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Abstract

Purpose Some data indicate that simvastatin may increase the anticoagulative effect in patients treated with warfarin, but the
evidence is scarce. The aim of the present study was to investigate how the anticoagulative effect of warfarin is affected by the
initiation of simvastatin in a very large patient sample.

Methods In a retrospective cohort study, we included 5637 individuals on warfarin treatment initiating simvastatin. INR values
and warfarin doses were calculated week-by-week during co-treatment. Data were obtained from two large Swedish warfarin
registers and from the Swedish Prescribed Drug Register.

Results INR increased from 2.43 at baseline to 2.58, 4 weeks after simvastatin initiation, and did not stabilize until the last quarter
of the year studied. Consequently, the proportion of patients with an INR above 3 increased from around 8 to 15%.
Conclusions In conclusion, initiation of simvastatin resulted in moderately increased INR values and subsequent dose decreases
in patients already on warfarin. In order to avoid the increased risk of bleeding, the initiation of simvastatin may be accompanied

by closer INR monitoring.
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Introduction

Warfarin is the world-leading oral anticoagulant used for the
treatment and prevention of thromboembolic disease. The
therapeutic interval of warfarin is narrow, and the dose needed
for sufficient anticoagulation is close to that which may cause
bleeding [1]. The effect of warfarin is influenced by genetic
factors, for example, vitamin K epoxide reductase complex
(VKORCI1) and cytochrome P450 2C9 (CYP2C9) genotypes,

< Buster Mannheimer
buster.mannheimer@sll.se

Karolinska Institutet, Department of Laboratory Medicine, Division
of Clinical Pharmacology, Karolinska University Hospital Huddinge,
Stockholm, Sweden

Department of Clinical Science and Education at Sodersjukhuset,
Karolinska Institutet, Stockholm, Sweden

Section of Diabetes and Endocrinology, Department of Internal
Medicine, Sodersjukhuset, Sjukhusbacken 8-10, 118
82 Stockholm, Sweden

Published online: 14 June 2019

but also exogenic factors such as dietary vitamin K intake and
drug interactions [2]. There are many examples of clinically
relevant drug-drug interactions, such as increased warfarin
effect due to amiodarone co-treatment [3, 4] and induction
of CYP2C9 by carbamazepine [5] leading to subtherapeutic
international normalized ratio (INR) levels.

Simvastatin is one of the most prescribed drugs and is often
used by individuals also dispensed anticoagulants. In Sweden
alone, about 50,000 individuals (428 per 100,000 inhabitants)
are treated with simvastatin in combination with warfarin [6].
Some data indicate that simvastatin may increase the
anticoagulative effect in patients treated with warfarin [3,
7-9]. We have previously studied the influence of the
CYP2C9 genotype on the magnitude of the interaction be-
tween warfarin and simvastatin. In carriers of the
CYP2C9%*3 allele, simvastatin reduced warfarin dose require-
ments by 29%, compared with 5% in non-carriers, suggesting
that the mechanism may be due to selective inhibition of the
inhibition of the CYP2C9*3 allele [10]. The main aim of the
present study was to investigate how the anticoagulative effect
of warfarin is affected by the initiation of simvastatin in a very
large patient sample.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00228-019-02703-3&domain=pdf
http://orcid.org/0000-0001-5789-8470
mailto:buster.mannheimer@sll.se

Eur J Clin Pharmacol

Methods

In this retrospective cohort study, we hypothesized firstly that
simvastatin would enhance the anticoagulative effect of war-
farin and, secondly, that the effect would be more pronounced
in patients with low maintenance doses, a group where
CYP2C9%3 carriers are more common.

We investigated the change in warfarin dose and INR dur-
ing simvastatin therapy in patients with ongoing warfarin
anticoagulation, by comparing warfarin doses before and after
initiation of co-treatment with simvastatin. Data on daily war-
farin dose and results from INR measurements were retrieved
from two anticoagulation registers, Journalia and Auricula
[11, 12]. These systems are used in more than 300
anticoagulation clinics in Sweden and contain information
about warfarin doses, INR, sex, and personal identification
numbers for patients using warfarin for atrial fibrillation as
well as for other indications. Information on the use of other
medications was retrieved from the Swedish Prescribed Drug
Register [13]. This register includes data on all dispensed pre-
scriptions in Sweden. By linking and matching these registers,
we could analyze warfarin doses and INR in patients initiating
simvastatin therapy.

All adult patients (age 18 or above) dispensed warfarin
and starting simvastatin therapy were available for inclu-
sion. The index date for the start of simvastatin therapy
was defined as the date of the first simvastatin dispensing.
To make sure simvastatin therapy was initiated, this peri-
od should have been preceded by a period of at least
12 months during which no simvastatin had been dis-
pensed. Ongoing warfarin anticoagulation was defined
by at least one dispensing of warfarin within 4 to 20 weeks
before the index date and warfarin doses documented in
Journalia or Auricula during the baseline period (4—
20 weeks prior to the index date). To avoid including
patients ending simvastatin therapy within a year, we also
required three additional simvastatin dispensings after the
index date, the first within 55-145 days after the index
date, the second within 155-245 days, and the third with-
in 255-345 days after the index date. In Sweden, each
dispensing of simvastatin usually covers 3 months.

Patients were excluded if they were using other drugs
known to influence warfarin pharmacokinetics, causing a
more than 10% change in warfarin doses. Hence, patients
were excluded if they had been dispensed any of the following
drugs: amiodarone, bosentan, capecitabine, carbamazepine,
cimetidine, clofibrate, co-trimoxazole, dabrafenib, darunavir,
dasabuvir, disulfiram, dronedarone, enzalutamide,
eslicarbazepine, erythromycin, fluconazole, fluorouracil,
lopinavir, metronidazole, miconazole, paritaprevir, phenobar-
bital, primidone, propafenone, rifampicin, ritonavir,
sitaxentan, ombitasvir, oritavancin, vemurafenib,
voriconazole, or zafirlukast.
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In the main analysis, we compared the mean daily warfarin
dose 1-28 days prior to the index date (initiation of simvastat-
in) with the mean daily warfarin dose 337-364 days after the
index date. In subjects ending warfarin therapy during the
follow-up period, all available doses within the period were
included in the analysis. The two periods were compared by
calculation of the change in log-transformed dose in each pa-
tient, and the mean difference was compared with no change
(zero) using a two-sided paired ¢ test. The relative dose de-
crease was calculated by retransformation of the mean
difference.

A multiple regression model was used to investigate
the effect of sex and age on the proposed drug-drug
interaction. The dependent variable in the model was
the change in log-transformed warfarin dose, and age
was analyzed in groups that ranged 18-49, 50-59, 60—
69, 70-79, 80-89, and 90-100 years. The dose at base-
line was plotted against the dose at week 49—52 in each
patient to visualize the changes within the whole study
population.

To study the interaction effect over time, we calculated
the week-by-week normalized dose (by dividing dose by
baseline dose) for each patient. Normalization was per-
formed since we assumed that the relative effect (the per-
cent dose change) would be more uniform than the change
in dose/week in milligrams. We also calculated the frac-
tion of patients with a decrease in warfarin dose by >
10%, >25%, and >50% compared with baseline. The
fraction was calculated separately for each week and not
cumulatively. To investigate the theoretical possibility of
time-dependent covariates reducing the correlation with
baseline values over time, we also analyzed the proportion
of patients with different levels of increases of warfarin
doses after the index date. For symmetry reasons, a 10%
decrease was contrasted against an 11% decrease, a 25%
decrease against a 33% increase, and a 50% decrease
against a 100% increase.

The effect on INR was investigated by interpolation of INR
values by the method of Rosendaal [14]. All values were log-
transformed and the mean INR value with 95% CI was calcu-
lated week by week until 52 weeks after the index date. We
also calculated the fraction of patients having an INR above 3
and above 4.

To investigate the effect of initial warfarin dose require-
ments, as a rough marker for the CYP2C9*3 genotype, we
divided the patients into 4 subgroups based on the baseline
dose (quartiles). All analyses described above were then re-
peated separately for each of these subgroups. In addition, we
performed subgroup analyses based on the simvastatin dose.
In this case, we divided patients into those receiving 10—
20 mg simvastatin and those receiving 40-80 mg.

p values below 0.05 were considered statistically signifi-
cant. All analyses were performed using R version 3.3.2 [15].
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Results

We identified 7305 patients during the period July 1, 2005,
until December 31, 2012, who had started simvastatin therapy
and who had been dispensed simvastatin three times after the
index date according to the inclusion criteria and who had not
received any interacting drugs. After further exclusions due to
missing warfarin dosage data or lack of warfarin exposure
90 days or more before starting simvastatin, 5637 patients
were included in the analysis (Fig. 1).

The median age of the included patients was 72 years (in-
terquartile range (IQR) 65-78 years), and 34% were female.
The median warfarin dose per week during the baseline period
was 32.5 mg (IQR 23.8-42.5).

INR increased from 2.43 at baseline to 2.58, 4 weeks after
simvastatin initiation, and did not stabilize until the last quar-
ter of the year studied. Even then, the mean INR level had not
returned to its baseline value slightly above 2.4 (Fig. 2).
Figure 3 shows the fraction of patients with INR above 3
and above 4. Fifteen percent of patients reached an INR above
3 and less than 1% an INR above 4.

When comparing warfarin doses before simvastatin initia-
tion with doses during a 4-week period (337-364 days) after
simvastatin initiation, we found a decrease in warfarin doses
by 6.8%. In a multivariable regression model, we did not find
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Fig. 2 Weekly mean INR during co-treatment with warfarin and simva-
statin. The INR was interpolated to allow inclusion of weekly values for
all patients. Brackets denote 95% confidence intervals

a significant effect of age or gender on the decrease in warfarin
dose. The relative warfarin doses decreased slowly during the
whole year studied (Fig. 4). The fraction of patients with a >
10 decrease, > 25% decrease, and > 50% decrease in warfarin
dose is presented in Fig. 5. Up to 35% of patients experienced

Fig. 1 Patient flow diagram

Warfarin-treated individuals that have been dispensed
warfarin and simvastatin at any time during
July 1, 2005 - December 31, 2012

n=63816

Individuals where simvastatin treatment
was not iterated 3 times, or did not
coincide with warfarin treatment, or other

v

interacting drugs had been codispensed
(n=56511)

Individuals with no ongoing
warfarin anticoagulation
(n=833)

Individuals where warfarin
data during the treatment
period could not be assessed
(n=785)

Individuals with 1 year of
simvastatin therapy initiated
during ongoing warfarin therapy

(n=5637)
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Fig. 3 Fraction of patients with an INR over 3.0 and 4.0 following
simvastatin initiation. The numbers at the bottom of the graph indicate
the number of patients remaining in the study (i.e., still co-treated with
warfarin and simvastatin) at different time points

dose decreases by at least 10%, and in approximately 5%, the
dose was decreased by 25% or more.

In addition, we performed subgroup analysis in patients
with different simvastatin doses and baseline doses of warfa-
rin. Simvastatin in doses 20 mg and above was associated with
a significant attenuated decreased warfarin dose (—6.1%,
p<0.01). The decreased warfarin dose associated with sim-
vastatin doses of 40 mg or above was more attenuated (—
8.1%, p<0.001).

Analysis of the effect in individuals with different baseline
doses of warfarin revealed a mean decrease by 5.6% in the
subjects whose baseline dose was within the first quantile, by
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Fig. 4 Changes in dispensed warfarin dose during concomitant
simvastatin treatment (means and 95% confidence intervals)
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Fig. 5 Fraction of patients with warfarin dose decreases of 10, 25, and
50% during co-treatment with simvastatin. The numbers at the bottom of

the graph indicate the number of patients remaining in study (i.e., still co-
treated with warfarin and simvastatin) at different time points

6.9% in the second quantile, by 7.0% in the third quantile, and
by 7.9% in those in the fourth quantile.

Discussion

In this study, including data from 5637 patients with warfarin,
we found that the proportion of patients with an INR above 3
increased from around 8 to 15% during the first 7 weeks after
initiating simvastatin. Warfarin dose requirements were sub-
sequently decreased by 6.8%.

According to the present study, INR was increased by on
average 6%. Previous evidence with regard to effects on
anticoagulation is limited to two rather small studies by
Hickmott et al. and Lin et al. including 29 and 46 patients,
respectively. The results indicated an increase in INR by 27%
[9] and 13% [7]. Lin et al. reported that the number of patients
with an INR > 3.0 increased from 22 to 35% during simva-
statin co-administration. Thus, the effect on anticoagulation
was a bit more modest in the present study indicating an in-
crease in INR of 6%. In the present study, initiation of simva-
statin decreased warfarin weekly doses by 7%. The results are
in line with previous studies indicating a modest decreased
requirement of warfarin doses ranging from 3.4 to 9% [3,
7-10].

In a previous study, we found a significant effect of simva-
statin on warfarin doses exclusively in patients with the
CYP2C9%3 allele. Unfortunately, we did not have information
on the included patients’ CYP2C9 genotypes. As patients with
the *3 allele are known to have substantially lower warfarin
maintenance doses, we instead used the baseline dose of war-
farin as a proxy for this variant. However, we could not
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demonstrate a more pronounced interaction effect in individ-
uals with low baseline doses of warfarin, and the trend was
indeed opposite to our hypothesis. A weakness of this ap-
proach may have been that subjects with the *3 genotype are
more prone to have difficulties having a stabile INR and may
have changed anticoagulant therapy due to this. In addition, it
should be acknowledged that warfarin dose requirements are
also influenced by the VKORCI1 genotype and a range of
other factors unrelated to the CYP2C9 genotype.
Consequently, the validity of warfarin dose as a proxy for
CYP2C9 enzymatic activity could be questioned.

One possible pharmacokinetic mechanism other than a se-
lective inhibition of the CYP2C*3 variant includes interaction
due to competition of CYP3A4-mediated metabolism of R-
warfarin [10]. Pharmacodynamic effects have also been sug-
gested to cause the interaction. Several, but not all, studies
have shown that the risk of thrombosis is lower in statin users
than in non-users. Hence, simvastatin may have an antithrom-
botic effect on its own. Simvastatin has been shown to de-
crease the levels of fibrinogen, factor VII, and plasminogen
factor [16] and to decrease platelet aggregation [17].

Using three nationwide registries, we have developed a
methodology that previously have proven useful to study
drugs that decrease [5] and increase [4] the effect of warfarin
anticoagulation. The approach has several strengths especially
the high number of subjects and the possibility to study the
longitudinal effect of the interaction. One limitation of the
present study is that we lack information about the patients’
compliance to simvastatin treatment. However, the rather
strict inclusion criteria in the present study requiring three
additional simvastatin dispensings after the index date may
have decreased the influence of non-compliance. Another lim-
itation is that patients with a pronounced interaction effect
may have been switched to other anticoagulation and conse-
quently excluded from the analysis. Finally, we did not have
access to data on adverse events in the cohort and could not
analyze the clinical impact of the interaction effect. However,
substantial evidence shows that an INR of 3.0 increases the
risk of cerebral hemorrhage and other severe bleeding [18,
19].

In Fig. 5, we present the proportion of patients with differ-
ent levels of decreases in warfarin doses. Importantly, the
changes are calculated separately for each week and not cu-
mulatively. Nevertheless, these changes may theoretically still
increase with time due to changes in different time-dependent
covariates. To picture this potential statistical bias, we also
analyzed the proportions of individuals with different levels
of increases in warfarin doses after 1 year after the index date.
The proportion of patients with warfarin doses increased by >
11% was only a sixth (7%) of that with doses decreased by >
10% (35%) indicating that such statistical effect was small.

Simvastatin is one of the most extensively used drugs and
is often used in individuals also dispensed anticoagulants. The

results of the present study therefore have important implica-
tions. Although the average effect on warfarin requirements
and anticoagulation was modest, the proportion of patients
exposed at supratherapeutic INR levels was almost doubled
which may have serious consequences with regard to the risk
of bleeding. Prescribers should include this information when
facing a patient initiating treatment with simvastatin.

In conclusion, initiation of simvastatin resulted in moder-
ately increased INR values and subsequent dose decreases in
patients already on warfarin. In order to avoid the increased
risk of bleeding, the initiation of simvastatin may be accom-
panied by closer INR monitoring.
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