio 95% ClI P-value

Age 0.9961 0.9305 - 1.0662 0.9095

Gender [male vs female] 1.0915 0.2306 - 5.1675 0.9121
Atrial fibrillation 15.1362 1.5243 - 150.3010 0.0202
Ventricular tachycardia 6.7423 0.2719 - 167.1845 0.2440
Valvular heart disease 0.4054 0.0174 - 9.4225 0.5738
Cardiac valve replacement 8.5921 0.2555 - 288.9540 0.2305
Cardiomyopathy 3.7666 0.3353 - 42.3062 0.2825
Myocardial infarction 7.4395 0.4903 - 112.8927 0.1481
Angina pectoris 6.3843 0.3530 - 115.4705 0.2095
Amiodarone 0.1674 0.0065 - 4.3037 0.2806
Antiplatelet 0.4582 0.0526 - 3.9959 0.4800
Aspirin 1.2026 0.2372 - 6.0981 0.8237
NSAIDS 2.6302 0.2860 - 24.1870 0.3929
Lansoprazole vs other PPI 1.4527 0.2936 - 7.1884 0.6471

Dependent variable = upper quartile (75 of INR increment >0.690.
group and 1.88 + 0.52 for rabeprazole group, respectively. The average dose of warfarin was 2.57 + 1.35 mg for

lansoprazole group, 2.32 + 0.63 mg for omeprazole group and 2.65 + 1.54 mg for rabeprazole group, respec-
tively. These numbers are not different from the patients of main analysis. There was no difference among 3 PPI

groups.
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3.3. Side Effects

All ischemic and major bleeding events were investigated in all patients who received warfarin and PP1 simul-
taneously (n = 404). In addition to the patients for the analysis described above, 155 cases who received warfa-
rin and PPI only for a short period (<6 weeks) were included. There were 2 cases of cerebral infarction. Warfa-
rin and omeprazole were started simultaneously for them. Age/INR/warfarin dose were 59 years 0ld/1.48/1.5 mg
and 70 years old/1.76/2.75 mg, respectively. A patient had cerebral bleeding after warfarin and lansoprazole
were started simultaneously. Age/INR/warfarin dose were 80 years o0ld/2.51/3 mg. The conditions of these pa-
tients were not severe and they were treated conservatively.

4. Discussion

Proton pump inhibitors (PPI) are metabolized by cytochrome P450. However, metabolic pathways for each PPI
are slightly different. Lansoprazole and omeprazole are metabolized mainly by CYP2C19 and partly by
CYP3A4 [8]-[10], whereas rabeprazole is metabolized partly by CYP2C19 but non-enzymatically in most part
[6]. Because R-warfarin (active stereoisomer of warfarin) is metabolized by CYP2C19 among others [9] [10],
concomitant use of warfarin and PPI, especially lansoprazole and omeprazole, could result in the competitive
inhibition of metabolism and in turn the effect of the agents become intensified. In this scenario, clinically rele-
vant concern is the increased anti-coagulation activity, i.e., the bleeding tendency. In our knowledge, there have
been very few reports on this subject. The previous reports are either episodic case reports (presentation in con-
gress) or observations for very short period (<2 weeks) [8]-[14].

This study showed that the use of PPl on top of warfarin did not change anti-coagulation action of warfarin
for more than 6 weeks. There was a tendency of slight increase of INR after the addition of PPI, but the differ-
ence was small. The fluctuation of anti-coagulation action was also small enough to require special attention in
clinical situations. The difference among 3 PPIs were not discernible. These observations were the case when
we looked at the patients who had PPI first. The average dose of warfarin and INR were not different from those
of the patients who had warfarin first.

In some cases, the anti-coagulation effect of warfarin was fluctuated [15], although the maximum change was
within acceptable range. Multivariate analysis revealed that the only factor that predicted the larger fluctuation
was the presence of atrial fibrillation. The clinical reasoning of this observation was difficult to determine in our
data. It is possible that the frequency of paroxysm, heart rate control, and change of anti-arrhythmic drugs could
affect the status of heart failure, liver congestion and the metabolism of warfarin.

Cerebrovascular complications occurred in 3 cases among a total of 404 cases during 1 year period in this
study. This is a relatively low percentage compared with the other studies [1] [2]. This result also warranted
safety of the concomitant use of warfarin and PPI. Notwithstanding, it seems to be safe to say that clinicians
should be careful when they start 2 drugs simultaneously as in 3 cases mentioned above.

Major limitation of this study is the fact that this is a retrospective observation. However, we included all pa-
tients for the analysis. If PPI had any discernible interactions with warfarin, it should be detected in this study.
Indeed, INR was not changed after the introduction of PPI. Physicians could change warfarin dose, but it was
not remarkable as shown in Figure 2. We have no control group during the entire observation period, but we can
show a sufficient length of control periods as seen in Figure 1 and Figure 2. Many drugs (digoxin, cyclosporine,
etc.) have interactions with warfarin, but such interactions were not surveyed in this study.

5. Conclusion

In conclusion, concomitant use of PPl and warfarin is safe and no special attention is required. No dose-ad-
justment of warfarin is necessary after the introduction of PPI.
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