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Drug interactions and risk of acute bleeding leading
to hospitalisation or death in patients with chronic atrial fibrillation
treated with warfarin
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Summary
Although drug interactions with warfarin are an important
cause of excessive anticoagulation, their impact on the risk of
serious bleeding is unknown.We therefore performed a cohort
study and a nested case-control analysis to determine the risk of
serious bleeding in 4152 patients (aged 40–84 years) with non-
valvular atrial fibrillation (AF) taking long-term warfarin (>3
months).The study population was drawn from the UK General
Practice Research Database.More than half (58%) of eligible pa-
tients used potentially interacting drugs during continuous war-
farin treatment. Among 45 identified cases of incident idiopathic
bleeds (resulting in hospitalisation within 30 days or death with-
in 7 days) and 143 matched controls, more cases than controls
took ≥1 potentially interacting drug within the preceding
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30 days (62.2% vs. 35.7%) and used >4 drugs (polypharmacy)
within the preceding 90 days (80.0% vs. 66.4%). Conditional lo-
gistic regression analysis yielded an odds ratio (OR) of 3.4 (95%
confidence interval [CI]:1.4–8.5) for the risk of serious bleeding
in patients treated with warfarin and ≥1 drugs potentially in-
creasing the effect of warfarin vs. warfarin alone adjusted for
polypharmacy, diabetes, hypertension, heart failure, and thyroid
disease; the adjusted OR for the combined use of warfarin and
aspirin vs. warfarin alone was 4.5 (95% CI: 1.1–18.1).We con-
clude that concurrent use of potentially interacting drugs with
warfarin is associated with a 3 to 4.5-fold increased risk of seri-
ous bleeding in long-term warfarin users.
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Introduction
Warfarin has been shown in clinical trials to be effective for
stroke prophylaxis in patients with atrial fibrillation (AF) (1). In
clinical practice, however, achieving effective and safe anti-
coagulation with warfarin is difficult because the anticoagulant
effect can be influenced by many intrinsic and extrinsic factors
(2–5). In particular, drug interactions with warfarin are a major
cause of excessive anticoagulation (2–5) and hence could be an
important cause of bleeding in patients taking warfarin. Use of
warfarin in patients with chronic non-valvularAF is of particular
concern since these patients are typically elderly with multiple
co-morbidities requiring concomitant drug therapies increasing
the risk for drug-drug interactions.

Most documented interactions with warfarin are based on
small case series or single cases, or have been extrapolated from
in-vitro or animal studies (6). A few epidemiological studies
have estimated the risk of bleeding during concurrent use of oral
anticoagulants and other specific drugs, including paracetamol,
aspirin and other platelet-inhibiting drugs, or NSAIDS (7–10),
but a systematic investigation is lacking.

The objective of the present study, therefore, was to investi-
gate the association between warfarin and the concurrent use of
potentially interacting drugs and the risk of serious bleeding in
patients receiving warfarin for prevention ofAF-related stroke.
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Materials and methods
Study design
We conducted a longitudinal follow-up study of patients withAF
treated with warfarin to estimate the effect of concomitant use of
potentially interacting drugs on the incidence of serious bleeding
(resulting in hospitalisation or death), with a nested case-control
analysis to further quantify the risks adjusted for potential con-
founders.

Study population
The study population was drawn from the General Practice Re-
search Database (GPRD), a computerised database of longitudi-
nal patient records collected from a panel of general practitioners
(GPs) in the United Kingdom. Participating GPs use computers
in their offices to record patient medical information such as
demographics, ’significant’medical diagnoses, outpatient visits,
hospitalisations and prescribed drugs. The validity of the data-
base with regard to quality and completeness of the data has been
extensively documented (11).

The study cohort consisted of patients with AF (aged
40–84 years), permanently registered with one of the participat-
ing practices during the study period (January 1991 to April

2001), who had a first ever warfarin prescription for AF during
the study period and continued treatment for more than 90 days.
Patients were excluded if they had an increased risk of bleeding
due to (a) pre-existing conditions (prior coagulation disorders,
cancer, peptic ulcer disease, alcohol or drug abuse), (b) history
of major bleeding prior to starting warfarin treatment, or (c)
high-intensity warfarin therapy associated with a prosthetic
heart valve.

Follow-up
Patients in this cohort were followed from day 90 of warfarin
treatment (Start date) until the earliest of (End date): warfarin
discontinuation or break in warfarin exposure, occurrence of an
incident bleed of any severity, the development of an exclusion
diagnosis (coagulation disorder etc.), pregnancy, age 85 years,
death or end of study period.

Warfarin exposure
We could not directly estimate the duration of warfarin treatment
from the number of tablets prescribed because warfarin dosages
are generally not fixed, and dosage instructions are most com-
monly recorded in the computer records as “as directed”. Periods
of current warfarin exposure were therefore determined by as-
suming an exposure duration of 90 days per prescription, i.e.
warfarin exposure was deemed to be continuous provided that
the interval between prescriptions did not exceed 90 days. In the
event of more than 90 days between prescriptions, current expo-
sure was deemed to end 90 days after the last prescription. We
followed patients only during the first period of continuous war-
farin exposure, starting on day 90 of treatment and ending on the
last day of follow-up or the last day of continuous treatment. The
first 90 days of treatment were excluded from our analysis be-
cause higher rates of bleeding are generally observed during this
period due to pre-existing lesions and INR fluctuations during
treatment initiation (12).

Concomitant exposure to potentially interacting drugs
We selected the British National Formulary as a reference for po-
tentially interacting drugs that may increase the effects of warfa-
rin or with antiplatelet effect because it is an important, unbiased
source of reference information for GPs in the UK and is the
source of information on potential drug interactions referenced
in the British Society for Haematology guidelines on oral antico-
agulation (13, 14). Of the many documented potential drug inter-
actions with warfarin, the drugs we studied were only those for
which appropriate, clinically relevant information was available
during the study period (2, 6, 15, 16) to increase the specificity of
our analysis. The list of drugs is, additionally, very similar to the
interacting drugs mentioned in the recently published American
College of Chest Physician guidelines on antithrombotic therapy
(17). We defined interacting drugs as those listed as “enhancing
or possibly enhancing the effect of warfarin” or “increasing the
risk of bleeding due to antiplatelet effect” in combination with
this agent (13). These included analgesics, antibacterial drugs,
antifungals, antiplatelet drugs, hormone preparations, anti-lipi-
daemic drugs, non-steroidal anti-inflammatory drugs
(NSAIDs), selective serotonin reuptake inhibitors (SSRIs),
ulcer-healing drugs, allopurinol, and amiodarone (Table 1). Only

Table 1: List of potentially interacting drugs.

Allopurinol
Amiodarone
Aspirin
Azapropazone
Aztreonam
Benorilate
Bezafibrate
Bicalutamide
Cefaclor
Cefamandole
Cefazolin
Cefixime
Cefmetazole
Cefotetan
Ceftriaxone
Celecoxib
Chloramphenicol
Chlortetracycline
Cimetidine
Ciprofibrate
Ciprofloxacin
Citalopram
Clarithromycin
Clofibrate
Clopidogrel
Danazol
Dextropropoxyphene
Diclofenac
Diflunisal
Dipyridamole
Disulfiram
Doxycycline
Erythromycin
Fenofibrate,
Fluconazole
Fluorouracil
Fluoxetine
Flurbiprofen
Flutamide
Fluvoxamine
Gemfibrozil
Ibuprofen
Ifosfamide
Itraconazole

Ketoconazole
Ketorolac
Levothyroxine Sodium
Liothyronine Sodium
Lymecycline
Mefenamic acid
Meloxicam
Methylphenidate
Metronidazole
Miconazole
Minocycline
Moxolactam
Nalidixic acid
Norfloxacin
Ofloxacin
Omeprazole
Oxymetholone
Oxytetracycline
Paracetamol
Paroxetine
Phenylbutazone
Piroxicam
Proguanil
Propafenone
Rofecoxib
Sertraline
Simvastatin
Stanozolol
Sulfadiazine
Sulfadoxine
Sulfamethoxazol
Sulfinpyrazone
Sulfinpyrazone
Sulfisoxazole
Sulindac
Tamoxifen
Testosterone
Tetracycline
Ticlopidine
Toremifene
Trimethoprim
Valproate
Venlafaxine
Zafirlukast
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oral formulations of these agents were considered; the exception
was miconazole, for which oral gels and intravaginal prepara-
tions were considered because case reports indicate that micon-
azole is sufficiently systemically absorbed from such prepara-
tions to interact with other drugs (6). We did not include penicil-
lins in our study because these agents are not established as in-
creasing the anticoagulant effect of warfarin (13). There is some
evidence that amoxicillin may be associated with an increased
risk of over-anticoagulation, but it is unclear whether the under-
lying febrile disease or amoxicillin may cause an excessive war-
farin response (3, 18, 19). For the case-control analysis, interac-
ting drugs were further subdivided into two categories: (a) drugs
that may increase the warfarin effect as measured by the INR,
and (b) agents that may inhibit haemostasis (i.e. aspirin, clopido-
grel, dipyridamole, and ticlopidine).

Duration of exposure to potentially interacting drugs was
based on the actual prescription duration, which was estimated
by dividing the number of tablets by the prescribed daily dose.
We estimated the total duration of potentially interacting drug
exposure during current continuous warfarin exposure starting
with the first potentially interacting drug taken after January 1,
1991.

Case definition, ascertainment and validation
Patients who experienced incident idiopathic bleeds during con-
tinuous warfarin exposure that resulted in hospitalisation within
30 days or death within 7 days following the bleeding event were
defined as cases. Bleeds were considered non-idiopathic if they
were post-surgical, due to trauma or due to a coagulation dis-
order or another clinical condition (e.g. infection at the site of the
bleed).

All incident bleeds occurring during the follow-up period
were identified and reviewed by two independent reviewers,
blinded to the patient’s drug exposure status, to identify potential
(hospitalised/fatal) cases. To ensure complete ascertainment of
haemorrhagic strokes, all strokes and cerebrovascular accidents
not specified as ischaemic were additionally identified and re-
viewed, as were the records of all patients who died during fol-
low-up where the cause of death was unknown, non-specific and/
or consistent with bleeding as a contributory factor (e.g. sudden
death, pneumonia, septicaemia, cerebrovascular disease, anae-
mia). For all potential cases identified where the patient was still
alive, a questionnaire was sent to the patient’s GP to ascertain
whether the patient had been hospitalised as a result of the bleed
and to establish any known contributory causes other than warfa-
rin. We additionally obtained copies of hospital letters from the
GP and requested information from the GP about the INR at the
time of the bleed whereby this was not generally available in the
GPs’ records. Where the event was fatal, we obtained death cer-
tificates.

Cohort and case-control analyses
We calculated the incidence of serious (hospitalised/fatal) bleeds
by dividing the number of incident bleeding events during cur-
rent continuous warfarin exposure by the number of patient-
years of exposure. We also calculated incidence rates for serious
bleeds during current warfarin exposure with and without con-
current use of potentially interacting drugs.

For the case-control analysis, cases were matched with up to
6 warfarin-exposed controls on the basis of age (± 3 years if no
exact match), gender, practice and index date, where the index
date was the date of each case’s bleeding event. Cases and con-
trols were defined as exposed to a potential warfarin interaction
if an interacting drug has been prescribed within 30 days prior to
the bleeding event (cases) or index date (controls). By definition,
both cases and controls were exposed to warfarin on the date of
prescription of the potentially interacting drug. Polypharmacy
was defined as treatment with more than 4 prescription drugs in-
cluding warfarin in the 30 days preceding the index date.

We used conditional logistic regression to estimate odds ra-
tios and their 95% confidence intervals (CI) for the risk of seri-
ous bleeding associated with exposure to potentially interacting
drugs in combination with warfarin compared with exposure to
warfarin alone, adjusted for diabetes, hypertension, heart failure,
thyroid disease, and polypharmacy. All analyses were performed
using STATA 7.0 (Statistics/Data Analysis, College Station,
Texas, USA).

Results
We identified 4152 eligible patients with AF commencing long-
term warfarin therapy during the study period. Fifty eight per-
cent of patients were male and 57% were aged 70 years or older.
Female patients tended to be older; 69% of female patients were
older than 70 years compared with 49% of male patients.

Cohort analysis
We observed a total of 3740.8 patient-years of continuous warfa-
rin exposure among the 4152 patients in the study cohort; these
patients received an average of 11.6 (median 4) warfarin pre-
scriptions during follow-up before a break in treatment occurred.
Thirty-three percent of patients received warfarin continuously
for more than a year.This group contributed 1587.4 patient-years
of continuous warfarin exposure, i.e. 43.5% of all observed con-
tinuous exposure time. More than half (58%) of the 4152 patients
were exposed to potentially interacting drugs at some time dur-
ing current continuous warfarin exposure and, overall, patients
were exposed to potentially interacting drugs more than one third
(37%) of the time (Table 2).

Some 2283 patients were censored before the end of the
study period due to the end of continuous warfarin treatment
without developing a bleeding event or another exclusion cri-
terion while 1869 patients were continuously treated until they
were censored from the cohort for other reasons: 432 developed
a bleed of any severity, 187 were censored due to an exclusion
criterion, 1 became pregnant, 33 reached the age of 85, 133 died
and 1083 reached the end of the study period.

Of the 432 observed bleeding events and 133 patients who
died during follow-up, we identified a total of 340 incident idio-
pathic bleeds of any severity, of which 294 were of minor or mod-
erate severity and 46 were classified as cases (7 fatal; 39 hospi-
talised non-fatal). Five of the cases involved intracranial bleed-
ing (3 fatal, 2 hospitalised non-fatal), 15 of the bleeds were gas-
tro-intestinal (3 fatal, 12 hospitalised non-fatal), 13 of the cases
experienced epistaxis (all hospitalised non-fatal), and the re-
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maining 13 bleeds occurred at various sites, including one fatal
pleural haemorrhage.

Overall, the crude incidence of serious bleeding (fatal and
non-fatal) during current continuous warfarin exposure was 1.2
per 100 patient-years at risk (PYAR). The rate varied according
to whether or not the patient was concomitantly exposed to po-
tentially interacting drugs. During warfarin exposure alone the
rate was 0.9 serious bleeds per 100 PYAR, increasing to 1.8 seri-
ous bleeds per 100 PYAR during periods of concomitant expo-
sure to potentially interacting drugs (incidence rate ratio: 2.05
[95% CI: 1.1–3.9]).

Of the 88 potentially interacting drugs considered in this
analysis, 56 were taken concomitantly by warfarin users. Eight
of these drugs were involved in 25 non-fatal and in 3 fatal bleed-
ing events (2 GI-bleeds, 1 pleural haemorrhage) (Table 3).
Bleeding sites among patients who used warfarin in combination
with aspirin were epistaxis, purpura, haematemesis and melae-
na, none of them was fatal.

The highest incidence rates, although only based on one case
each, were found for miconazole and metronidazole. In both pa-
tients, the potentially interacting drug was newly added. In the
first patient, miconazole was administered as an oral gel for the
treatment of mouth sores; the patient was admitted with sponta-
neous bleeding and a prothrombin index of > 5 min 17 days after
miconazole had been added. The patient was also a long-term
user of paracetamol. The second patient was admitted with
haemorrhage and an INR of 4.5 two days after oral metronida-
zole was started for the treatment of a skin infection. We did not
find evidence of bleeding events associated with any other anti-
bacterials. Sulfamethoxazole was only prescribed to 8 patients
(0.1 PYAR), trimethoprim to 209 patients (6 PYAR), macrolides
to 194 patients (5.5 PYAR), and quinolones to 104 patients (2.6
PYAR) during continuous warfarin use.

Dosage information was assessed for paracetamol and as-
pirin use. The average daily documented dose for paracetamol
among cases varied from 885 mg to 2900 mg, and had been pre-
scribed for at least 4 weeks prior to their bleeding events. Doses
for aspirin varied from 75 mg to 325 mg/day.

Exposure to non-aspirin NSAIDS was low in this population
(100.9 PYAR all combined) and none of the non-aspirin
NSAIDS was involved in a bleeding event.

We obtained information on INRs at the time of the bleed in
7 cases: Excessive anticoagulation was present in the two pa-
tients on miconazole and metronidazole, see above; five cases
had INRs within the therapeutic range for stroke prophylaxis
(2.0–3.0) of which 2 were not exposed to potentially interacting
drugs and 3 were exposed to paracetamol (n=2) and allopurinol
(n=1).

Nested case-control analysis
The case-control analysis was based on 45 cases and 143
matched controls (no matched controls could be found for the re-
maining case, a 70-year-old man who experienced epistaxis
while exposed to warfarin but not taking any drugs known to in-
teract with this agent), all of whom were exposed (by definition)
to current continuous warfarin at the index date. The character-
istics of cases and controls are shown in Table 4. The distribution
of sex differs between cases and controls because of unequal
numbers of obtainable matched controls per case. Twenty-eight

Table 3: Incidence rates of serious bleeding events during concomitant use of warfarin and interacting drugs.

Drug No. of patients with a bleeding
event leading to hospitalisation

or deatha

No. of patients with at least
one prescription during current

warfarin exposure

PYAR during current
warfarin exposure

Incidence rate
(cases/100 PYAR)

Allopurinol 5 180 148.7 3.4

Amiodarone 5b 643 417.1 1.2

Aspirin 5 450 205.0 2.4

Levothyroxine 2 234 215.3 0.9

Metronidazole 1 38 2.6 38.5

Miconazole 1 16 2.4 41.7

Omeprazole 2 146 62.1 3.2

Paracetamol 10b 1149 262.2 3.8

Paracetamol + Dextropropoxyphene 4b 397 96.5 4.1

aPatients could have been taking more than one interacting drug concomitantly; PYAR: patient-years at risk; bincluding 1 fatal event.

Table 2: Characteristics of the study population and observed
exposure time to warfarin (Patients years at risk (PYAR)) in all pa-
tients and in patients with use of potentially interacting drugs during
warfarin exposure.

All patients Patients with interacting drug
use during warfarin exposure

No. of patients (%)a PYAR No. of patients (%)b PYAR

Total (from 90 days
after first warfarin pre-
scription)

4152 (100) 3740.8 2407 (58.0) 1373.3

Gender

Male 2409 (58.0) 2209.4 1372 (57.0) 758.4

Female 1743 (42.0) 1531.4 1035 (59.4) 614.9

Age (at first warfarin prescription)

40–49 127 (3.1) 91 68 (53.5) 34

50–59 467 (11.2) 322.3 235 (50.3) 121.3

60–69 1179 (28.4) 1075.7 724 (61.4) 415.5

70–79 1898 (45.7) 1766.2 1118 (58.9) 626.5

80–84 481 (11.6) 485.6 262 (54.5) 176

aColumn percentages; bRow percentages; PYAR: patient-years at risk.
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cases (62.2%) and 51 (35.7%) controls were exposed to poten-
tially interacting drugs or antiplatelet agents in combination with
warfarin.

Crude odds ratios were 3.2 (95% CI: 1.5–7.1) for the risk of
serious bleeding associated with the use of drugs that may in-
crease the effect of warfarin compared with warfarin alone, and
3.6 (95% CI: 1.0–12.6) for the risk associated with the use of
antiplatelet agents in combination with warfarin compared with
warfarin alone. After adjusting for co-morbidities and polyphar-
macy, the adjusted odds ratios were 3.4 (95% CI: 1.4–8.5) and
4.5 (95% CI: 1.1–18.1), respectively (Table 4).

Table 5 shows the potentially interacting drugs prescribed to
cases and controls during the 30 days prior to the index date. Six
cases were concomitantly exposed to more than one potentially
interacting drug in combination with warfarin; three patients
took paracetamol in addition to levothyroxine, omeprazole, and
miconazole respectively, two patients were exposed to aspirin in
addition to allopurinol and amiodarone respectively, and one pa-
tient was exposed to allopurinol and amiodarone. The most fre-
quently prescribed potentially interacting drug among cases was

paracetamol (all preparations combined) (cases vs controls:
31.1% [95% CI: 18.1–46.6%] vs 16.8% [95% CI: 11.1–23.9%]),
followed by allopurinol (cases vs controls: 11.1% [95% CI:
3.7–24.1%] vs 3.5% [95% CI: 1.1–5.0%]) and amiodarone
(cases vs controls: 11.1% [95% CI: 3.7–24.1%] vs 5.6% [95%
CI: 2.4–10.7%]).

Discussion
In this observational study of UK patients receiving long-term
therapy with warfarin for prevention of AF-related stroke, we
found that potentially interacting drugs were used in com-
bination with warfarin for more than one third of the time and
that more than half of the patients were exposed to a potential in-
teraction during the study period. We found a 3-fold increased
risk of bleeding leading to hospitalisation or death in warfarin
users concomitantly taking potentially interacting drugs, and a
4.5-fold increased risk for patients using aspirin in combination
with warfarin.

More than half of the patients (61%) with a serious bleeding
event in our study were exposed to potentially interacting drugs
or an antiplatelet agent in combination with warfarin before the
bleeding event. This proportion is comparable with the results of
a recent (uncontrolled) trend study in the US in hospitalized pa-
tients with warfarin-associated haemorrhage where 62% used
drugs known to potentiate the bleeding risk before the bleeding
event (20). All fatal cases in that study were taking potentially
potentiating drugs compared with 3 out of 7 fatal bleeding cases

Table 4: Characteristics of cases and controls and risk of bleed-
ing.

Cases
(n=45)

Controls
(n=143)

P value Odds ratio
(95% CI)a

Diabetes 6 (13.3%) 12 (8.4%) 0.33 1.7 (0.5–6..8)

Heart failure 26 (57.8%) 59 (41.3%) 0.05 1.5 (0.7–3.2)

Hypertension 19 (42.2%) 62 (43.4%) 0.89 0.9 (0.4–1.9)

Thyroid disease 5 (11.1%) 16 (11.2%) 0.99 0.9 (0.3–3.4)

No. of drugs received within 30 days prior to the index date, N

1 1 (2.2%) 3 (2.1%)

2–4 8 (17.8%) 45 (31.5%)

> 4 (Polypharmacy) 36 (80.0%) 95 (66.4%) 0.08 1.2 (0.4–3.4)

Use of drugs increasing
the effect of warfarin
within 30 days prior to
the bleeding event, N

25 (55.6%) 48 (33.6%) 0.008 3.4 (1.4–8.5)

Use of aspirin in
combination with warfarin
within 30 days prior to
the bleeding event, N

5 (11.1%) 5 (3.5%) 0.05 4.5 (1.1–18.1)

aDerived using a conditional logistic regression model adjusting for diabetes, hypertension, heart
failure, thyroid disease, and polypharmacy. CI: confidence interval.

Gender, N

Male 28 (62.2%) 84 (58.7%)

Female 17 (37.8%) 59 (41.3%)

Age, N

40–49 0 2

50–59 2 7

60–69 20 48

70–79 22 81

80–84 1 5

Concomitant disease, N

Table 5: Interacting drugs prescribed to cases and controls
within 30 days prior to the index date during current continu-
ous exposure to warfarin.

Drug name Cases exposed to
interacting drugs
(n=28)a

Controls exposed to
interacting drugs
(n=51)b

Allopurinol 5 (17.9%) 5 (9.8%)

Amiodarone 5 (17.9%) 8 (15.7%)

Apazone 0 1 (2.0%)

Oxytetracycline 0 1(2.0%)

Paracetamol 10 (35.7%) 16 (31.4%)

Paracetamol +
Dextropropoxyphene

4 (14.3%) 8 (15.7%)

Piroxicam 0 1 (2.0%)

Simvastatin 0 3 (5.9%)

aTotal exceeds 28 as some patients were taking more than one interacting drug concomitantly.
bTotal exceeds 51 as some patients were taking more than one interacting drug concomitantly.

Aspirin 5 (17.9%) 5 (9.8%)

Ciprofloxacin 0 2 (3.9%)

Diclofenac 0 2 (3.9%)

Erythromycin 0 1 (2.0%)

Fluoxetine 0 1 (2.0%)

Levothyroxine 2 (7.1%) 7 (13.7%)

Mefenamic acid 0 1 (2.0%)

Metronidazole 1 (3.6%) 0

Miconazole 1 (3.6%) 0

Omeprazole 2 (7.1%) 2 (3.9%)
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in our study. Case fatality may vary between different clinical
settings or countries depending on anticoagulation monitoring
and the management of the drug-drug interactions and over-anti-
coagulation.

The rate of serious bleeding observed in our study is lower
than that reported in a previous GPRD study (1.2 vs. 3.1 bleeds
per 100 PYAR in patients with AF) (21).The rates, however, are
not directly comparable since in the present study we deliber-
ately excluded patients with pre-existing conditions associated
with an increased risk of bleeding (e.g. cancer, peptic ulcer dis-
ease), and we additionally excluded the initiation phase of treat-
ment when the risk of bleeding is highest (12). A lower rate of
bleeding is therefore unsurprising in our cohort at a lower under-
lying risk of bleeding than the study population of Hollowell et
al. (2003).

These restrictions may also explain the differing result of a
recently published study that did not find any significant associ-
ation between drug interactions and major bleeding (OR 1.33;
95% CI 0.96-.86) (10). The study included patients with other
major bleeding risk factors and patients who had just started
treatment (40%) and were therefore at an increased risk of bleed-
ing irrespective of potential drug interactions (10). Moreover,
drug-drug interactions are a sub-group of adverse drug reactions
which are predictable and therefore preventable in most in-
stances (22). Thus the strength of the association between poten-
tially interacting drugs and adverse outcomes (the drug interac-
tion) strongly depends on the awareness and management of po-
tentially interacting drugs by treating physicians.

Our study confirms the results of two recent studies that re-
ported that concurrent antiplatelet therapy was independently as-
sociated with an increased risk of major bleeding (10, 23). How-
ever, our estimate is higher with wide confidence intervals.

Of the 88 interacting drugs included in our analysis only 8
were involved in serious bleeding events in the present study
(11). Although our study was not designed to evaluate the risks
associated with individual drugs, the estimated crude incidence
rates suggest a possible increased risk of bleeding associated
with the use of warfarin in combination with paracetamol (alone
or in combination with other analgesics), allopurinol, metronida-
zole, miconazole, omeprazole, or aspirin. However, 6 of the
cases were exposed to more than one potentially interacting drug
and since we analysed each drug separately, our methods will
have overestimated the risks associated with some of these
drugs. While allopurinol, metronidazole and miconazole have
previously been reported to cause clinical relevant drug interac-
tions (2, 6, 24, 25), our findings add to the evidence that parace-
tamol may increase the risk of bleeding among warfarin users.
Most patients were ‘heavy’ paracetamol users taking dosages
above the Hylek threshold of 9.8 g per week and had been pre-
scribed paracetamol for at least 4 weeks prior to their bleeding
events (5). It has been suspected that the association between
paracetamol use and increased risk of bleeding may be due to
confounding by indication (7); paracetamol is generally con-
sidered safer than aspirin in combination with warfarin because
it does not affect platelets or cause gastric bleeding. In the pres-
ent study, we excluded patients who might have avoided aspirin
due to the risk of GI bleeding (i.e. those with pre-existing peptic-
ulcer disease, history of GI bleeding or alcohol abuse), so we

consider this unlikely to explain the association between parace-
tamol use and increased risk of bleeding.

It is worth noting that the warfarin-miconazole interaction
can occur with oral gel formulations of miconazole (6, 26). Phys-
icians should therefore closely monitor the patient’s INR for an
adequate period even if miconazole is given as an oral gel formu-
lation.

The pattern of interacting drugs among cases in our study dif-
fered from the one reported by Kucher et al. where the most com-
monly used drugs were quinolone antibiotics (32%), levothyrox-
ine (15%), simvastatin (10%), and amiodarone (10%) (20). Pat-
terns of interacting drugs may vary in different clinical settings
or countries because of differences in the use of drugs and
knowledge about potential drug interactions.

Our study has some limitations: firstly, we may underesti-
mate the risk of bleeding episodes due to drug interactions with
warfarin because we had no information on over-the-counter
drugs (in particular paracetamol, aspirin, or other NSAIDs) and
herbal or nutritional products, which can also interact with war-
farin (24). Furthermore, our definition of exposure to potentially
interacting drugs did not differentiate between newly started and
long-term therapies, nor did we consider the impact of changes
in dosage. Since changes in drug use may pose a greater risk of
over-anticoagulation, this may have diluted the observed effect.
Many of the bleeds involving allopurinol, amiodarone, and
paracetamol, however, occurred during chronic use. For allo-
purinol and amiodarone, an effect on prothrombin time has been
observed when the drugs are started whereas the effect of parace-
tamol seems to be dose-dependent and related to the duration of
exposure (6). While it would have been possible to refine our
analysis to focus on periods of exposure immediately following
therapy changes, the appropriate exposure time windows for
such an analysis are unclear, particularly in the case of amioda-
rone and paracetamol. A second limitation is the lack of INR
data. It has recently been reported that drug interactions with
warfarin may lead to over-anticoagulation (27) and that over-
anticoagulation increases the risk of bleeding 3-fold in patients
with atrial fibrillation (28) and up to 6-fold in an unrestricted pa-
tient population with different indications for warfarin treatment
(29). Unfortunately INR data were generally not available for
analysis in the present study because INR values are typically
documented in patient booklets rather than in the GP office com-
puter in cases where the patient attends a hospital clinic for INR
monitoring. We were only able to obtain information on INRs at
the time of the bleed in 7 patients, five of whom had INRs with-
in the therapeutic range for stroke prophylaxis (2.0–3.0).Though
the risk of over-anticoagulation may be prevented by increasing
the frequency of monitoring (and, in turn, warfarin dosage ad-
justment) when patients are exposed to interacting drugs, we had
no means of assessing whether the treating physicians actively
managed any potential drug interactions in the latter patients by
increasing the frequency of INR monitoring and warfarin dosage
adjustment. Moreover, drug interactions with warfarin do not
necessarily result in INR changes. While inhibitors of warfarin
metabolism, e.g. amiodarone, or drugs that change the kinetics
of clotting factors, e.g. levothyroxine, may increase INR levels
(pharmacokinetic effects) additive effects of warfarin in combi-
nation with a drug with platelet inhibiting properties may not be
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detected by INR monitoring (pharmacodynamic effects). In-
deed, a recent study found that serial INRs are poor predictors of
haemorrhagic events in patients receiving long-term anticoagu-
lation treatment and reported the majority of bleeding events
with INRs in the therapeutic range (30). Consequently studies
that investigated the association of oral anticoagulants and inter-
acting drugs and over-anticoagulation (INR > 6.0) as a proxy for
bleeding risk might have underestimated the total bleeding risk
of the combined use of warfarin and interacting drugs.

In conclusion, our study demonstrates that drug interactions
are an independent risk factor for serious bleeding in patients on
long-term warfarin therapy for stroke prophylaxis, and that le-
vels of usage of such potentially interacting drugs are relatively
high. A need therefore exists not only to increase awareness

among physicians on how best to minimise the risks associated
with the use of interacting drugs, but also for practical guidance
regarding the timing, frequency and duration of additional moni-
toring required when specific drugs are used in conjunction with
warfarin.
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