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Abstract 

Introduction: Warfarin has been an anticoagulant for prophylaxis and treatment of venous 

thrombosis and thromboembolism in patients with atrial fibrillation for more than five decades. 

Due to its narrow therapeutic index, warfarin management is considerably challenging. A small 

change in plasma concentration can cause adverse effects which are sometimes life threatening. 

Thus, it is essential to monitor it closely by measuring International Normalised Ratio (INR) 

and Time in Therapeutic Range (TTR). Many factors such as age, weight, BMI, gender, 

smoking status, comorbidity, genetic factors and drug interaction can affect warfarin treatment. 

Additionally, warfarin users frequently have hypertension which leads to co-administration 

with a cardiovascular medicine, including antiarrhythmic medicine, that may interact with 

warfarin. Hence, this study aims to determine the effect of these medications on warfarin 

control in the clinical setting during long-term therapy. 

Method: A retrospective data analysis was conducted for patients receiving warfarin therapy 

for AF and DVT at a private pathology practice in Queensland from November 2007 to October 

2014. Data included age, gender, current medications, comorbidities, INR test dates and results, 

reported bleeding and stroke events. The primary outcome was TTR and the secondary 

outcome was the number of adverse events, namely major bleeding, minor bleeding and stroke. 

The analysis consisted of three steps. The first step analysed all patients, while the second step 

analysed patients after excluding drug interaction with warfarin. Both the first and second steps 

were analysed regarding the use of medicine grouping within each drug classification, namely 

digoxin, Angiotensin-Converting Enzyme Inhibitors (ACEIs), Angiotensin II receptor blockers 

(ARBs), Beta-blockers (BBs) and Calcium channel blockers (CCBs). The third step was to 

analyse patients after excluding drug interaction with warfarin with regard to the use of 

particular drugs within each drug classification. 



Results: From a total of 4,494 patients, 52.2% of patients were on BBs while one-fourth of 

patients were on ARBs (27.2%) and CCBs (25.3%). Around one-third of patients received 

ACEIs (32.8%) and digoxin (30.0%). In all patients, the users of drug classifications namely 

ACEIs, ARBs, BBs and CCBs had a higher median TTR as opposed to non-users. After 

excluding drug interaction patients, there were no significant differences between users and 

non-users of each drug classification in median TTR. In the third step analysis, users of 

felodipine had a higher median TTR as opposed to non-users of CCBs (90.40, 84.30-96.38 vs 

83.71, 76.62-89.58, p=0.008). In addition, the use of enalapril and telmisartan saw an increase 

in numbers of minor bleeding (enalapril: 3 (42.9%) vs 64 (11.9%), p=0.0132 and telmisartan: 

11 (21.6%) vs 73 (11.8%), p=0.0424). Users of amlodipine, atenolol, lercanidipine, and 

telmisartan had a higher risk of bleeding (amlodipine: 2.00, 1.00-2.00, p=0.008; atenolol: 2.00, 

1.00-2.00 vs 1.00, 1.00-2.00, p<0.001; lercanidipine: 2.00, 1.00-2.00 vs 1.00, 1.00-2.00, 

p=0.013 and telmisartan:  2.00, 1.00-2.00 vs 1.00, 1.00-2.00, p<0.001). Furthermore, the risk 

of stroke was higher among users of amlodipine, atenolol, felodipine, lercanidipine and 

metoprolol (amlodipine: 4.00, 3.00-5.00 vs 3.00, 2.00-4.00, p<0.001; atenolol 4.00, 3.00-5.00 

vs 3.00, 3.00-4.00, p<0.001; felodipine 4.50, 4.00-5.00 vs 3.00, 2.00-4.00, p<0.001; 

lercanidipine:  and metoprolol: 4.00, 4.00-5.00 vs 3.00, 3.00-4.00, p<0.001). 

Conclusion: The use cardiovascular drugs in our study did not negatively impact either 

warfarin control or event numbers. Additionally, the users and non-users in all drugs in our 

study had a high level of TTR (more than 80%). Thus, these drugs are safe to administer 

together with warfarin in a long-term therapy under close monitoring by a physician or warfarin 

care program. However, the effects of enalapril and telmisartan on minor bleeding are still 

unknown and our finding still needs further analysis to confirm these results.  
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1. Literature Review 

1.1 History of warfarin 

The discovery of warfarin started in the 1920s. Many healthy cattle on the prairies of 

Canada and the Northern Plains of America began to die without any outward signs, as the 

cause of death was internal bleeding. There were no pathogenic organisms in the cattle’s 

remains, moreover and more puzzling was that these cattle received sufficient nutrition. 

However, the incidence of death due to internal bleeding in cattle occurred frequently in damp 

climates, where the hay fed to the cattle was damp and infected by mould (1, 2). In 1940, Karl 

Link studied compounds in mouldy hay by using rabbit plasma and succeeded in crystallising 

the substance  3,3’-methylene-bis [4-hyfroxycoumarin] (3, 4). Link and his colleague found 

that after the hay was infected by mould, the natural coumadin in mouldy hay would oxidise 

and transform to a new substance which is now known as dicoumarol. In 1945, Link got the 

idea of using a coumadin as a rodenticide, as the rodents would die because of internal bleeding 

(5). He reviewed the bioassay data in order to find the best variation of dicoumarol to make the 

finest rodenticide, but this action was still too slow. Thus, he and his team continued to work 

further on various variations of the naturally occurring coumarin. As a result, they found a 

substance no. 42; out of all 150 variations, which was active and they named it after the 

authority with the financial muscle that funded the research, “warfarin”. Warfarin was later 

introduced as a rodenticide in 1948. 

 After warfarin had been used as a rodenticide, it was transitioned to clinical application 

as an anticoagulant under the name “Coumadin”. There were other anticoagulants; heparin and 

dicoumarol, but heparin has to be given by injection and dicoumarol had a slow onset, while 

warfarin is a water-soluble compound and can be administered per oral. In addition and more 

importantly, warfarin is more potent than dicoumarol (5), plus the effects can be reversible 

with vitamin K administration (3). 
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1.2 Indication and mechanism of action of warfarin 

Warfarin is an anticoagulant which has been commonly prescribed in general practice 

for more than five decades. It is prescribed for prophylaxis and treatment of venous thrombosis 

and its extension, pulmonary embolism; prevention and treatment of thromboembolism in 

patients with atrial fibrillation (AF) and in patients who have had a cardiac valve replacement; 

prevention for recurrent myocardial infarction (MI) and stroke after myocardial infarction (6).  

Warfarin is a synthesized derivative of dicumarol and its congeners, hence, it is known 

as a coumarin anticoagulant. Warfarin acts by inhibiting the action of vitamin K, which is an 

essential substrate of the coagulation factor molecule. Thus, it is also categorized in the vitamin 

K antagonist (VKAs) drugs (6). The mechanism of anticoagulant and antithrombotic effect of 

warfarin is to interfere with the oxidation-reduction cycle of vitamin K, thereby blocking the 

enzyme, namely, vitamin K epoxide reductase complex 1 (VKORC1) in the liver (7) (Figure 

1). As a result, the reversion of functional vitamin K is depleted, also the synthesis of active 

clotting factors; namely factors II, VII, IX, and X, factors protein C and protein S, will decrease. 

Therefore, the action of clotting factors is decreased by 30-50% (8, 9). As some of the clotting 

factors have a short half-life (factor VII and protein C), thus it requires 12-24 hours after 

starting warfarin, before the inhibition effect of the clotting factors’ activity begins. Whereas, 

clotting factor X (half-life 30-40 hours) and factor II (half-life 60-70 hours) have a long half-

life, therefore they require 5-7 days to be fully suppressed, and then the warfarin will reach its 

maximum effect. Hence, the onset of action of warfarin is 2 to 5 days and the full effect will 

be observed after approximately 5 to 7 days (8). There is another enzyme, cytochrome P450 

4F2 (CYP4F2) apart from VKORC1 that involves in the vitamin K metabolism. This enzyme 

is a vitamin K oxidase enzyme. It catalyzes the production of hydroxylase vitamin K, therefore 

it removes excessive accumulated vitamin K in the liver. Thus, vitamin K in its cycle is 

decreased. Parameters for assessing anticoagulant effect or pharmacodynamic of warfarin are 

prothrombin time and INR. 
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Figure 1 Mechanism of Warfarin adapted from Ansell et al (10). 

1.3 Pharmacokinetics of warfarin 

Warfarin is soluble in water, in addition it is rapidly and completely absorbed via the 

gastrointestinal tract and it has high bioavailability (100%) (6, 9, 11). Therefore, it is applicable 

as an oral tablet. However, warfarin has high protein binding, almost 99%, contributing to a 

small volume of distribution (0.14 L/kg) (11). The onset of action is approximately 24 to 72 

hours and 5 to 7 days are required to reach a peak therapeutic effect. Warfarin is a racemic 

mixture comprising of 2 equal amounts of active isomers, r and s-enantiomers (9). The potency 

of the s-enantiomer is 2.7-3.8 times that of the r-enantiomer (9). Warfarin has an average half-

life of about 36-42 h (r-enantiomer 45 h, s-enantiomer 29 h) (9). The r- and s-enantiomers are 

metabolised via different pathways. The s-enantiomer of warfarin is metabolised by the 

CYP2C9 enzyme (major) and CYP3A4 (minor), whereas, the r-enantiomer is metabolized via 

oxidation by CYP1A2, CYP3A4, and CYP2C19 (minor). After it has been metabolised, the 

inactive metabolites are excreted primarily by glomerular filtration in the kidney (92%) (9, 11).  

1.4 Warfarin monitoring 

The first laboratory test for warfarin was the prothrombin time (PT). It was established 

by Quick in 1935 (12, 13). The initial purpose of it was for screening coagulation defects and 
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it was later developed to be an application for monitoring oral anticoagulants. The PT test is 

applicable for an evaluation of a patient’s blood ability to form a blood clot (14). It is an in 

vitro test measuring the time in seconds, in which blood takes to clot after adding reagents, in 

the setting of optimal concentration tissue factor, phospholipid and calcium ions. Subsequently, 

the number of seconds is compared to a normal range of time that reflex PT values in healthy 

individuals. 

The clotting time depends on activities of clotting factors both vitamin K dependent 

factors; which are factor II, VII and X, and non-vitamin K dependent factors; which are factor 

V and fibrinogen. Nevertheless, it is hardly the case that non-vitamin K dependent factors 

would affect the PT when performing a test. Due to the fact that factor V deficiency seldomly 

occurs and the fibrinogen will affect the PT only when its level is below 100 mg/dL, which is 

a very low level and would be noticeable before performing the PT test. Subsequently, vitamin 

K dependent factors are the dominant factor of clotting times. If vitamin K dependent factors 

drop, the PT will be prolonged. Hence, the PT is suitable for monitoring the vitamin K 

antagonist drug, warfarin. 

The result of PT test might vary from one laboratory to another depending on the 

commercial reagents used to perform the test. Hence, a World Health Organization (WHO) 

committee developed an international value based on the PT test called the International 

Normalized Ratio (INR) in order to be a standard result across different laboratories around the 

world (12, 15). The INR was invented by calculating the PT test result that adjusts for changes 

in the PT reagents and allows for results from different laboratories to be compared. Most 

laboratories present both PT and INR values whenever a PT test is performed but the INR 

should be applicable for those who take warfarin or other anticoagulants. The INR were 

calculated from the following formula (16): 

INR = [PTpatients/PTnormal]ISI  
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The INR value is a ratio of patients’ PT and mean PT of healthy adult, then the ratio 

exponent with the International Sensitivity Index (ISI), which it is a reflection of sensitivity of 

the reagent when compared with the international standard (17). The reagent for PT test 

consists of thromboplastin and calcium chloride and the ISI is determined by the manufacturer. 

The normal INR for healthy people was between 0.8 to 1.4 (18), while the INR value for the 

patients with AF and deep vein thrombosis (DVT) were range from 2.0 to 3.0 (19). The patients 

who have INR lower than 2.0 have a high risk of stroke complications, while the patients who 

have INR higher than 3.0 have a high risk of bleeding complications (20).  

With warfarin there is some difficulty maintaining the INR in the therapeutic range, 

because this drug has many interactions with other drugs and food. Moreover, some factors 

such as comorbidities, age, and gender can alter the individual INR level of each patient, which 

can cause INR levels to decrease or increase to a sub- or supra- therapeutic INR level. Hence, 

to monitor the quality of warfarin control and importantly to evaluate safety and benefit of 

warfarin therapy, the Time in Therapeutic Range (TTR) is frequently used to minimise the 

adverse events from warfarin. TTR is the percentage of estimated time that the INR value of 

patients is found in therapeutic range (2.0-3.0) (21). TTR can be calculated by using many 

methods, but the Rosendaal’s method of linear interpolation (22) is mostly used to calculate 

the TTR. This method assumes that the differential of each INR value between the consecutive 

INR test is linearly different and adds each time that INR value of a patient in the therapeutic 

range, then is divided by the total time of observation or treatment period (23). The Rosendaal’s 

method of linear interpolation is calculated from the following formula. 

% TTR = [
The number of days that INR in therapeutic range (2.0 − 3.0)

Total days of the observation
] x100 

 

The TTR level of patients should reach the highest level as possible, because patients 

with high TTR levels could be at a lower risk of thromboembolism and bleeding complications 
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than those who with low levels of TTR (24, 25).  Hence, there are many guidelines indicating 

the minimum of TTR level that patient should achieve, however the minimum that these 

guidelines suggest are different. For example, the Australian AF guideline suggests that the 

minimum TTR level should not less than 60% (26), while the European Society of Cardiology 

(ESC) guideline recommends the TTR at 70% is the target level that the patient should achieve 

to gain the benefit of warfarin treatment and to minimise the risk of adverse events such as 

stroke and bleeding (27). However, some guidelines suggest that the TTR level at 65% is a 

suitable level for monitoring the warfarin control. CHEST guideline recommends the warfarin-

treated patients should achieve and maintain a TTR level at or above 65% during the treatment 

period, and patients should switch the treatment from warfarin to Novel Oral Anticoagulant 

drugs (NOACs) when the patient cannot maintain the TTR at this level (28). The European 

Primary Care Cardiovascular Society (EPCCS) guideline also suggests 65% is the minimum 

TTR level for the patient who is treated with warfarin, and NOACs is more preferable for the 

patients who have a difficulty to reach or maintain the TTR level at 65% (29). Similarly, the 

guideline from Thrombosis and Hemostasis Society of Australia and New Zealand (THANZ) 

suggest that patients who were treated with warfarin but cannot reach TTR level over 65% and 

maintain above this level for three consecutive months should be switched to NOACs (30). 

However, the finding from Connolly and colleagues (31) confirm that the TTR at 65% is the 

minimum TTR that patients should achieve, because the median TTR from 526 clinic centers 

and 15 countries in their study was 65% and the patients who were treated in the clinics that 

have the median TTR lower than 65% would not gain the benefit from warfarin treatment, 

while the patients from the clinic, which the TTR above 65% had a significant likelihood in 

reducing the adverse events. 

Several methods were developed to make decision with regards to minimize the risks 

of strokes and risk of hemorrhage in antithrombotic therapy. The CHA2DS2-VASc score 

(Table 1) is the most common model using to assess the risk of stroke in AF (32) and identify 
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who would benefit from oral anticoagulation (OAC) (33). The patients with the score of 1 or 

more in men and the score of 2 or more in women are likely to benefit from OAC. In a study 

in Australian and Singaporean patients with non-valvular atrial fibrillation (NVAF) (34), there 

are various factors influencing warfarin control such as a range of comorbidities, a CHA2DS2-

VASc score of 6 and greater than 6 and co administration of a platelet inhibitor. In particular, 

patients with chronic kidney disease, anaemia and vascular disease are likely to have a lower 

TTR. Similarly, a CHA2DS2-VASc score of 6 and co administration of a platelet inhibitor are 

associated with lower TTR. However, despite this variability, close monitoring and health 

management can result in superior warfarin control (35). 

HAS-BLED score (Table 2) or also called the Birmingham AF bleeding schema: 

Hypertension, Abnormal Renal/Liver Function, Stroke, Bleeding History or Predisposition, 

Labile INR, Elderly, Drug/Alcohol Concomitantly. This score is a predictive model with a 

scoring system to assess the bleeding risk of patients with AF who were treated with 

anticoagulant drugs such as warfarin. Moreover, this score has been validated and has a better 

performance and sensitivity in predict bleeding risk when compared to other bleeding risk 

model such as HEMORR2HAGES (Hepatic or Renal Disease, Ethanol Abuse, Malignancy, 

Older Age, Reduced Platelet Count or Function, Re-bleeding, Hypertension, Anemia, Genetic 

Factors, Excessive Fall Risk and Stroke), and ATRIA (Anticoagulation and Risk Factors in 

Atrial Fibrillation) (36, 37). Furthermore, the HASBLED score is easy to apply and assess. 

Hence, several guidelines such as EPCCS and ESC guidelines have recommended the 

HASBLED score for assessing the risk of major bleeding in the patients with AF (27, 29). This 

score assesses the risk of bleeding which the maximum score is nine point and score of equal 

to or greater than 3 indicates high risk and cautious management of the patients who are on 

oral anticoagulant drugs (19, 32).  

There are many contributors to warfarin control. This has resulted in an interest to 

develop approaches to predict warfarin control and management such as Same-TT2R2 score. 
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1.5 Warfarin Variability 

Warfarin has a narrow therapeutic index. As such, a small change in plasma 

concentration can cause adverse effects which are sometimes life threatening (47). Thus, 

warfarinisation should be monitored closely by measuring INR (target INR range for AF 

patients is 2.0-3.0) (48) and time in a therapeutic range (TTR) (TTR≥70% is considered as 

good warfarin control) (49). INR is a standard measurement of anticoagulant effect by 

measuring the time blood takes to clot (48). TTR is an index of anticoagulation control as it is 

the estimated duration of time INR values are within the therapeutic range (49). It should be 

noted that warfarin has a great inter-individual variability (50, 51). Some determinants of 

variability are age, weight, BMI, gender, smoking status, comorbidity, co-administered 

medicine and genetic factors (50).  

One of the factors that can cause warfarin variability is genetic factor, including 

differences in vitamin K 2,3 epoxide reductase complex, subunit1 (VKORC1), CYP2C9 and 

CYP4F2 genes (50). For example, the VKORC1 is associated with warfarin sensitivity, leading 

to a lower dose requirement. On the contrary, the CYP2C9*2 and CYP2C9*3 are associated 

with a lower dose requirement. Likewise, the missense of CYP4F2*3 causes CYP4F2 enzymes 

to be less active and consequently the dose requirement is changed (52). However, the 

frequency of each allele varies in each ethnic group. For instance, the VKORC1 frequency is 

relatively high in the Asian population (90% in Asian, 40% in Caucasians and 14% in African-

Americans) (53, 54). The CYP2C9*2 is found in Caucasians (10-20%) more than in other 

ethnic groups while the frequency of CYP2C9*3 is less than 10% in every ethnic group (50). 

The CYP4F2*3 is common in Caucasians and Asians but not so much for African-American 

(30% in Caucasians, 30% in Asians and 7% in African-American) (55).  

Several studies found that the TTR level is different in each country and region. The 

study from Singer and colleagues found that the mean TTR level from seven geographic 

regions namely East Asia, India, South Africa, Eastern Europe, Western Europe, Latin 
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America, and Canada/US were statistically different. A similar result was also found in the 

study from Bernaitis and colleagues (34). They found that the mean TTR of Australian patients 

(82.4%) was higher than Singaporean patients (57.6%). Moreover, the studies from 

“Rivaroxaban Once daily oral direct factor Xa inhibitor Compared with vitamin K antagonism 

for prevention of stroke and Embolism Trial in Atrial Fibrillation” (ROCKET AF) double-

blind trial analysed the mean TTR in different region (56). They found that the mean TTR in 

each region such as East Asia (50.4%), India (35.9%), Eastern Europe (49.7%), South Africa 

(54.8%), Latin America (55.2%), Western Europe (63.2%), and Canada/United States (64.1%) 

were different. This is because, there are many factors that can alter the level of TTR in each 

region. For example, there is evidence that the patients who have the gene VKORC1 haplotypes 

A are mostly found in the East Asian population, and the gene VKORC1 haplotypes A will 

increase the chance of bleeding when taking the warfarin drug (50, 53). As a result, the patients 

who have this gene are more sensitivity to warfarin. Moreover, other genetic varieties such as 

CYP2C9*2 and CYP2C9*3, which are rarely found in African-Americans and Asians, but are 

mostly present in the Caucasian population (57). These genes can cause an increase of warfarin 

levels in blood, because these genes can reduce the elimination of warfarin, which leads to 

bleeding complications. 

Furthermore, the variability in each individual patient such as age, gender, 

comorbidities, concurrent medications, and lifestyle has been reported to be associated with 

TTR level. The study from America, that recruited patients who had been using warfarin for 

over six months, monitored the INR level (58). The study found that a number of patients had 

an INR test result out of range after commencing warfarin.  Ninety percent of the patients had 

at least one INR level lower than 2, and 82% had at least one INR level over 3.0. In addition, 

some demographic data were showing an association with good INR control; such as age at 75 

years and male in gender, conversely medical condition; namely diabetes and heart failure, 

were related with a poor INR control. 
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Another study was conducted in Australia and Singapore (34). This study was a retro 

collecting data of patients who were diagnosed with NVAF and were treated with warfarin 

during January and June 2014. They studied TTR value of Australian patients and Singaporean 

patients and found that the mean TTR of Australians was 85% whereas the mean TTR of 

Singaporeans was 46.4%. They suggested that the reason that Australians had a high TTR was 

because they received a care from a warfarin specialized clinic. Furthermore, they also looked 

into factors that negatively affected TTR value and discovered that medical condition and 

severe chronic kidney disease were associated with a lower TTR in both populations. In 

addition, other factors that may decrease the TTR value in Australians were anemia and an age 

higher than 60 years, while Singaporeans TTR value was lower in patients who had a high risk 

of stroke (CHA2DS2-VASc of 6) and/or who used a platelet inhibitor. 

A longitudinal retrospective cohort study from Kaiser Permanente Colorado, USA, 

studied patients who had just started using warfarin for 6 months (59). Patients in this study 

were categorized into 2 groups, stable patients and comparator patients. Stable patients were 

individuals who had all INR test results within therapeutic range. Comparator patients were 

individuals who had at least one INR test result out-of-range. Determinants associating with 

INR such as age, sex, primary indication for anticoagulation therapy, and thromboembolic risk 

factors were compared between these 2 groups and found that most of the stable group were at 

the age of 70 and above and unlikely to have comorbidity. Hence, being at the age of 70 and 

above and no comorbidity were proposed as a factor projecting long-term INR stability. 

Additionally, mortality rate and adverse events late (bleeding and thrombosis) were higher in 

the comparable groups, showing poor INR control which was related to higher death, bleeding, 

and thrombosis. 

The next study is a sub study of the prospective, multi center, single-blinded 

randomized trial named IMPACT (60). This study included populations of 3 nationalities; 

American, Canadian and German from 104 arrhythmia centers. There were 229 eligible 
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participants out of 2,718 patients. The inclusion criteria were having CHA2DS2-VASc ≥ 1, 

taking OAC at some time during the study and having at least 3 reported INR values. Eligible 

participants were randomized into 2 groups; the treatment group and control group. Data 

included OAC starts, stops, and restarts, INR value and dose changes. The difference between 

the treatment and control group was when to start and to stop OAC. The relation between 

SAMe-TT2R2 scores was observed and assessed and also compared the TTR leading up to the 

first adverse event (bleeding and thrombosis) and TTR of patients who did not have adverse 

events. The results of this study, factors that were associated with lower TTR, were being 

female gender, non-Caucasian race and being in New York Heart Association (NYHA) class 

IV. In contrast, factors frequently found in patients who had higher TTR, were having 

Hemogloble test value > 13.5 g/dl and being in NYHA class I. In addition, TTR was low for 

patients with SAMe-TT2R2 scores of 4 and higher, whereas TTR value was high for SAMe-

TT2R2 scores of 1. The association between higher NYHA class and poorer anticoagulation 

control were confirmed by the linear regression model as NYHA class increase 1-unit 

correlating with a 0.0683-decreasee in TTR. However, the relation between TTR and adverse 

events (bleeding and thrombosis) was not statistically significant. All in all, this research 

suggested even though mean TTR level in this population was poor, lower SAMe-TT2R2 

scores were associated with better TTR. 

Another piece of research from the United Kingdom, was a longitudinal retrospective 

cohort study (61). This study received data from the Clinical Practice Research Datalink 

(CPRD) which is linked to Hospital Episode Statistics (HES). The subjects were patients who 

had registered in the CPRD for at least 12 months before they were diagnosed with AF or 

venous thromboembolism (VTE) for the first time. Additionally, patients who were on warfarin 

within 1 year before the first diagnosis of AF and/or VTE, were excluded from the study, so 

were the patients who had a history of heart valve repair/replacement and/or had VTE during 

pregnancy. The demographic data were utilized in order to find the correlation between it and 
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warfarin control. As a result, age, Body Mass Index (BMI), smoking status and medication 

were the factors afflicting TTR, as patients who were at the age of 45 years old and below were 

more likely to have INR out of range, and who had low BMI (less than 18 kg/m2). Smokers 

and pain killer users were also likely to have INR out of range which lead to a lower TTR. 

1.6 Warfarin drug interactions 

Warfarin is prone to drug-drug interactions (9). In 2014, Marengoni et al. (62), studied 

drug interaction among older adults and found that warfarin has the most frequent occurrence 

of drug interactions (42.5%). There are many mechanisms concerning warfarin drug 

interaction, such as an interference with the absorption of warfarin or the inhibition or induction 

of enzymes metabolizing warfarin, resulting in a change in the INR (7, 63) (Table 4). For 

instance, a bile acid sequestrant, colestyramine, is used to reduce the reabsorption of bile in the 

gastrointestinal tract (47); however, it also reduces the absorption of other drugs, including 

warfarin (9).  

Numerous medicines can cause an alteration of CYP450 metabolism, which impacts 

the effect of warfarin (64) (Table 5). For example, phenobarbital, which is a broad-spectrum 

CYP450 inducer, increases warfarin clearance, leading to a drop in INR and a lower 

anticoagulant effect (65). Conversely, concomitant administration of sulfamethoxazole with 

warfarin has a four-fold increased risk of gastrointestinal bleeding (66, 67). Moreover, 

antibiotics, including trimethoprim/sulfamethoxazole, metronidazole, fluconazole, 

ciprofloxacin, levofloxacin, azithromycin, and clarithromycin (68-72), were reported as being 

able to interact with warfarin via cytochrome P450-2C9 or eliminating the bacteria in the 

intestine, which reduces the production of vitamin K. From these causes, the antibiotics may 

alter the anticoagulation effect of warfarin. Furthermore, minor interactions were also found in 

clindamycin and cephalexin when used in cotreatment with warfarin.  
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Fisher et al., performed a population-based, nested case-control study between 1 April 

1997 and 31 March 2007, using health care data from Ontario, Canada. They included 134,637 

patients aged 66 and over who were continuously treated with warfarin. They then calculated 

the adjusted odds ratios of those hospitalized with upper gastrointestinal (UGI) tract 

haemorrhage for exposure to antibiotics – namely cotrimoxazole, amoxicillin trihydrate, 

ampicillin trihydrate, ciprofloxacin hydrochloride, nitrofurantoin, and norfloxacin – within 14 

days before the UGI tract haemorrhage. They found 2,151 cases of hospitalized patients with 

UGI tract haemorrhage and that the patients treated with warfarin who were also receiving 

cotrimoxazole had a four times greater chance of UGI tract haemorrhage than patients who 

were not doing cotreatment with cotrimoxazole. Moreover, they also found that cotreatment 

with ciprofloxacin was associated with an increased risk of haemorrhage; however, no 

significant associations were found in cotreatments with other antibiotics and control groups. 

Schelleman et al., studied pharmacokinetic interactions in the risk of hospitalisation for 

GI bleeding between warfarin and oral anti-infective drugs, such as ciprofloxacin, levofloxacin, 

gatifloxacin, cotrimoxazole, fluconazole, cephalexin and amoxicillin, by performing a nested 

case-control and case-crossover study. They studied 308,100 patients from US Medicaid data 

who used warfarin and used a logistic regression to determine the association between GI 

bleeding in the warfarin treated patients who had prior use of anti-infective drugs compared 

with those who did not use them before and those who used only cephalexin. They found that 

all anti-infective drugs increased the risk of GI bleeding when compared to those who did not 

have exposure. Moreover, the risk of GI bleeding was significantly higher in those patients 

who had prior use of cotrimoxazole or fluconazole compared with those who used cephalexin 

before. 

Lane et al. (73), also found that drug interaction between antibiotics and warfarin had 

been associated with an increased risk of bleeding events. This study was a retrospective cohort 

study and participants were recruited from the US Department of Veterans Affairs. The eligible 
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participants were treated with warfarin for 30 days from 1 October 2002 to 1 September 2008. 

There were two groups of antibiotics in this study, including high risk medicine for warfarin 

interaction (trimethoprim/sulfamethoxazole, metronidazole, fluconazole, ciprofloxacin, 

levofloxacin, azithromycin, and clarithromycin) and low risk for interaction (clindamycin and 

cephalexin). To measure the risk of a bleeding event within 30 days of antibiotic exposure, Cox 

proportional hazards regression was used and to adjust for age, sex, comorbidity, indication for 

anticoagulation, and other drug interactions. To adjust for these, as well as other interaction 

medicines which were co-prescribed during the study period, the team used a regression model. 

A total of 22,272 patients were included in the study who were then divided into two groups: 

those who received the high risk for interaction medicine (14,078) and those who received the 

low risk for interaction medicine (8,194). Hospitalization for serious bleeding was the primary 

outcome, while serious bleeding events coded in secondary diagnosis fields of hospitalization 

and INR over four were a secondary outcome. The results of this study show that only co-

treatment between warfarin and high risk for interaction antibiotics increased the risk of serious 

bleeding.  

Another antibiotic, flucloxacillin, which is a narrow-spectrum beta-lactam antibiotic of 

the penicillin group, also indicated a potential interaction with warfarin. Taking these two drugs 

together, may have caused the level of INR to decrease resulting in patients needing to increase 

the dose of warfarin to maintain the INR in the therapeutic range. Chaudhuri et al. (74), 

performed a retrospective observational cohort study to observe the change of warfarin dose 

before and after the patients had co-treatment with flucloxacillin. Those patients who 

maintained the same dose and regimen of warfarin before using flucloxacillin and other 

antibiotics and maintained the same antibiotics treatment for at least two weeks between June 

2015 and December 2016 were included in the study.  

The primary outcome of this study was the difference in the average dose of one week 

before taking antibiotics and the last week of treatment with antibiotics. However, they found 
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only eight cases that matched the inclusion criteria. Four of eight cases were a flucloxacillin 

case, while the other four were a comparator group. Hence, the team found that the four cases 

of flucloxacillin that had the warfarin dose increased to 57%-130% in the last week of treatment 

with flucloxacillin was comparative to the dose of warfarin one week before taking antibiotics.  

Aspirin is an antiplatelet aggregation agent, which is part of the Non-Steroidal Anti-

Inflammatories (NSAIDs) group and usually co-prescribed with warfarin. Moreover, aspirin 

was recommended in some guidelines as part of a triple therapy, which included an oral 

anticoagulant, aspirin, and clopidogrel for one month to prevent recurrent coronary and 

cerebral ischaemic events in patients who recently had elective coronary stenting (26, 27). 

However, NSAIDs, such as ibuprofen, diclofenac sodium, celecoxib, meloxicam, and aspirin, 

have been reported as interacting with warfarin and causing major bleeding.  

Boyce ML et al. (75), studied the effect of NSAIDs on TTR in Australian patients who 

were treated with warfarin. A retrospective data analysis was conducted in this study and the 

researchers included 4,494 patients who were diagnosed with AF and DVT and were treated 

with warfarin in a private pathology practice in Queensland. Patients who used other 

medications that interact with warfarin were excluded from the study, except those patients 

who were co-prescribed NSAIDs. The remaining patients (1,378) were divided to two groups: 

those taking NSAIDs (313 patients) and those who were not taking NSAIDs (1,065 patients). 

Those taking NSAIDs were subdivided into four subgroups; namely aspirin, NSAIDS 

(excluding aspirin), COX-2 selective inhibitors (celecoxib and meloxicam), and NSAIDs 

(excluding COX-2 selective inhibitors and aspirin).  

The Mann-Whitney test was used to compare the mean TTR between non-NSAIDs 

patients and those taking NSAIDs, while the Kruskal-Wallis test was used to compare the mean 

TTR between patients not taking NSAIDs and the individual group taking NSAIDs. 

Furthermore, they used the MedCalc comparison of proportions calculator to compare minor 
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and major bleeding between those patients taking NSAIDs and those who were not. The results 

show that there was a statistically significant lowered TTR in patients who were co-prescribed 

NSAIDs compared with patients who did not use NSAIDs. The number of minor bleeding 

events was higher in the group of patients taking NSAIDs and those patients on aspirin than 

the patients who were not taking NSAIDs. 

Statins and fibrates are examples of medications for the treatment of hyperlipidemia in 

the blood that interact with warfarin. As some of these drugs have a CYP3A4 enzyme inhibitor 

and warfarin is metabolized by this enzyme. Thus, statins and fibrates can interact with 

warfarin. An observational case-control study performed in the United States confirms this 

interaction (76) by assessing the risk of hospitalization for gastrointestinal bleeding when 

starting a fibrate or statin in a patient undergoing warfarin treatment. Patients for this study 

included those being treated with warfarin aged 18 and over who were outpatients from the 

Medical Claims Data of California, Florida, New York, Ohio, and Pennsylvania between 1 

January 1999 and 1 December 2003. Of these patients, those who had never used statins and 

fibrates in the period of 90 days before or the same day of starting warfarin treatment were 

included in the study.  

The researcher categorised the patients into the case group and control group. All 

warfarin-treated patients who were not hospitalized with a diagnosis for GI bleeding were 

categorised as the control group, while the warfarin-treated patients who had Gastrointestinal 

(GI) bleeding and were admitted to the hospital were categorised as the case group. Fifty 

patients from the case group and control group were matched by index date and state. The 

conditional logistic regression was used to assess the association between a GI bleeding event 

and initiation of each antihyperlipidemic agent. The researchers found that gemfibrozil, 

simvastatin, and atorvastatin were associated with an increase in hospitalization for GI bleeding 

when the patients started this drug along with warfarin. However, pravastatin did not increase 

the risk of GI bleeding in the warfarin-treated patients. The cause of these results is that 
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gemfibrozil, simvastatin and atorvastatin are CYP3A4 enzyme inhibitors, which decrease 

warfarin metabolism and increase the effect of warfarin due to elevated plasma levels. 

Pravastatin is also an enzyme inhibitor, but this drug has less effect than warfarin. Hence, 

patients taking both warfarin and these antihyperlipidemic agents need to be closely monitored 

to prevent adverse events from bleeding. 

One drug group that is metabolised through the CYP2C19 enzyme is Proton Pump 

Inhibitors (PPIs), namely omeprazole, esomeprazole, lansoprazole, pantoprazole and 

rabeprazole. PPIs are used for the treatment of gastric/duodenal ulcers and gastroesophageal 

reflux diseases. CYP2C19 is the major enzyme responsible for metabolizing the S enantiomer 

of warfarin. Therefore, if patients are treated concomitantly with warfarin and PPIs, there will 

be an increase in the INR level which can lead to the risk of bleeding.  

A study from Australia conducted a retrospective data analysis and included AF and 

DVT patients who were treated with warfarin from a private pathology practice in Queensland 

(77). This study looked at data from patients, including age, gender, concomitant drugs, number 

of bleeding events, and INR test date, and then collected results. The patients (n=4,494) 

included in the study and were grouped into two groups: those taking PPIs and those not taking 

PPIs. Researchers then compared the mean TTR between these two groups by using the Mann-

Whitney test, while also comparing the number of minor and major bleeding events. They 

found that 44.5% of patients were taking PPIs and that the mean TTR of patients who were 

treated with warfarin and concomitantly used PPIs was significantly lower than that of patients 

who were not taking PPIs. After excluding all patients who were taking other drugs that 

interacted with warfarin, the TTR results were also the same. Moreover, the number of minor 

bleeding incidents were also significantly higher in patients who were taking PPIs when 

compared with other groups. So, INR should be monitored closely to prevent bleeding events 

which occur from drug interaction between warfarin and PPIs.  
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Carbamazepine, an anticonvulsant medication used to treat epilepsy, trigeminal 

neuralgia, and acute manic and mixed episodes in bipolar disorder, has been reported as 

interacting with warfarin. While the mechanism of interaction between carbamazepine and 

warfarin is still unknown, it may come from the CYP450 enzyme. Carbamazepine is a CYP450 

inducer and CYP450 enzyme is used for metabolising warfarin. If taken together, the 

carbamazepine could increase the metabolism of warfarin and decrease its concentration in the 

blood thus decreasing the anticoagulation effect of warfarin.  

There are three case reports that show evidence of drug interaction between these drugs. 

One case report shows that carbamazepine can decrease the INR level to subtherapeutic in a 

stable INR patient who was treated with warfarin for five years. When the patient stopped using 

carbamazepine the INR level increased to supratherapeutic levels (78). The second case is a 

61-year-old patient with AF who was prescribed warfarin together with carbamazepine for 6 

years and showed similar results. The practitioner reported that this patient had an over-

anticoagulation effect once the patient stopped taking carbamazepine (79).  A case study 

involving a 66-year-old woman reported that she developed acute abdomen and mesenteric 

infraction secondary to embolism the day after she started her loading dose of carbamazepine 

(80).  

Additionally, a retrospective cohort study from Sweden determined the effect of 

carbamazepine on warfarin (81). The data from three nationwide registries were used and only 

166 patients were eligible for this study. They collected the INR value and dose of warfarin 

from two periods. The first period was 2-4 weeks before the patients started treatment with 

carbamazepine and the other period was 10-13 weeks after the patients started carbamazepine 

treatment. Researchers then compared the warfarin dose and INR value between these two 

periods. The results show that 79% of patients experienced a subtherapeutic INR value during 

cotreatment with carbamazepine and that the dose of warfarin during cotreatment with 

carbamazepine increased to 49% when compared with no cotreatment period. Moreover, 59% 
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of patients increased their warfarin dose to over 50%, while 17% of patients increased their 

warfarin dose to over 100% during the cotreatment period. 

Table 4 Warfarin Drug Interaction extract from Campbell et al. (63) 

Increased effect of 

warfarin 

Decreased effect of 

warfarin 

Potentiate bleeding 

risk because of 

antiplatelet effect 

Potentiate bleeding 

risk by effects on 

gastric mucosa 

Medication 

- Antibiotics 

(sulfonamides, 

erythromycin and other 

macrolides, 

metronidazole) 

- Antifungal 

(itraconazole, 

fluconazole, 

ketoconazole) 

- Amiodarone 

- Selective serotonin 

reuptake inhibitors 

(especially 

fluvoxamine, 

fluoxetine) 

- Cimetidine 

- Propylthiouracil 

- Quinine and quinidine 

- COX-2 inhibitors 

(celecoxib, rofecoxib) 

- Antiepileptics 

(carbamazepine, 

phenytoin, 

barbiturates) 

- Rifampicin, rifabutin 

- Cholestyramine 

- Aspirin 

- Non-steroidal anti-

inflammatory drugs 

(except COX-2 

inhibitors) 

- Clopidogrel 

- Dipyridamole 

- Tirofiban 

- Aspirin 

- Non-steroidal 

anti-inflammatory 

drugs 

Herbal medicines 

- Dong quai 

- Garlic 

- Papaya 

- St John’s wort 

- Ginseng   



27 
 

Table 5 Potent inhibitors and inducers of CYP2C9, 2C19 and 3A4 extract from Lynch et al. 

(64) 

 Potent enzyme inhibitors Potent enzyme inducers 

CYP2C9 Amiodarone 

Fluconazole 

Fluoxetine 

Metronidazole 

Ritonavir  

Sulfamethoxazole 

Carbamazepine 

Phenobarbital 

Phenytoin 

Rifampin 

CYP2C19 Fluvoxamine 

Isoniazid  

Ritonavir 

Carbamazepine 

Phenytoin 

Rifampin 

CYP3A4 Clarithromycin 

Diltiazem 

Erythromycin 

Itraconazole 

Ketoconazole 

Nefazodone 

Ritonavir 

Telithromycin 

Verapamil 

Carbamazepine 

St. John's wort 

Phenobarbital 

Phenytoin 

Rifampin 
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1.7 Background of Atrial fibrillation and Deep vein thrombosis 

AF and DVT are common medical conditions managed with warfarin therapy (82). 

AF is classified as a cardiac arrhythmia with 3 characteristics namely irregular RR intervals in 

the surface ECG, the absence of P waves on the surface ECG and a fluctuation in the length of 

atrial cycle (83). Symptomatic AF is defined as the presence of a fluttering heartbeat, an 

irregular pulse, weakness, tiredness and dizziness (84). However, sometimes it might be 

asymptomatic (85). The established risk factors for AF are aging, male sex, hypertension, valve 

disease, left ventricular dysfunction, obesity and alcohol consumption. Moreover, potential risk 

factors also include coronary artery disease, kidney disease, systemic inflammation, pericardial 

fat and tobacco use (84). AF is associated with an increased in the risk of mortality, stroke and 

peripheral embolism (86) increase the risk of stroke (up to five-fold), mortality (two-fold) (85), 

a development of heart failure and hospital admission (10%-40% of AF patients admitted 

annually) (87). Interestingly, there is also evidence that AF is capable of increasing the risk of 

cognitive impairment (88) and dementia through various mechanisms including stroke, 

anticoagulation microbleeds, and non-pulsatile intracranial blood flow (89). The goals of 

treatment for AF are to restore normal heart rate, restore heart rhythm and prevent 

thromboembolic events (90). The medication used to maintain sinus rhythm are antiarrhythmic 

drugs, such as digoxin, flecainide, amiodarone or dronedarone. There are 4 categories of 

medication used to control the heart rate: β-adrenergic blocking drugs, non–dihydropyridine 

calcium channel antagonists, digitalis glycosides and antiarrhythmic drugs, particularly 

amiodarone. These pharmacological agents act by slowing conduction over the atrioventricular 

node. Furthermore, anticoagulants, such as warfarin, heparin and Non-Vitamin K antagonist 

oral anticoagulants (NOACs) are recommended for reducing the risk of stroke (91).  

DVT is a condition of a blood clot which occurs in a deep vein.  Mostly DVT usually 

occurs in the legs, although it rarely can affect the arms, the abdomen and also the brain (92). 
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Symptomatic DVT is characterised by pain, heaviness and cramps in the lower extremity, 

especially in the calf. These symptoms might develop over several days or in some instances  

can occur rapidly and be accompanied by swelling and blue-red or cyanotic discoloration (93). 

However, in some patients, DVT can be asymptomatic or display non-specific symptoms that 

affect patient’s quality of life, for instance leg discomfort or ache or sensation of warmth (92). 

There are three main factors that lead to the development of DVT. The first factor is slow 

movement of the blood in the circulation which usually occurs due to immobility, taking long-

haul flights or  in overweight individuals (92). Another factor is a characteristics of 

predisposition to form clots inappropriately or hypercoagulation which might present in 

patients receiving an oral contraceptives or hormone replacement treatments including patients 

with an inherited thrombophilia (94). Further risk factors include damage to the lining of the 

vein caused by trauma or insertion of long intravenous catheters, and receiving chemotherapy 

(92). The goal of management in DVT is prevention which may conduct by administration 

of anticoagulant, such as low molecular weight heparins (LMWHs) or warfarin (92). 

However, it should to be tailored to the individual patient underlining the specific clinical 

circumstances. For example, unfractionated heparin is suitable for in-patients with planned 

invasive procedures, recent major bleeding episodes or impaired renal function including 

morbidly obese patients while NOACs are optimized for outpatient. LMWHs are convenient 

and are suitable for both inpatient and outpatient therapy (95, 96). 

 

1.8 Interactions in concomitant of cardiovascular drugs and warfarin 

Even though warfarin adversely interacts with more than 60 medicines, warfarin users 

still need to take additional medication. For example, patients with AF also require other 

medicines to restore and control heart rate. Additionally, warfarin users frequently have many 

comorbidities which lead to a co-administration with medicines that may negatively interact 

with warfarin. Hypertension commonly occurs in patients with AF and DVT and around 90% 
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and 50% of warfarin user also receive a cardiovascular medicine and an antiarrhythmic 

medicine, respectively (97, 98). Additionally, there was an evidence showing that some 

medication for hypertension; diuretic, Angiotensin-Converting Enzyme Inhibitors (ACEIs) and 

calcium-channel blockers (CCBs), were associated with an increase or decrease risk of 

gastrointestinal bleeding (GIB) (99). Warfarin is an anticoagulant. Non-fatal bleeding is 

frequently occurred among the users of warfarin, however it was found that warfarin can 

increase the risk of GIB (100) as well.  Digoxin is an antiarrhythmic drug which is commonly 

prescribed to control heart rate in AF patients. The route of administration is oral or injection 

to a vein. It is classified in a cardiac glycosides classification. The action of it is to inhibit the 

sodium potassium adenosine triphosphatase (Na+/K+ ATPase) in myocardium, resulting to an 

increase of sodium levels inside myocardium cell and the activity of sodium-calcium exchanger 

also decreases. Subsequently, the heart contractibility increases without energy expenditure. 

Mostly, digoxin is eliminated by kidneys in an unchanged form and only 16% is metabolized 

by the liver. Furthermore, the elimination half-life is approximately 36-48 hours. From the 

study of Ogiso et al. (101), which used rats as subjects, they observed a pharmacological 

interaction between digoxin and warfarin. The first group of rats were injected with 1.2 mg/kg 

warfarin then oral coadministration with 50 mcg/kg digoxin while another group received only 

warfarin. They found the rats that received both warfarin and digoxin had a significantly higher 

amount of warfarin extracted from the liver as opposed to rats that received only warfarin. Due 

to these causes, digoxin reduced the anticoagulant effect of warfarin.  

Other medications to control heart rate are CCBs and beta-blockers (BBs). Apostolakis 

et al. (39) performed a cohort study to investigate the factors that could affect the TTR. The 

researchers recruited AF patients who had over 8 consecutive INR values and consecutive 

received warfarin treatment over 12 months, then they found that BBs and verapamil, a 

medication in the CCB classification, were factors associated with better quality control of 

warfarin treatment. Likewise, Bax ND et al. (102) also found that atenolol and propranolol (in 
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the BB classification) were associated with the concentration of warfarin in the blood. They 

recruited 6 healthy males aged between 25-35 years who were not smoking and taking other 

drugs. The researchers gave 4 doses of 15 mg warfarin with 100 ml of water to those volunteers 

to taking these drugs in the morning before meal. One dose was the control of the study which 

the volunteers took only warfarin drug, while the other three doses they received the same dose 

of warfarin drug plus one of each beta-blockers (BBs) namely atenolol, propranolol and 

metoprolol . The order for giving four doses to the volunteers were randomly and each dose 

had 2 weeks gap between dose. After that, they took the blood sample from the volunteers at 

3, 6, 12, 24, 36, 48, 72 and 96 hours after the volunteers taking each dose. They found that 

atenolol and propranolol were associated with an increased concentration of warfarin in the 

blood, while metoprolol were not associated with differ the concentration of warfarin in blood.  

Abernethy et al (103) also found that the co-administration of diltiazem, a medicine in 

the CCB classification, reduced the total clearance of warfarin from the kidneys. They recruited 

healthy males who did not taking any medication and had normal laboratory parameters, then 

these healthy males were separated into two groups. Eight males received R-warfarin and 10 

males received S-warfarin. These two groups were given warfarin in two periods, the first 

period was given only warfarin and second period were given both warfarin and 120 mg oral 

diltiazem three times daily. After that, blood sample was taken to determine the concentration 

of warfarin and diltiazem in blood and the prothrombin time. The complete urine collections 

were also done to determine the excretion of warfarin. They found that warfarin clearance was 

decreased when cotreatment with diltiazem. However, there was no effect detected on the 

anticoagulant effect of warfarin as measured by prothrombin time. This could be due to the fact 

that warfarin is mainly metabolised through the hepatic pathway. 

Furthermore, Brecher et al. (104) performed an in vitro study and found that captopril 

and lisinopril (in the ACEIs drug classification) had an enhancing effect on the anticoagulant 

activity of warfarin due to its prolongation of the prothrombin time. On the other hand, other 
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medicines for AF had no effect on warfarin treatment. Meyer and colleagues (105) investigated 

the pharmacodynamics effect of a single 25 mg dose of warfarin when cotreatment with 

multiple dose of trandolapril. This study is a two-way double-blind, placebo-controlled cross-

over design, and undertaken in Bloemfontein, South Africa. They recruited 19 healthy white 

males aged between 18 and 28 years who did not drink alcohol and were not taking other 

medicines during the study period. The volunteers were given a single 25 mg dose of warfarin 

on day 1, 15, and 29 of the study periods. During this time, trandolapril and placebo were 

randomly given to the volunteers from days 8 to 20, and from days 22 to 34. The dose of 

trandolapril was 2 mg daily and the volunteers took this drug in the morning before meal. The 

outcomes of this study were the measurements of PT and coagulation factors II, VII, IX, and 

X, which the measurements were taken before and 12, 24, 48, 72, 96, 120 and 144 hours after 

warfarin administration. After that, they compared the area under the PT and coagulation time 

curves between warfarin plus trandolapril and warfarin plus placebo. They proposed that the 

concurrent administration of trandolapril did not affect the pharmacodynamic of warfarin, as 

measured by prothrombin time, and the plasma concentration of clotting factor (factor VII). 

Likewise, Lawrence T.E. (106) studied the effect of concurrent administration of nebivolol 10 

mg q.i.d. with warfarin 10 mg once daily. They conducted open-label study, which recruited 

12 healthy participants. The participants received 10 mg of warfarin once daily on day 1 and 

day 17, while 10 mg q.i.d. of nebivolol were given to the participants on day 8 to day 22. To 

assessment plasma concentration of warfarin, PT and INR, blood sample was taken from the 

participants on day 1 and day 17. They found that the maximum plasma concentration of 

warfarin, prothrombin time and INR did not differ from when taking warfarin alone.  

Moreover, enalapril and ramipril were also reported to be involved in gingival bleeding 

in the study of Bondon‐Guitton and colleagues (1). This study aimed to identify the drugs that 

were commonly found in the occurrence of gingival bleeding by performing a 

pharmacoepidemiology study. They collected the gingival bleeding reports from the French 
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PharmacoVigilance Database between 1st January 1985 and 30th September 2014. Four 

hundred and fifty four reports from 523,808 reports of adverse drug reactions were identified 

with gingival bleeding. Almost 60% of gingival bleeding reports were serious adverse events 

and over 50% of reports were occurred in females. Moreover, they found that antithrombotic 

drugs were mostly found in gingival bleeding (67.8% of all report). Furthermore, they found 

enalapril and ramipril were also involved in this adverse event. However, these two drugs 

usually are not known to be involved in gingival bleeding. The authors described that the 

mechanism of gingival bleeding from these two drugs could be from thrombocytopenia 

mechanism which were induced by ACEIs. The other two case reports also confirmed that 

ACEIs induced thrombocytopenia (2). The first case was a 76-year-old woman with no history 

of allergies or autoimmune disease. At that time, she had received quinidine (100 mg/day) since 

1983 and enalapril (20 mg/day) 10 days before being admitted to in hospital. She was admitted 

in March 1985 with mucosal and cutaneous purpura which occurred 24 hours earlier. 

Moreover, she had a severely low blood count and isolated thrombocytopenia. After stopping 

both drugs, receiving transfused platelets, and prednisolone (50 mg/day for five days), she had 

a normal platelet count, then she was discharged with no further treatment required and her 

platelet count was back to normal a month later. The second case was a 75 year-old woman, 

who was the sister of the patient in the first case. She also did not have the history of allergies 

or auto immune disease and she was also admitted to hospital in June 1986 with cutaneous 

purpura. The only medication that she had been taking since April was captopril. She had 

severe condition of thrombocytopenia, then the doctor withdrew captopril and found that the 

platelet count returned to normal in August 1986. 

Lastly, medicines in the ARB drug classification might affect warfarin treatment, 

however evidence is conflicting. For example, candesartan, irbesartan and losartan are 

metabolized from an active compound to an inactive compound via the CYP2CP9 enzyme, 

which is the same enzyme that metabolises s-warfarin (107). Due to the same metabolism 
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pathway and the narrow therapeutic index of warfarin, those medicines might interact with 

warfarin and cause adverse effects. However, some research indicates that they do not affect 

warfarin treatment.  

Hanatani et al (108) studied the influences of CYP2C9*3 on the metabolism and the 

drug-interaction of candesartan (a medicine in ARB drug classification) by conducting an in 

vitro study. The effect of CYP2C9*1 and CYP2C9*3 on the kinetic parameters of candesartan 

and warfarin that were expressed in yeast, and found that Ile359 or the wild type; a variant of 

CYP2C9*1 (Km=346.0 µm) had a higher affinity with candesartan than Leu359 ; a variant of 

CYP2C9*3 (Km =439.0 µm) and vmax for candesartan metabolism of the wild-type was greater 

than Leu359 by 2.1 times. Likewise, the wild type (Km =28.0 µm) had a higher affinity with 

candesartan than Leu359 (Km =55.0 µm) and vmax for warfarin metabolism of the wild type was 

a greater than Leu359 by 1.7 times. Furthermore, they also studied the drug interaction of 

candesartan and warfarin by observing the inhibitory tendency of candesartan between the wild 

type and Leu359 variant expressed in yeast and measured the 7-hydroxywarfarin concentration 

and found that candesartan had no effect on warfarin hydroxylation. Conversely, s-warfarin 

had inhibitory effects on both variants on candesartan metabolism, but the wild type (Km=17.0) 

µm was more potent than by Leu359 (Km=36.0 µm). To sum up, this study found that CYP2C9*3 

may change the metabolic activity of candesartan, however, the effect was lower than other 

CYP2C9 substrates and candesartan did not inhibit warfarin metabolism. 

 Another medicine in the ARB drug classification, losartan, had been studied for its 

effects on warfarin’s pharmacokinetics and pharmacodynamics by Mangold et al (109). This 

study was a double-blind, two-period, randomized, placebo-controlled, multi-dose trial, aiming 

to assess the alteration of pharmacokinetics and pharmacodynamics of warfarin according to 

the administration of irbesartan. Sixteen healthy men, aged between 18 years to 45 years, 

volunteered in the study. Subjects underwent laboratory test for PT, activated partial 

thromboplastin time (aPTT) and bleeding time at the screening (72 hours prior to the study), 
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and all subjects had results within the normal range. Ineligibility criteria included allergies to 

warfarin and losartan; had a history of cardiovascular, cerebrovascular, renal, gastrointestinal, 

or hepatic disease; any malignant; haematopoietic, coagulopathic, or bleeding disorder; drug 

and alcohol abuse. In addition, every subject had to confirm informed consent. All patients 

received oral warfarin once daily for 21 days. On the first day, subjects were given warfarin 10 

mg as a loading dose. After that, they were given a warfarin dose ranging from 2.5 to 10 mg 

once daily based on their prothrombin time ratio at baseline, in order to achieve PTR value of 

1.3-1.6 on day 12, 13 and 14. Subjects were randomised to either taking irbesartan 300 mg 

once daily or placebo, starting from day 15 to day 21. Blood samples were collected every 

morning before taking warfarin, and on day 22 (before discharge on day 23) to measure PT and 

PTR. The pharmacokinetic assessment was performed on days 14, 15, 16 and 21. As a result, 

pharmacodynamics of warfarin as measured by PTR on day 22 differed modestly from baseline 

by only 0.043, which was not statistically significant.  Likewise, pharmacokinetic of warfarin 

as measured by s-warfarin Cmax, tmax, AUC and t1/2 did not change after the first and multiple-

administration of irbesartan. Hence, the researchers advised that irbesartan did not have both 

pharmacokinetic and pharmacodynamic interaction with warfarin. 

 Kong et al (110) also found that losartan did not affect pharmacodynamics and 

pharmacokinetic of warfarin.  This study design was a two-period, placebo-controlled, 

randomised, crossover study. Ten healthy male non-smokers; aged 18 to 29 years, volunteered 

in this study. All subjects were screened based on medical history, physical examinations, 

electrocardiogram, hematologic test biochemistry, urinalysis, stool sample and coagulation test 

profiles. Subjects who had a history or presence of hemorrhagic tendencies, blood dyscrasias, 

or recent surgery or trauma that may increase the potential for bleeding, were excluded from 

the study. Before starting the experiment, informed consent was required for every subject. All 

subjects were randomised to either taking losartan 100 mg once daily or a placebo for the first 

12 days of the study period. A single dose of warfarin 30 mg was given to all subjects on day 
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7 of the 12 days period. Then, there was a 2 weeks wash-out period, separating the first and the 

second study period. In the second period, subjects were either switched from study drug to 

placebo or switch from placebo to study drug. During the 12 days of study period, no other 

medications apart from warfarin and losartan, including aspirin and alcohol, was allowed. Only 

nine subjects completed the trial. As a result, there was no statistical significance in the 

alteration of pharmacodynamic parameters of warfarin as measured by area under the 

concentration-time curve (AUC), Cmax or tmax, when administered with losartan compared to 

when administered with a placebo. Likewise, the difference in pharmacokinetic parameters of 

warfarin was not statistically significant between the intervention and placebo. Moreover, no 

adverse events occurred during the experiment. Thus, this study suggested that it is unlikely 

that the co-administration of losartan would affect warfarin in the treatment outcome.  

 Telmisartan, one of the medicines in ARB drug classification, was studied for the 

effects of co-administration with warfarin by Stangier J. et al (111). This study was an open-

label, single period trial, aiming to determine the clinical outcomes of the administration of 

losartan on the pharmacokinetics and pharmacodynamics of warfarin. Twelve healthy men, 

aged 18 to 45 years, volunteered in the study. All volunteers were healthy as evaluated by body 

weight, medical history, physical examination, electrocardiogram (ECG), haematology 

examination, clinical chemistry and urinalysis. Moreover, subjects were excluded from the 

study if they had a haemostatic disorder, bleeding complication, history of food or drug 

allergies, a mental health issues, had been in another trial or had donated blood 90 days before 

starting this study, or had been ill within 5 days prior to the study. The study period was 31 

days. All subjects started warfarin 10 mg on first day, 5 mg on day 2, 4 mg on day 3 and 4, 

then doses were adjusted individually for each patient to reach stable predosing prothrombin 

time value of 1.2 to 1.8 on day 15. The co-administration of telmisartan 120 mg started on day 

15 and carried on until day 24, then subjects were given only warfarin until day 31. For 31 days 

of the study period, all subjects were required to attend the research facility every day, except 
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during day 15 to day 24, that they had to stay at the unit. For all 31 days of the study period, 

patients were not allowed to take or use other medications except acetaminophen and topical 

medication. In addition, alcohol and methylxanthine containing drinks and foods were 

prohibited during subjects were resident at the research facility, starting 48 hours prior entering 

to the unit. The pharmacodynamic assessment was measured by INR, which was performed 

before taking medications on day 1, 4 to 10, 12 to 15, 18 to 20, 22 to 25 and 28 to 31. Then, 

the mean INR was compared among three periods of the study: day 1 to 14, day 15 to 24 and 

day 25 to 31. As a result, there was no difference in the mean INR among the three periods. 

The pharmacokinetic assessment was measured as plasma concentration of warfarin and 

telmisartan. Venous blood was taken before subject taking medicine on days 1, 12, 13, 14, 15, 

18, 20, 22, 23, 24, 25, 28, 29, 30, and 31 for analysis of plasma warfarin concentrations. In 

addition, further blood samples were collected promptly before medication of days 1, 15, and 

24, and after the medication at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, and 24 hours on days 15 and 

24. The effect of coadministration of warfarin and telmisartan was analysed and found that it 

significantly decreased plasma concentration of warfarin, conversely the concomitant 

administration of warfarin did not alter plasma concentration of telmisartan. Thirty six adverse 

events occurred during warfarin period, while 15 adverse events were reported during the 

coadministration of warfarin and telmisartan. Some adverse events such as headache, dizziness, 

fatigue and hematoma, were related to warfarin treatment, whereas some were unrelated to the 

study medications, according to the investigators. In conclusion, this study showed evidence 

that the coadministration of telmisartan and warfarin was unlikely to cause adverse events nor 

affect INR, even though the given dose of telmisartan was relatively high. Furthermore, the 

commencing of telmisartan can alter the plasma concentration of warfarin, however that 

alteration was too small to affect the anticoagulant activity of warfarin. 

 Lastly, there was a case report showing evidence of the co-administration of olmesartan 

(112); a medicine in ARB drug classification, and warfarin could induce adverse events. A case 
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report of 65-year-old women, who was diagnosed with DVT and received warfarin as a 

treatment. After she had been taking warfarin for three months, her reported INR value began 

to rise incessantly. Her medication, by then, was warfarin together with atorvastatin and 

olmesartan. In addition, she had experienced mild diarrhoea and weight loss, corresponding the 

commencing of olmesartan. Further examination was required, she underwent an intestinal 

biopsy, and it was discovered that she had extensive villous atrophy consistent with 

autoimmune colitis. Warfarin treatment was ceased; however, vitamin K was administered to 

stop her coagulopathy condition, nevertheless the condition did not improve. Despite this the 

haemostasis examination confirmed that vitamin K dependent clotting factor deficiency was 

the cause of coagulopathy. Subsequently, olmesartan was presumed to induce enteritis which 

led to vitamin K malabsorption. Caution against coagulopathy should be taken in the co-

administration of warfarin and olmesartan due to the possibility of vitamin K deficiency. 
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Table 6 Summary of interactions with concomitant of cardiovascular medicines. 

Authors Settle Patients Intervention Control Methodology Outcomes 

Ogiso et al.  N/A N/A - warfarin i.v. (1.2 mg/kg) 

single dose + digoxin (50 

micrograms/kg)  

- repeated oral warfarin (0.6 

mg/kg on day 1, thereafter 

0.3 mg/kg) + digoxin (50 

micrograms/kg) 

Warfarin 

alone 

In vivo rat model  Pharmacological 

interaction decreased 

anticoagulation activity of 

warfarin.  

Apostolakis 

el al. 

Sandwell and 

West Birmingham 

Hospitals, 

England 

Patients with AF 

who underwent 

rate control or 

rhythm control  

N/A N/A Cohort study BBa and CCBs are factors 

predicting good VKA 

control. 

Abernethy 

et al. 

N/A Healthy men i.v. warfarin + oral 

diltiazem 120 mg three 

times daily 

i.v. 

warfarin 

Control trial Diltiazem inhibits warfarin 

disposition in humans  

Brecher et 

al. 

United state N/A N/A N/A In vitro Captopril  

prolonged thrombin 

activity. Lisinopril  

prolonged APTT. 

Meyer B. H. 

et al. 

South Africa Nineteen healthy 

white men 18-28 

y/o 

 

Trandolapril + warfarin 

 

Placebo + 

warfain 

A double-blind, 

placebo-controlled 

cross-over trial 

The concomitant 

administration of 

trandolapril did not affect 

the pharmacodynamic 

effects of 

warfarin. 
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Table 6 Summary of interactions with concomitant of cardiovascular medicines (Cont.). 

Hanatani et 

al. 

Osaka, Japan N/A N/A N/A In vivo Candesartan had no effect on 

warfarin metabolism 

Mangold et 

al. 

N/A Healthy 

men 

Irbesartan 

+warfarin 

Placebo+ 

warfarin 

Double-blind, two period, 

RCT 

Irbesartan did not affect PK & PD 

of warfarin 

Kong T. et 

al. 

Philadelphia, 

USA 

Healthy 

men 

Losartan + 

warfarin 

Placebo + 

warfarin 

Double-blind, placebo 

controlled, 

randomized, two-period, 

crossover study 

Losartan had no effect on the 

pharmacokinetics 

and pharmacodynamics of warfarin. 

 

Stangier et 

al. 

N/A Healthy 

men 

Telmisartan 

+warfarin 

Warfarin Crossover - RCT Telmisartan had no effect on INR. 

N/A N/A 65 y/o 

woman 

- - Case report Olmesartan induce coagulopathy. 
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1.9 A dedicated warfarin care program 

A study in Queensland, Australia by Bernitis et al (113) showed that a warfarin 

specialist program can elevate warfarin control, meaning it can customize a suitable treatment 

for each individual. This study was a retrospective analysis that utilized the data of patients 

with AF who enrolled in the Warfarin Care Program (WCP) at Sullivan Nicolaides Pathology. 

Eligible participants were patients who had been in the program between November 2007 and 

September 2014 for at least 6 months. The analysis also required information concerning 

medications and reported INR before patients enrolled in the WCP for 6 months. If any patients 

did not have all of this data, they were excluded from the study. After screening patients 

according to those conditions, 200 patients remained in this study.  

The purpose of this study was to compare the value of TTR and the percentage of tests 

that were in the optimal range between the entire time the patients were treated with the WCP 

and the entire time that patients were treated with a general practitioner (GP). The value of 

TTR and the percentage of tests in the range were also compared between the period of 6 

months after entering the WCP and the period of 6 months immediately prior to enrolling in 

the clinic. As a result, the overall mean TTR and percentage of tests in the range when treated 

by the WCP were significantly higher than when treated by GP. Likewise, the mean TTR and 

the mean percentage of tests in the range of the period after entering the WCP were also higher 

than the period immediately before entering the WCP.  

The frequency of testing, as measured by the time interval to the next INR test, was 

significantly lower when managed by the WCP as opposed to being manage by GP for both 

time periods (the entire time and the 6-month period). This showed that patients were 

monitored closely when they received care from the WCP. Furthermore, the percentage of 

reported INR compared between management by WCP and GP, revealed that management by 

WCP had a higher percentage of reported INR within an optimal range (2.0 - 3.0), whilst 
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management by GP had a higher percentage of reported INR out-of-range (less than 2.0 and 

more than 3.0).  

Lastly, the mean time interval to the next INR test was calculated for each type of result 

within the optimal range, subtherapeutic, supratherapeutic and extremes of INR, in order to 

compare between management by WCP and GP. Subsequently, the mean time interval was 

significantly shorter when managed by WCP for every type of INR result. Surprisingly, even 

though the INR results were extremely out-of-range when managed by GP, the time interval to 

the next INR was still longer than when managed by WCP for INR results within the 

therapeutic range. All in all, this study suggested that consistent INR testing, early recognition 

of risk factors and improved patient education from the WCP could ameliorate the warfarin 

control.   

Another study in the United States found a similar result when Matchar D. B. et al. 

(114) conducted a randomized controlled trial (RCT) of in-clinic INR testing versus patient-

self testing (PST). This study collected data from patients with AF who required long-term 

warfarin treatment from 28 Veterans Affairs (VA) medical centers across the United States. 

The study enrolment started from August 2003 to May 2006 and participants were followed up 

to 2–4.75 years. After candidates were screened for consent, they were trained and tested for 

competency in using the INR monitor over a 2- to 4-week period. Only candidates that could 

perform PST and completed the second informed consent were randomized into the following 

four arms (total of 787 patients): twice weekly PST (119 patients); weekly PST (161 patients); 

scheduled testing every 4 weeks (116 patients); and an AC clinical management arm 

(HQACM) with testing every 4 weeks. The FDA-approved Protime® Microcoagulation 

System INR metres was utilised for self-testing.  

The primary end point of this study was TTR at a 1-year follow-up, whereas major 

events and quality of life were the secondary endpoints. The mean TTR was evaluated among 
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the four groups. As a result, patients who underwent self-testing twice-a-week had the highest 

mean TTR, whilst those who underwent self-testing every 4 weeks had the lowest. Meanwhile, 

patients who underwent in-clinic testing had the second lowest TTR. The proportion of patients 

having INR in an optimal range and patients having INR highly out-of-range (INR ≤1.5 or 

≥4.0) were measured for each group. The proportion between the groups was then compared 

and found that the proportion of patients having INR out-of-range was lower for the PST 

groups, while the proportion of patients having INR out-of-range decreased as the frequency 

of INR testing increased. The rate of major events (major bleeding, stroke and death) were also 

compared, but there was no difference among the four groups. However, the hazard ratio of 

major events, as compared to the in-clinic testing group, was significantly lower for the PST 

twice weekly group. To conclude, this trial proposed that more frequent INR testing can 

improve the level of TTR and reduce the proportion of poorly managed patients. Nevertheless, 

it might not be practical to perform INR testing frequently at the clinic, thus the self-testing 

measure is another way to solve the case.  

A literature review about the relationship between INR test frequency and the outcome 

of anticoagulation from Durham, North Carolina in 2000 (115) also found a likeliness result. 

This literature review consisted of two parts. The first was aimed at examining the strength of 

the relationship between TTR and the clinical outcome in terms of major bleeding and 

thromboembolism to ensure that TTR is fit to be a primary outcome for assessing anticoagulant 

treatment. The second piece aimed to examine the strength of the relationship between the 

frequency of INR testing and TTR. Three clinical outcomes, event rate (major bleeding, 

thromboembolism), proportion of INR value within the target range and TTR, were discussed 

in regard to which factor would be the best primary outcome if conducting a trial.  

The researcher suggested that event rates are ultimately of the most interest, while the 

other two factors are intermediate outcomes which may be more or less related to event rates. 

However, the differences between these three factors were their statistical precision as 
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significant clinical events were less likely to occur, even though they were evaluated in a high-

risk population.  

Meanwhile, more than half of INR results were likely to be in the target range, leading 

a small standard deviation of the proportion of the INR value (TTR). The literature found that 

the relationship between TTR and the event rate were strong. Hence, with the issues of 

statistical precision and sample size, the reasonable primary outcome would be TTR, along 

with clinical event rates as a secondary outcome. In addition, this review also suggested that 

more frequent INR testing can improve TTR levels. 

Another trial supporting the idea that a specialist clinic could provide better warfarin 

management was a trial comparing the quality of anticoagulant management between 

anticoagulation clinics and family physicians (116). This research was an open randomized 

controlled multi-centre trial conducted in Ottawa, Canada and London, England, from January 

1998 to September 2000. Participants were recruited at three participating anticoagulation 

clinics between January 1998 and September 2000. The following factors deemed a patient 

ineligible to participate: life expectancy was shorter than three months; he/she had a major 

haemorrhage related to anticoagulation treatment; refusal by the patient’s family physician to 

participate; absence of a family physician; geographic inaccessibility for follow-up; and 

likelihood of poor compliance.  

Participants and their family physicians had to accept informed consent to enrol in the 

study. Every participant underwent initial evaluation at an anticoagulation clinic and received 

a standard education concerning the indication for therapy, the importance of complying with 

the regimen, the need for close monitoring, the potential risks of taking other medications, 

dietary considerations, and the importance of self-monitoring for evidence of bleeding or 

thromboembolic complications. After the commencement of warfarin and the establishment of 

a stable dose, patients were randomized into two groups. The total number of eligible 
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participants was 221, with 112 randomised to anticoagulation clinics and 109 to their family 

physicians using the stratified method based on a patient’s status (previous or new users of 

warfarin), the target INR of low intensity (INR 2.0–3.0) or high intensity (INR 2.5–3.5) and by 

study centre.  

Patients were followed for up to 3 months. The investigators were blinded as to the care 

provider that patients received. After patients had been followed for 3 months, they had to 

complete a questionnaire to evaluate their level of satisfaction with the care provided. The 

proportion of time that INR within ± 0.2 units of the target therapeutic range over a 3-month 

period was compared to the value while managed in an anticoagulation clinic and the value 

while managed by a family physician, in addition to thromboembolic and major haemorrhagic 

rates.  

This study had defined expanded therapeutic ranges for the analysis as 1.8–3.2 for 

standard-risk and 2.3–3.7 for high-risk patients. The expanded TTR of patients managed by 

anticoagulation clinics was 82%, which was significantly higher than patients managed by the 

family physician (TTR = 76%) (p = 0.034). However, the rate of major bleeding events (2% 

for the anticoagulation clinic group vs. 1% for the family physician group) and thromboembolic 

events (1% for the anticoagulation clinic group vs. 2% for family physician group) were 

relatively similar between the groups. Ninety six percent of patients in the anticoagulation 

clinic group reported they were either very satisfied or satisfied with their overall warfarin care 

compared with 84% of patients in the family physician group (p = 0.001). However, the amount 

of INR testing was statistically significantly lower in the anticoagulation clinic group. In 

conclusion, warfarin management by the anticoagulation clinics could improve TTR levels 

with a higher level of satisfaction in quality of care as compared to routine care. 

While much research shows that frequent INR testing could be beneficial for TTR 

management, Carrier et al (117) revealed a controversial outcome. Carrier and his colleague 
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conducted a cross-sectional study of outpatients who were on VKA and were followed for 

anticoagulation management by The Thrombosis Clinic at The Ottawa Hospital, Canada. The 

study time point was 27 April 2012. The objective was to find a method to identify a good 

candidate for NOAC, thereby predicting a TTR of 65% or less. Eligibility criteria included 

receiving VKA therapy for at least nine months and reporting of INR within the target range. 

The minimum nine-month period was required to affirm that the shortest observation period 

would be six months with this six-month period starting after three months of VKA treatment 

to establish the maintenance dose.  

In addition, the INR target in this study was 2.0-3.0 and patients with medical 

conditions requiring different INR targets were excluded. To predict TTR, the number of INR 

tests and the number of dose changes were compared between patients with TTR of 65% or 

less and patients with TTR higher than 65% by using the Man-Whitney U test and then further 

analysing the predicting ability of those two factors by using the receiver-operating 

characteristics (ROC) curve analysis. As a result, there was a significant correlation between 

the TTR and both the number of dose changes and INR tests. The number of warfarin dose 

changes was significantly higher in the patients with TTR of 65% or less. The number of INR 

tests more than 9 or the number of doses change more than 3 had 87% sensitivity to identify 

patients with TTR of 65% or less with 63% specificity. Hence, this study suggested that the 

number of dose changes and the number of INR tests might be used as indicators of TTR to 

offer a simple way to identify a good candidate for NOACs. 
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Table 7 Summary of the effects of a dedicated warfarin care program. 

 

 

 

 

 

Authors Settle Patients Intervention Control Methodology Outcomes 

Bernaitis N. 

et al. 

Queensland, 

Australia 

Patients at 

warfarin clinic 

- - Retrospective 

analysis 

Warfarin clinic can enhance 

the warfarin control. 

Matchar 

D.B. et al. 

United Stated Patients with AF INR self testing: 2/wk, 

1/wk, every 2 wk, every 4 

wk 

In clinic testing 

every 4 wk 

RCT More frequently INR testing 

can improve TTR control. 

Samsa G. 

P. et al. 

North carolina - - - Literature 

review 

More INR testing can 

improve TTR control. 

Wilson S.J. 

et al. 

Canada & 

England 

Patients at 

anticoagulant 

clinic 

Anticoagulant clinic Family 

physicians 

RCT Patients managed by 

anticoagulant clinic had better 

warfarin control. 

Carrier M. 

et al. 

Ottawa, 

Canada 

Warfarin patients - - Cross-sectional 

study 

High number of dose change 

is associated with poor TTR 

control. 



48 
 

2. Significance 

Even though there is evidence that other drugs might affect the anticoagulant effect of 

warfarin, most of the studies were conducted in animals or in vitro. In addition, there is 

evidence contrasting as some of them proposed that those medicines had effects on warfarin 

while others proposed that there was no effect. More than that, some evidence showed that 

some cardiovascular medicines are the predicting factors of good warfarin control. Moreover, 

some hypertension medicines itself may associate with an increase or decrease risk of bleeding, 

thus the co-treatment of these medicines might affect bleeding incidence. However, there was 

limited information connecting these medications to any increase or decrease in TTR or to the 

rate of adverse events. In addition, we found that the quality warfarin control can be 

ameliorated by the level of care that patients receive, and our setting was a dedicated warfarin 

clinic which might affect warfarin control and adverse events. Hence, it is necessary to 

determine the effects of these medications on warfarin treatment in the clinical setting during 

long-term therapy to ensure that patients are safe to take those medications with warfarin. 

 

 

 

 

 

 

 

 

 



49 
 

3. Aim and objectives 

This study aimed to determine the effect of cardiovascular medicines on warfarin 

control in the clinical setting during long-term therapy. 

Objectives 

1. Compare the Time in Therapeutic Range (TTR) between users and non-users of 

cardiovascular medicines. 

2. Compare numbers of adverse event between users and non-users of cardiovascular 

medicines. 

4. Method 

4.1 Study design and setting and ethics 

Ethics approval was obtained (Griffith University PHM/09/14/HREC). A retrospective 

data analysis was conducted for patients receiving warfarin therapy for AF and DVT at a 

private pathology practice in Queensland from November 2007 to October 2014. This study 

utilized data of a larger project that was obtain ethics in 2014. Additionally, the pathology 

started implementing the computer system on November 2007, thus we could only retrieve data 

from that date forward. Data, including age, gender, current medications, comorbidities, INR 

test dates and results, reported bleeding and stroke events, was collected. Events were identified 

through a patient questionnaire on each blood test and recorded in their file. It was these events 

that were recorded in the retrospective data collection.  
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4.2 Study population 

The data was screened for patients who take digoxin, ACEIs, ARBs, BBs, CCBs, who 

were included to create a study group, and patients who did not take these medications 

comprised the control group (Figure 1). Patients who took concomitant medicine that is 

indicated by the Australian Medicine Handbook (AMH) 2018 (118) as having an interaction 

with warfarin were excluded from the analysis if such medicine was not the studied drug in 

that analysis. The TTR calculation requires at least 2 consecutive INR tests and a time of 

treatment of more than 30 days. The patients whose data were insufficient for TTR calculation 

were excluded from the study. The HASBLED score and CHA₂DS₂-VASc Score were 

calculated from variables within the patient data obtained on 31 October 2014. 

4.3 Study variables 

There were two outcomes of interest. The primary outcome was TTR and the secondary 

outcome was the number of adverse events, namely major bleeding, minor bleeding and stroke. 

Several factors associated with outcomes of interest were also analysed. Factors associated 

with TTR were the percentage of tests in range, frequency of testing and total days in test. 

Factors associated with adverse events were the HASBLED score (bleeding risk score) and 

CHARDVASC score (stroke risk score).  

4.4 Statistical methods 

The analysis of all outcomes and factors consisted of three steps. The first step analysed 

all patients, while the second step analysed patients after excluding drug interaction with 

warfarin. The first step included all patients in order to have the largest number of populations 

that we could and to observe the effect in the clinical setting. The second step excluded drug 

interaction patients in order to reduce confounding effect from other drug interactions. Both 

the first and second steps were analysed regarding the use of medicine grouping within each 

drug classification, namely digoxin, ACEIs, ARBs, BBs and CCBs.  
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The third step was to analyse patients after excluding drug interaction with warfarin 

with regard to the use of particular drugs within each drug classification. In this step, patients 

who were on more than one drug in drug classification were excluded from the analysis of that 

drug. For example, if patients were on both amlodipine and felodipine, they would be excluded 

from both amlodipine and felodipine group. Moreover, the group that had patients less than 

five people were not taken into the analysis according to information concerning data 

considerations for Kruskal-Wallis (119). For instance, eprosartan and losartan had only one 

user, thus these two groups were not included in the third step analysis. 
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 The warfarin quality control was measured as TTR by utilizing the Rosendaal Method

(22) with software from INR Pro. The percentage of the tests in range was calculated by the 

number of tests which had INR values within the optimal range divided by the number of all 

tests which patients had, then multiplied by 100.  

The frequency of testing is the number of dates between each test and it was calculated 

by the total number of days that the patients had been enrolled at the clinic divided by the 

number of all tests which the patients had.  

Bleeding events were grouped into major bleeding and minor bleeding. Major bleeding 

includes bleeding in major organs, such as GIB or intracranial bleeding (ICB), and bleeding 

events requiring any form of hospitalization. Minor bleeding includes bleeds which were not 

clinically relevant and bleeds that did not require any form of hospitalisation (120).  

Adverse events were categorized into major bleeding, minor bleeding and stroke, then 

calculated on a per person basis. The comparison between patients who were taking and not 

taking medicine in each drug classifications was analysed by using the Mann–Whitney U test. 

Patients that were not on any medicine in the drug classification versus individual medicine of 

that drug classification were analysed by using the Kruskal–Wallis test (nonparametric 

ANOVA) and further analysed for statistical significance for individual medicine through 

Dunn’s multiple comparisons test.  

Adverse events were compared between groups by utilizing the MedCalc comparison 

of proportion. Statistical analysis in this study was performed on SPSS version 25 with p-value 

< 0.05, which is considered to be statistically significant. Data were presented as median, 25 th 

– 75th interval for TTR, % tests in range, frequency of testing, CHA2DS2-VASc score, 

HASBLED score, and the number and percentages of adverse events. 
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5. Results   

Table 8 Demographic data (data shown is number (percentage) for all variables plus mean (standard deviation) for age.) 

 All patients (n=4494) Patients with all interacting drugs 

excluded (n=812) 

Gender 

   Male 2297 (51.1%) 472 (58.1%) 

   Female 2197 (48.9%) 340 (41.9%) 

Age   

   Mean ± SD years 76.76 ± 11.28 75.49 (13.52%) 

   <60 years 338 (7.5%) 104 (12.8%) 

   60-69 years 626 (13.9%) 108 (13.3%) 

   70-79 years 1432 (31.9%) 216 (26.6%) 

   80-89 years 1706 (38.0%) 302 (37.2%) 

   >90 years 392 (8.7%) 82 (10.1%) 

Digoxin 1346 (30.0%) 230 (28.3%) 

Angiotensin-converting enzyme inhibitors 1474 (32.8%) 274 (33.7%) 

   Captopril 16 (0.4%) 2 (0.2%) 

   Enalapril 50 (1.1%) 11 (1.4%) 

   Fosinopril 60 (1.3%) 10 (1.2%) 

   Lisinopril 79 (1.8%) 12 (1.5%) 

   Perindopril 840 (18.7%) 167 (20.6%) 

   Quinapril 31 (0.7%) 4 (0.5%) 

   Ramipril 465 (10.3%) 77 (9.5%) 

   Trandolapril 11 (0.2%) 2 (0.2%) 

Angiotensin II receptor blockers 1221 (27.2%) 194 (23.9%) 

   Candesartan 296 (6.6%) 44 (5.4%) 

   Irbesartan 561 (12.5%) 88 (10.8%) 

   Eprosartan 5 (0.1%) 1 (0.1%) 

   Losartan 2 (0.1%) 1 (0.1%) 

   Olmesartan 57 (1.3%) 7 (0.9%) 

   Telmisartan 291 (6.5%) 52 (6.4%) 

   Valsartan 30 (1.7%) 3 (0.4%) 

Beta-blockers 2346 (52.2%) 402 (49.5%) 

   Atenolol 640 (14.2%) 118 (14.5%) 

   Bisoprolol 488 (10.9%) 68 (8.4%) 

   Carvedilol 227 (5.1%) 38 (4.7%) 

   Labetalol 9 (0.2%) - 

   Metoprolol 1004 (22.3%) 177 (21.8%) 

   Nebivolol 40 (0.9%) 2 (0.2%) 

   Pindolol 3 (0.1%) - 

   Propranolol 22 (0.5%) 3 (0.4%) 

Calcium channel blockers 1136 (25.3%) 193 (23.8%) 

   Amlodipine 441 (9.8%) 78 (9.6%) 

   Clevidipine 8 (0.2%) - 

   Ditiazem 191 (4.3%) 24 (3.0%) 

   Felodipine 57 (1.3%) 12 (1.5%) 

   Lercanidipine 273 (6.1%) 40 (4.9%) 

   Nifedipine 49 (1.1%) 9 (1.1%) 

   Verapamil 174 (3.9%) 31 (3.8%) 

Comorbidities 

Atrial Fibrillation 3911 (87.0%) 688 (84.7%) 

Hypertension 1645 (36.6%) 281 (34.6%) 

Diabetes 716 (15.9%) 94 (11.6%) 

High Cholesterol 367 (8.2%) 55 (6.8%) 

Dyslipidemia 263 (5.9%) 30 (3.7%) 

Angina 84 (1.9%) 13 (1.6%) 

Chronic obstructive pulmonary disease 172 (3.8%) 21 (2.6%) 

Asthma 250 (5.6%) 26 (3.2%) 

Gastro-oesophageal reflux disease 341 (7.6%) 37 (4.6%) 

Arthritis 634 (14.1%) 74 (9.1%) 

Ischemic heart disease 387 (8.6%) 36 (4.4%) 













60 
 

A total of 4,494 patients received warfarin therapy and were eligible for the study 

(Table 8). More than half of the patients were male (51.1%) and 70% of patients were at an age 

between 70 to 89 years old. The dominant comorbidities were hypertension (36.6%), diabetes 

(15.9%) and arthritis (14.1%). Fifty two percent of patients were on BBs while 25% of patients 

were on ARBs (27.2%) and CCBs (25.3%). Around one-third of patients received ACEIs 

(32.8%) and digoxin (30.0%). 

After excluding patients who were on drugs interacting with warfarin, there were 812 

remaining patients (Table 8). The majority of the patients after excluding drug interactions 

were male (58.1%) and mostly, they were aged between 70 to 89-year-old. The dominant 

comorbidities were hypertension (34.6%), diabetes (11.6%) and arthritis (9.1%). Around half 

of patients with all interacting drugs excluded received beta-blockers (49.5%) whereas one-

fourth of patients were on ARBs (23.9%) and CCBs (23.8%). Whilst, around one-third of 

patients received ACEIs (33.7%) and digoxin (28.3%). 

In all patients, the users of all drug classifications (ACEIs, ARBs, BBs, CCBs and 

digoxin) had a higher median TTR as opposed to non-users. In addition, these differences were 

statistically significant with the exception of digoxin. Patients taking ACEIs had a higher 

median TTR (82.30, 76.00-87.40) compared with patients not taking ACEIs (81.60, 75.03-

87.30, p=0.017) (Figure 4a).  Patients also taking ARBs (83.00, 77.10-87.80) (Figure 5a), BBs 

(82.10, 75.90-87.50) (Figure 6a) and CCBs (83.50, 76.70-87.80) (Figure 7a) had a higher 

median TTR as opposed to patients not taking ARBs (81.20, 74.70-87.00, p<0.001), BBs 

(81.50, 74.90-87.00, p=0.023) and CCBs (81.20, 75.00-87.00, p<0.001), in the order given. 

Lastly, the median TTR of digoxin’s users was 82.30, 76.30-87.30 while the median TTR of 

non-users was 81.60, 74.93-87.28 (p=0.057) (Figure 3a). 

The percentages of test results within the optimal range were significantly higher in 

patients taking all drug classifications (Digoxin: 75.10, 68.70-81.00 vs 75.90, 68.80-82.00, 
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p<0.001 (Figure 3b); ACEIs: 76.20, 68.88-81.50 vs 75.56, 68.70-81.70, p<0.001 (Figure 4b); 

ARBs: 76.70, 70.45-82.00 vs 75.20, 68.30-81.50, p<0.001 (Figure 5b); and CCBs: 76.90, 

769.60-82.10 vs 75.20, 68.59-81.40, p<0.001 (Figure 7b)) except for BBs (75.50, 68.70-81.30 

vs 75.90, 68.83-82.05, p=0.072) (Figure 6b). Dates between each INR test (frequency of 

testing) were significantly higher for patients taking digoxin, ACEIs and CCBs compared with 

other patients (Digoxin: 14.88, 12.22-18.39 vs 14.31,11.45-17.52, p<0.001 (Figure 3c); ACEIs: 

14.75, 12.07-17.94 vs 14.34, 11.48-17.66, p<0.01 (Figure 4c); and CCBs: 14.89, 12.01-18.25 

vs 14.37, 11.60-17.57, p=0.007 (Figure 7c)). Users of ARBs and BBs also had a longer gap 

between each INR test, but it was not statistically significant (ARBs: 14.68, 11.19-17.87 vs 

14.45, 11.62-17.73, p=0.163 (Figure 5c) and BBs: 14.57, 11.91-17.72 vs 14.47, 11.41-17.81, 

p=0.098 (Figure 6c)). 

After excluding all patients concurrently taking medicine interacting with warfarin, 

there were no significant differences between patients taking and not taking the investigated 

medicines in median TTR. However, the level of median TTR of the users of all drug 

classification, including digoxin, were a higher median TTR compared to non-users (Digoxin: 

84.45, 78.05-89.95 vs 83.90, 76.53-89.95, P=0.439 (Figure 3d); ACEIs: 84.45, 78.40-89.70 vs 

83.90, 76.44-89.93, p=0.348 (Figure 4d); ARBs: 85.85, 78.43-90.50 vs 83.70, 76.70-89.70, 

p=0.054 (Figure 5d); BBs: 84.70, 77.75-89.93 vs 83.70, 76.49-89.80, p=0.376 (Figure 6d) and 

CCBs: 85.70,77.99-90.65 vs 83.71, 76.62-89.58, p=0.056 (Figure 7d)). 

The percentages of tests in range did not differ between users and non-users of all drug 

classification in a statistical manner; however, users of ACEIs and CCBs had a higher 

percentage of tests in range as opposed to non-users (ACEIs: 78.85, 71.80-83.73 vs 78.22, 

71.10-84.41, p=0.808 (Figure 4e); and CCBs: 79.20, 71.90-84.25 vs 78.20, 71.10-84.20, 

p=0.471 (Figure 7e)). Conversely, users of digoxin, ARBs and BBs had a lower percentage of 

tests in range compared to non-users (Digoxin: 78.10, 71.35-84.00 vs 78.60, 71.30-84.23, 
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p=0.521 (Figure 3e); ARBs: 78.45, 71.88-84.03 vs 78.54, 71.14-83.30, p=0.789 (Figure 5e); 

and BBs: 77.85, 71.10-83.63 vs 79.17, 71.40-85.00, p=0.121 (Figure 6e)). 

The frequency of testings was not statistically different between users and non-users of 

ACEIs, ARBs, BBs and CCBs (ACEIs: 16.13, 12.35-19.84 vs 16.09, 12.53-19.77, p=0.733 

(Figure 4f); ARBs: 16.79, 13.31-19.57 vs 15.97, 12.01-19.93, p=0.183 (Figure 5f); BBs: 16.22, 

12.71-19.72 vs 15.60, 12.19-19.19, p=0.699 (Figure 6f); and CCBs: 16.84, 13.30-20.25 vs 

15.86, 12.09-19.60, p=0.073 (Figure 7f)). In contrary, it was statistically significant between 

users of digoxin and non-users as patients who were on digoxin (17.17, 13.51-21.10) had a 

longer time gap between each INR test as opposed to patients who were not (15.49, 11.99-

19.08, p<0.001) (Figure 3f).  

After the second analysis of all factors for patients without drug interactions, these 

factors were re-analysed regarding the use of a particular drug within each drug classification. 

Mean TTR, mean percentages of tests with the optimal range and frequency of testing were 

similar between the users of particular drugs in each drug classification (ACEIs, ARBs, BBs 

and CCBs) compared with non-users of its drug classification except for felodipine. Patients 

who were on felodipine had a higher median TTR as opposed to patients who were not on any 

drugs in CCBs (90.40, 84.30-96.38 vs 83.71, 76.62-89.58, p=0.008) (Figure 7g). 
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Number of adverse events were not significantly different between users and non-users 

of all drug classification (Table 9). However, the risk of bleeding and stroke were significantly 

different in 2 compared pairs namely ARBs vs no ARBs and CCBs vs no CCBs. ARBs group 

had higher risk of bleeding and stroke compared to no ARBs groups (HAS-BLED:  2.00, 1.00-

2.00 vs 1.00, 1.00-2.00, p<0.001 and CHA2DS2-VASc: 4.00, 3.00-5.00 vs 3.00, 2.00-4.00, 

p<0.001). Likewise, the user of CCBs also had higher risk of bleeding and stroke as opposed 

to non-users (HAS-BLED:  2.00, 1.00-2.00 vs 1.00, 1.00-2.00, p<0.001 and CHA2DS2-VASc: 

4.00, 3.00-5.00 vs 3.00, 2.00-4.00, p<0.001). 

 

 

 

 

 

 

 

 

 

 





66 
 

In the analysis for particular drugs in ACEI classification vs no ACEIs found that only 

the enalapril group had a higher number of minor bleeding compared to no ACEIs group (3 

number per person basis (42.9%) vs 64 number per person basis (11.9%), p=0.0132) (Table 

10). Additionally, the risk of bleeding and stroke (HAS-BLED and CHA2DS2-VASc) did not 

differ between the users in ACEI classification as opposed to non-users of ACEIs. 
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In the next analysis for patients taking drugs in ARB classification vs patients not taking 

the drugs, the number of adverse events of the users of candesartan, irbesartan and olmesartan 

were similar to non-users of ARBs (Table 11). On the other hand, users of telmisartan had a 

higher number of minor bleeding (11 (21.6%) vs 73 (11.8%), p=0.0424) and also a higher risk 

of bleeding (HAS-BLED:  2.00, 1.00-2.00 vs 1.00, 1.00-2.00, p<0.001) opposed to non-users 

of ARBs. Furthermore, the risk of bleeding and stroke was also higher among patients taking 

candesartan (HAS-BLED:  2.00, 1.00-2.00, p<0.001 and CHA2DS2-VASc: 4.00, 3.00-5.00, 

p=0.020) and irbesartan (HAS-BLED:  2.00, 1.00-2.00, p=0.003 and CHA2DS2-VASc: 4.00, 

3.00-5.00, p<0.001) compared to patients not taking ARBs (HAS-BLED: 1.00, 1.00-2.00 and 

CHA2DS2-VASc: 3.00, 2.00-4.00). 
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The analysis for patients taking particular drugs in BBs vs non-user of BBs found that 

the number of adverse events did not differ among the users of atenolol, bisoprolol, carvedilol, 

metoprolol and non-users of BBs (Table 12). Nevertheless, the risk of bleeding and stroke was 

higher among the users of atenolol (HAS-BLED: 2.00, 1.00-2.00, p<0.001 and CHA2DS2-

VASc: 4.00, 3.00-5.00, p<0.001) as opposed to non-users of BBs (HAS-BLED: 1.00, 1.00-

2.00 and CHA2DS2-VASc: 3.00, 3.00-4.00). Similarly, the risk of stroke was also higher in the 

users of metroprolol (CHA2DS2-VASc: 4.00, 3.00-5.00, p=0.019) compared to non-users of 

BBs. 
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 The analysis for patients taking particular drugs in CCBs vs non-users of CCBs found 

that that the number of adverse events did not differ among the users of amlodipine, diltiazem, 

felodipine, lercanidipine, nifedipine, verapamil and non-users of CCBs (Table 13). However, 

the risk of stroke was higher in patients taking felodipine compared to patients not taking CCBs 

(CHA2DS2-VASc: 4.50, 4.00-5.00 vs 3.00, 2.00-4.00, P<0.001). Likewise, the users of 

amlodipine (HAS-BLED: 2.00, 1.00-2.00, P=0.008 and CHA2DS2-VASc: 4.00, 3.00-5.00, 

P<0.001) and lercanidipine (HAS-BLED: 2.00, 1.00-2.00, P=0.013 and CHA2DS2-VASc: 

4.00, 4.00-5.00, P<0.001) also had higher risks of bleeding and stroke as opposed to non-users 

of CCBs (HAS-BLED: 1.00, 1.00-2.00). 

6. Discussion 

 For preventing stroke in patients with AF or DVT, warfarin has been used for decades. 

The number of warfarin prescriptions in Australia was still high with approximately 2,350,000 

prescriptions in 2015 (121). On the other hand, it is difficult to manage and maintain a good 

quality of warfarin control. Many factors can affect the TTR level or cause the INR to fluctuate 

out of therapeutic range, including age, gender, ethnicity, smoking, alcohol consumption, 

comorbidities and concomitant drugs (34, 50, 53, 56, 58, 60, 61, 122-124).  

Drug interaction is also one of the factors that decreases the quality of warfarin control 

by interfering with metabolism or excretion of warfarin and increasing the adverse events. For 

example, carbamazepine is an enzyme inducer which has been reported as interacting with 

warfarin by increasing the enzyme metabolism of warfarin (81), while amiodarone is an 

enzyme inhibitor that has been reported as interacting with warfarin by decreasing the enzyme 

metabolism of the drug (125).  

Furthermore, warfarin-treated patients had a high risk of bleeding when co-treated with 

certain antibiotic drugs, such as trimethoprim/sulfamethoxazole, metronidazole, fluconazole, 

ciprofloxacin, levofloxacin, azithromycin, and clarithromycin (73). Likewise, co-treatment 
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with certain hypolipidemia agents, such as gemfibrozil, simvastatin and atorvastatin, also saw 

an increase in GI bleeding (76). Warfarin-treated patients who were concomitantly prescribed 

NSAIDs and PPIs had a TTR level lower than those who did not take these drug groups (75, 

77).  

Cardiovascular drugs, namely digoxin, ACEIs, ARBs, BBs, and CCBs, were the drug 

group that was frequently co-prescribed with warfarin in patients with AF and DVT who had 

comorbidity, namely hypertension. Some of these drugs were reported as being associated with 

an increased or decreased risk of bleeding (36, 100). Digoxin is an antiarrhythmic drug which 

is widely prescribed for AF. It was reported as having an interaction with warfarin as well, 

according to an in vitro study by Ogiso et al. (101), since the co-administration of digoxin 

interfered with pharmacokinetic of warfarin. Therefore, it is possible that digoxin may reduce 

the anticoagulation effect of warfarin. However, there is no study about the interaction between 

these drugs and warfarin or a study in humans, and there is no data showing how they affect 

the quality of warfarin control. This study aimed to determine the impact on warfarin control 

with concurrent administration of digoxin, ACEIs, ARBs, BBs, and CCBs as measured by the 

warfarin TTR, percentage of tests in range, frequency of testing, adverse events, HASBLED 

score, and CHA2DS2-VASc score.  

 This study found that the median TTR of all study groups before excluding potential 

interacting drugs was higher than 70%, which is considered relatively high (Figure 3.1 a), 4.1 

a), 5.1 a), 6.1 a) and 7.1 a)). The median TTR after excluding patients who were taking drugs 

that interact with warfarin was around 84-85%, which is higher than before excluding the drug 

interaction. (This approximately 81-83% but was not statistically significant) (Figure 3.2 d), 

4.2 d), 5.2 d), 6.2 d) and 7.2 d)). As such, it could mean that the co-administration of drugs 

interacting with warfarin may affect the TTR, but it can be managed. Thus, this result highlights 

that non-severe drug-drug interaction can be managed and do not affect the long-term therapy 
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of warfarin. However, if a patient can avoid using drugs that interact with warfarin, the quality 

of warfarin control will be better. 

 The median percentage of tests in range of all study groups was around 75-79% (Figure 

3.1 b), 3.2 e), 4.1 b), 4.2 e), 4.3 h), 5.1 b), 5.2 e), 5.3 h), 6.1 b), 6.2 e), 6.3 h), 7.1 b), 7.2 e) and 

7.3 h)). Some results were higher among the users of study drugs, while some were lower. 

However, there were only three compared pairs in all patients that were significantly different, 

namely digoxin, ARBs, and CCBs (Figure 3.1 b), 5.1 b) and 7.1 b)). ARBs and CCBs had a 

similar trend of the TTR, with the users of ARBs and CCBs having a higher median percentage 

of tests in range when compared to non-users of ARBs and CCBs, respectively. On the other 

hand, users of digoxin had a percentage of tests in range lower than non-users, which was in 

contrast to the TTR trend, even though the TTR between digoxin users and non-users did not 

differ significantly. 

 The frequency of testing or number of dates between each INR test for all groups in all 

patients was around 14-15 days, while the frequency of testing was around 16-17 days after 

excluding drug interaction patients (Figure 3.1 c), 3.2 f), 4.1 c), 4.2 f), 4.3 i), 5.1 c), 5.2 f), 5.3 

i), 6.1 c), 6.2 f), 6.3 i), 7.1 c), 7.2 f) and 7.3 i)). This could mean that the co-administration of 

drugs interacting with warfarin could differentiate the INR level out of the therapeutic range. 

As a result, patients who were co-administered drugs interacting with warfarin needed a higher 

frequency of testing to monitor the INR value and adjusting the dose of warfarin until the INR 

value returned to the therapeutic range.  

When comparing users and non-users of study drugs, such as digoxin vs no digoxin, 

ACEIs vs no ACEIs, or BBs vs no BBs, the users of study drugs had a longer interval between 

each INR test in both populations: before and after excluding drug interactions. However, not 

all of these results were statistically significant. There were only four differences that were 

significant: digoxin vs no digoxin (Figure 3.1 c), 3.2 f)), ACEIs vs no ACEIs (figure 4.1 c)), 
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and CCBs vs no CCBs (Figure 7.1 c)). Therefore, it could be assumed that the use of digoxin, 

ACEIs, and CCBs did not alter the INR value and that these drug users did not change the dose 

of warfarin and did not require close monitoring with regard to the INR value.  

With regard to adverse events in this study, there was no significant difference in the 

number of adverse events, namely minor bleeding, major bleeding, and stroke, between the use 

and non-use of all drug classifications by warfarin-treated patients (Table 9). This could mean 

that these drug groups did not increase the adverse events when they were co-prescribed with 

warfarin. The same results were also found regarding the risk of bleeding and stroke.  

In this study, the risk of bleeding and stroke were represented in the HASBLED score 

and CHA2DS2-VASc score, respectively. After excluding potential drug interaction, only two 

drug groups, ARBs and CCBs, had a HASBLED score and CHA2DS2-VASc score significantly 

higher than non-users (Table 9). This is because both drug groups were used in the patients 

with hypertension, which is a disease that is one of the risk factors that increases the risk of 

bleeding and stroke. Both the HASBLED and CHA2DS2-VASc score systems assign one point 

to patients with hypertension in the HASBLED score and one point to patients who cannot 

control systolic blood pressure below 160 mm/Hg in the CHA2DS2-VASc score. Hence, 

patients with hypertension normally have risk scores higher than those without hypertension. 

Our findings revealed that the presence of digoxin did not affect warfarin treatment 

either via TTR (Figure 3.1 a) and 3.2 d)) or adverse events (Table 9). The median TTR was 

modestly higher in the users of digoxin compared to non-users both before and after excluding 

drug interactions, but these differences were not statistically significant. In addition, adverse 

events (bleeding and stroke) were not affected by the use of digoxin. Contrastingly, from the 

study of Ogiso et al. (101), researchers found that digoxin might affect the pharmacological 

activity of warfarin by interfering with the activity of the kidneys. However, this study was 

conducted in rats, where the effects of digoxin on the kidneys might be different to humans. 
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Thus, to confirm that digoxin interferes with the activity of the kidneys, further investigation 

regarding the effect in humans is still required.  

In addition, this study observed the effect of the co-administration of warfarin and 

digoxin in a short period (3 and 8 hours after the injection of digoxin), while our study observed 

the effect in long-term therapy. Hence, differences may arise due to the effect of dose 

adjustment or other factors. Moreover, warfarin is mostly metabolised by the liver, but from 

the study of Ogiso et al. (101) showed that digoxin interferes with the kidneys activity and it is 

unclear why it would impact the anticoagulant activity of warfarin. 

For the ACEIs drug group, the median TTR of patients using ACEIs was higher than 

patients not using these drugs in both populations: before and after excluding drug interactions 

(Figure 4.1 a) and 4.2 d)). However, only patients from the before excluding drug interaction 

population saw a significant difference. The time interval between each INR test was 

significantly longer in patients using ACEIs for all patients (Figure 4.1 c)). Adverse events 

were not affected by the use of ACEIs (Table 9). The median TTR of the users of particular 

drugs in ACEIs were relatively high (Figure 4.3 g)).  

Adverse events were similar among the users of particular drugs in this group, except 

enalapril, as minor bleeding occurred with regard to the presence of enalapril (Table 10). This 

was similar to Bondon-Guitton et al. (126), who found that enalapril and ramipril were involved 

in gingival bleeding. This is because ACEIs have the potential to induce thrombocytopenia, 

which decreases the number of platelets in the blood and can lead to bleeding in gingival or 

other organs. Furthermore, an in vitro study from Brecher et al. (104), also found that other 

medicines under the ACEIs classification, captopril and lisinopril, increased the prothrombin 

time, which could lead to an increase in the risk of bleeding when co-administered with 

warfarin. However, the number of minor bleeding cases from the users of enalapril that our 
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study found was only three patients (out of seven), which is a small number. Further study 

performed with a more substantial population is required to support this result.   

From the analysis of the ARBs classification, the median TTR and percentage of tests 

in range were higher among users of ARBs (Figure 5.1 a), b)). Statistical significance was 

found in the population before excluding drug interaction. The time interval between each INR 

testing was longer among the users of ARBs, but this was not statistically significant (Figure 

5.1 c)). After excluding drug interaction, the risk of bleeding and stroke was higher among the 

users (Table 9), but this could be because the scoring system of HASBLED and CHA2DS2-

VASc include hypertension disease, as mentioned before.  

In the analysis for particular drugs, the median TTR, percentage of tests in range, and 

frequency of testing did not differ among the users of candesartan, irbesartan, olmesartan, 

telmisartan, and non-users of ARBs (Figure 5.3 g), h) and i)). The risk of bleeding was 

significantly higher with regard to the presence of candesartan, irbesartan and telmisartan, 

while the risk for stroke was higher with regard to the presence of candesartan and irbesartan 

(Table 11). The number of minor bleeding events was significantly higher in users of 

telmisartan than non-users of ARBs. Nevertheless, this result conflicts with the study of 

Stangier (111), which found that there were no adverse events related to drug interaction 

between telmisartan and warfarin, even though they found that the co-administration of 

telmisartan can diminish the plasma concentration of warfarin From this study, the dose of 

telmisartan was 120 mg once daily which was relatively high considering the common dose is 

ranging from 20 to 80 mg per day and they concluded that since change in plasma concentration 

of warfarin was small thus it was unlikely  to affect the treatment or cause adverse events. 

However, warfarin is a narrow therapeutic drug and only small change of its concentration can 

be harmful. Hence, caution should be exercised with the co-administration of telmisartan in 

warfarin-treated patients. In addition, from the results of Stangier, the possible adverse effect 

could have been a stroke rather than bleeding due to it lowering the plasma concentration of 
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warfarin. This is contrary to our finding and need further investigation to confirm the actual 

effects of the co-administration of these two drugs. 

Supporting evidence represented by Kamiyama et al. (107), shows that candesartan, 

irbesartan, losartan and telmisartan had a moderate inhibitory effect on CYP2C9 in vitro. 

However, their inhibitory concentrations are relatively high considering their low free plasma 

concentration in vivo. In addition, from this in vitro study, olmesartan and valsartan have a low 

affinity to CYP2C9. Hence, it is unlikely that neither telmisartan nor other drugs in the ARB 

classification would impact warfarin treatment and cause bleeding or stroke.  

There is other research that studies the interaction between ARB classified drugs and 

warfarin as well. Mangold et al (109), studied the effect of irbesartan on warfarin treatment and 

found that the co-administration of irbesartan both in initiation and multiple-administration did 

not alter the pharmacokinetics of warfarin. Likewise, Kong et al (110), proposed that losartan 

did not affect the pharmacokinetics of warfarin and no adverse event occurred during the study. 

Conversely, there is evidence supporting that one of the ARBs, olmesartan, induced bleeding 

in a 65 year-old patient who received warfarin for DVT. The report suggested that the 

possibility that olmesartan might have involved bleeding incidence was due to olmesartan 

causing a vitamin K malabsorption. However, this case report conflicts with the study of 

Kamiyama et al. (107), and others that were previously mentioned in this section. Thus, to 

confirm whether telmisartan is involved with an increase in bleeding incidence or not, other 

mechanisms besides the effect from drug interaction relating to CYP2C9 activity should be 

considered. 

From the analysis for BBs classification, we found that the median TTR of patients 

using BBs was significantly higher than those not using in the population before excluding 

drug interaction (Figure 6.1 a)). After excluding drug interaction, the patients who used BBs 

still had a median TTR higher than those not using, but it was not significant (Figure 6.2 d)). 
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Moreover, the percentage of tests in range both before and after excluding drug interactions 

between BBs users and non-users were not statistically significant (Figure 6.1 b) and 6.2 e)). 

Likewise, the frequency of testing did not significantly differ between the users and non-users 

of BBs both before and after excluding drug interaction (Figure 6.1 c) and 6.2 f)).  

From the analysis for particular drugs in BBs, we did not find a significant difference 

of TTR (Figure 6.3 g)), percentage of tests in range (Figure 6.3 h)), frequency of testing (Figure 

6.3 i)), and adverse events between the users of particular drugs and non-users of BBs (Table 

12). On the other hand, we found that the risk of bleeding and stroke were higher among the 

users of atenolol compared to non-users, and that the risk of stroke was higher in users of 

metoprolol as opposed to non-users. Apostolakis et al. (39), found that BBs were one of the 

factors associated with good quality control of warfarin treatment that corresponded to our 

study that the median TTR of BBs users is higher than non-users. Moreover, we did not find 

any difference in adverse events between the users and non-users of this drug group.  

However, Bax et al. (102) found contrasting results to this. They found that atenolol 

and propranolol were associated with an increased concentration of warfarin in the blood, 

which could cause bleeding events if the dose of warfarin was not adjusted in the patients. The 

difference of results between the study of Bax et al. and our study could be that the patients 

from our study were from the dedicated warfarin clinic.  

Before the excluding drug interaction analysis, our study found that the median TTR 

and percentage of tests in range in the warfarin-treated patients who were co-prescribed CCBs 

were significantly higher than the patients who did not use CCBs (Figure 7.1 a) and b)). 

Moreover, the gap between INR testing for the CCBs users was also longer than non-users 

(Figure 7.1 c)). After excluding drug interaction, the results of the TTR, percentage of tests in 

range, and frequency of testing were also the same (Figure 7.2), but it was not of statistical 

significance. Furthermore, our study found that both risk scores were significantly different 
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between CCBs users and non-users, but we did not find a significant difference in the number 

of adverse events between these two groups (Table 9).  

In addition, the median of the TTR, percentage of tests in range, frequency of testing, 

and number of adverse events were not significantly different between the users of particular 

drugs and non-users of CCBs (Figure 7.3). For verapamil, our results were similar to the study 

of Apostolakis et al. (39), as verapamil did not alter any parameters (TTR, percentage of tests 

in range, frequency of testing, and adverse events) between users and non-users. Moreover, it 

showed association with a high TTR level as the median TTR of verapamil patients was over 

80%, which was considerably high compared to the minimum TTR level that patients should 

maintain (65%). 

 Furthermore, a study from Abernethy et al. (103) had the same result as our study, 

showing that diltiazem did not affect the anticoagulation effect of warfarin. In our study, the 

median of the TTR, percentage of tests in range, frequency of testing, and number of adverse 

events of patients who used diltiazem did not differ from non-users. In addition, the median 

TTR of this patient’s group was also over 80% and higher than the minimum TTR. Other drugs 

in this group were inconclusive as to whether or not they affected the quality of warfarin 

control, because they do not show significant difference in all parameters when compared with 

non-users.  

The stroke risk score and bleeding risk score were significantly higher in some drugs 

when compared with non-users of CCBs (Table 13). We can refer to diltiazem, amlodipine, 

and lercanidipine for the stroke risk score and amlodipine and lercanidipine for the bleeding 

risk score. This could be that patients who take these drugs were diagnosed with hypertension, 

which is one of the risk factors of stroke and bleeding and therefore results in a higher core risk 

for both stroke and bleeding when compared with the patients without hypertension. 
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Overall, the use of cardiovascular drugs in our study did not show negative effects on 

the TTR, percentage of tests in range, and frequency of testing when co-prescribed with 

warfarin. Moreover, most of these drugs did not increase adverse events, such as minor 

bleeding, major bleeding, and stroke, except enalapril and telmisartan. Furthermore, the median 

TTR of each drug was over 80%, which is by far higher than the minimum TTR of 65% which 

the patients should reach and maintain. Another of these drugs, felodipine, enhanced the TTR 

level owing to the fact that the median TTR of felodipine users was significantly higher than 

non-users.  

However, there are various reasons why the median TTR of the users of a particular 

drug in our study did not differ from non-users and why the median TTR of all groups was 

higher than the minimum TTR recommendation. Firstly, our study utilised data from a warfarin 

clinic that provides close monitoring and dedicated care from physicians who specialize in 

anticoagulation, meaning our patients had a relatively high TTR level. This idea is supported 

by a number of studies, including Bernaitis et al. (113) who found that the mean TTR of patients 

when managed by a warfarin care clinic was higher than when managed by a GP. They also 

found that a warfarin care program not only performed more frequent INR testing but also 

provided essential information regarding warfarin treatment to patients. Importantly, a warfarin 

care clinic can detect adverse events earlier due to the close monitoring of the patients. Another 

study from Wilson S. J. et al. (116) also found that an anticoagulant clinic can provide a TTR 

control and a high level of satisfaction from their services.  

Frequency of testing is one of the factors associated with a high TTR as well. Matchar 

D. B. et al (114) and Samsa et al. (115) found that a higher frequency of INR testing can lead 

to a better TTR level. In contrast, our results found that groups of patients with a higher TTR 

level underwent INR testing less frequently, which is in accordance with Carrier M et al. (117). 

This study found that more than nine INR tests in a six-month period was considered to be a 

factor in predicting poor warfarin control.  
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In this case, a high frequency of INR testing may be encouraged because of a poor INR 

control or due to the occurrence of adverse events. Hence, an increase in INR testing is a way 

to improve the INR control. Patients who already have a good INR control do not require INR 

testing as often as those who have a poor INR control. This could be a reason as to why our 

study found that a group with higher TTR underwent less frequent INR testing.  

Another reason for this could be that 86.74% of our population was aged over 65 and 

being over 65 years old has been linked with a lower mean TTR level and good INR control. 

The overall mean age of patients was almost 77 years and the overall mean age of patients after 

excluding drug interaction was almost 76 years. This could be the cause of the higher median 

TTR in both patients who use and who do not use study drugs and why we did not find the 

difference between these two groups. 

There were two medicines in our study that might be associated with minor bleeding. 

Firstly, our study found that the occurrence of minor bleeding increased significantly in 

enalapril users compared with non-users of ACEIs, even though the median TTR of enalapril 

users was almost 88%, which was higher than non-users. Some evidence from the literature 

review shows that ACEIs can induce thrombocytopenia and cause bleeding (126). Thus, these 

minor bleeding events might not come from ACEIs interacting with warfarin, such as in INR 

out-of-range, but it could be because both enalapril and warfarin can cause bleeding. This 

means that the co-administration of enalapril in warfarin-treated patients should be managed 

and monitored closely by physicians, especially with regard to bleeding. 

This study also found that the number of minor bleeding events was higher in those 

patients taking telmisartan than those who were not taking this drug. On the other hand, most 

studies have shown that telmisartan and other ARBs were unlikely to affect warfarin treatment 

as they found that the co-administration of ARBs only slightly altered the pharmacokinetic 

activity of warfarin (107, 109, 110). However, these studies focused on the metabolism of 
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warfarin and ARBs which are metabolized through the same enzyme, CYP2C9; but there might 

be other mechanisms that cause bleeding.  

According to a case report of a DVT patient experiencing an extensive villous atrophy 

consistent with autoimmune colitis, the examination showed it was due to olmesartan inducing 

enteritis which then led to a vitamin K malabsorption (112). Her physician then suggested 

exercising caution with the co-administration of warfarin and olmesartan due to coagulopathy. 

Nevertheless, there was small population of patients using enalapril (7 patients) and telmisartan 

(51 patients). Therefore, to confirm whether or not enalapril and telmisartan are involved with 

an increase in bleeding incidence, a study with a substantial population is required and other 

mechanisms, aside from the effects of drug interaction related to CYP2C9 activity, should be 

taken into account. 

For the bleeding risk score (HASBLED) and stroke risk score (CHA2DS2-VASc), our 

study found that although the users of study drugs had a higher risk of bleeding and stroke than 

non-users, the number of adverse events in our study did not differ significantly between users 

and non-users, with the exception of enalapril and telmisartan. Moreover, the median TTR of 

all users of drugs were above 80%. This shows a correlated result with Matchar  (115), who 

found that the TTR had a strong relationship with the bleeding and stroke rate, as our results 

showed a low number of events when patients had a high TTR.  Hence, the risk score of each 

drug from our study did not reflect the quality of warfarin control as measured by TTR and 

adverse events when co-administered with cardiovascular drugs. Nevertheless, the reasons why 

the users of cardiovascular drugs had a higher risk score could be due to hypertension, which 

is a factor that increases the risk score and is a disease that all the patients treated with 

cardiovascular drugs had. 

 Our finding still needs further investigation, because some of factors, such as ethnicity 

and alcohol consumption, were not available for this study and can affect the quality of warfarin 
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control (ethnicity as a predicting factor in SAMe-TT2R2 score (38)) and calculation of bleeding 

risk score (alcohol consumption). Moreover, some of the study groups were too small (some 

less than ten people), but statistical significance was found in the analysis of these groups. 

Therefore, further investigation should be performed in the future with a greater sample size to 

confirm the results. Additionally, our setting was a dedicated warfarin clinic and results may 

vary if a further study is performed in a clinic or hospital that does not have a specialised 

warfarin clinic.  

7. Limitations 

The significant limitation of this study is the nature of a retrospective study. This is 

because several factors were not available in the study and these factors might impact on the 

level of TTR. The missing data include race, BMI, tobacco use and alcohol consumption of 

each patient. There is significant evidence showing that East Asian races have sensitivity to 

warfarin (50, 53). These patients need a lower dose of warfarin, because around 90% of the 

East Asian population have the gene namely VKORC1 haplotypes A, in which this gene is 

associated with low VKORC 1 enzyme. This enzyme is necessary in converting vitamin K 

from active form to inactive form. Therefore, East Asian patients need to reduce the dose of 

warfarin to decrease the risk of bleeding. CYP2C9*2 and CYP2C9*3 are the genes that also 

impact the quality of warfarin control. The patients who have these genes will over-dose on 

warfarin, because the elimination of warfarin is decreased by these genes which is mostly found 

in the Caucasian population, while rarely found in African Americans and Asians (57). 

Moreover, a study from the United States, Germany, and Canada also found that black races 

were associated with lower TTR (60). BMI (BMI < 18.5 kg/m2) and smoking also reportedly 

altered the INR level out of therapeutic range (61). Furthermore, two studies found that the 

patients who were alcohol abusers or who were heavy alcohol consumers had lower TTR (56, 

127). Due to these causes, this limitation may impact in the interpretation of the TTR results. 
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Some recording of adverse events of patients such as major bleeding, minor bleeding, 

and stoke did not clearly indicate which part of the body or vital organs were affected. 

Moreover, the severity of events was not mentioned. These may lead to misinterpretation in 

the number of adverse events in each patient. Furthermore, bleeding risk score (HASBLED) in 

our study did not calculate at the baseline before the patients started warfarin. This is because, 

the data of the drugs that some patients used before initiating warfarin treatment were not 

available.  Patients were given 1 point if they used any of these drugs namely NSAIDs or 

antiplatelet drugs, heparin or thrombolysis. Hence, this score was calculated by including the 

drug that patients used during the study period. Resulting from this, the HASBLED score of 

each patient may not be the exact score and the comparation of HASBLED score between the 

drug group in this study may be impacted by these drugs. In addition, the unclear recording of 

adverse events may differ in the results of stroke risk score (CHA2DS2-VASc) and bleeding risk 

score (HASBLED). For CHA2DS2-VASc score, if the patients have history of stroke or 

transient ischemic attack, they were assigned 1 point for the risk of stroke. For HASBLED 

score, the patients were assigned 1 point for the risk of bleeding when the patients had history 

of bleeding and anaemia. Furthermore, the alcohol consumption also impacts on the calculation 

of HASBLED score, because 1 point was given if patients were drinking alcohol. Hence, 

HASBLED score of individual patients in our study may be miscalculated because of a lack of 

information about alcohol consumption. Additionally, the proportion of patients in the 

individual drug group analysis were too small, and some of the groups had less than 10 patients. 

Hence, to confirm the results in this study, a further investigation such as prospective study or 

gathering all significance factors are still needed, together with increasing the number of 

patients by recruiting more participants into the study.  

8. Conclusion 

In conclusion, the use cardiovascular drugs in our study did not negatively impact either 

warfarin control or event numbers. Additionally, the users and non-users of all drugs in our 
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study had a high level of TTR (more than 80%) due to the fact that they received care at 

warfarin dedicated clinic. Thus, these drugs are by far safer to administer together with warfarin 

in a long-term therapy under a close monitoring by a physician or warfarin care program. 

However, the effects of enalapril and telmisartan on minor bleeding are still doubtful and 

require further investigation. 
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