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Abstract

Warfarin, a commonly prescribed anticoagulant, has over 250 known drug interactions that can significantly impact its therape utic
efficacy and safety. These interactions can occur with various medications, dietary supplements, and food items, with approximately
120 drugs or foods interacting with warfarin. The concurrent use of potentially interacting drugs during warfarin therapy is a common
practice, with about half of patients receiving warfarin being prescribed concomitant drugs with high potential for interactions. These
interactions can interfere with the maintenance of the International Normalized Ratio (INR) within the therapeutic range, leading to an
increased risk of bleeding events. Studies have shown that the risk of serious bleeding in patients treated with warfarin is significantly
higher when they are using potentially interacting drugs, compared to those on warfarin alone. The influence of drug-drug interactions
on the risk of cerebral hemorrhage induced by warfarin has also been investigated. In conclusion, warfarin drug interactions are of great
clinical importance, as a large number of patients who take concomitant medications that can increase the INR or the risk of bleeding
are at risk.

Keywords: Warfarin, Anticoagulation therapy, Drug interactions, Pharmacokinetics, Pharmacodynamics, Cytochrome P450
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1. Introduction
Warfarin, a commonly prescribed anticoagulant, has numerous drug interactions that impact its effectiveness and safety. These
interactions involve various drugs, dietary supplements, and food items, with over 250 known interactions documented[1]. The risk of
severe bleeding during warfarin treatment is influenced by drug interactions, and the clinical significance of these interactions continues
to be debated[2]. It has been reported that approximately 120 medications or foods interact with warfarin[2]. The potential for drug
interactions with warfarin is a cause for concern, and it has been suggested that these interactions might be a major source of bleeding
events in patients receiving anticoagulant treatment[10]. Commonly reported interactions include those with anti-infective agents, lipid-
lowering drugs, NSAIDs, selective serotonin reuptake inhibitors, amiodarone, omeprazole, fluorouracil, and cimetidine. While some
medications like digoxinand furosemide may not have clinically significant interactions with warfarin, they canstill affect its absorption
and efficacy indirectly[8]. In recent years, direct oral anticoagulants (DOACs) have emerged as alternatives to warfarin due to their
more favorable side effect profile and less frequent monitoring requirements[9]. It is crucial to monitor and manage drug interactions
involving warfarin carefully, especially in populations with common comorbidities like diabetes, to avoid adverse effects[19].
Pharmacogenetic testing for genes like CYP2C9 and VKORC1 can provide valuable information on individual responses to warfarin,
aiding in dose optimization and reducing the risk of adverse events[20,21] . Additionally, patient adherence to warfarin therapy is
essential for its effectiveness, with challenges such as clinic visits, dietary restrictions, and concerns about side effects needing to be
addressed[22]. Studies have also explored interactions between warfarin and other medications like miconazole, leflunomide, and
oseltamivir, highlighting the importance of understanding these interactions to prevent potential complications[23-25]. Furthermore, the
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impact of switching from warfarin to direct oral anticoagulants on patient satisfaction and outcomes has been investigated, e mphasizing
the need for individualized treatment approaches[26].

1.1 Mechanism of Action

Warfarin is an antagonist that inhibits the production of vitamin K by vitamin K epoxide reductase. The reduced form of vitamin K,
vitamin KH2 is a cofactor used in the y-carboxylation of coagulation factors VII, IX, X and thrombin. Carboxylation induces a
conformational change that allows the factors to bind to Ca2+ and phospholipid surfaces. Non-carboxylated factors VII, IX, X and
thrombin are biologically inactive and therefore function to disrupt the coagulation cascade. Endogenous anticoagulant proteins C and
S also require y-carboxylation to function. This is especially true for thrombin, which must be activated to forma clot. Vitamin K2 is
converted to vitamin K epoxide as part of a y-carboxylation reaction catalyzed by y-glutamyl carboxylase. Vitamin K epoxide is then
converted to vitamin K1 by vitamin K epoxide reductase and then back to vitamin KH2 by vitamin K reductase. Warfarin binds to
subunit 1 of the vitamin K epoxide reductase complex and irreversibly inhibits the enzyme, thus stopping the recycling of vitamin K,
preventing the conversion of vitamin K epoxide to vitamin K1. This process produces a hypercoagulable state for a short time, where
proteins C and S are degraded first with half-lives of 8 and 24 hours, except for factor VII, which has a half-life of 6 hours. Factors IX,
X, and finally thrombin are then degraded with half-lives of 24, 36, and 50 hours, leading to a dominant anticoagulation effect. To
reverse this anticoagulation, vitamin K must be administered either exogenously or by removing inhibition of vitamin K-epoxide
reductase, and time. Must be allowed for the synthesis of new coagulation factors. It takes about 2 days for the synthesis of new
coagulation factors in the liver. Vitamin K2, which is functionally identical to vitamin K1, is synthesized by intestinal bacteria, which
causes interactions with antibiotics, because elimination of these bacteria can reduce vitamin levels.[12]

Table - Drugs that Show Adverse Effects with Warfarin. These Need to be Avoided and Therapy Should be Modified to Provide
a Treatment and Prevent Potential Complications.
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May increase INR May decrease INR
Antibiotics
e Dicloxacillin
Acetami nop hen e  QGriseofulvin
e Nafcillin
e Rifampin
Allopurinol Azathioprine
CVS Medicines|
Amiodarone .
Quinidine Cholestyramine
Propafenone
Androgens Enzyme-inducing antiseizure medications
e  Methyltestosterone e (Carbamazepine
e  Oxandrolone e  Phenobarbital
e  Testosterone e  Phenytoin
Antibiotics
Cephalosporins
Doxycycline
e  Fluoroquinolones
Ciprofloxacin
Levofloxacin
Moxifloxacin
Norfloxacin
e  Macrolides
Azithromycin Ritonavir
Clarithromycin
Erythromycin
Metronidazole

Co-trimoxazole|
e Penicillins (Exceptions:dicloxacillin and nafcillin)
Amoxicillin
Amoxicillin-clavulanate
e  Trimethoprin/sulfamethoxazole
e  Cefoperazone/sulbactum

Azole antifungals
e  Fluconazole
e  Miconazole
e Voriconazole

Saint John's wort

Cancer therapies
Capecitabine
Fluorouracil Sucralfate
Imatinib
Tamoxifen*

Cholesterol-lowering agents (Exceptions: Cholestyramine)

Fenofibrate
e Bezafibrate
e Clofibrate Vitamin K Supplements

e  Fluvastatin
e Atorvastatin
e  Gemfibrozil
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e [ovastatin
e Rosuvastatin
e Simvastatin

Cimetidine Anticoagulants
Salixylates| e  Urokinase*
Antiplatelet medicines
Glucocorticoids e Aspirin
e  Methylprednisolone e  Varopaxar*
e Prednisone e  Clopidogrel Dipyridamole

e Ticagrelor

Nonsteroidal anti-inflammatory agents (NSAIDS)

e Ibuprofen
e Aspirin|
e Naproxen
Omeprazole * DlCIOfenac_
e Indomethacin
o Ketoprofen
e Piroxicam
e Meloxicam
e  (Celecoxib
Selective serotonin reuptake inhibitors (SSRIs) Mifepristone*
e  Duloxetine
e  Fluoxetine
e Fluvoxamine
e Venlafaxine
Sitaxentan Omacetaxine*
Tramadol Hemin*
Streptokinase* Levothyroxine
Oxatomide*

Indicates severe risk

Table-1: Drugs that affect INR by reacting with warfarin[15-18] .

2. Discussion
Warfarin is metabolized by the CYP450 liver enzyme complex and eliminated by the kidneys, but each sterecisomer is metabolized
differently. The S-isomer is mainly metabolized by CYP2C9 and R-warfarin by CYP3A4[5]. According to Ashwin et al., when certain
psychotropic medications such as fluoxetine, fluvoxamine, quetiapine, and valproic acid are started or discontinued in patients receiving
warfarin or given to a patient receiving a stable dose of psychotropic medication, the international normalized ratio (INR) must be
carefully monitored to ensure it remains within the therapeutic range, as it is metabolized in the liver and highly protein bound and is
prone to drug interactions with its relatively narrow therapeutic window puts patients at risk for bleeding or thrombotic complications.
Leslie et al. state that the drugs that compete for these cytochromes as substrates or inhibit their activity can increase the plasma
concentration and INR of warfarin, which can increase the risk of bleeding[6]. Conversely, drugs that induce these metabolic pathways
may decrease warfarin plasma concentrations and INR, which may lead to reduced efficacy. In a study conducted by Maria Rekala et
al., they found out that 74.4% of warfarin users were co-prescribed with interacting drugs. Co-prescribing covered 46.4% of the total
person-years of warfarin exposure while interacting drugs that should be avoided with warfarin were co-prescribed for 13.4% ofwarfarin
users [10]. Upon exploring natural medicine, Lahan McLauren et al., noticed that the cranberry significantly increased the area under
the INR-time curve by 30% when administered with warfarin compared with treatment with warfarin alone. Cranberry did not alter S-
or R-warfarin pharmacokinetics or plasma protein binding but co-administration of garlic did not significantly alter warfarin
pharmacokinetics or pharmacodynamics. Both herbal medicines showed some evidence of interactions with warfarin[7]. Most
interactions with warfarin are associated with the prescription of NSAIDs ina study conducted in Estonia general hospital by Gavarovski
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et al [3]. With any increase in parameters concerning thyroid function, there is a potential for increase in the INR of a patient taking
warfarin due to increased catabolism of vitamin K-dependent clotting factors. Cimetidine may increase the INR by inhibiting the
metabolism of R-warfarin while concomitant use of salicylates with warfarin can lead to increased bleeding risk because salicylates
inhibit platelet aggregation, that in turn can lead to gastric irritation, and result in increased free warfarin due to salicylates having a
higher affinity for protein binding sites[11]. As per the study conducted by Anne et al., some of the most commonly given drugs are
found to have some reaction with the anticoagulant such as azole antibiotics, macrolides, quinolones, nonsteroidal anti-inflammatory
drugs, including selective cyclooxygenase-2 inhibitors, selective serotonin reuptake inhibitors, omeprazole, lipid-lowering agents,
amiodarone, fluorouracil, and co administration with warfarin should be avoided or closely monitored and the most commonly cited
mechanisms for interactions with warfarin involved those concerned with stereoselective clearance due to S-enantiomer (ritonavir and
cotrimoxazole) or nonstereoselective clearance (simvastatin and terbinafine) or the vitamin K pathway seen in metabolism of green
tea[14].

2.2 Warfarin Alternatives

Warfarin alternatives have gained significant attention in recent years, with direct oral anticoagulants (DOACSs) emerging as prominent
options. DOACs include direct thrombin inhibitors like Dabigatran and Factor Xa inhibitors such as Apixaban, Edoxaban, and
Rivaroxaban[27]. These newer agents have been introduced as alternatives to warfarin, aiming to overcome some of its limitations[28].
The shift towards DOACs has been driven by their more favorable safety profiles and reduced need for frequent monitoring compared
to warfarin. Additionally, novel anticoagulants have been explored in various clinical scenarios, such as in patients undergoing
percutaneous coronary intervention, where regimens combining rivaroxaban with different antiplatelet agents have been studied[29].
The use of DOACs has also been associated with improved patient satisfaction and outcomes compared to warfarin, highlighting their
growing importance in clinical practice. Despite the increasing use of DOACS, challenges remain, such as the lack of approved reversal
agents for some of these newer anticoagulants[30]. Overall, the landscape of anticoagulation therapy is evolving, with DOACs playing
a significant role in providing effective and safe alternatives to traditional agents like warfarin.

3. Conclusion

In conclusion, this literature underscores the clinical importance of warfarin drug interactions, where a large number of patients who
take concomitant medications that can increase the INR or the risk of bleeding are reminded that bleeding events are a likely side effect
when they combine drugs that interact with warfarin, that can significantly impact the safety and efficacy of anticoagulant therapy that
highlights the need for healthcare providers to be vigilant in managing and monitoring drug regimens i nvolving warfarin. Male gender
was an independent predictor of severe bleeding as they were the receipt of warfarin-interacting medications at the onset of
anticoagulation therapy as per the study conducted by Jonathan et al[6]. The management of drug-drug interactions involving warfarin
requires a comprehensive understanding of the potential interactions, individual variability in response, and strategies to optimize
therapy while minimizing risks. Healthcare providers should stay vigilant, consider genetic factors, and tailor treatment plans to ensure
the safe and effective use of warfarin in clinical practice.
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