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Abstract

Most drug interaction resources suggest that levothyroxine can dramatically potentiate the effect of
warfarin. However, the mechanistic basis of the interaction is speculative, and little evidence
supports a meaningful drug interaction. We conducted a population-based nested case—control
study to examine the risk of hospitalization for hemorrhage following the initiation of
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levothyroxine in a cohort of 260,076 older patients receiving warfarin. In this group, we identified
10,532 case subjects hospitalized for hemorrhage and 40,595 controls. In the primary analysis, we
found no association between hospitalization for hemorrhage during warfarin therapy and
initiation of levothyroxine in the preceding 30 days (adjusted odds ratio 1.11, 95% confidence
interval 0.67-1.86). Secondary analyses using more remote initiation of levothyroxine also found
no association. These findings suggest that concerns about a clinically meaningful levothyroxine—
warfarin drug interaction are not justified. Drug interaction resources that presently characterize
this interaction as important should reevaluate this classification.

INTRODUCTION

Warfarin has been in clinical use for more than 50 years.1 With more than 31 million
outpatient prescriptions in 2010, it is the most commonly prescribed oral anticoagulant in
the United States.? Treatment with warfarin remains a challenge, however, and the drug is
one of the top 10 cited in the US Food and Drug Administration’s Adverse Event Reporting
System.3 The adverse events reported are largely the result of warfarin’s narrow therapeutic
window.*-8 Genetic polymorphisms and dietary factors influence the individual response to
warfarin,”~11 but avoidable drug interactions are of particular importance.12-15 Hundreds of
drugs can alter the response to warfarin, and in most cases these interactions, although
predictable and avoidable, are underappreciated.213.14

Several authoritative reference sources suggest that a significant drug interaction exists
between warfarin and levothyroxine, predisposing patients to bleeding.16-20 Two
pharmacodynamic mechanisms have been advanced to explain this potential interaction.
First, thyroid hormone may enhance the affinity of warfarin for its target, the enzyme
vitamin K-dependent epoxide reductase.?122 Second, supplemental thyroid hormone may
increase the metabolic clearance of vitamin K-dependent clotting factors, particularly
factors 11 and VI11.23-27 Because warfarin interferes with activation of the same factors, these
mechanisms are thought to explain the potential drug interaction between the two drugs.

Because levothyroxine and warfarin are used by millions of patients each year,? it is
probable that many patients worldwide will receive these drugs in combination. Several drug
interaction textbooks warn that the potential interaction between levothyroxine and warfarin
is clinically important'6-18 and characterize its severity as major.1” The interaction is also
described in popular evidence-based resources such as UpToDate and Micromedex, as well
as drug interaction databases used by pharmacists such as First DataBank.

Although this potential interaction was first described in animal studies more than half a
century ago,28:29 case reports and small prospective studies have done little to expand our
understanding of its frequency and clinical relevance.19.22-26.30-34 |ncreases in the
international normalized ratio have been observed in clinical settings after patients receiving
warfarin became thyrotoxic for various reasons, including after being given levothyroxine.30
Similarly, small prospective studies observed increases in prothrombin time of up to 26 s in
participants receiving warfarin when they were also given thyroid hormone.24:32 However,
only one case report describes a patient presenting with clinical evidence of bleeding
thought to result from the concomitant use of levothyroxine and warfarin.3? No controlled
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studies of this interaction have explored clinically relevant outcomes such as hemorrhage.
We examined the clinical consequences of the possible drug interaction between
levothyroxine and warfarin.

RESULTS

Over the 16-year study period, we identified 260,076 patients with at least 3 months of
continuous warfarin use beginning after their 66th birthday. Within this group, we identified
10,937 patients who were hospitalized for hemorrhage. We excluded 405 cases (3.7%)
because they could not be matched with at least one control. The remaining 10,532 cases
were matched to 40,693 controls. The median age of cases and controls was 80 years
(interquartile range 75-86 years), and slightly more than half were women (50.8%; Table 1).
As expected, cases were more likely than controls to have various comorbidities, including
stroke, atrial fibrillation, and chronic kidney disease. Other characteristics of the cases and
controls are shown in Table 1.

In the primary analysis, we found no increase in the risk of hemorrhage among older
patients receiving warfarin who initiated levothyroxine in the previous 30 days (adjusted
odds ratio (OR) 1.11, 95% confidence interval 0.67-1.86; Table 2). As expected, we found
no significant association with more distant exposures (adjusted OR 0.76, 95% confidence
interval 0.26-2.25 for patients initiating levothyroxine 31-60 days before the index date;
adjusted OR 0.67, 95% confidence interval 0.15-3.01 for patients initiating levothyroxine
61-90 days before bleeding; Table 2).

DISCUSSION

In this population-based study spanning 16 years, we found no significantly increased risk of
hospitalization for hemorrhage following the initiation of levothyroxine in older patients
already acclimatized to warfarin therapy. This is the first large-scale exploration of this
potential drug interaction to study a clinically relevant outcome. Although hundreds of drugs
can modify the response to warfarin and increase the risk of bleeding in clinical practice,
21314 oyr findings suggest that levothyroxine is not among them.

It is possible that an interaction does indeed exist between levothyroxine and warfarin but
that it registers no discernible hemorrhage signal in clinical practice because of the gradual
introduction of levothyroxine, a slow onset of clinically apparent interaction, and periodic
adjustment of the warfarin dose, which would offset the risk of bleeding. Although this
possibility cannot be excluded, it argues further against a clinically important interaction.

Although many drug interaction textbooks and other clinical tools identify the interaction
between levothyroxine and warfarin as serious, little evidence supports a clinically
meaningful interaction. Only a single case report describes a patient with hemorrhage
presumed to be the result of concomitant therapy with the two drugs,3° and no controlled
studies of this interaction have examined a clinically relevant outcome such as bleeding.
Indeed, some of the concern about the potential drug interaction may reflect extrapolation of
an apparent drug—disease interaction between warfarin and thyrotoxicosis, in which the
response to warfarin appears to have been exaggerated.25:26:31,34-36
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Several limitations of our study merit emphasis. Clinicians may already exercise caution
when prescribing these drugs together because of existing warnings, which would attenuate
the risk of adverse outcomes, and we could not account for preemptive warfarin dose
adjustment among patients commencing levothyroxine treatment. Moreover, because many
physicians initiate levothyroxine therapy gradually in older patients, this would tend to
lessen the clinical impact of any potential interaction. We have no data regarding use of
nonprescription acetylsalicylic acid, acetaminophen, or anti-inflammatory drugs, which may
increase the risk of hemorrhage during warfarin therapy. However, these should be equally
distributed regardless of thyroxine use and should not influence our results. Finally, we have
no direct measure of bleeding not leading to hospitalization, drug adherence, or laboratory
data, such as international normalized ratio levels, and, because our results derive from
patients aged 66 years and older, the generalizability of our findings to younger patients is
unknown.

In conclusion, we found no evidence that the initiation of levothyroxine was associated with
an increased risk of hospitalization for hemorrhage in a large cohort of older patients
receiving warfarin. Our findings suggest that concerns about a clinically meaningful
levothyroxine—warfarin interaction may be misplaced. This observation may help inform
future iterations of drug interaction compendia and other electronic tools that currently
characterize this interaction as clinically important. For front-line physicians and
pharmacists, these results provide reassurance that no particular additional vigilance is
necessary when levothyroxine is initiated in patients already receiving warfarin.

METHODS
Setting

We conducted a population-based nested case—control study among Ontario residents aged
66 years or older treated with warfarin between 1 July 1994 and 31 December 2009. The
study was approved by the research ethics board of Sunnybrook Health Sciences Centre.

Data sources

We examined the computerized prescription records of the Ontario Public Drug Program,
which contains comprehensive records of prescription medications dispensed to Ontario
residents 65 years of age and older. We identified hospital admissions using the Canadian
Institute for Health Information’s Discharge Abstract Database, which contains detailed
diagnostic and procedural information about all hospital admissions in the province. We
used the Ontario Health Insurance Plan database to identify claims for physician services
and the Registered Persons Database to obtain demographic information. These databases
were linked in an anonymous fashion using encrypted health-card numbers and are regularly
used to study drug safety, including the consequences of drug interactions.37-41

Identification of patients

The study design is outlined in Figure 1. For each patient, we identified a period of
continuous warfarin use beginning with the first prescription for warfarin following the
patient’s 66th birthday. For a patient to be defined as a continuous user of warfarin, we
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required successive prescription claims within 120 days. We excluded patients with a single
warfarin prescription, those with fewer than 90 days of total warfarin use, and those
hospitalized for bleeding within 90 days of their first warfarin prescription, to allow for an
initial period of acclimatization to warfarin therapy. Patients were censored upon death,
discontinuation of warfarin, hospitalization for hemorrhage or the end of the study period
(31 March 2010), whichever occurred first. For patients who discontinued warfarin,
observation was continued for 60 days from the date of their last prescription to identify
adverse events that may have precipitated cessation of therapy.

Hospital admissions for hemorrhage were identified using the International Classification of
Disease and Related Health Problems, 9th and 10th revisions (see Supplementary Data
online). For each case, the index date was defined as the date of the first hospital admission
for hemorrhage following cohort entry. We identified up to four randomly selected controls
who were taking warfarin but free of hemorrhage on the index date, matching on age (within
3 years), sex, and any previous hospitalization with hemorrhage (in the prior 3 years).
Controls were assigned the same index date as their matched case. When four matched
controls could not be obtained, the matching criteria were not altered and all available
controls were analyzed. Each control could be matched to only one case, and we excluded
cases without at least one matched control.

Within the cohort of individuals receiving warfarin, we identified patients newly exposed to
levothyroxine in the 90 days before their index date because the clinical consequences of
this interaction are expected to manifest following the introduction of levothyroxine in
patients already receiving warfarin.16-18 patients were defined as newly exposed if they did
not have another levothyroxine prescription in the previous year. As our primary analysis,
we examined new levothyroxine prescriptions initiated within 30 days before the index date.
We anticipated that any association would attenuate with more remote initiation of
levothyroxine. As secondary analyses, we examined new levothyroxine prescriptions 31-60
days and 61-90 days before the index date.

Statistical analysis

We compared baseline characteristics of cases and controls using standardized differences,
which reflect the mean difference as a percentage of the SD. This measure is not as sensitive
to sample size as traditional tests such as Pvalues; this is particularly important when
analyzing large datasets. Values <0.10 suggest negligible differences between groups.

We used conditional logistic regression to estimate the OR and 95% confidence interval for
the association between hemorrhage during warfarin therapy and new exposure to
levothyroxine. In all analyses, patients who did not receive a new prescription for
levothyroxine in the 90 days before their index date constituted the reference group.

We adjusted for income quintile (estimated from residential postal codes), residence in a
long-term care facility, history of atrial fibrillation or chronic kidney disease, and the number
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drugs prescribed in the past year.#2 We also adjusted for the receipt of other drugs that

might modify the risk of warfarin-related hemorrhage, including antiplatelet agents,

no

nsteroidal anti-inflammatory drugs, cyclo-oxygenase 2 inhibitors, prescription

acetaminophen compounds, gastroprotective medications, selective serotonin receptor
inhibitors and corticosteroids dispensed within 60 days preceding the index date, along with

Su

Ifamethoxazole/trimethoprim, metronidazole, and other oral antibiotics dispensed within

14 days of the index date (see Supplementary Data online). We used SAS version 9.2 for all

an

alyses (SAS Institute, Cary, NC) and a two-tailed type 1 error rate of 0.05 as the threshold

for statistical significance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

. Several authoritative reference sources suggest that a significant drug
interaction exists between warfarin and levothyroxine, increasing the risk of
hemorrhage. However, the mechanism of this interaction is speculative, and
little evidence supports a clinically meaningful drug interaction.

WHAT QUESTION DID THIS STUDY ADDRESS?

. We examined the clinical consequences of the possible drug interaction
between levothyroxine and warfarin.

WHAT THIS STUDY ADDS TO OUR KNOWLEDGE

. Only a single case report describes a patient with hemorrhage presumed to be
the result of concomitant therapy with the two drugs, and no controlled
studies of this interaction have examined a clinically relevant outcome such as
bleeding. In this large-scale controlled study, we found that older patients
taking warfarin faced no increase in the risk of hospitalization for hemorrhage
in the month after initiating levothyroxine.

HOW THIS MIGHT CHANGE CLINICAL PHARMACOLOGY AND
THERAPEUTICS

. Our findings suggest that concerns about a clinically meaningful
levothyroxine—warfarin drug interaction are not justified. Drug interaction
resources that currently characterize this interaction as important should
reevaluate this classification.
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First warfarin prescription
after 66th birthday Hospitalization for
(cohort entry) bleeding (index date)

————H——— Successive prescription claims for warfarin within 120 days (continuous warfarin use)
[ I [

61-90 days 31-60 days 0-30 days
p———————— New levothyroxine use —M8@

Figure 1.
Description of the study design. We conducted a population-based, case—control study

nested in a cohort of continuous warfarin users. Patients were excluded from the cohort if
they had (i) only one warfarin prescription, (ii) <90 days of total warfarin use, or (iii)
bleeding within 90 days of their first warfarin prescription. For cases, the index date was the
date of hospitalization with a diagnosis of hemorrhage. Controls were continuous warfarin
users who were not admitted to hospital for hemorrhage. Once cases and controls were
identified, we looked back to assess new exposure to levothyroxine (initiated 0-30, 31-60,
or 61-90 days before the index date). Patients who did not receive a new prescription for
levothyroxine constituted the reference group in our analysis.
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Table 1
Characteristics of patients receiving warfarin
Cases Controls
Variable n=10,532 n = 40,693 Standardized difference®
Age
Median (IQR) 80 (75-86) 80(75-86) 0
Male 5,181 (49.2%) 20,018 (49.2%) 0
Income quintile
1 2,374 (22.5%) 8,294 (20.4%)  0.05
2 2,293 (21.8%) 8,744 (21.5%)  0.01
3 2,099 (19.9%) 8,080 (19.9%) 0
4 1,888 (17.9%) 7,520 (18.5%)  0.01
5 1,841 (17.5%) 7,907 (19.4%)  0.05
Missing 37 (0.4%) 148 (0.4%) 0
Residence in long-term care 1,800 (17.1%) 5,386 (13.2%) 0.11
Number of different drugs used in previous year 13 (9-17) 11 (8-15) 0.3
Comorbid condlitions (previous 3 years)
Hemorrhage 395 (3.8%) 1,526 (3.8%) 0
Atrial fibrillation 7,864 (74.7%) 27,796 (68.3%) 0.14
Stroke 1,314 (125%) 3,964 (9.7%)  0.09
Hypertension 6,277 (59.6%) 24,072 (59.2%) 0.01
Alcohol-use disorder 455 (4.3%) 1,440 (3.5%) 0.04
Chronic kidney disease 3,362 (31.9%) 8,954 (22.0%) 0.23
Chronic liver disease 367 (3.5%) 948 (2.3%) 0.07
Other medication use within 60 days before index date
Aspirin 320 (3.0%) 1,327 (3.3%)  0.01
Other antiplatelet drugs 228 (2.2%) 841 (2.1%) 0.01
Other NSAIDs 865 (8.2%) 1,927 (4.7%)  0.15
Cyclo-oxygenase-2 inhibitor 281 (2.7%) 852 (2.1%) 0.04
Acetaminophen 2,741 (26.0%) 7,747 (19.0%) 0.17
H2-receptor antagonists 1,227 (11.7%) 3,757 (9.2%)  0.08
Other gastroprotective medications 442 (4.2%) 1,361 (3.3%) 0.05
Proton pump inhibitors 1,668 (15.8%) 5,535 (13.6%) 0.06
SSRI antidepressants 1,481 (14.1%) 3,873 (9.5%) 0.15
Corticosteroids 747 (7.1%) 1,990 (4.9%) 0.1
Other medication use within 14 days before index date
Cotrimoxazole 243 (2.3%) 244 (0.6%) 0.18
Metronidazole 67 (0.6%) 79 (0.2%) 0.08
Other oral antibiotic 1,268 (12.0%) 2,204 (5.4%)  0.27

IQR, interquartile range; NSAID, nonsteroidal anti-inflammatory drug; SSRI, selective serotonin receptor inhibitor.
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aStandardized differences <0.10 are generally not considered meaningful.
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Table 2

Association between hospitalization for hemorrhage and new use of levothyroxine among continuous warfarin
users

Cases (n = Controls (n = Unadjusted odds ratio (95%  Adjusted® odds ratio (95%
New levothyroxine exposure 10,532) 40,693) confidence interval) confidence interval)
Reference (no new use) 10,505 40,595 N/A N/A
0-30 days prior to index date 21 63 1.26 (0.76-2.07) 1.11 (0.67-1.86)
31-60 days prior to index date <5 22 0.73 (0.251-2.11) 0.76 (0.26-2.25)
61-90 days prior to index date <5 13 0.62 (0.14-2.73) 0.67 (0.15-3.01)

N/A, not applicable.

a. . . o . . e Lo . .
Adjusted for income quintile, long-term care residence status, history of atrial fibrillation and chronic kidney disease, number of drugs prescribed
during the past year, and recent medication use.
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