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Abstract

Drug interactions between warfarin and sulfonylureas are suggested by pharmacokinetic
information and prior studies. However, clinical evidence on the association of such interactions
and the risk of bleeding is lacking. Using health care claims data from five US Medicaid programs
from 1999-2011 and a self-controlled case series design with warfarin as an object drug, we
examined confounder-adjusted rate ratios (RRs) for three outcomes separately: 1) serious bleeding
as a composite outcome of gastrointestinal bleeding (GIB) and non-traumatic intracranial
hemorrhage (ICH); 2) GIB; and 3) ICH. In 6,463 warfarin users experiencing serious bleeding, an
increased rate of serious bleeding was not associated with concomitant use of glimepiride (RR:
0.93; 95% confidence interval: 0.75 to 1.15), glipizide (RR: 0.97; 0.84 to 1.13), glyburide (RR:
0.89; 0.76 to 1.06), or metformin (RR: 0.85; 0.76 to 0.96), nor was the occurrence of the
component outcomes of GIB or ICH. These results suggest that use of sulfonylureas or metformin
was not associated with an increased rate of serious bleeding in warfarin users.
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INTRODUCTION

Warfarin, a vitamin K antagonist, remains the most widely prescribed oral anticoagulant in
the United States, and is used for the prevention and treatment of thromboembolic events
and complications.1=3 Approximately 15 million prescriptions for warfarin are written in the
US annually.* Although warfarin is an effective anticoagulant, warfarin-associated bleeding
is among the most serious and common adverse events associated with any drug.>-10 Indeed,
it is one of three common, serious, and preventable adverse drug events targeted by the US
National Action Plan for Adverse Drug Event Prevention (ADE Action Plan).5 That Plan
calls specifically for research examining the effects of potential drug-drug interactions that
may increase these adverse events, including warfarin-associated bleeding.

Diabetes is a risk factor for the development of atrial fibrillation1l—a primary therapeutic
indication for warfarin—and also a common comorbidity of atrial fibrillation. One study
estimated that about 17% of adult atrial fibrillation patients in the UK have diabetes.12 In the
US, the prevalence of atrial fibrillation in adults is projected to increase substantially from
about 5 million in 2010 to about 12 million in 203012 with the aging of the population.
Based on pharmacokinetic considerations, drug-drug interactions between warfarin and
sulfonylureas are predictable given that glyburidel#15 and glimepiridel® exhibit in vitro
inhibition of cytochrome P450 (CYP) 2C9, a principal enzyme for warfarin metabolism,
which could lead to over-anticoagulation. Widely-used drug references warn that concurrent
use of warfarin and glyburidel® or sulfonylureas!’ may result in an increased risk of
bleeding. In contrast, several studies have reported that initiation of metformin819 or
sulfonylureas!® in persons receiving vitamin K antagonist anticoagulants was associated
with a 11-22% reduction in the mean international normalized ratio (INR), suggesting an
increase in warfarin dose requirements and possibly a reduced risk of bleeding. Clinical
evidence, however, on whether sulfonylureas and metformin are associated with an increase
or reduction in bleeding risk of warfarin is lacking. We therefore investigated whether the
risk of serious bleeding in patients taking warfarin (the object drug in a drug-drug
interaction; i.e., the drug whose pharmacokinetics or pharmacodynamics is affected??) is
influenced by the concomitant use of the most commonly used sulfonylureas—glimepiride,
glipizide, and glyburide—or of metformin (precipitant drugs; i.e., the drugs that affect the
pharmacokinetics or pharmacodynamics of the object drug?%), using real-world health care
claims data.

MATERIALS AND METHODS

Study design, population, and data

We used the self-controlled case series design?1-23 to calculate outcome occurrence rate
ratios (RRs) for individual sulfonylureas and metformin, separately, as precipitant drugs
when used concomitantly with warfarin as the object drug. The self-controlled case series
design is a case-only study design that includes only persons who experienced the outcome,
with each person serving as their own control. Therefore, this design inherently controls for
confounding by factors that do not change within individual over the observation period.24
The study population was adult warfarin users between the ages of 18 and 100 years in the
US Medicaid population who also received glimepiride, glipizide, glyburide, or metformin,
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although not necessarily concomitantly with warfarin. We further required a 6-month
baseline period free of enrollment gaps immediately before the first warfarin episode. In
case an individual dis-enrolled from Medicaid after contributing to observation time and re-
enrolled later, we re-applied the baseline period criterion immediately before the first
warfarin episode appearing after that re-enrollment. A flow chart that describes the
identification of our study individuals, application of inclusion/exclusion criteria, and
sample sizes is presented in Figure S1. The data used were administrative health care claims
data from five states’ Medicaid programs2>—California, Florida, New York, Ohio, and
Pennsylvania—from 1999 to 2011, supplemented with Medicare claims for Medicaid-
Medicare dual-enrollees, including Medicare Part D, the outpatient prescription drug
coverage program for Medicare that began in 2006. These five states account for
approximately 40% of the nationwide Medicaid population.28 We linked these data to the
Social Security Administration Death Master File to ascertain dates of death.

Outcome of interest

The outcome of interest was hospital presentation for serious bleeding. Specifically, we
examined the following three outcomes of interest separately: 1) serious bleeding as a
composite outcome of gastrointestinal bleeding (GIB) and non-traumatic intracranial
hemorrhage (ICH); 2) GIB; and 3) ICH. GIB and ICH are the most common among serious
bleeding events associated with drugs.2” We ascertained outcomes using validated
algorithms based on discharge diagnoses (Table 1) in any position appearing in hospital
inpatient claims (for GIB and ICH) or emergency department claims (for ICH). These
algorithms have a positive predictive value of 81%28 for GIB and 97-98%2° for ICH.
Outcomes that occurred during a warfarin episode that met the baseline criterion were
included, regardless of whether the outcome occurred during a period of concomitancy or
non-concomitancy with a sulfonylurea or metformin.

Exposure of interest and covariates

The exposure of interest was current use of either one of the sulfonylureas—glimepiride,
glipizide, and glyburide, which together accounted for more than 99% of the sulfonylurea
prescriptions in the Medicaid and Medicare claims data that we used—or metformin,
concomitantly with warfarin. We ascertained the exposure of interest using National Drug
Codes (NDCs), dispensing dates, and days supplied in prescription drug claims data.
Because prescription claims data from Ohio lack information on days supplied, we imputed
30 days, given that days supplied in more than 80% of prescriptions for these precipitant
drugs from each of the other four states was 30 days.

Given that the self-controlled case series design inherently controls for time-invariant
confounders, we adjusted only for time-varying potential confounders (Table 2), including:
a) drugs that can increase the risk of bleeding; b) drugs that can increase the INR; c) drugs
that can reduce INR; and d) major acute condition that may affect bleeding (Table S1).
Average daily dose (defined as the product of the quantity and strength divided by the days
supplied) of the most recent prescription of the object drug (i.e., warfarin) and an indicator
of therapeutic drug monitoring for warfarin (“warfarin monitoring™) that day or within the
past seven days were additionally controlled for in separate sensitivity analyses. To control
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for warfarin average daily dose, we excluded person-days with potentially implausible
warfarin average daily doses—those greater than 2 times maximum daily dose of warfarin
(i.e., >20 mg/day)—in dose-adjusted analyses. Warfarin monitoring was assessed using
Current Procedural Terminology (CPT) codes and Healthcare Common Procedure Coding
System (HCPCS) codes (CPT: 99363, 99364, 3555F, 85610, 85611, HCPCS: G0249,
G0250) (Table 2).

Observation time

Observation time consisted of one or more warfarin episodes during which at least one
serious bleeding event occurred. We constructed observation time for each outcome category
(i.e., serious bleeding as a composite outcome, GIB, and ICH) separately. Individuals were
allowed to contribute more than one episode if inclusion/exclusion criteria were met for each
episode. An episode was defined as one or continuous prescriptions that allowed for a 14-
day grace period at the end of each prescription to account for potential incomplete
adherence. Each episode began at the dispensing date of the first warfarin prescription and
ended at the first occurrence of the following: a) end of the days supplied (including the
grace period); b) Medicaid enrollment discontinuation; c) death; and d) end of dataset (i.e.,
December 31, 2011). The occurrence of bleeding was not a reason to end an episode.
Episodes for each sulfonylurea and metformin were defined by the same method except for
censoring by death occurrence. As death permanently ends an episode, we additionally
performed a sensitivity analysis that only excluded episodes that were terminated by death.24
Within a warfarin episode, days of concomitant use with a sulfonylurea or metformin
constituted precipitant-exposed time, and the other days constituted precipitant-unexposed
time.

Statistical analysis

We performed conditional Poisson regression analyses21:22 for each endpoint of interest and
for each warfarin-precipitant drug pair to estimate confounder-adjusted outcome occurrence
RRs—i.e., outcome occurrence rate during precipitant-exposed time versus outcome
occurrence rate during precipitant-unexposed time—and 95% confidence intervals (CIs).
The unit of analysis was a person-day of observation time. The dependent variable was an
indicator of outcome occurrence. The independent variables included were indicators of
exposure to precipitant drugs and prespecified time-varying covariates (potential
confounders) listed in Table 2. Further, to examine the robustness of the results, we
performed sensitivity analyses as follows: 1) controlling for average daily dose of warfarin;
2) controlling for warfarin monitoring; 3) excluding warfarin episodes terminated by death
(because death permanently ends observation time, thereby making subsequent exposures
that might have otherwise occurred during observation time impossible24); and 4) excluding
warfarin episodes during which individuals had potentially incomplete data (defined
operationally as data from individuals enrolled in a managed care plan or a private health
insurance, individuals with restricted benefits, or Medicaid-Medicare dual-enrollees who
were enrolled in a group health organization or a Medicare Advantage plan for which the
Centers for Medicare and Medicaid Services does not process provider claims). All analyses
were conducted using SAS version 9.4 (SAS Institute, Cary, North Carolina, US).
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This study was approved by the institutional review board of the University of Pennsylvania,
which waived the requirement for informed consent.

We identified 6,463 warfarin users who met inclusion/exclusion criteria and experienced a
serious bleeding event while on warfarin. These persons contributed a total of 1,433,447
person-days of observation time. Table 3 shows the characteristics of study participants.
There were 7,388 occurrences of the composite outcome of serious bleeding (including 27
concurrences of GIB with ICH); 6,419 GIB occurrences; and 996 ICH occurrences. For the
composite outcome, median age at start of the observation time was 73.1 (Q1: 64.9, Q3:
80.3) years, 66.5% of the individuals were women, and the proportion of person-days
exposed to glimepiride, glipizide, glyburide, and metformin during observation time was
7.1%, 18.1%, 12.8%, and 26.9%, respectively.

Table 4 and Figure 1 present confounder-adjusted RRs and 95% Cls for each outcome. RRs
across precipitant drugs did not substantially differ across outcomes, although ICH seemed
to have greater variations in RRs and Cls, which is probably attributable to the smaller
number of ICH events. All RRs were numerically lower than 1.0, except for glipizide for
ICH (RR: 1.04, 95% CI: 0.70 to 1.55). Metformin had RRs that were statistically
significantly lower than the null, suggesting a potentially lower risk of bleeding by
concomitant use compared with use of warfarin alone, for the composite outcome (RR: 0.85,
95% CI: 0.76 to 0.96) and ICH (RR: 0.51, 95% ClI: 0.36 to 0.71). All other Cls included the
null value.

The results of sensitivity analyses—i.e., adjusting for average daily dose of warfarin (Table
S2), adjusting for warfarin monitoring (Table S3), excluding warfarin episodes terminated
by death (Table S4), and excluding warfarin episodes from individuals with potentially
incomplete data (Table S5)—were similar to the primary analysis results. Notably, when
warfarin average daily dose was additionally controlled for, concomitancy with glyburide
showed a statistically reduced rate for ICH (RR: 0.56, 95% CI: 0.34 to 0.92) and the
composite outcome (RR: 0.82, 95% CI: 0.68 to 0.99).

DISCUSSION

We found that commonly used sulfonylureas and metformin were not associated with an
increased rate of serious bleeding in warfarin users. Prior to this study, there was reason to
predict that some of these precipitants might either increase or reduce the risk of bleeding in
warfarin users. For example, both glyburidel41> and glimepiridel® exhibit /7 vitro inhibition
of CYP2C9, and widely used drug references warn that concurrent use of warfarin plus
glyburidel® or sulfonylureas!” may increase the risk of bleeding. Our results suggest that an
increase in average bleeding risk is not observed in real-world practice, and are consistent
with previous clinical studies that found that sulfonylureas and metformin are associated
with reduced INR8:19 and increased dose requirements of vitamin K antagonists.18.19.30
Potential mechanisms of a reduced INR include: increased metabolism of vitamin K
antagonists by increased liver blood flow by metformin,39 increased clearance of vitamin K

Clin Pharmacol Ther. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nam et al.

Page 6

antagonists through increased bile salt excretion by metformin1®31, reduced hepatic
inflammation as a result of antidiabetes drug treatment, which leads to higher expression of
CYP enzymes (especially CYP2C9), and increased metabolism of vitamin K antagonists.1®
While such mechanisms might be expected to increase the risk of thromboembolism if the
warfarin dose is not increased in response to a reduction in INR, whether this results in an
observable increase in the risk has not yet been studied, but is an important research
question.

This study has several important strengths. The self-controlled case series design inherently
controls for confounding by static patient factors. We further controlled for potential time-
varying confounders, and examined the robustness of the results through a series of
sensitivity analyses. Further, the algorithms to identify the study outcomes have good
performance characteristics. In addition, the large number of events (e.g., n=7,388 in the
primary analysis for serious bleeding) allowed for relatively narrow Cls. Finally, the study
was conducted in Medicaid beneficiaries, a vulnerable population in whom harmful DDIs
may be more readily identified. This study also has limitations. Information on actual
ingestion of prescribed drugs, non-medical or non-prescription drug therapy, diet, and health
behaviors is lacking in the administrative claims data. Notwithstanding our adjustment for a
large number of potential time-varying confounders, in addition to the inherent control for
time-invariant confounders, residual confounding may have remained.

In summary, we found that use of sulfonylureas and metformin were not associated with an
increased rate of serious bleeding in warfarin users. These results might provide
epidemiologic evidence against the need to generally avoid these combinations to reduce
bleeding risk. Further studies are warranted to investigate whether their concurrent use is
associated with an increased rate of thromboembolism and to elucidate potential underlying
mechanisms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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STUDY HIGHLIGHTS
What isthe current knowledge on the topic?

Warfarin-associated bleeding is among the most serious and common adverse drug
events. Concomitant use of sulfonylureas or metformin is common in warfarin users, yet
whether these drugs increase or reduce the risk of bleeding when used with warfarin has
remained unclear.

What question did this study address?

This study investigated whether concomitant use of sulfonylureas or metformin affects
the risk of serious bleeding in warfarin users.

What does this study add to our knowledge?

After controlling for potential confounders, using real-world administrative health care
data from the US Medicaid population and a self-controlled case series design, this study
found that use of sulfonylureas—glimepiride, glipizide, and glyburide—or metformin
was not associated with an increased rate of serious bleeding in warfarin users.

How might this change clinical phar macology or translational science?

The results provide epidemiologic evidence against the need to generally avoid the
concomitant use of sulfonylureas or metformin in warfarin users to reduce bleeding risk.
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Table 1.
Operational definitions of outcomes of interest and performance measures of the outcome ascertainment
algorithms
Outcome I1CD-9-CM Description Diagnosis position and claim type Perfor mance of
code algorithm
Gastrointestinal 530.21 Esophageal ulcer, with Any position of discharge diagnosis in PPV ~819%28
bleeding hemorrhage inpatient claims
531.0X%, Gastric ulcer, with
531.2X, hemorrhage
531.4X%, 531.6X
532.0X, Duodenal ulcer, with
532.2X, hemorrhage
532.4X, 532.6X
533.0X, Peptic ulcer, with
533.2X, hemorrhage
533.4X, 533.6X
534.0X, Gastrojejunal ulcer, with
534.2X, hemorrhage

534.4X, 534.6X

535.01, 535.11,
535.21, 535.31,
535.41, 535.51,
535.61, 535.71

Gastritis and duodenitis,
with hemorrhage

537.83, 537.84

Other specified disorder of
stomach and duodenum,
with hemorrhage

562.02, 562.03,
562.12, 562.13

Diverticula of intestine,
with hemorrhage

569.85, 569.86

Other disorders of
intestine, with hemorrhage

Gastrointestinal

578.X hemorrhage
Non-traumatic 430 Subarachnoid hemorrhage | Any position of discharge diagnosis in PPV ~98%
intracranial ED or inpatient claims, excluding cases (subarachnoid
hemorrhage 431 Intracerebral hemorrhage | with traumatic brain injury diagnosis hemorrhage), ~97%

(ICD-9-CM codes 800-804, 850-854) in
any position on the same admission date

(intracerebral
hemorrhage)?®

ED: emergency department. ICD-9-CM: International Classification of Diseases, 9th Revision, Clinical Modification. PPV: positive predictive

value.
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Prespecified time-varying covariates included in conditional Poisson regression models

Category

Subcategory

Component

Identification method

Drugs that can increase the
risk of bleeding

Antiplatelet agentsa

abciximab, aspirin, cangrelor, cilostazol,
clopidogrel, dipyridamole, eptifibatide,
prasugrel, ticagrelor, ticlopidine, tirofiban,
vorapaxar

NDC, dispensing date, days
supplied

NSAIDsa celecoxib, diclofenac, diflunisal, etodolac, NDC, dispensing date, days
fenoprofen, flurbiprofen, ibuprofen, supplied
indomethacin, ketoprofen, ketorolac,
meclofenamate, meloxicam, nabumetone,
naproxen, oxaprozin, piroxicam, salsalate,
sulindac, tolmetin

SNRIsa desvenlafaxine, duloxetine, levomilnacipran, NDC, dispensing date, days
milnacipran, venlafaxine supplied

SSRIsa citalopram, escitalopram, fluoxetine, NDC, dispensing date, days

fluvoxamine, milnacipran, paroxetine, sertraline

supplied

Drugs that can increase INR

CYP1AZ2 inhibitors

b . b a
enoxacin ", gatifloxacin™, propranolol

NDC, dispensing date, days
supplied

CYP2C9 inhibitors

. a b . b
amiodarone”, amoxicillin”, co-trimoxazole™,
.. a4 b .o a

etravirine”, fluconazole™, fluvoxamine™,
. b . b a
metronidazole™, miconazole™, oxandrolone™,

. b
voriconazole

NDC, dispensing date, days
supplied

CYP3A4 inhibitors

atorvastatina, azithromycinb , erythromycinb,
L .a - a a
gemfibrozil™, prednisone™, propafenone™,
. a . . a
rosuvastatin®, simvastatin

NDC, dispensing date, days
supplied

Drugs increasing

vitamin K catabolism?

thyroid hormones (levothyroxine, liothyronine,
liotrix)

NDC, dispensing date, days
supplied

Drugs that can cause

protein displacementa

phenytoin, sulfinpyrazone

NDC, dispensing date, days
supplied

Drugs with unknown
mechanism

. a b . b
acetaminophen™, cefamandole™, cefazolin™,

quinidinea

NDC, dispensing date, days
supplied

Drugs that can reduce INR

Inducers of drug
metabolism

amobarbitala, carbamazepinea,
cholestyraminea, griseofulvinb, phenobarbitala,
propylthiouracila, rifampinb, secobarbital?

NDC, dispensing date, days
supplied

Major non-chronic condition
that may affect bleeding risk

Acute infectionb

Acute infection identified at any position of
discharge diagnosis on inpatient or outpatient
claims

ICD-9-CM diagnosis codes,
admission or service date

Warfarin monitoring *

Therapeutic drug
monitoring for

. C
warfarin

INR testing/monitoring, prothrombin time
testing/monitoring, identified at any-position of
any claim-type procedure codes

CPT, HCPCSd

Average daily dose of object
drug *

Average daily dose of

. e
warfarin

Defined by [(quantity x strength) / (days
supplied)]

NDC, dispensing date, days
supplied, quantity, strength

NDC: National Drug Code. NSAID: nonsteroidal anti-inflammatory drug. SNRI: serotonin and norepinephrine reuptake inhibitor. SSRI: selective
serotonin reuptake inhibitor. INR: international normalized ratio. CYP: cytochrome P450 enzyme. ICD-9-CM: International Classification of
Diseases 9th Revision Clinical Modification. CPT: Current Procedural Terminology. HCPCS: Healthcare Common Procedure Coding System.

a . . - L . Lo
Measured as a day-level binary variable indicating being dispensed on the current day (refers to each day during the observation time as current)
or any time during the 31 days prior to the current day.
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bMeasured as a day-level binary variable indicating being diagnosed on the current day or any time during the 15 days prior to the current day.

Measured as a day-level binary variable indicating warfarin monitoring conducted on the current day or any time during the 7 days prior to the
current day.

dCPT codes 99363, 99364, 3555F, 85610, 85611 and HCPCS codes G0249, G0250.
eMeasured as a day-level continuous variable on the current day, based on the prescription active on the current day. In the analysis controlling for
warfarin average daily dose, while Medicare claims from Ohio were included, Medicaid claims from Ohio were excluded due to lack of

information on days supplied.

*
Covariates additionally adjusted in the sensitivity analyses.
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Outcome

Non-traumatic intracranial

Seriousbleeding®  Gastrointestinal bleeding hemorrhage
Persons, person-days, and outcome occurrence
Number of persons 6,463 5,832 684
Person-days of observation time 1,433,447 1,303,047 141,179
During precipitant-exposed timeb 740,318 666,694 80453
During precipitant-unexposed time® 693,129 636,353 60,726
Observation time per person in days, median (Q1; 114 (48; 268) 115 (49; 268) 106 (45; 266)
Q3)
Number of outcome occurrences during observation 7,388 6,419 996
time
During precipitant-exposed time 3,585 3,065 534
During precipitant-unexposed time 3,803 3,354 462
Rate of outcome occurrence per 1,000 person-days 52 4.9 71

during observation time

Demographic characteristics, number of persons (%), unless otherwise noted

Age in years at start of observation time, median 73.1(64.9; 80.3) 73.3(65.1; 80.4) 72.3 (63.5; 79.4)
(Q1;Q3)

Sex, female 4,301 (66.5%) 3,893 (66.8%) 446 (65.2%)

Race/ethnicity
White 3,307 (51.2%) 3,063 (52.5%) 262 (38.3%)
Black 1,145 (17.7%) 1,043 (17.9%) 112 (16.4%)
Hispanic/Latino 908 (14.0%) 795 (13.6%) 126 (18.4%)
Other/unknown 1,103 (17.1%) 931 (16.0%) 184 (26.9%)

State of residence

California 2,201 (34.1%) 1,909 (32.7%) 314 (45.9%)
Florida 944 (14.6%) 861 (14.8%) 92 (13.5%)
New York 1,669 (25.8%) 1,525 (26.1%) 156 (22.8%)
Ohio 865 (13.4%) 808 (13.9%) 65 (9.5%)
Pennsylvania 784 (12.1%) 729 (12.5%) 57 (8.3%)
Calendar year at start of observation time
1999 210 (3.2%) 190 (3.3%) 21 (3.1%)
2000 413 (6.4%) 372 (6.4%) 48 (7.0%)
2001 456 (7.1%) 419 (7.2%) 44 (6.4%)
2002 451 (7.0%) 411 (7.0%) 44 (6.4%)
2003 458 (7.1%) 408 (7.0%) 54 (7.9%)
2004 475 (7.3%) 430 (7.4%) 50 (7.3%)
2005 521 (8.1%) 474 (8.1%) 49 (7.2%)
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Outcome
Seriousbleeding®  Gastrointestinal bleeding NO”'"ar‘jg"n%ifr;{:g’:”a”ia‘
2006 718 (11.1%) 645 (11.1%) 76 (11.1%)
2007 541 (8.4%) 478 (8.2%) 70 (10.2%)
2008 578 (8.9%) 527 (9.0%) 54 (7.9%)
2009 672 (10.4%) 601 (10.3%) 75 (11.0%)
2010 574 (8.9%) 520 (8.9%) 57 (8.3%)
2011 396 (6.1%) 357 (6.1%) 42 (6.1%)
Medicare dual-enrollment, anytime during baseline 5,462 (84.5%) 4,956 (85.0%) 550 (80.4%)
period
Precipitant drugsd, number of person-days during precipitant-exposed time (%)e
glimepiride 101,700 (7.1%) 92,882 (7.1%) 9,457 (6.7%)
glipizide 259,066 (18.1%) 236,553 (18.2%) 25,667 (18.2%)
glyburide 183,101 (12.8%) 162,723 (12.5%) 22,488 (15.9%)
metformin 385,586 (26.9%) 343,808 (26.4%) 43,526 (30.8%)

Time-varying covariatesf, number of person-days (%), unless otherwise noted

Acute infection 214,885 (15.0%) 198,882 (15.3%) 17,434 (12.3%)
Antiplatelet agents 224,404 (15.7%) 203,391 (15.6%) 22,379 (15.9%)
CYP2C9 inhibitors 114,769 (8.0%) 108,115 (8.3%) 8,406 (6.0%)
CYP1A2 inhibitors 7,274 (0.5%) 6,823 (0.5%) 451 (0.3%)
CYP3A4 inhibitors 577,352 (40.3%) 527,600 (40.5%) 54,396 (38.5%)
Drugs that can cause protein displacement 30,917 (2.2%) 27,580 (2.1%) 3,443 (2.4%)
Drugs with unknown mechanism 322,795 (22.5%) 299,682 (23.0%) 24,452 (17.3%)
Inducers of drug metabolism 14,746 (1.0%) 12,631 (1.0%) 2,198 (1.6%)
NSAIDs 120,204 (8.4%) 110,194 (8.5%) 10,165 (7.2%)
SNRIs 46,348 (3.2%) 42,773 (3.3%) 3,677 (2.6%)
SSRIs 280,375 (19.6%) 256,594 (19.7%) 25,815 (18.3%)
Thyroid hormones 203,894 (14.2%) 189,372 (14.5%) 15,375 (10.9%)
Average daily dose of warfarin, in milligrams (Q1; 4.0 (2.5;5.0) 4.0 (2.5;5.0) 4.0 (2.5;5.0)

Q37

Therapeutic drug monitoring for warfarin?

419,475 (29.3%)

385,002 (29.5%)

38,048 (27.0%)

CYP: cytochrome P450. NSAID: nonsteroidal anti-inflammatory drug. Q1: First quartile. Q3: Third quartile. SNRI: serotonin and norepinephrine
reuptake inhibitor, SSRI: selective serotonin reuptake inhibitors.

a . . : . L .
Composite outcome: occurrence of gastrointestinal bleeding or non-traumatic intracranial hemorrhage or both.

b . . .
Precipitant-exposed time: time exposed to a precipitant drug.

c.. . . .
Precipitant-unexposed time: time unexposed to a precipitant drug.

a - -
Exposure to precipitant drugs: indicator of the exposure status.

% of person-days: % of person-days for “yes” of the variable.
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Time-varying covariates: indicator of the exposure status, measured in prior 31 days on the person-day level except for acute infection which were
measured in prior 15 days. Detailed information on diagnosis codes used to identify acute infections is presented in Table S1.

gAverage daily dose of warfarin and therapeutic drug monitoring for warfarin were adjusted for in sensitivity analyses.
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Confounder-adjusted outcome occurrence rate ratios for the association between serious bleeding and warfarin

when used concomitantly with a sulfonylurea or metformin

Outcome Per son-days Number of Precipitant Per son-days Number of Rate 95% ClI
during outcomes drug during outcomes raIiob
observation during precipitant- during
time observation sed time? precipitant-
time &xpo ime exposed time
I . 1,433,447 7,388  glimepiride 101,700 496 0.93 0.75,1.15

Serious bleeding
glipizide 259,066 1,276 0.97 0.84,1.13
glyburide 183,101 913 0.89 0.76, 1.06
metformin 385,586 1,757 0.85 0.76, 0.96

Gastrointestinal 1,303,047 6,419  glimepiride 92,882 441 0.98 0.78,1.24

bleeding
glipizide 236,553 1,090 0.96 0.82,1.13
glyburide 162,723 756 0.89 0.74, 1.06
metformin 343,808 1,487 0.92 0.81, 1.05

Non-traumatic 141,179 996 glimepiride 9,457 58 0.68 0.37,1.25

intracranial

hemorrhage glipizide 25,667 191 1.04 0.70, 1.55
glyburide 22,488 161 0.88 0.57,1.36
metformin 43,526 276 0.51 0.36,0.71

Cl: confidence interval (based on a two-tailed test).

a .. . . . . . L . — .
Precipitant-exposed time: days of warfarin-precipitant drug concomitant use during observation time since the initiation of the concomitant use.

Rate ratio: [(outcome occurrence rate during precipitant-exposed time) / (outcome occurrence rate during precipitant-unexposed time)], for each

warfarin-precipitant drug pair.

Serious bleeding as a composite outcome; occurrence of gastrointestinal bleeding or non-traumatic intracranial hemorrhage or both.
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