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Abstract Objective: To study the main comedications
associated with major bleeding during anticoagulant
therapy with coumarins in a non-selected population
under everyday circumstances.
Methods: The study population for this retrospective
cohort study included all new users of phenprocoumon
or acenocoumarol aged 40–80 years, during the period
1992–2000 in the PHARMO Record Linkage System.
All patients were followed until the last dispensing of
phenprocoumon or acenocoumarol, the ﬁrst bleeding
complication requiring hospitalization, death, or the end
of the study period. The number of days on coumarins
alone and the number of days on coumarins in combination with several potentially interactive drugs during
follow-up were determined for each patient.
Results: The inclusion criteria of this study were met by
19,935 new users of phenprocoumon or acenocoumarol.
During follow-up, 552 patients were hospitalized for
bleeding. Of all potentially interactive drugs started
during anticoagulant therapy by at least 50 patients and
with at least ﬁve bleedings, antibacterial drugs were
associated with a four to seven times increased risk of
bleeding. Among non-steroidal anti-inﬂammatory
drugs, naproxen had the highest relative risk. Anti-
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thrombotic salicylates and tramadol were associated
with a three times increased risk of bleeding.
Conclusion: Antibacterial drugs, non-steroidal antiinﬂammatory drugs, antithrombotic salicylates and
tramadol were the main potentially interactive drugs
associated with major bleeding during anticoagulant
therapy with coumarins under everyday circumstances.

Introduction
Major or life-threatening hemorrhage during anticoagulant therapy with coumarins occurs at an estimated
rate of 1.1–3.6 per 100 patient-years [11, 15, 16]. Several
treatment-speciﬁc and patient-speciﬁc risk factors for
bleeding complications have been described [11]. Among
others, the risk of bleeding is strongly associated with
the intensity of anticoagulation. Consequently, comedications that enhance the anticoagulant eﬀect of coumarin anticoagulants may be associated with an
increased risk of bleeding. The critical period is the start
of treatment with these comedications [18]. Comedications that interfere with hemostasis or have an ulcerogenic eﬀect also increase the risk of bleeding during
anticoagulant therapy with coumarins [13].
Most information on drug interactions with coumarin anticoagulants is based on case reports and smallscale experiments [1, 4, 7, 18]. This is an unsatisfactory
basis on which to make recommendations for anticoagulant therapy. Recently, some large-scale epidemiological studies on the association between potentially
interacting drugs and overanticoagulation have been
performed [17, 21–23]. We conducted a follow-up study
in a large population-based cohort to investigate the
main comedications associated with major bleeding
during anticoagulant therapy with coumarins. The study
was restricted to the start of treatment with potentially
interactive drugs (PIDs) that might enhance the anticoagulant eﬀect of coumarin anticoagulants or otherwise
increase the risk of bleeding.
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Methods
Setting
Data were obtained from the PHARMO Record
Linkage System, which includes among other databases
the drug-dispensing records from community pharmacies and hospital discharge records of all 950,000
community-dwelling inhabitants of 40 demographically
deﬁned areas in The Netherlands. The computerized
drug-dispensing histories contain data concerning the
dispensed drug, type of prescriber, dispensing date,
dispensed amount, prescribed dose regimens, and the
legend duration of use (prescription length). All drugs
are coded according to the Anatomical Therapeutic
Chemical (ATC) Classiﬁcation. The hospital records
include detailed information concerning the primary
and secondary diagnoses, procedures, and dates of
hospital admission and discharge. All diagnoses are
coded according to the International Classiﬁcation of
Diseases, Ninth Revision, Clinical Modiﬁcation (ICD9-CM). For a detailed description of the database, we
refer to previous work [5]. The database allows, without selection bias, identiﬁcation of patients with certain
drug prescriptions and hospital diagnoses.
Study cohort
The source population included all new users (incident
users) of phenprocoumon or acenocoumarol in The
Netherlands during the period 1992–2000. A patient was
deﬁned as a new user of phenprocoumon or acenocoumarol if none of these drugs had been dispensed for at
least 1 year before the ﬁrst phenprocoumon or acenocoumarol dispensing that appeared in the PHARMO
database. All new users of phenprocoumon or acenocoumarol aged 40–80 years with a registration in the
PHARMO database of at least 1 year were included in
the study cohort.
Identiﬁcation of frequently used PIDs
As we were interested in the main comedications associated with major bleeding during anticoagulant therapy, we ﬁrst identiﬁed frequently used PIDs (i.e., used by
at least 50 patients).
The following comedications were considered as
PIDs: all drugs enhancing the anticoagulant eﬀect or
otherwise increasing the risk of bleeding, as listed in the
Dutch standard on coumarin interactions, and all
inhibitors of cytochrome P450 (CYP) 1A2, 2C19 and
2C9 [3, 8]. As pantoprazole has recently been found to
be a competitive inhibitor of both CYP2C9 and
CYP2C19 [12], this proton pump inhibitor (PPI) was
also included along with other commonly used PPIs.
In total, 37 individual drugs and 9 drug groups were
considered.

To study the incidence of PID use during anticoagulant therapy, treatment episodes with coumarins during
the ﬁrst year of follow-up were established for each
patient [2]. In general, a treatment episode is deﬁned as a
period of time in which a continuous speciﬁc pharmacotherapeutic treatment takes place. To establish treatment episodes, the duration of use of each prescription
was calculated by dividing the number of units dispensed
by the number of units to be used per day, as deﬁned in
the pharmacies. If the gap between the end of one prescription and the start of the next prescription was less
than half of the usual treatment duration, the treatment
was considered to be uninterrupted. The treatment episode was measured as the time span between the starting
date of the ﬁrst prescription and the expiry date of the
ﬁnal prescription. The latter was set at half of the time
period since the last dispensing date, assuming that patients may stop their medication prematurely. Patients
may have had more than one treatment episode. For
each PID and group using PIDs, the number of patients
who had started using such a drug during a coumarin
treatment episode was assessed. For those groups in
which PID was used by at least 50 patients, the individual PIDs within this group were determined.
Association with bleeding
To study the association with bleeding for frequently
used PIDs (i.e., used by at least 50 patients), all patients
were followed from the ﬁrst phenprocoumon or acenocoumarol dispensing in the PHARMO database until
the last phenprocoumon or acenocoumarol dispensing
in the PHARMO database, the outcome of interest,
death, or the end of the study period (31 December
2001), whichever event was earliest. Treatment episodes
during follow-up were established for coumarins as well
as PIDs. Patients may have had more than one treatment episode of coumarins and PIDs. For each patient,
we determined the number of days on coumarins alone
and the number of days on coumarins in combination
with each individual PID during follow-up. The latter
was restricted to the ﬁrst 28 days of PID use that was
started during a coumarin treatment episode as it is
likely that, after this period, anticoagulant therapy
would be titrated to the use of pharmacokinetically and
dynamically interacting PIDs, and the risk of bleeding
would return to normal. For PIDs used for less than 28
days, the risk period was deﬁned as the duration of use
plus the ﬁrst 4 days thereafter. A wash-out period of 4
days was taken into account, as the risk of bleeding is
not normalized immediately after stopping the PID.
The outcome of interest, i.e., major bleeding, was
deﬁned as bleeding requiring hospitalization.
Analysis
All frequently used PIDs with at least ﬁve bleedings,
irrespective of the time since start of anticoagulant
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therapy and the number of PIDs involved, were analyzed. However, bleedings may be the result of too high
a starting dose of coumarins, and/or a combination of
several PIDs may be involved. Therefore, only those
bleedings that occurred more than 2 weeks after the start
of anticoagulant therapy and that fell within the risk
period of a single PID were included in the risk calculation. The incidence rate for major bleeding during use
of coumarins alone (i.e., the non-exposed period) was
calculated using bleedings on coumarins alone as
numerator and person-time on coumarins alone as
denominator. Incidence rates for major bleeding during
combined use of coumarins and a PID (i.e., the exposed
period) were calculated for each PID using bleedings
during combined use of coumarins and this PID as
numerator and person-time on coumarins in combination with this PID as denominator. The crude relative
risk of major bleeding associated with the start of PIDs
during anticoagulant therapy was calculated by dividing
the incidence rate during the exposed period by that
during the non-exposed period. Adjusted estimates of
relative risks were computed using a Poisson regression
model. Hypertension and history of gastrointestinal
bleeding are considered to be risk factors for major
bleeding during anticoagulant therapy [11]. Hence, use
of antihypertensive drugs during follow-up and history
of hospitalization for bleeding or ulcer during the 1-year
period before the start of coumarin use were included in
the multivariate model along with age and gender.
Relative risks were also adjusted for the fact that the
exposed and non-exposed periods were measured within

Table 1 Characteristics of new
users of acenocoumarol or
phenprocoumon during the
period 1992–2000

the same subjects. To study the eﬀect of involvement of
multiple PIDs, adjusted relative risks were also computed including all bleedings.

Results
The inclusion criteria of this study were met by 19,935
new users of phenprocoumon or acenocoumarol. About
two-thirds of the patients were older than 60 years of
age (Table 1). The majority of the patients (95%) used
acenocoumarol, which was mostly prescribed by a
medical specialist. We identiﬁed 44 PIDs that were
started during coumarin use in the ﬁrst year of follow-up
by at least 50 patients. For these 44 PIDs, the association with bleeding was studied.
During follow-up, 552 patients were hospitalized for
bleeding. Based on the fact that only PIDs with at least
ﬁve bleedings were analyzed and the fact that only
those bleedings that occurred more than 2 weeks after
the start of anticoagulant therapy and that fell within
the risk period of a single PID were included in the risk
calculation, three groups of patients were distinguished:
(1) patients with a bleeding on coumarins alone that
occurred more than 2 weeks after start of anticoagulant
therapy (n=189), (2) patients with a bleeding on coumarins combined with one of the PIDs with at least
ﬁve bleedings (doxycycline, amoxicillin/clavulanic acid,
sulfamethoxazole/trimethoprim, norﬂoxacin, diclofenac, ibuprofen, naproxen, omeprazole, antithrombotic
salicylates, and tramadol) that occurred more than 2

Characteristics
Gender
Age (years)

Year of start
Prescriber at start

Type of coumarin at start
Number of coumarin treatment
episodes during follow-up
Number of coumarin treatment
days during follow-up

Men
Women
40–50
51–60
61–70
71–80
1992–1994
1995–1997
1998–2000
General practitioner
Specialist
Cardiologist
Surgeon
Internist
Orthopedist
Other specialists
Other prescribers
Acenocoumarol
Phenprocoumon
1
2
‡3
£ 90
91–180
181–365
366–729
‡730

Number
(n=19,935)

Percentage
of total

9,526
10,409
2,677
3,790
6,281
7,187
5,429
6,578
7,928
3,114
16,209
4,386
2,874
2,578
2,025
4,346
612
18,895
1,040
14,884
3,447
1,604
7,047
3,594
2,282
2,550
4,462

47.8
52.2
13.4
19.0
31.5
36.1
27.2
33.0
39.8
15.6
81.3
27.1
17.7
15.9
12.5
26.8
3.1
94.8
5.2
74.7
17.3
8.0
35.3
18.0
11.5
12.8
22.4
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weeks after start of anticoagulant therapy (n=47), (3)
patients excluded from the analyses, i.e., with a bleeding that occurred during the period that no coumarins
were used, that fell outside the risk period, that concerned PIDs with less than ﬁve bleedings, that occurred
within 2 weeks after start of anticoagulant therapy or
that fell within the risk period of multiple PIDs
(n=316). Table 2 shows the characteristics of these
patients. Table 3 shows the incidence rates and relative
risks of major bleeding for the above-mentioned ten
PIDs. Antibacterial drugs were associated with a four
to seven times increased risk of bleeding, amoxicillin
combined with clavulanic acid being a prominent
example. Among the non-steroidal anti-inﬂammatory
drugs (NSAIDs), naproxen had the highest relative
risk. Antithrombotic salicylates and tramadol were
associated with a three times increased risk of bleeding.

By contrast, omeprazole was not associated with a
signiﬁcant increased risk of bleeding. Relative risks did
not change when adjusting for the fact that the exposed
and non-exposed periods were measured within the
same subjects.
When bleedings that occurred within the risk period
of more than one PID were included in the analyses, all
relative risks largely increased (data not shown). For
example, norﬂoxacin was associated with a 12 times
increased risk of bleeding (95% CI 5.3–26.9) when
bleedings in the risk periods of norﬂoxacin and doxycycline (n=1) or norﬂoxacin and sulfamethoxazole/trimethoprim (n=2) were included. Tramadol was
associated with a 5.5 times increased risk of bleeding
(95% CI 2.3–13.5) when bleedings in the risk periods of
tramadol and diclofenac (n=1) or tramadol and naproxen (n=1) were part of the analysis.

Table 2 Characteristics of new users of acenocoumarol or phenprocoumon hospitalized for bleeding during the period 1992–2001
Characteristics

Bleedings on
coumarins alone

Bleedings on coumarins
+ potentially interactive drugs

Excluded
bleedings

Number of patients
Gender
Men
Women
Age (years)
40–50
51–60
61–70
71–80
Use of antihypertensive
drugs during follow-up
History of hospitalization
for bleeding or ulcer
Exposed and non-exposed
periods during follow-up

189

47

316

101 (53.4%)
88 (46.6%)

25 (53.2%)
22 (46.8%)

165 (52.2%)
151 (47.8%)

20 (10.6%)
25 (13.2%)
57 (30.2%)
87 (46.0%)
152 (80.4%)

1 (2.1%)
5 (10.6%)
21 (44.7%)
20 (42.6%)
39 (83.0%)

22 (7.0%)
47 (14.9%)
105 (33.2%)
142 (44.9%)
237 (75.0%)

3 (1.6%)

1 (2.1%)

5 (1.6%)

101 (53.4%)

42 (89.4%)

215 (68.0%)

Table 3 Incidence rates and relative risks of bleeding requiring hospitalization associated with the start of potentially interactive drugs
during anticoagulant therapy with coumarins. NSAIDs non-steroidal anti-inﬂammatory drugs, py patient-years, IR incidence rate, RR
relative risk, CI conﬁdence interval
Potentially interactive drug
Antibacterial drugs
Doxycycline
Amoxicillin + clavulanic acid
Sulfamethoxazole + trimethoprim
Norﬂoxacin
NSAIDs
Diclofenac
Ibuprofen
Naproxen
Omeprazole
Salicylates, antithrombotic
Tramadol

Number of
bleedingsa

Number of py
on combined use

IR per
100 py

RR (95% CI),
crudeb

RR (95% CI),
adjustedc

6
6
3
3

139.6
81.5
44.1
44.8

4.3
7.4
6.8
6.7

4.2
7.2
6.6
6.5

(1.9–9.5)
(3.2–16.2)
(2.1–20.8)
(2.1–20.4)

4.2
7.0
6.2
5.9

(1.9–9.5)
(3.1–15.8)
(2.0–19.5)
(1.9–18.6)

8
5
9
1
3
3

295.8
211.2
131.8
171.2
103.8
84.9

2.7
2.4
6.8
0.6
2.9
3.5

2.6
2.3
6.7
0.6
2.8
3.4

(1.3–5.4)
(1.0–5.6)
(3.4–13.0)
(0.1–4.1)
(0.9–8.8)
(1.1–10.8)

2.6
2.2
6.5
0.6
3.0
3.3

(1.3–5.2)
(0.9–5.4)
(3.3–12.7)
(0.1–4.0)
(1.0–9.4)
(1.1–10.4)

a
Bleedings that fell within the risk period of a single PID and
occurred more than 2 weeks after start of anticoagulant therapyb
Calculated by dividing the incidence rate during combined use by
the incidence rate during use of coumarins alone (i.e., 189 bleedings
on coumarins alone that occurred more than 2 weeks after start of

anticoagulant therapy and 6,734,635 patient-days on coumarins
alone =1.024 per 100 patient-years)c Adjusted for age (10-year age
classes), gender, history of hospitalization for bleeding or ulcer in
the 1-year period before the start of coumarin use, and use of
antihypertensive drugs during follow-up
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Discussion
The results of this population-based cohort study among
patients using acenocoumarol or phenprocoumon show
that antibacterial drugs, NSAIDs, antithrombotic salicylates, and tramadol, but not omeprazole, are among
the main PIDs associated with major bleeding at start of
treatment under everyday circumstances. Multiple PIDs
seem to have a synergistic adverse eﬀect.
Enhancement of the anticoagulant eﬀect of coumarin
anticoagulants, and thus the increased risk of bleeding
associated with antibacterial drugs, may result from
pharmacokinetic or pharmacodynamic interactions [20].
Pharmacokinetic interactions include inhibition of the
metabolism of coumarins or their displacement from
plasma proteins. The latter mechanism plays only a
minor role compared with other mechanisms. Pharmacodynamic interactions may occur as a result of vitamin
K deﬁciency that is secondary to elimination of bacterial
gut ﬂora or may occur due to direct inhibition of the
synthesis of the vitamin K-dependent coagulation factors. Most NSAIDs and antithrombotic salicylates do
not inﬂuence the intensity of the anticoagulant eﬀect of
coumarin anticoagulants, but increase the risk of
bleeding by interfering with hemostasis or by their
ulcerogenic eﬀect [13]. For tramadol, the presence of an
interaction with coumarins is unclear and a possible
mechanism for the increased risk of bleeding is unknown
[3].
Regarding the combined use of coumarins and PPIs,
only omeprazole was co-prescribed with a suﬃcient
frequency to meet the criterion of at least ﬁve bleedings
for calculation of the relative risk (RR 0.6, Table 2). No
bleedings occurred during 5,153 days on coumarins in
combination with lansoprazole and only one bleeding
occurred during 12,420 days on coumarins in combination with pantoprazole. Extending the analyses for reasons of comparison, pantoprazole, like omeprazole, was
not associated with a signiﬁcant increased risk of
bleeding (RR 2.8; 95% CI 0.4–19.7). Our ﬁnding that
the results were similar for all PPIs is in line with a recent
evaluation of the Food and Drug Administration’s
database of reported adverse events and drug interactions [10], and disagrees with previous suggestions that
omeprazole [19] or omeprazole and lansoprazole [14]
bear a higher risk of interactions than pantoprazole.
Some potential limitations should be considered in
the interpretation of our study. For omeprazole (and
pantoprazole), only one bleeding met the criteria for
inclusion in the analyses. This suggests that PPIs did not
play a major role in bleeding complications requiring
hospitalization during anticoagulant therapy with coumarins, but prohibits judging the relative risks.
In The Netherlands, anticoagulant therapy is monitored at the anticoagulation clinic at a mean interval of
2–3 weeks. Patients are told to inform the anticoagulation clinic about changes in drug use and, if necessary,
their intensity of anticoagulation will be measured ear-

lier than according to the monitoring scheme. Consequently, bleedings after the start of PIDs may have been
prevented by adequate action taken at the anticoagulation clinic, resulting in an underestimation of the relative
risks. This does not apply to most NSAIDs and antithrombotic salicylates, as the majority of these drugs are
unlikely to inﬂuence the intensity of the anticoagulant
eﬀect. Dose changes of coumarins and earlier measurement could not be considered in the analyses as this
information is not available in the database. Therefore,
the results of our study reﬂect the risk of major bleeding
associated with the start of PIDs under everyday circumstances, including reporting by the patient and action taken by the anticoagulation clinic.
The types of coumarin used by our study cohort were
acenocoumarol and phenprocoumon. The diﬀerence in
structure of acenocoumarol and phenprocoumon, although small, may have implications on the relative
contribution of CYP enzymes to their metabolism [6].
Therefore, the risk of bleeding associated with the start
of inhibitors of CYP1A2, 2C19, and 2C9 possibly diﬀers
with the type of anticoagulant used. However, the
number of bleedings in users of phenprocoumon was too
small to enable studying eﬀect modiﬁcation. In many
countries, warfarin is the coumarin of ﬁrst choice. The
results of our study will largely apply to these countries
as well. First, pharmacodynamic interactions with one
anticoagulant may well apply to another anticoagulant
[18]. Second, PIDs that interact by inhibiting CYP2C9
will aﬀect both acenocoumarol and warfarin [6]. Third,
PIDs that do not inﬂuence the intensity of the anticoagulant eﬀect of coumarin anticoagulants, but increase
the risk of bleeding by interfering with hemostasis or by
their ulcerogenic eﬀect, will exert their eﬀect regardless
of the type of coumarin used.
Epidemiological studies quantifying the role of drug
interactions in bleeding complications in a non-selected
population on coumarins under everyday circumstances
are scarce. In a Danish population-based cohort study,
the incidence of hospitalization for upper gastrointestinal bleeding with use of oral anticoagulants in combination with other drugs was examined [9]. Compared
with the general population not exposed to oral
anticoagulants, the incidence ratio was 8.0 (95% CI
2.1–20.4) for use of oral anticoagulants combined with
non-aspirin NSAIDs. This result is comparable to our
study.
In conclusion, in this population-based cohort study
among patients using acenocoumarol or phenprocoumon, the main PIDs associated with an increased risk of
bleeding were doxycycline, amoxicillin combined with
clavulanic acid, sulfamethoxazole combined with trimethoprim, norﬂoxacin, diclofenac, ibuprofen, naproxen, antithrombotic salicylates, and tramadol. If
possible, the use of these drugs should be avoided in
patients on coumarins. Regarding antibacterial drugs,
more frequent monitoring of anticoagulant therapy may
minimize the risk of bleeding complications if there is no
therapeutic alternative available.
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