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Background—Warfarin use can trigger the occurrence of bleeding independently or as a result
of a drug—drug interaction when used in combination with nonsteroidal anti-inflammatory drugs
(NSAIDs).

Objectives—This article examines the risk of bleeding in individuals exposed to concomitant
warfarin and NSAID compared with those taking warfarin alone (Prospero Registry 1D 145237).

Methods—PubMed, EMBASE, Scopus, and Web of Science were searched. The primary
outcome of interest was gastrointestinal bleeding and general bleeding. Summary effects were
calculated to estimate average treatment effect using random effects models. Heterogeneity was
assessed using Cochran’s Qand £. Risk of bias was also assessed using the Agency for
Healthcare Research and Quality bias assessment tool.

Results—A total of 651 studies were identified, of which 11 studies met inclusion criteria for
meta-analysis. The odds ratio (OR) for gastrointestinal bleeding when exposed to warfarin and an
NSAID was 1.98 (95% confidence interval [C1]: 1.55-2.53). The risk of gastrointestinal bleeding
was also significantly elevated with exposure to a COX-2 inhibitor and warfarin relative to
warfarin alone (OR = 1.90, 95% CI: 1.46-2.46). There was an increased risk of general bleeding
with the combination of warfarin with NSAIDs (OR = 1.58, 95% CI: 1.18-2.12) or COX-2
inhibitors (OR = 1.54, 95% ClI: 0.86—2.78) compared with warfarin alone.

Conclusion—Risk of bleeding is significantly increased among persons taking warfarin and a
NSAID or COX-2 inhibitor together as compared with taking warfarin alone. It is important to
caution patients about taking these medications in combination.

Keywords

warfarin; nonsteroidal anti-inflammatory drug; cyclooxygenase-2 inhibitors; gastrointestinal
hemorrhage; drug interactions

Introduction

Warfarin remains one of the most commonly used anticoagulants worldwide, despite the
availability of new oral anticoagulants. The effectiveness of warfarin in preventing and
reducing the occurrence of thromboembolic events in patients at risk of thromboembolism
and in those with prosthetic implants is widely established.1:2 However, warfarin use can
trigger the occurrence of bleeding individually or as a result of a drug—drug interaction
(DDI) when used in combination with other medications, especially those with a propensity
to also result in bleeding.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are also commonly used and have been
associated with gastrointestinal (G1) bleeding.3 NSAIDs reduce prostaglandin (PG)
synthesis, with differences in the extent of inhibition of the cyclooxygenase enzymes COX-1
and COX-2. While all NSAIDs can inhibit COX-1 and COX-2 enzymes, nonselective
NSAIDs have varying effects on bleeding and cardiovascular risk, mostly related with
treatment dose and utilization time; Likewise, selective COX-2 inhibitors may increase the
occurrence of various cardiovascular events. The Food and Drug Administration has
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determined that an increased risk of serious adverse cardiovascular events may be a class
consequence for all NSAIDs.4®

Bleeding risk is considerably higher in older people, many of whom take both warfarin and
an NSAID or COX-2 inhibitor. The mechanisms of this DDI are believed to be related to an
effect on platelet function and gastric mucosal damage thorough inhibition of COX-1. These
consequences in combination with the anticoagulant effect of warfarin raises the risk of
bleeding without producing changes in the international normalized ratio.8 Also, there is
some evidence suggesting that COX-2 inhibitors might not be a safer option in patients
requiring an NSAID and warfarin.”:8

The specific aim of this study is to systematically evaluate the risk of bleeding in individuals
exposed to concomitant warfarin and a NSAID compared with warfarin alone.

This study was a systematic literature review and meta-analysis of studies evaluating
bleeding events among individuals exposed to warfarin and NSAIDs compared with
warfarin alone. The null hypothesis of this study was that exposure to the combination of
warfarin and NSAIDs did not increase the risk of bleeding relative to warfarin alone.

Study Ildentification

This study was conducted according to the Meta-analysis Of Observational Studies in
Epidemiology guidelines.? We identified published studies of DDIs involving warfarin,
NSAIDs, and selective COX-2 inhibitors, focusing on Gl bleeding and general bleeding,
using four abstracting databases: PubMed, EMBASE, Scopus, and Web of Science, using
university-affiliated Internet access to these databases. The search strategy incorporated the
following search terms and combinations: “warfarin,” “NSAID,” “NSAIDs,” “non-steroidal
anti-inflammatory drugs,” “anti-inflammatory agents,” “COX-2 selective inhibitors,”
“coxibs,” and each individual product common name within the therapeutic classes of
NSAIDs and COX-2 inhibitors. These terms were combined with “bleeding,”
“gastrointestinal bleeding,” “gastrointestinal risk,” “NSAID gastropathy,” “upper
gastrointestinal complications,” “gastrointestinal hemorrhage,” “drug—drug interaction,”
“interaction,” and “drug interaction” to identify relevant articles. No restriction in
publication dates was applied and articles published in other than English were evaluated by
multilingual researchers. Searches using the aforementioned databases were completed in
April 2019. The electronic search was complemented by a manual review of references cited
by included articles. Searches were conducted by clinical pharmacists and reviewed by
researchers with experience in both meta-analyses and drug interactions. There was no need
to contact study authors for clarification of reported data.

Study Selection and Outcome Measures

Study selection was accomplished by first evaluating study titles, abstracts, and then the full
text of reports. Two researchers identified potential studies with final determination made by
a third researcher. Studies were included if: (1) data were provided on cohorts exposed to
warfarin alone and those receiving the combination of warfarin and an NSAID or selective
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COX-2 inhibitor; (2) publications reported the time for the concomitant use of the drug—drug
combination; (3) reported number of patients experiencing Gl bleeding or general bleeding
was defined through the International Classification of Diseases codes (ICD-9 or ICD-10) as
an outcome; and (4) authors reported a crude or adjusted measure of association between
exposure and outcome (e.g., odds ratio [OR]) or reported the number of patients receiving
warfarin alone and warfarin with NSAID or selective COX-2 inhibitor and the number of
bleeding events by exposure cohort, allowing for a measure of association to be calculated.

Studies were excluded if they did not report original findings (e.g., review articles), if
warfarin was not the comparator agent for bleeding events, or if insufficient information was
provided to determine the risk of bleeding. For each study, details about design, year of
publication, country, number of cases, age or age range of participants, type and duration of
drug therapy, measure of association, and 95% confidence interval (95% CI) were extracted.
For each study, the authors examined characteristics of exposed and unexposed subjects to
identify potential confounding.

The inclusion of observational studies in systematic reviews substantially increases the
challenges in establishing causal inference because, by design, they do not assure
randomization and allocation concealment. To assess risk of bias, a method proposed by the
Agency for Healthcare Research and Quality was used.10 Studies included were analyzed
considering the following items: allocation, selection, performance, detection, and reporting
bias, as well as inadequate study size and study efficiency. Each item was categorized as
having a low risk of bias, unclear risk of bias, or high risk of bias.

Statistical Analysis

Summary effects were calculated as an estimation of the average treatment effect of 95% CI.
Using conventional metaanalyses methods, pooled ORs were calculated. Two-sided p-value
of < 0.05 was considered statistically significant. In addition, a random-effects model that
assumes different underlying true effects was used. This model was selected because of the
nature of the studies included—observational studies—that are expected to have varying
study designs, including different types of patients, slightly different approaches in
measuring bleeding events, and unique sources of data.1® Statistical heterogeneity was
evaluated using the /2 statistic, with values of 25, 50, and 75% considered low, intermediate,
and high inconsistency, respectively. Cochran’s Q statistics was reported for each analysis.
Significant heterogeneity was assumed when the Cochran’s Q statistic p-value was less than
0.10 and the /2 was greater than 50%.11 Publication bias was assessed by composing a
funnel plot for the rate of Gl bleeding and general bleeding using Egger’s test.12 A lack of
publication bias was defined by a symmetric funnel-shaped distribution and by a two-tailed
significance level of p> 0.05 in Egger’s test.

To evaluate robustness of the findings, sensitivity analyses were performed using the leave-
one-out approach by iteratively removing one study at a time and recalculating the pooled
OR. Combined ORs remaining stable is indicative that results were not driven by any single
study and similar results could be obtained after excluding that study. The meta-analysis and
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the corresponding graphical visualization through a forest plot were performed with
Comprehensive Meta-Analysis statistical software, version 3 (Biostat, Englewood, New
Jersey, United States).

Patient Involvement

Results

No patients were involved in setting the research question or the outcome measures, nor
were they involved in the design and implementation of the study. No patients were asked to
advice on interpretation or writing up of results. There are no plans to disseminate the results
of the research to study participants or the relevant patient community.

Study Characteristics

Outcomes

Based on the search strategy, a total of 651 studies were identified. After reviewing title and
abstract, 571 studies were excluded because of duplication, publication in language other
than English, or nonhuman subjects (»Fig. 1). An abstract review was conducted for the
remaining 80 articles, and of these, a full-text review was conducted for 15 studies, with 11
studies selected to be included in the meta-analysis (2% of the studies initially considered).
Seven of the included studies were conducted in North America, three in Europe, and one in
Oceania. Five studies used retrospective observational cohort design while the other six used
a case—control design. Seven reported Gl bleeding and five reported general bleeding. Five
articles reported results for the combination of warfarin and selective COX-2 inhibitor; of
these, three reported Gl bleeding and three reported general bleeding. Other demographic
characteristics as well as variables considered in each model are summarized in »Table 1.

Gastrointestinal Bleeding—In an analysis of seven studies’13-18 that examined
NSAIDs as a class and bleeding when taken concurrently with warfarin, a significant
difference in the risk of Gl bleeding was observed (OR = 1.98, 95% CI: 1.55-2.53) (»Fig.
2A), but the degree of heterogeneity was high (Qstatistic = 19.2; 2 = 68.7; zvalue =5.51; p
< 0.001). In the analysis of warfarin and COX-2 inhibitor combining three studies, a
significant difference in the risk of Gl bleeding was observed between patients taking
warfarin alone compared with warfarin plus COX-2 inhibitor (OR = 1.90, 95% CI: 1.46—
2.46, »Fig. 2B), but no significant heterogeneity was present (Q statistic = 0.19; £ =0.00, p
=0.91).

General Bleeding Events—Five studies reported bleeding across multiple sites.18-22 For
these studies, there was a significant difference in risk of general bleeding observed between
patients taking warfarin alone compared with warfarin plus NSAID (OR = 1.58, 95% ClI:
1.18-2.12) (»Fig. 3A). A random-effects meta-analysis was used because there was
evidence of heterogeneity among the studies (Q statistic = 28.4, £ = 85.9, zvalue = 3.07, p
=0.002). In an analysis of warfarin and COX-2 inhibitors across three studies, no significant
difference in general bleeding was observed between patients taking warfarin alone
compared with warfarin plus COX-2 inhibitor (OR = 1.54, 95% Cl: 0.86-2.78; Q statistic =
5.54: £ =63.9: p=0.062) (>Fig. 3B).
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Sensitivity Analysis—Results of the sensitivity analysis using the leave-one-out
approach are shown in »Supplementary Appendix S1 (available in the online version). In
this figure, each row displays the summary values computed when that row’s study is
removed from the meta-analysis rather than the results of a single study. The values in the
first row for the outcome of Gl bleeding for the warfarin and NSAID combination represent
the summary computations for six studies, when the study by Shorr et al was excluded.
Results show that the direction and magnitude of the combined studies did not change with
the exclusion of individual studies, indicating the results have a high level of reliability.

Publication Bias—A visual inspection of the funnel plots in »Supplementary Appendix
S2 (available in the online version) shows that studies exploring the warfarin and NSAIDs
combination are not symmetrical; however, Egger’s test was not significant (p-value = 0.18).
In the case of studies including and exploring the warfarin and COX-2 inhibitor
combination, there is a symmetrical distribution, also corroborated by Egger’s test, p-value =
0.741. Thus, overall, no statistically significant evidence of publication bias was detected for
all outcomes studied (»Supplementary Appendix S2, available in the online version).

Risk of Bias—The results of the risk of bias assessment evaluating seven factors that can
influence study results are shown in »Supplementary Appendix S3 (available in the online
version). All studies showed low risk in terms of allocation, selection, performance, and
detection bias. Reporting bias risk was low for eight studies (73%) and unclear for three
studies (27%). When study size was evaluated, six studies (55%) had low risk of bias, four
(36%) showed unclear risk, and one (9%) had high risk of bias. When lack of study
efficiency was assessed, seven studies (64%) were evaluated as having low risk of bias,
while the four remaining studies (36%) had unclear risk of bias.

Discussion

This study sought to evaluate the existence of a significant DDI between warfarin and
NSAIDs, including COX-2 inhibitors, with respect to increased risk in Gl bleeding and
general bleeding. The principal findings were that the addition of an NSAID, including
selective COX-2 inhibitors, to warfarin increased the risk of GI bleeding nearly twofold
relative to warfarin alone. Therefore, patients already taking warfarin should avoid these
combinations.

Limiting the use of NSAIDs is challenging because they are one of the most commonly used
medications due to their effectiveness as analgesics, antipyretics, and anti-inflammatory
agents. However, it is well known that NSAIDs can inflict damage to gastric and duodenal
mucosa, significantly contributing to morbidity and, in some cases, mortality.23-25 While the
exact mechanism of this interaction is unknown, it is believed that it involves the blockage of
cyclooxygenase (COX-1 and 2) enzymes, limiting the synthesis of PG. PG contributes to the
production of mucosa-protective substances, such as epithelial mucin and bicarbonate. A
reduction in PG activity induced by NSAIDs may lead to gastric and/or duodenal ulcer
formation.26
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Unlike NSAIDs, COX-2-selective inhibitors spare the COX-1 enzyme in Gl mucosa and in
platelets, therefore causing less Gl injury and interference with platelet activity.2” As a
result, COX-2 inhibitors are believed to carry a lower risk of Gl bleeding.28 However, there
is evidence that patients with a variant in cytochrome P450 2C9 *2 or *3 alleles who are
receiving a selective COX-2 inhibitor may be at increased risk of bleeding. Variants of the
*2 and *3 alleles have been identified in 11 and 7% of European populations, respectively,
and may alter the pharmacokinetics of warfarin.2? Furthermore, in a nationwide cohort
study, it was demonstrated that patients taking COX-2 selective inhibitors have an increased
risk of upper Gl bleeding especially if they had history of uncomplicated peptic ulcer or
Helicobacter pyloriinfection.30

Our analysis found that patients receiving the combination of warfarin and selective COX-2
inhibitors experience an almost twofold increase risk in Gl bleeding, similar to traditional
NSAIDs. For those studies evaluating bleeding from any source, no significant increase was
observed.

Warfarin is the most widely used vitamin K antagonist. It has a variety of indications for
prophylaxis and treatment of thromboembolic diseases and atrial fibrillation. It
competitively inhibits a series of coagulation factors, as well as proteins C and S. These
factors are biologically activated by the addition of carboxyl groups depending on vitamin
K. Warfarin competitively inhibits this chemical reaction, thus depleting functional vitamin
K reserves and hence reducing synthesis of active coagulation factors.3! Understanding the
pharmacological properties of warfarin prior to use is crucial to maximizing the therapeutic
benefit and minimizing patient harm when treating patients with polypharmacy who are at
risk of DDIs.32

While patients on warfarin are prone to bleeding from any source, it most frequently occurs
from the Gl tract. Thus, avoiding NSAIDs and/or limiting and closely monitoring their use is
paramount to preventing serious complications from these medications. Other
recommendations include avoiding excess alcohol consumption and evaluating and treating
H. pylori, if appropriate.33

The safety of warfarin has been tested against novel oral anticoagulants (NOACS) in large
randomized controlled studies in patients with stroke and in patients with atrial fibrillation.
34-36 These studies suggest that bleeding events with the NOACs are less frequent than with
warfarin. However, a study of U.S. veterans that compared rates of Gl bleeding of patients
receiving the NOACs dabigatran, rivaroxaban, or apixaban with those of patients taking
warfarin found the risk of GI bleeding was more than four times higher in patients receiving
warfarin, adjusting for prior history of Gl bleeding and concomitant use of proton—pump
inhibitors (PP1s) and antiplatelet agents.3” Another study of patients with atrial fibrillation
has shown that taking warfarin or dabigatran in combination with a nonselective NSAID (no
data on individual drugs was provided) as compared with those on warfarin or dabigatran
alone was associated with a higher risk of major bleeding, Gl bleeding, and stroke.38

In a large population-based study, PPIs reduced gastric acid production and were used to
prevent upper Gl bleeding in patients receiving warfarin, lowering the incidence of
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hospitalization.39 A case—control study showed that PPIs reduced the risk of upper Gl
bleeding in patients taking NSAIDs and also showed a significant advantage for patients
taking warfarin and NSAIDs concomitantly.40

DDils, in general, are associated with an elevated risk of hospitalization and are responsible
for an estimated 1 to 5% of all hospitalizations and 14% of adverse events among elderly
patients.#! Prescribers and pharmacists often have inadequate knowledge or evidence
regarding DDIs and how to properly manage DDIs when patient exposure cannot be
avoided.*2 Clinical decision support to warn prescribers and pharmacists of potentially
harmful medication combinations is necessary, as is summarized evidence on DDIs.*3
Despite these safety nets, up to 25% of patients receiving warfarin also receive an NSAID,*4
suggesting that the risk of bleeding is not well recognized.

A sensitivity analysis was conducted in this meta-analysis using the leave-one-out approach
and showed that estimates of the risk of GI bleeding and general bleeding as result of DDIs
between warfarin and NSAIDs and between warfarin and COX-2 inhibitors does not appear
to be driven by a single study. No publication bias was observed through Egger’s test or the
visual funnel plot assessment. Risk bias assessment showed that in general studies included
in this meta-analysis had low risk of bias; however, due to the observational nature of the
studies included, not all showed an adequate study size.

Our study has some limitations that should be considered when interpreting the findings.
The evidence included in this investigation utilized large administrative databases with large
samples to evaluate the coadministration of warfarin and NSAIDs and its association with
the occurrence of Gl bleeding and overall bleeding. Using claims databases reduces the
potential of selection bias that is commonly observed with recruitment in clinical trials.
However, observational studies have a disadvantage because assessing causality can be
challenging due to potential confounders. All included studies reported their results using
multivariate regression models that control for some potential confounders (»Table 1). In
our study, we included those studies that provided estimates of risk that had been adjusted by
confounders for GI and general bleeding. In this analysis, we could not evaluate the effects
of patient demographics, comorbidities, or indications of use on bleeding risk due to the lack
of reporting. We also observed moderate to high heterogeneity when all NSAIDs were
evaluated, suggesting that there may be underlying differences across the studies. Future
studies evaluating bleeding with warfarin and NSAIDs should report more details about risk
factors associated with bleeding and also report the results by each NSAID agent.
Heterogeneity may have been due to risk of bleeding varying by NSAID product.
Furthermore, the definition used for bleeding events varied across the studies and this may
have contributed to differences in the observed ORs.

In conclusion, the concomitant use of warfarin and NSAIDs, including COX-2 inhibitors,
should generally be avoided due to an increased risk of DDI leading to Gl bleeding or
general bleeding compared with taking warfarin alone. These combinations should only be
used when the benefits outweigh the risks and for a short period of time under careful
monitoring. Patients should be instructed on the need to closely watch for signs of bleeding
when taking both agents simultaneously.
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What is known about this topic?

. Many patients use warfarin and NSAIDs concurrently, both types of
medications increase the risk of bleeding independently, and some studies
suggest there is an increased risk of bleeding when used concurrently.
However, not all studies on the topic have shown a significant effect and the
overall magnitude of the potential drug-drug interaction was largely unknown.

What does this paper add?

. There is twofold risk of gastrointestinal bleeding among individuals who take
warfarin and NSAIDs as compared to warfarin alone.

. This risk does not appear to be reduced in the presence of a selective Cox-2
inhibitor.

. Patients should avoid taking warfarin and NSAIDs concurrently to avoid risk
of bleeding.
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Studies identified in Pubmed=332, Embase=174, Scopus=50 and Web of
Science= 95

Total=651

|| 571 studies were excluded due to duplicates, non-English language
or non-human subjects

80 studies were assessed for full-text eligibility through abstract review

65 studies were excluded:
33 due to other outcomes (eg., other bleeding outcomes, INR
report, genetic studies)
27 due to no correct treatment comparison (eg. aspirin plus
warfarin, clopidogrel plus warfarin, other drug combinations)

5 due to conference/abstract reports

15 studies included for full text review

4 studies excluded:
— 1 due to wrong outcomes
3 due to wrong study design (Case report)

11 Studies Included

Fig. 1.
Flow chart of study selection according to Meta-analysis Of Observational Studies in

Epidemiology (MOOSE) guidelines.
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Fig. 2.

(A) Gastrointestinal bleeding. Warfarin — NSAID. (B) Gastrointestinal bleeding. Warfarin —

COX-2.
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Fig. 3.
(A) General bleeding, Warfarin — NSAID. (B) General bleeding, Warfarin — COX-2.
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