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Essentials

• The clinical impact of the carbamazepine-warfarin drug

interaction is largely unknown.

• We studied the interaction in 166 patients, using data

from three nationwide registries.

• Co-treatment with carbamazepine increased warfarin

dose requirements by 49%.

• International normalized ratio remained reduced for

months, indicating poor control.

Summary. Background: There are data indicating that the

interaction between warfarin and carbamazepine results

in decreased warfarin efficacy. However, the evidence on

the magnitude of and interindividual differences in sus-

ceptibility to this interaction has remained scarce. Objec-

tives: To investigate the effect of carbamazepine on

warfarin anticoagulation and warfarin maintenance doses

by the use of data from three nationwide registries.

Patients/Methods: In a retrospective cohort study includ-

ing 166 patients, warfarin doses were compared

2–4 weeks before and 10–13 weeks after initiation of

cotreatment with carbamazepine. In addition, warfarin

doses and International Normalized Ratio (INR) values

were calculated week-by-week during cotreatment. Data

on prescribed warfarin doses and INR measurements

were obtained from two large Swedish warfarin registers.

Data on carbamazepine use were retrieved from the

Swedish Prescribed Drug Register. Results: The average

warfarin doses were 49% (95% confidence interval 43–56)
higher during carbamazepine treatment. The INR

decreased upon carbamazepine initiation, and subthera-

peutic INR levels were observed in 79% of all patients

during the fifth week of cotreatment. Warfarin mainte-

nance dose increases exceeding 50% and 100% were

observed in 59% and 17% of patients, respectively. Con-

clusions: Four of five warfarin-treated patients in whom

cotreatment with carbamazepine was initiated experienced

subtherapeutic anticoagulative effect within 3–5 weeks.

The warfarin dose was subsequently increased by 49%, a

change that differed widely between patients. In order to

avoid thrombosis and ischemic stroke, carbamazepine ini-

tiation should be accompanied by close INR monitoring

to better meet the anticipated increase in dose demand.

Keywords: carbamazepine; cytochrome P450 (CYP2C9);

drug interactions; International Normalized Ratio;

warfarin.

Introduction

The anticoagulant warfarin is the drug most frequently

associated with severe adverse drug reactions [1,2]. The

main reason is its narrow therapeutic window, and even

small changes in warfarin sensitivity may lead to both

subtherapeutic and supratherapeutic responses, resulting

in an increased risk for thrombosis or severe bleeding [2].

In clinical practice, such changes in warfarin sensitivity

are often caused by drug–drug interactions. Carba-

mazepine is an antiepileptic drug that presumably

enhances the metabolism of warfarin, thereby increasing

the warfarin dose required to keep the International Nor-

malized Ratio (INR) within the therapeutic range.

Although this is one of the most well established drug–
drug interactions, the empirical evidence is scarce [3–8].
The aim of the present study was to investigate how
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carbamazepine affects the anticoagulative effect of

warfarin in a large patient sample.

Methods

We analyzed changes in warfarin dose requirements dur-

ing cotreatment with carbamazepine in a retrospective

cohort study based on data from two widely used war-

farin-monitoring registers and the Swedish Prescribed

Drug Register, a nationwide register of drug dispensation

[9]. Auricula and Journalia are medical record systems

used in > 300 anticoagulation clinics in Sweden [10,11].

They include individual-level information on sex, age and

day-to-day data on prescribed warfarin doses adjusted to

maintain the INR within therapeutic levels (typically 2–
3). By linking and matching Journalia and Auricula with

the Swedish Prescribed Drug Register, we compared indi-

vidual patients’ warfarin doses before and after carba-

mazepine initiation.

Eligible for inclusion were patients aged ≥ 18 years

with warfarin treatment documented in Auricula or Jour-

nalia, who had started carbamazepine therapy during

ongoing treatment with warfarin. Initiation of carba-

mazepine treatment was defined as dispensation of carba-

mazepine preceded by a period of at least 12 months

during which no carbamazepine dispensations had been

made. The date of this first dispensation was used as the

index date (start of warfarin–carbamazepine cotreatment).

To avoid including patients who stopped carbamazepine

treatment shortly after the index date, we also required a

second dispensation of carbamazepine within 60–120 days

after the index date (in Sweden, each dispensation typi-

cally covers 3 months). In addition, warfarin treatment

had to be documented from 4 weeks prior to the index

date until 11 weeks after the index date, and at least one

dispensation of warfarin had to be recorded in the period

4–20 weeks prior to the index date, to avoid including

patients who had started warfarin treatment but who had

not yet achieved a stable warfarin dose when carba-

mazepine was introduced. Individuals codispensed any

drugs that, according to the validated drug–drug interac-

tion database SFINX, have a well-documented clinically

significant pharmacokinetic potential to interact with war-

farin (i.e. changes in the INR or the area under the time–
plasma concentration curve of warfarin exceeding 10%)

were excluded [12]. Thus, patients were excluded if they

had received amiodarone, bosentan, capecitabine, cime-

tidine, clofibrate, co-trimoxazole, dabrafenib, darunavir,

dasabuvir, disulfram, dronedarone, enzalutamide, esli-

carbazepine, erythromycin, fluconazole, fluorouracil,

lopinavir, metronidazole, miconazole, paritaprevir, pheno-

barbital, primidone, propafenone, rifampicin, ritonavir,

sitaxentan, ombitasvir, oritavancin, vemurafenib,

voriconazole, or zafirlukast.

To determine whether cotreatment with carbamazepine

altered the warfarin dose requirements, the mean daily

warfarin dose over a 4-week period (70–97 days after the

index date) was compared with a baseline dose recorded

during a 4-week period before the index date. In patients

abandoning warfarin treatment between day 70 and

day 97, all available doses during this period were used

for calculation of the warfarin dose during cotreatment

with carbamazepine.

In each patient, the change in log-transformed dose

between the two periods was calculated, and the mean

difference was compared against zero (no change) in a

two-sided dependent t-test. Retransformation of the mean

difference provided a relative effect measure, i.e. the rela-

tive dose increase. The potential influence of age and sex

on the drug–drug interaction was investigated in a multi-

ple linear regression model with change in (log-trans-

formed) warfarin dose as the dependent variable. In this

model, age was coded as 18–49, 50–59, 60–69, 70–79, 80–
89 and 90–100 years. To visualize the interindividual vari-

ability in the impact of the drug–drug interaction, each

patient’s baseline dose was plotted against the corre-

sponding dose recorded after 10–13 weeks of carba-

mazepine treatment.

To investigate the temporal aspects of the drug–drug
interaction in further detail, we calculated mean warfarin

doses separately for each week. In this secondary analy-

sis, each patient’s doses were normalized by dividing

them by the patient’s baseline dose. This normalization

procedure was justified by the assumption that the rela-

tive effect (percentage dose change) of altered drug

clearance would be more uniform among patients than

the absolute effect (mg week�1). In addition, we per-

formed week-by-week calculations of the fraction of

patients in whom the warfarin dose had increased by

> 25%, > 50% or > 100% from baseline. These time-

dependent analyses covered 21 weeks, starting from the

index date. To determine whether the baseline warfarin

dose requirements influenced the relative dose increase

associated with carbamazepine exposure, we divided the

patients into those with a baseline dose of

< 30 mg week�1 and those with a baseline dose of

≥ 30 mg. We then repeated the analyses separately for

each of the two groups.

Theoretically, the proposed drug interaction could

cause a temporary drop in the INR before the warfarin

dose has been successfully increased to match the induced

drug elimination. This would be of clinical importance, as

a period of subtherapeutic INR levels following carba-

mazepine initiation would expose the patients to an

increased risk of thrombosis. To determine whether the

INR dropped during the early phases of cotreatment with

warfarin and carbamazepine, we calculated daily INR

values with the Rosendaal interpolation method [13].

After log transformation of these values, mean INR levels

with 95% confidence intervals (CIs) were calculated

week-by-week, from 1 week before until 21 weeks after

carbamazepine initiation. For each week, we also
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calculated the fraction of patients who were exposed to

an INR of < 2, which is typically the lower limit of the

target INR interval.

Finally, we calculated the delay between carbamazepine

initiation and the first follow-up INR measurement, as an

indicator of the prescribers’ awareness of the potential

drug–drug interaction. This delay was expressed as the

proportion of patients who had not yet been subjected to

INR monitoring after 1, 2 and 3 weeks of cotreatment.

In all analyses, P-values of < 0.05 were considered to

be statistically significant. All analyses were performed

with IBM SPSS STATISTICS 22.0 (SPSS, Chicago, IL, USA)

and R version 2.0.3 [14].

Results

In total, 1733 warfarin-treated patients recorded in the

Auricula and Journalia databases had been dispensed car-

bamazepine on at least one occasion between 1 July 2005

and 31 December 2012. Of these patients, 1473 were

excluded because the carbamazepine treatment did not

coincide with warfarin treatment, or because other inter-

acting drugs had been codispensed. Of the remaining 260

patients, 94 were excluded because a 4-week warfarin

baseline dose could not be calculated, leaving 166 individ-

uals for inclusion in the study (Fig. 1). The median age

(interquartile range) of the included patients was 74 years

(66–80 years), and 42% were women. At baseline, i.e.

immediately before carbamazepine initiation, the median

warfarin dose (interquartile range) was 30.0 mg week�1

(20.0–37.5 mg week�1).

INR

Following carbamazepine initiation, the mean INR

rapidly decreased from 2.26 (95% CI 2.18–2.34) and

reached a subtherapeutic level of 1.78 (95% CI 1.75–1.85)
after 4 weeks of cotreatment (Fig. 2). From 6 weeks

onwards, the INR increased slowly, but it did not return

to baseline levels until 18–20 weeks after carbamazepine

initiation .

As a consequence of the decline in the INR, the pro-

portion of patients exposed to subtherapeutic INR levels

was more than doubled, from 35% in the week preceding

carbamazepine initiation to 79% in the fifth week of

cotreatment (Fig. 3). The increased frequency of subther-

apeutic INRs returned to baseline levels after 13 weeks of

cotreatment.

After 1 week of cotreatment with carbamazepine and

warfarin, 46% of the patients had not yet had a follow-

up INR measurement performed. After 2 weeks and

3 weeks, the corresponding proportions were 21% and

11%, respectively.

To investigate the impact of warfarin dose on subse-

quent changes in INR values, we divided patients into

those with a low (< 30 mg week�1) and those with a high

(≥ 30 mg week�1) warfarin dose at baseline. Patients with

a low dose had an INR of 1.74 after 4 weeks, returning

to baseline levels by week 13. In the high-dose group, the

INR was very similar, i.e. 1.82 after 4 weeks, but the

INR did not return to baseline levels until week 18.

Warfarin dose

When we compared the daily dose of warfarin 28 days

immediately before and 70–97 days after carbamazepine

initiation, carbamazepine increased the warfarin dose

requirements by 49.2% (95% CI 42.8–55.9).
The corresponding changes among men and women

and in different age groups are shown in Table 1. The

warfarin dose increase associated with carbamazepine

treatment was evident in all subgroups, and, in the multi-

variable regression model, neither sex nor age was a sig-

nificant modifier of the drug–drug interaction effect. The

warfarin dose increase seen after carbamazepine initiation

did not end until after approximately 15–17 weeks of

cotreatment (Fig. 4).

Figure 5 shows the distribution of changes in warfarin

dose requirements over 21 weeks of cotreatment. During

this follow-up period, 82%, 59% and 17% of the patients

experienced dose increases exceeding 25%, 50% and

100%, respectively.

The change in warfarin dose associated with carba-

mazepine exposure varied widely between individuals,

but, in most patients, the dose increased by between 0%

(i.e. no change) and 100% (Fig. 6). After patients had

been divided into those with a low (< 30 mg week�1) and

those with a high (≥ 30 mg week�1) warfarin dose at

baseline, it was evident that carbamazepine treatment was

associated with greater dose increases in the former

group. Among patients with a low warfarin dose require-

ment, the dose increased by 61.4% (95% CI 52.1–71.3),
as compared with 37.7% (95% Ci 29.6–46.4) in the high-

dose group. The proportion of patients requiring dose

increases by 100% or more was almost five times higher

in the low-dose group (29% [20/70]) than in the low-dose

group (6% [4/68]).

Discussion

In this study encompassing 166 patients, we found that

carbamazepine initiation transiently increased the propor-

tion of patients with a subtherapeutic INR below 2.0

from 35% to 79%. The subsequent increase in warfarin

dose was highly variable, but amounted to a mean of

49%. Among patients with a low warfarin dose require-

ment, the dose was increased even more. Stable warfarin

doses were not reached until 15–17 weeks after carba-

mazepine initiation.

Carbamazepine is an inducer of several

cytochrome P450 enzymes [15,16], and it induces its own

metabolism [17]. Although there are several case reports
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on carbamazepine decreasing serum warfarin levels and

shortening warfarin’s half-life [3–6], more structured stud-

ies are scarce [7,8]. Herman et al. studied 82 patients

receiving warfarin, with different cotreatments. The war-

farin doses in five patients who were codispensed carba-

mazepine ranged from 6.2 mg day�1 to 12.0 mg day�1, as

compared with a median dose of 3.9 mg day�1 in patients

receiving no interacting drugs [7]. By analyzing data from

the Swedish Prescribed Drug Register, we recently sug-

gested that the dispensed volumes of warfarin were

increased by 37% in 1125 patients who were codispensed

carbamazepine [8].

In contrast to previous studies, the longitudinal

approach of the present nationwide investigation gave us

excellent statistical power that enabled us to study the

variability of the drug–drug interaction in the general

population in more detail, as well as in different subsets

of the population. The mean increase in warfarin dose

was 49%, and large dose increases exceeding 100% were

seen in 17% of the patients.

Events with interacting drugs dispensed during the 
study period

(n = 23)

Events with dispensation of carbamazepine not
renewed after index date

(n = 352)

Events of newly initiated carbamazepine, with a 
renewed dispensation in patients with receiving warfarin 

dispensed 4–20 weeks before without other co-
dispensed interacting drugs

(n = 260)

Baseline dose could not be calculated 
(n = 94)

Events where warfarin was not dispensed 4–20
weeks before newly initiated carbamazepine 

(n = 1098)

Study population
(n = 166)

Events of newly initiated carbamazepine in patients
who had also been dispensed warfarin from 1 July

2005 to 31 December 2013
n = 1733

Fig. 1. Patient flow diagram.
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The relative increase in warfarin dose was largest in

patients with a low baseline warfarin dose (< 30 mg

week�1). Theoretically, this could reflect increased

inducibility of low-active cytochrome P450 2C9 (CYP2C9)

variants predisposing to a low warfarin dose requirement,

or a larger contribution of inducible enzyme pathways in

patients with low drug clearance. There is no empirical evi-

dence for these mechanisms, but a genotype-dependent

drug interaction has previously been described for the

CYP2C9*3 variant. In this case, codispensed simvastatin

lowered warfarin dose requirements more effectively in

individuals carrying the CYP2C9*3 allele [18].
The ability to address intraindividual rather than

interindividual changes is an important strength of the

current study. Not only does it improve the statistical

power, but it also reduces the risk of confounding, as

each individual was used as his or her own control. For

example, although ethnicity may differ between two

study subjects [19], it obviously remains constant within

the same individual before and after carbamazepine ini-

tiation. Similarly, although body weight and body sur-

face area may affect warfarin doses [7,20–24], they are

likely to remain stable during the relatively short study

period.

The study has a few potential weaknesses. The most

important limitation concerns the register-based

approach, which limits the information on other factors

influencing the warfarin dose. Most importantly, the

observational design makes it hard to control for con-

founding by indication, i.e. a situation where the indica-

tion for carbamazepine in itself has an influence on the

warfarin dose requirements. Although the data have the
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Table 1 Warfarin dose increases associated with carbamazepine

cotreatment

Group n Dose increase, % (95% CI)

< 65 years 38 41.0 (28.7–54.4)
≥ 65 years 128 51.9 (44.4–59.7)
Men 96 46.5 (39.0–54.3)
Women 70 53.0 (41.7–65.3)
All patients 166 49.2 (42.8–55.9)

CI, confidence interval.
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advantage of representing dispensed rather than pre-

scribed drugs, it was not possible to ascertain whether the

medication was actually consumed through the whole

study period. However, because of the inclusion of

patients with a second dispensation of carbamazepine 60–
120 days after the index date, we believe this bias to be

small.

To ensure the inclusion of stable warfarin users with

newly initiated carbamazepine who were not dispensed

other potentially interacting drugs, only a relatively small

percentage (166/1733) of the originally screened popula-

tion was included in the analysis. Although this loss is

methodologically justified, a selection bias cannot be

excluded (Fig. 1). Furthermore, it is reasonable to believe

that the amount of carbamazepine consumed probably

affects the interaction with warfarin. However, in the pre-

sent study, information on carbamazepine doses was

unfortunately not accessible, and could therefore not be

controlled for. Similarily, we did not have access to data

on thromboses. Hence, the clinical impact of the

drug–drug interaction could not be addressed directly,

although it it is reasonable to assume that subtherapeutic

INR levels would translate into an increased risk of

thrombosis.

Full autoinduction is reached ~ 1 week after initiation

or dose increase of carbamazepine [17]. Carbamazepine

doses are usually increased for at least 2 weeks, and it

may therefore take several weeks to reach a new warfarin

steady-state concentration after carbamazepine initiation.

However, the 15–17 weeks required to achieve stable war-

farin doses in the current study was an unexpectedly long

period. In addition, only approximately half of the

patients had an INR measurement performed within a

week of carbamazepine initiation, and one of 10 patients

had not yet been monitored after 3 weeks of treatment

with the potentially interacting drug. Together with the

slow adaptation to increased dose requirements, these

figures indicate that the prescribers’ awareness of the

drug–drug interaction is limited, exposing the patients to

a significantly increased risk for thrombotic events [25].

As the enzyme induction increases gradually and the

impact on the drug–drug interaction varies widely

between individuals, it is not recommended to routinely

increase the warfarin dose in patients starting cotreatment

with carbamazepine. However, to adequately compensate

for the anticipated increase in warfarin dose, the INR

should clearly be monitored more closely than is currently

the case. The optimal frequency has not been determined,

but should – on the basis of our clinical experience – not

fall short of once every 3–4 days during a period of

at least 4–5 weeks or until INR values are stabilized.

In patients whose INRs historically have been known

to fluctuate more, and in individuals with a low base-

line warfarin dose, even closer monitoring may be

justified.

During this adaptation period, the prescribers should

anticipate a need for warfarin dose increases. Conse-

quently, they should not react to INR decreases with

expectancy, but rather with prompt dose adjustments.

In conclusion, almost 80% of warfarin-treated patients

starting cotreatment with carbamazepine experienced sub-

therapeutic anticoagulative effect within 3–5 weeks. The

warfarin dose was subsequently increased by 49%, a
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change that differed widely between different groups of

patients. In order to avoid thrombosis and ischemic

stroke, carbamazepine initiation should be accompanied

by close INR monitoring to better meet the anticipated

increase in dose demand.
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