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Background: Some antibiotic agents, including cotri-
moxazole, inhibit the metabolism of warfarin sodium and
possibly increase the risk of hemorrhage. We examined
the risk of upper gastrointestinal (UGI) tract hemor-
rhage in older patients receiving warfarin in combina-
tion with antibiotics commonly used to treat urinary tract
infection, with a focus on cotrimoxazole.

Methods: This population-based, nested case-control
study using health care databases in Ontario, Canada, be-
tween April 1, 1997, and March 31, 2007, identified resi-
dents 66 years or older who were continuously treated
with warfarin. Cases were hospitalized with UGI tract
hemorrhage. For each case, we selected up to 10 age- and
sex-matched control subjects. We calculated adjusted odds
ratios (aORs) for exposure to cotrimoxazole, amoxicil-
lin trihydrate, ampicillin trihydrate, ciprofloxacin hy-
drochloride, nitrofurantoin, and norfloxacin within 14
days before the UGI tract hemorrhage.

Results: We identified 134 637 patients receiving war-

farin, of whom 2151 cases were hospitalized for UGI tract
hemorrhage. Cases were almost 4 times more likely than
controls to have recently received cotrimoxazole (aOR,
3.84; 95% confidence interval [CI], 2.33-6.33). Treat-
ment with ciprofloxacin was also associated with in-
creased risk (aOR, 1.94; 95% CI, 1.28-2.95), but no sig-
nificant association was observed with amoxicillin or
ampicillin (1.37; 0.92-2.05), nitrofurantoin (1.40; 0.71-
2.75), or norfloxacin (0.38; 0.12-1.26). Compared with
amoxicillin or ampicillin, cotrimoxazole prescription was
associated with an almost 3-fold risk (ratio of ORs, 2.80;
95% CI, 1.48-5.32).

Conclusions: Among older patients receiving warfarin,
cotrimoxazole is associated with a significantly higher
risk of UGI tract hemorrhage than other commonly
used antibiotics. Whenever possible, clinicians should
prescribe alternative antibiotics in patients receiving
warfarin.
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W ARFARIN SODIUM IS

the oral anticoagu-
lant of choice in
North America,1,2

with more than 30
million outpatient prescriptions in 2004
in the United States.3 It is commonly used
for the prevention and treatment of throm-
boembolism in patients with deep vein
thrombosis, pulmonary embolism, atrial
fibrillation, and mechanical heart valves.2

Warfarin has a narrow therapeutic index,
and the response to warfarin is influ-
enced by pharmacogenetic and pharma-
cokinetic polymorphisms, vitamin K sta-
tus, and multiple drug interactions.4-8

Consequently, safe and effective treat-
ment with warfarin poses a challenge, and

it is one of the top 10 drugs cited in the
Food and Drug Administration’s Adverse
Event Reporting System.3

Urinary tract infection (UTI) is the sec-
ond most common infection among com-
munity-dwelling older patients.9 It ac-
counts for almost 25% of all infection in
older adults9 and is often treated with an-
tibiotic agents that have significant poten-
tial for interaction with warfarin. Many an-
tibiotics used to treat UTI disrupt gut flora,
thereby reducing intestinal vitamin K2 syn-
thesis.10 Some antibiotics also inhibit cy-
tochrome P450 isozyme 2C9, which is re-
sponsible for metabolizing the more
biologically active S-enantiomer of war-
farin.6,7 These include cotrimoxazole (tri-
methoprim-sulfamethoxazole), a popu-
lar antibiotic most often used to treat
UTI.6,11

Warfarin is commonly coprescribed
with antibiotics used to treat UTI. How-
ever, few observational studies12,13 have ex-
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amined the clinical consequences of cotrimoxazole pre-
scription in patients receiving warfarin, and they did not
focus on antibiotics indicated for UTI. Therefore, we
sought to characterize the risk of upper gastrointestinal
(UGI) tract hemorrhage in older patients associated with
the concomitant use of warfarin and antibiotics used to
treat UTI, with a primary focus on cotrimoxazole.

METHODS

We conducted a population-based nested case-control study
of health care databases in Ontario, Canada, between April 1,
1997, and March 31, 2007. This study was approved by the Eth-
ics Review Board of Sunnybrook Health Sciences Centre,
Toronto, Ontario, Canada.

The Ontario Drug Benefit Database includes data on pre-
scription drugs reimbursed by the Ontario government for all
Ontario residents 65 years or older. Hospital admissions were
identified using the Canadian Institute for Health Information
Discharge Abstract Database. The Ontario Health Insurance Plan
Database records physician billing claims, and the Registered
Persons Database provides basic demographic information.
These administrative health care databases were anony-
mously linked using encrypted health card numbers and have
been routinely used to study the clinical consequences of drug
interactions.14-18

We assembled a cohort of Ontario residents 66 years or older
who were treated with warfarin for at least 180 days, starting
from the first warfarin prescription following the patient’s 66th
birthday (Figure). To identify a stable outpatient warfarin
therapy population, patients who ceased warfarin therapy or
who were hospitalized with any hemorrhage during the initial
180 days of therapy were excluded from analysis.

Patients were observed until hospitalization for UGI tract
hemorrhage, discontinuation of warfarin therapy, the end of
the study period (March 31, 2007), or death, whichever oc-
curred first. A patient was considered to have discontinued war-
farin therapy if the interval between prescription refills ex-
ceeded the days supply of the previous prescription by more
than 50%. In that instance, we continued observation for 1.5
times the days supply of the final prescription to identify UGI
tract hemorrhages that may have precipitated cessation of
therapy.

Within the cohort of continuous warfarin users, we de-
fined cases as those hospitalized with UGI tract hemorrhage
using the International Classification of Diseases, Ninth Revi-
sion and International Statistical Classification of Diseases, 10th
Revision (eAppendix, http://www.archinternmed.com). We stud-

ied UGI tract hemorrhage because coding for the diagnosis has
been validated, with positive predictive values of well above
80%.19 The hospital admission date served as the index date
for all analyses.

We selected up to 10 control subjects for each case from
the cohort of patients continuously receiving warfarin therapy.
Controls were matched to cases based on date of birth, sex, and
warfarin use on the case’s index date. Cases were eligible to serve
as controls for another case whose index date occurred ear-
lier.20,21 We excluded cases and controls who were discharged
from the hospital for any admission diagnosis within 30 days
before the index date.

The primary exposure of interest was oral cotrimoxazole pre-
scription within 14 days preceding the index date. We also ex-
amined other oral antibiotics commonly used to treat UTI, in-
cluding ciprofloxacin, amoxicillin or ampicillin, norfloxacin,
and nitrofurantoin. We hypothesized that these drugs would
be less strongly associated with hemorrhage in patients receiv-
ing warfarin therapy because they do not inhibit metabolism
of the S-enantiomer of warfarin.6,11 To minimize the potential
for confounding by indication, we did not examine other an-
tibiotic classes. We restricted our analyses to antibiotics com-
monly indicated for UTI because we wanted to maximize the
homogeneity of the indication for which patients were treated.

We excluded cases and controls who received amoxicillin
in combination products intended for Helicobacter pylori elimi-
nation, as well as those who received more than 1 study anti-
biotic within 14 days of the index date. To test the robustness
of our findings, we performed sensitivity analyses examining
exposure windows of 7 days and 21 days before the index date.

We used conditional logistic regression analysis to esti-
mate the unadjusted and adjusted odds ratio (aOR) and 95%
confidence interval (CI) for the association between hospital
admission for UGI tract hemorrhage during warfarin therapy
and receipt of antibiotics. In each analysis, the reference group
was patients not treated with antibiotics. We used multivari-
ate analysis to adjust for numerous potential confounders
(Table 1). We conducted a tracer analysis using ocular anti-
biotics because these have no plausible association with hem-
orrhage in patients receiving warfarin.

We compared the aOR during cotrimoxazole therapy with
that of amoxicillin or ampicillin using a test of interaction as
outlined by Altman and Bland.22 This predefined comparison
was based on our hypothesis that the risk of hemorrhage would
not be appreciably increased during treatment with amoxicil-
lin or ampicillin, which do not inhibit cytochrome P450 iso-
zyme 2C9. All analyses were performed using commercially
available statistical software (SAS version 9.13; SAS Institute,
Cary, North Carolina).

Maximum accrual date:
March 31, 2007 

First potential 
cohort entry date: 
October 1, 1997

Exclude if hospitalized for hemorrhage

180 Days of continuous warfarin use 

Continuous warfarin use 

Look back
for exposure 

14 Days

Warfarin sodium
therapy start date 

Cohort entry
(day 180) Index date

Figure. Description of the study design. In cases, the index date was admission to the hospital with a diagnosis of upper gastrointestinal (UGI) tract hemorrhage.
In controls, the index date was eligible continuous warfarin sodium users who had not yet been hospitalized with UGI tract hemorrhage on the case index date.
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RESULTS

We identified 134 637 patients with a total of 198 910 per-
son-years of continuous warfarin treatment. During the
study period, 45 972 patients (34.1%) treated with war-
farin received at least 1 prescription for an antibiotic of
interest, and 9751 patients (7.2%) received at least 1 pre-
scription for cotrimoxazole.

We identified 2441 patients who were hospitalized for
UGI tract hemorrhage. There were 2151 patients hospi-
talized for UGI tract hemorrhage who met our defini-
tion of a case after excluding 290 patients (270 who had
a hospital admission within 30 days of the index date, 7
who had been prescribed more than 1 antibiotic of in-
terest, 5 or fewer who had received combination amoxi-
cillin-lansoprazole-clarithromycin within 14 days of the
index date, and 12 who had more than 1 exclusion cri-
teria). Of 2151 cases hospitalized for UGI tract hemor-
rhage, almost all (2135 [99.3%]) were matched to 10 con-
trols. Overall, 224 cases (10.4%) died before discharge.
The characteristics of cases and controls are given in
Table 2.

Cases admitted for UGI tract hemorrhage during war-
farin therapy were almost 4 times more likely than con-
trols to have received a cotrimoxazole prescription within
14 days before hospitalization (aOR, 3.84; 95% CI, 2.33-
6.33) (Table 3). Treatment with ciprofloxacin was also
associated with an increased risk of hemorrhage during
warfarin therapy (aOR, 1.94; 95% CI, 1.28-2.95). In con-
trast, no significant association was noted between hos-

pitalization for UGI tract hemorrhage and the prescrip-
tion of amoxicillin or ampicillin (aOR, 1.37; 95% CI, 0.92-
2.05), nitrofurantoin (1.40; 0.71-2.75), or norfloxacin
(0.38; 0.12-1.26). As expected, we found no association
between UGI tract hemorrhage and receipt of ocular an-
tibiotics (aOR, 0.99; 95% CI, 0.50-1.93). Sensitivity analy-
ses using exposure windows of 7 days and 21 days re-
vealed consistent results (eTable).

Compared with amoxicillin or ampicillin,22 cotrimoxa-
zole prescription was associated with an almost 3-fold
increase in the risk of UGI tract hemorrhage among pa-
tients taking warfarin. The ratio of ORs was 2.80 (95%
CI, 1.48-5.32).

COMMENT

Concomitant use of cotrimoxazole in patients receiving
long-term warfarin therapy was associated with an al-
most 4-fold increase in the risk of hospitalization for UGI
tract hemorrhage, considerably higher than that with other
antibiotics. Treatment with ciprofloxacin was also asso-
ciated with an almost 2-fold increased risk, whereas the
other antibiotics we examined were not associated with
a statistically significant increased risk.

Our findings regarding cotrimoxazole are consistent
with other research involving coumarin anticoagulants
not widely used in North America,23,24 as well as other
observational studies12,13 involving warfarin. To our

Table 1. Covariates Included in the Multivariate Analysis

Covariate

History of Hemorrhage
UGI tract hemorrhage �5 y before cohort enrollment
UGI diagnostic examination �1 y of index date
Any hemorrhage except UGI �1 y of index date

Comorbidity
Cirrhosis �5 y of index date
Alcoholism �5 y of index date
No. of prescription drugs �1 y of index date
Long-term care status �180 d of index date

Concomitant Drug Use �120 d of Index Date
Antiplatelets (aspirin [acetylsalicylic acid], ticlopidine hydrochloride,

clopidogrel bisulfate, dipyridamole)
Anti-inflammatory medications (nonsteroidal anti-inflammatory drugs,

including cyclooxygenase 2 inhibitors)
Other anticoagulants (vitamin K antagonists, synthetic antithrombotic

agents, low-molecular-weight heparins)
Corticosteroids
Acetaminophen and combinations
Gastroprotective medications (histamine2 antagonists, misoprostol,

proton pump inhibitors, sucralfate)
All other systemic antibiotics
Selective serotonin reuptake inhibitors
Cytochrome P450 isozyme 2C9

Inhibitor (eg, amiodarone, fenofibrate, fluconazole, fluvastatin
sodium, ketoconazole, lovastatin, metronidazole, valproic acid)

Inducer (rifampin, secobarbital sodium, bosentan, carbamazepine,
phenobarbital, phenytoin, primidone)

Abbreviation: UGI, upper gastrointestinal.

Table 2. Characteristics of Cases and Controlsa

Characteristic
Cases

(n=2151)
Controls

(n=21 434)

Female sex 1023 (47.6) 10 201 (47.6)
Age, median (interquartile range), y 80 (74-85) 80 (74-85)
UGI tract hemorrhage �5 y before

cohort enrollment
106 (4.9) 395 (1.8)

UGI diagnostic examination �1 y
of index date

469 (21.8) 1217 (5.7)

Any hemorrhage except UGI �1 y
of index date

72 (3.3) 331 (1.5)

Alcoholism �5 y of index date 55 (2.6) 466 (2.2)
Cirrhosis �5 y of index date 34 (1.6) 144 (0.7)
No. of prescription drugs �1 y of index

date, mean (SD)
15.36 (7.36) 12.69 (6.66)

Long-term care status �180 d of index
date

320 (14.9) 2332 (10.9)

Concomitant drug use �120 d of index
date

Antiplatelets 123 (5.7) 910 (4.2)
Anti-inflammatory medications 380 (17.7) 2035 (9.5)
Other anticoagulants 8 (0.4) 181 (0.8)
Corticosteroids 174 (8.1) 1005 (4.7)
Gastroprotective medications 670 (31.1) 5128 (23.9)
Acetaminophen and combinations 619 (28.8) 4186 (19.5)
Selective serotonin reuptake

inhibitors
270 (12.6) 1937 (9.0)

Cytochrome P450 isozyme 2C9
Inducer 79 (3.7) 565 (2.6)
Inhibitor 263 (12.2) 2128 (9.9)

All other systemic antibiotics 449 (20.9) 3327 (15.5)
Ocular antibiotics 56 (2.6) 511 (2.4)

Abbreviation: UGI, upper gastrointestinal.
aData are given as number (percentage) unless otherwise indicated.
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knowledge, this study is the first to focus on the specific
risks associated with UTI antibiotics, a leading reason for
antibiotic therapy in older patients receiving warfarin.

We observed a less dramatic increase in the risk of hem-
orrhage with ciprofloxacin therapy. This may be related to
a heterogeneous patient population with a greater burden
of illness, because ciprofloxacin is more commonly used
for a wider variety of indications beyond UTI compared with
the other antibiotics that were studied. The small statisti-
cally nonsignificant elevated aORs associated with the use
of amoxicillin or ampicillin and nitrofurantoin may indi-
cate residual confounding. However, the much higher aOR
associated with cotrimoxazole therapy strongly indicates
that it has a much greater effect on the risk of UGI tract
hemorrhage than the other antibiotics studied.13

Some limitations of our study merit emphasis. First,
our analyses were confined to older patients, and we have
no direct measure of coagulation status. Second, the mean
duration that patients were taking warfarin (slightly �1
year) may seem shorter than expected. However, the co-
hort consisted of prevalent warfarin users, some of whom
would have been receiving warfarin before their 66th
birthday. Also, patients had to have received 6 months
of continuous warfarin therapy before enrolling in the
cohort, and these 6 months are excluded from the study
follow-up. We also used a rigorous definition of adher-
ence, which may have led us to censor some patients who
actually continued warfarin therapy. Third, although we
adjusted for many potential confounders, we could not
adjust for unmeasured confounders such as the use of
nonprescription drugs, foods, or herbal supplements.
However, these are not expected to differ among antibi-
otic groups. Fourth, we had no information about the in-
dication for antibiotic therapy and cannot exclude the
possibility that patients who were prescribed various an-
tibiotics were systematically different from one another.

Our findings provide strong evidence that treatment
with cotrimoxazole is associated with an important in-
crease in the risk of UGI tract hemorrhage during war-
farin therapy and that this risk is considerably higher than
the risk associated with other commonly used antibiot-
ics. In addition to the morbidity associated with hospi-
talization for UGI tract hemorrhage (including endos-
copy, blood transfusion, and nosocomial infection),
approximately 10% of cases hospitalized for UGI tract

hemorrhage died before hospital discharge. This find-
ing is important in view of the tens of millions of war-
farin prescriptions dispensed annually in the United
States.3 Our observations suggest that clinicians should
consider antibiotics other than cotrimoxazole in pa-
tients receiving warfarin. If alternatives are inappropri-
ate, close monitoring of anticoagulation control is nec-
essary, and temporary reductions in the dosage of warfarin
may be required.
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Table 3. Association Between Hospital Admission for UGI Tract Hemorrhage and Antibiotic Use
in Patients Treated With Warfarin Sodium

Exposure �14 d
of Index Date

No. (%)
Odds Ratio (95% Confidence Interval)

Cases
(n=2151)

Controls
(n=21 434) Univariate Multivariatea

Cotrimoxazole 25 (1.2) 56 (0.3) 4.53 (2.81-7.30) 3.84 (2.33-6.33)
Amoxicillin or ampicillin 30 (1.4) 209 (1.0) 1.44 (0.98-2.12) 1.37 (0.92-2.05)
Ciprofloxacin 31 (1.4) 124 (0.6) 2.50 (1.68-3.73) 1.94 (1.28-2.95)
Nitrofurantoin 11 (0.5) 64 (0.3) 1.71 (0.90-3.24) 1.40 (0.71-2.75)
Norfloxacin �5 (�0.2) 61 (0.3) 0.49 (0.15-1.57) 0.38 (0.12-1.26)
Ocular antibiotics 10 (0.5) 81 (0.4) 1.23 (0.64-2.38) 0.99 (0.50-1.93)

Abbreviation: UGI, upper gastrointestinal.
aMultivariate analysis adjusts for history of UGI hemorrhage, UGI diagnostic examination, any hemorrhage except UGI; history of cirrhosis and alcoholism;

number of prescription drugs within 1 year of the index date, long-term care status, other antibiotics of interest, and other concomitant drug use (see Table 1).
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Online-Only Material: The eAppendix and eTable are
available at http://www.archinternmed.com.
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19. Raiford DS, Pérez Gutthann S, Garcı́a Rodrı́guez LA. Positive predictive value of
ICD-9 codes in the identification of cases of complicated peptic ulcer disease in
the Saskatchewan Hospital automated database. Epidemiology. 1996;7(1):
101-104.

20. Lubin JH, Gail MH. Biased selection of controls for case-control analyses of co-
hort studies. Biometrics. 1984;40(1):63-75.

21. Langholz B. Case-control study, nested. In: Armitage P, Colton C, eds. Encyclope-
dia of Biostatistics. Chichester, England: John Wiley & Sons Ltd; 1998:514-519.

22. Altman DG, Bland JM. Interaction revisited: the difference between two esti-
mates. BMJ. 2003;326(7382):e219. http://www.ncbi.nlm.nih.gov/pmc/articles
/PMC1125071/?tool=pubmed. Accessed January 18, 2010.

23. Penning-van Beest F, Erkens J, Petersen KU, Koelz HR, Herings R. Main come-
dications associated with major bleeding during anticoagulant therapy with
coumarins. Eur J Clin Pharmacol. 2005;61(5-6):439-444.

24. Penning-van Beest FJ, Koerselman J, Herings RM. Risk of major bleeding dur-
ing concomitant use of antibiotic drugs and coumarin anticoagulants. J Thromb
Haemost. 2008;6(2):284-290.

Call for Papers

Less Is More

The Archives of Internal Medicine is excited to launch Less
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