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ABSTRACT

Introduction: Considering the anticoagulant
actions of vitamin D, we hypothesize that vita-
min D status might affect the required dose of
warfarin for maintaining the therapeutic inter-
national normalized ratio (INR).

Methods: In aretrospective single-center cohort
study, serum levels of 25-hydroxyvitamin D were
assessed for 89 subjects receiving a stable dose of
warfarin for 3 months or longer and had a
stable INR between 2 and 3.5 for at least three
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consecutive visits. A warfarin sensitivity index
(WSI), defined as the steady-state INR divided by
the mean daily warfarin dose, was used for mea-
suring the warfarin dose response. The relation
between the serum level of 25-hydroxyvitamin D
and WSI value and the difference in the mean
WHSI value between the subjects with different
vitamin D status categories (sufficient, insuffi-
cient, and deficient) were assessed.

Results: Twenty-one subjects had vitamin D
deficiency, 43 had vitamin D insufficiency, and
only 25 had normal levels of 25-hydroxyvita-
min D. Based on the multiple linear regression
analysis, there was a significant but weakly
positive correlation between WSI and 25-hy-
droxyvitamin D serum levels, as the value of
WSI increases by almost 0.0027434 for every
unit increase in 25-hydroxyvitamin D serum
level (p value = 0.041). Using one-way ANOVA
analysis, there was a trend in a significant dif-
ference between the groups with different vita-
min D status categories regarding the mean WSI
value (F=2.95, p value =0.057), as subjects
with sufficient vitamin D state compared to
those with vitamin D deficiency had a higher
WSI value.

Conclusions: Although the study’s limitations
limit our ability to draw definite conclusions,
the present data suggest that in addition to
other traditional factors, vitamin D status might
also affect warfarin sensitivity and maintenance
dose requirement. However, to more clearly
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explain this link, further studies with high
involvement subjects are required.

Keywords: Warfarin; Vitamin D; 25-OH-
vitamin D; Vitamin D deficiency; Vitamin D
insufficiency

Key Summary Points

A growing body of evidence has suggested
that vitamin D, directly or indirectly,
exerts anticoagulant effects.

We hypothesize that the vitamin D status
might affect the required dose of warfarin
for maintaining the therapeutic
international normalized ratio (INR).

We found that compared to the patients
with vitamin D deficiency, the patients
with sufficient vitamin D state have a
higher mean warfarin sensitivity index
(WSI) value.

These findings suggest that vitamin D
status may also affect the sensitivity to
warfarin and the maintenance dose
requirements.

INTRODUCTION

Although novel oral anticoagulants (NOACs)
have become widely used in place of warfarin
for chronic anticoagulation, in specific medical
conditions such as patients with prosthetic
valves, antiphospholipid syndrome, or a high
risk of gastrointestinal bleeding, warfarin
remains a preferred anticoagulant option [1].
However, despite the decades of clinical expe-
rience, high inter-individual variability in dose
requirements, a narrow therapeutic range, and
potential of several drug-disease, drug-food,
and drug-drug interactions make warfarin a
very challenging drug to use clinically, as
under-dosing can lead to thromboembolism
while overdosing may result in bleeding events
or even death [2]. Numerous demographic,

genetic, clinical, and environmental factors can
influence warfarin maintenance dose require-
ments. Among them, genetic polymorphism of
the vitamin K epoxide reductase complex 1
(VKORC1) and cytochrome p4502C9 (CYP2C9),
which encode enzymes important in warfarin
pharmacology, have the most significant influ-
ence [3]. Although algorithms based on a com-
bination of demographic, clinical, and genetic
factors have been developed for clinical use in
predicting warfarin dose requirements [4, 5],
they had limited success [6]. Thus, predicting an
accurate maintenance dose of warfarin remains
challenging in clinical practice [7].

Vitamin D is a fat-soluble vitamin that can
be obtained from dietary sources, synthesized in
the skin through exposure to sunlight, or diet-
ary supplements [8]. The active form of vitamin
D is 1,25-dihydroxyvitamin D that exerts most
of its functions through a vitamin D receptor
(VDR) distributed all over the body in diverse
cells and tissues [9]. It has been well established
that aside from its essential role in skeletal
health and calcium and phosphorous home-
ostasis, vitamin D regulates diverse biological
processes in numerous extra-skeletal systems
[10]. However, vitamin D deficiency is now
recognized as a pandemic, reportedly occurring
in 30 to 60% of the general population world-
wide [11, 12]. Accumulating epidemiological
and laboratory evidence has documented that
deficiency of vitamin D is associated with the
onset and progression of many chronic diseases,
such as cardiovascular disorders, neurodegen-
erative diseases, malignancies, and immune
system disease [13]. Interestingly, more
recently, a growing body of evidence has sug-
gested that vitamin D, directly or indirectly,
exerts anticoagulant effects, highlighting the
potential role of vitamin D deficiency in the
pathogenesis of thrombosis [14]. It has been
shown that VDR ligands regulate the expression
and activity of several pro- and anti-thrombotic
proteins of the coagulation cascade [15-17].
According to this evidence, in some clinical
studies, supplementation of vitamin D has been
investigated as a potential therapeutic option
for prophylaxis and treatment of thromboem-
bolic events [18-20]. Moreover, recently, results
of one pilot clinical trial showed that vitamin D

A\ Adis



Cardiol Ther (2022) 11:421-432

423

supplementation enhances the anticoagulant
effect of warfarin and thereby reduces warfarin
maintenance dose requirement [21]. In light of
this evidence, we hypothesize that vitamin D
status might influence the dose of warfarin
required to maintain a therapeutic interna-
tional normalized ratio (INR), and compared to
patients with vitamin D insufficiency and defi-
ciency, patients with sufficient vitamin D state
might require lower maintenance doses of
warfarin to keep the INR within the therapeutic
range.

METHODS

Study Design

This single medical center retrospective cohort
study was conducted at a cardiology outpatient
clinic of a tertiary teaching hospital in the west
of Iran between May 2021 and October 2021.
The study was approved by the Ethics Com-
mittee of Hamadan University of Medical
Sciences (license number: IR.UMSHA.REC.
1400.620). Written informed consent was
obtained from all participants after a thorough
explanation of the study’s aims and protocol.

Recruited Patients

The study participants were recruited from the
patients with medical records in the clinic. The
inclusion criteria were as follows: ambulatory
adult patients (18 years of age or older) who
were receiving a stable dose of warfarin for 3
months or longer and had a stable INR between
2 and 3.5 for 3 months on at least three con-
secutive visits. To control for confounders,
subjects with the following were excluded from
the study: concurrent diseases which might
influence warfarin requirements, including
moderate to severe liver function impairment
(serum aminotransferase levels at least twice the
upper limit of normal), chronic kidney disease
(eGFR < 60 ml/min/1.73 m?), advanced heart
failure, hypothyroidism/hyperthyroidism, con-
sumption of medication(s) known to have a
major interaction with warfarin, smoking,

heavy alcohol consumption (more than two
drinks per day), obesity (body mass index
(BMI) > 30 kg/m?, history of vitamin D sup-
plement therapy during recent 3 months, non-
compliance, and pregnancy. Serum levels of
25-hydroxyvitamin D were assessed for 89 sub-
jects who fulfilled inclusion and exclusion cri-
teria. Finally, according to the vitamin D status,
the subjects were divided into three groups:
subjects with sufficient vitamin D, subjects with
vitamin D insufficiency, and subjects with
vitamin D deficiency.

Data Sampling

The following clinical and demographic infor-
mation, including age (divided into “less than
65 years” and “more than 65 years”), gender,
body weight, height, BMI, concomitant medi-
cations, and co-morbidities, indication for war-
farin therapy, duration of warfarin therapy,
INR, daily and weekly warfarin dose. The war-
farin sensitivity index (WSI) was used for mea-
suring the warfarin dose response. The WSl is a
useful measure of a warfarin dose-response
relationship as it incorporates the effect of
warfarin dosage on resulting INRs [22-24]. The
WSI value was calculated by dividing the
steady-state INR value by the average daily
warfarin dose calculated from the total weekly
dose of warfarin.

25-hydroxyvitamin D Assay Method

Blood samples for assay of the serum concen-
tration of 25-hydroxyvitamin D, which reflects
total body vitamin D status, were taken at
08:30-9:30 a.m. after an overnight fast. Serum
level of 25-hydroxyvitamin D was measured in
duplicate using the enzyme-linked fluorescent
assay (ELFA) technology (VIDAS system, Bio-
merieux, Paris, France). The results were repor-
ted in ng/ml. The limit of quantification (LOQ)
is the lowest analyte concentration that can be
quantitatively detected with a laboratory test,
and for VIDAS Vit D kit LOQ is 8.1 ng/ml. The
25-hydroxyvitamin D levels lower than 20 ng/
ml were considered as deficiency of vitamin D,
concentrations between 21 and 29 ng/ml were
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Table 1 Demographic and relevant clinical data of the 89
study participants

Continuous variables Mean SD

Age (years) 5436 14.04
Body mass index (kg/m?) 2598  2.54
Duration of warfarin treatment (years) 10.17  7.60
International normalized ratio (INR) 272 038

Warfarin sensitivity index (INR/warfarin ~ 0.56  0.21
dose)

Serum levels of 25-hydroxyvitamin D, ng/ 2853 14.66

ml

Categorical variables Number Percent
Age category (years)

< 65 65 73.00

> 65 24 27.00
Gender

Male 38 42.70

Female 51 57.30
Body mass index category

Normal weight (18.5-24.9 kg/m?) 37 41.60

Overweight (25.0-29.9 kg/m?) 41 46.10

Obese (> 30.0 kg/m?) 11 12.40
Indication for warfarin treatment

Atrial fibrillation 41 41.60

Venous thrombosis 19 21.30

Mechanical heart valve 29 32.60
INR target

2.5 (range 2.0-3.0) 60 67.40

3.0 (range 2.5-3.5) 29 32.60
Comorbidities

Hypertension 19 21.30

Diabetes mellitus 19 21.30

Coronary artery disease 14 15.70

Hyperlipidemia 12 13.50

Congestive heart failure 7 7.90

Table 1 continued

Categorical variables Number Percent
Depression/or anxiety 6 6.70
Osteoarthritis 6 6.70

Concomitant medication
ACEI or ARB 19 21.30
Aspirin 14 15.70
Statins (atorvastatin) 14 13.50
Diuretics 10 11.20
Beta blockers 14 15.70
Antidiabetic drugs 19 21.30
SSRIs 4 4.50
Lorazepam or clonazepam 4 4.50
Acetaminophen 8 9.00

Vitamin D status
Sufficient 25 28.10
Insufficient 43 48.30
Deficient 21 23.60

ACEI angjotensin-converting-enzyme  inhibitors, ARB
angiotensin II receptor blockers

considered as insufficient vitamin D, and con-
centrations between 30 and 100 ng/ml were
considered as sufficient vitamin D [25].

Study Outcomes

The primary outcome was the relation between
serum level of 25-hydroxyvitamin D and WSI
value as well as the difference in the WSI value
of the subjects with different vitamin D status
categories (sufficient, insufficient, and defi-
cient). Further, as a secondary outcome, it also
examined whether there is a correlation or
association between the WSI value and each of
the other clinical/demographic variables of the
study population, including age, BMI, gender,
indication for warfarin therapy, as well as
duration of warfarin therapy.
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Statistical Analyses

All statistical analyses were performed using
SPSS 21.0 (IBM Inc.,, Armonk, NY, USA).
Descriptive statistics were used to assess baseline
characteristics. The normal distribution of con-
tinuous data was examined using Shapiro-Wilk
test. Continuous data were expressed as mean
(standard deviation, SD). Categorical data were
expressed as numbers with percentages. Differ-
ences among the mean WSI value of the groups
were assessed using a one-way analysis of vari-
ance (ANOVA). A Tukey post hoc test was uti-
lized to determine which vitamin D status
classifications had a statistically significant dif-
ference on the mean WSI of the study patients.
A Pearson correlation coefficient was calculated
to assess the correlation between 25-hydrox-
yvitamin D serum levels and WSI values. Fur-
ther, the multiple linear regression model was
used to assess the correlation between WSI and
demographic and clinical characteristics. All
analyses were performed at a significant level of
p value < 0.0S.

RESULTS

One hundred seventy-four ambulatory war-
farin-treated patients were screened for enroll-
ment. Of them, 85 were excluded. Eighty-nine
patients who fulfilled the inclusion and exclu-
sion criteria and gave informed consent to par-
ticipate were enrolled in the study. The
demographic and clinical characteristics of all
study participants are presented in Table 1. All
subjects participating in this study were Iranian.
The mean age of the participants was
54.36 years (range, 19-79years), and 51
(57.30%) were women. The mean WSI value for
all subjects was 0.56 + 0.21 (ranged, 0.31-1.12),
and the mean of their INR value was 2.7 + 0.38.
The mean length of treatment with warfarin
was 10.17 years (range, 1-28 years). The major-
ity (41.6%) were treated for atrial fibrillation,
while mechanical heart valve and venous
thromboembolism were other indications for
treatment with warfarin. The mean serum level
of 25-hydroxyvitamin D for all subjects was
28.53 ng/ml (range, 8.10-76.30 ng/ml). Twenty-

one subjects (23.6%) had vitamin D deficiency,
43 (48.3%) had vitamin D insufficiency, and
only 25 (28.1%) had normal levels of 25-hy-
droxyvitamin D.

The correlation between WSI values and
different clinical and demographic categorical
variables of the study population is shown in
Table 2. As shown, across the participants’ age
category, subjects aged > 65 years compared to
those aged < 65 had a significantly higher mean
WSI value (p value < 0.001). There was no sig-
nificant correlation between WSI values and

Table 2 Correlation between the warfarin sensitivity
index (WSI) value and different clinical and demographic
categorical variables of the study population

Variables Mean SD  p value
Vitamin D status 0.057
Sufficient 0.63 0.21
Insufficient 0.55 0.19
Deficient 0.49 0.17
Gender 0.448
Female 0.57 0.19
Male 0.54 0.20
Body mass index (kg/m?) 0.368
Normal weight (18.5-249) 058 0.1
Overweight (25.0-29.9) 052 0.I8
Obese (> 30.0) 057 019
Age category (years) < 0.001
<65 0.51 0.15
> 65 067 024
Indication for warfarin treatment 0.330
Atrial fibrillation 0.59 0.15
Venous thrombosis 0.55 0.21
Mechanical heart valve 0.50 0.20
INR target 0.240
2.5 (range 2.0-3.0) 059 0.5
3.0 (range 2.5-3.5) 054 021
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other clinical and demographic categorical
variables.

A depiction of the mean WSI value of the
groups across vitamin D status categories has
been shown in Fig. 1. The mean WSI value was
0.63 £+ 0.21 in subjects with sufficient vitamin
D state, 0.55 £+ 0.19 in those with vitamin D
insufficiency, and 0.49 £ 0.17 in those with
vitamin D deficiency. Using one-way ANOVA
analysis, there was a trend in a significant dif-
ference between the groups regarding the mean
WSI value (Fig.1, F=2.95, p value = 0.057).
Tukey’s post hoc test showed that the subjects
with sufficient vitamin D state compared to
those with vitamin D deficiency had a
significantly higher = WSI  value (Fig. 1;
p value = 0.047), demonstrating that subjects
with sufficient vitamin D state compared to the
deficient patients required lower warfarin dose
to maintain their INR in the therapeutic range.
The mean WSI value was also higher in subjects
with sufficient vitamin D state than those with
vitamin D insufficiency (0.63 + 0.21 versus
0.55 £+ 0.19), although the difference did not
reach statistical significance (p value = 0.268).

The relation between the serum level of
25-hydroxyvitamin D and WSI value is shown
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Fig. 1 Comparison of the mean warfarin sensitivity index
(WSI) value between subjects with different vitamin D
status. The results are expressed as means = SD. One-way
analysis of variance (ANOVA) was used for statistical
analysis followed with Tukey’s post hoc test, at a
significance level of 0.05. Results of one-way ANOVA
analysis: F' = 2.95, p value = 0.057. *p value < 0.05 com-
pared with the sufficient vitamin D group
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Fig. 2 Scatter plot of serum levels of 25-hydroxyvitamin D
versus warfarin sensitivity index (WSI) (Pearson correla-
tion coefficient = 0.199)

in Fig.2. Based on the Pearson correlation
analysis, we found that there was a possible
weak but statistically significant positive corre-
lation between the two variables (r = 0.199,
p value = 0.003). This result suggested that the
sensitivity to warfarin increased as the patients’
25-hydroxyvitamin D concentration increased.

The correlation between the WSI value and
demographic and clinical characteristics using
multiple linear regression analysis is given in
Table 3. Based on these results, there was a sig-
nificant but weakly positive correlation between
WSI and 25-hydroxyvitamin D serum levels and
age. The value of WSI increases by almost
0.0027434 for every unit increase in 25-hy-
droxyvitamin D serum level adjusted for vari-
ables mentioned in the Table (p value = 0.041).
In addition, the value of WSI increases by
almost 0.0067841 for each year’s increase in age
(p value < 0.001). There was no significant cor-
relation between the WSI value and other vari-
ables, including sex, BMI, and duration of
warfarin treatment.

DISCUSSION

To the best of our knowledge, our study is one
of the first studies that addressed the influence
of vitamin D status on warfarin maintenance
dose requirements. Based on the results of our
survey, there was a significant but weakly
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Table 3 Association between the warfarin sensitivity index (WSI) value and the patients’ demographic and clinical

characteristics using multiple linear regression analysis

Variables Coefficient SE t p value  95% CI

25-hydroxyvitamin D (ng/ml) 0.0027434  0.0013205 2.08 0.041 0.0001170  0.0053699
Age (years) 0.0067841  0.0017353 391 0.000 0.0033326  0.0102357
Sex 0.0284905  0.0390429 0.73  0.468 — 0.0491644 0.1061453
Body mass index (kg/mz) — 0.0058886  0.0075271 — 0.78 0.436 — 0.0208596  0.0090824
Duration of warfarin treatment (years) — 0.0046164  0.0034571 — 1.34  0.185 — 0.0114924  0.0022596
Constant 0.2634161  0.2337670 1.13  0.263 — 0.2015371  0.7283693

positive correlation between WSI and 25-hy-
droxyvitamin D serum levels. Our results
showed that compared to the patients with
vitamin D deficiency, the patients with suffi-
cient vitamin D state had a higher mean WSI
value, indicating that patients with sufficient
vitamin D state require lower warfarin doses to
maintain their INR in the therapeutic range.
Our data suggests that, in addition to other
traditional factors, vitamin D status may influ-
ence sensitivity to warfarin and maintenance
dose requirements. This should be considered
when determining warfarin dosing.

The exact molecular mechanism by which
vitamin D exerts its anticoagulant effects has
not been fully elucidated. Nevertheless, vitamin
D, through regulatory effects on coagulation
factors, endothelium homeostasis, and inflam-
matory pathways, exerts a protective role
against the occurrence of thrombosis [26]. Both
in vitro and in vivo experiments demonstrated
that vitamin D and other VDR ligands up-reg-
ulate the expression of thrombomodulin, and
down-regulate the expression of tissue factor
(TF) [15, 17, 27-29]. TF is the high-affinity
receptor and cofactor for factor VII/VIla that
plays a primary role in initiating the coagula-
tion cascade [30]. On the other hand, throm-
bomodulin is an anticoagulant glycoprotein
involved in promoting the activation of the
anticoagulant protein C pathway [31]. Apart
from this, vitamin D has been shown to reduce
the production of pro-inflammatory cytokines
that can induce a pro-thrombotic state by

increasing the production of TF on the
endothelium and suppressing the synthesis of
the anticoagulant protein C [32-34]. The pro-
tective effect of VDR on endothelial cells has
also been identified [35-37]. It has been
observed that vitamin D therapy, through acti-
vation of VDR, improves endothelial function
and thereby suppresses thrombogenicity in
patients with vitamin D deficiency or
insufficiency [38].

Accumulative data from the clinical reports
are increasingly reporting a strong negative
relationship between serum levels of 25-hy-
droxyvitamin D and the development of venous
thromboembolism, suggesting inadequate vita-
min D levels may increase the risk of venous
thromboembolism [39-42]. Consistent with
this evidence, several epidemiological studies
have highlighted a seasonal pattern for the
occurrence of thrombotic events, as the risk of
thrombotic events is greater in the winter
months compared to the summer months,
which is thought to be related to the seasonal
variation in vitamin D status [43-45]. In support
of this hypothesis, the results of a prospective
study on a cohort of 40,000 southern Swedish
women after 11 years follow-up indicated that
women with a habit of more active sun expo-
sure were at a 30% lower risk of thromboem-
bolism events than those who did not [46]. This
evidence suggests that treating vitamin D defi-
ciency or insufficiency can reduce the risk of
venous thromboembolism events [14, 47].
Hejazi and colleagues in a pilot randomized
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control clinical trial on subjects with a diagnosis
of deep vein thrombosis or pulmonary embo-
lism who had vitamin D deficiency showed that
compared to placebo treatment, subjects
receiving oral vitamin D3 supplementation
required significantly lower doses of warfarin to
achieve a therapeutic INR. They concluded that
treating vitamin D deficiency could enhance
the anticoagulant effects of warfarin [21]. Con-
sistent with these findings, in 2006, Beer and
colleagues, in a randomized controlled clinical
study on 250 men suffering from prostate can-
cer, showed that in comparison to the placebo,
administration of a weekly high dose of cal-
citriol, as an active form of vitamin D3, could
reduce thromboembolic events in such patients.
They postulated that this benefit might be
related to calcitriol’s antithrombotic effects
[18]. Similarly, Moscarelli et al. also reported
that combined therapy with calcitriol, angio-
tensin receptor blockers (ARBs), and angio-
tensin-converting enzyme inhibitors (ACEIs)
could reduce the rate of venous thromboem-
bolism in renal transplant recipients [48].
However, some inconsistent data have also been
reported. Blondon and coworkers, in a ran-
domized, double-blind, placebo-controlled trial
where the participants were followed for an
average period of 7 years, found that supple-
mentation with calcium (1000 mg) plus vitamin
D (400 IU) does not influence the overall risk of
venous thrombotic events in postmenopausal
women. The authors speculated that a higher
dose of vitamin D might be required to see the
antithrombotic effects of vitamin D supple-
mentation in the general population [49].
However, in a supplemental analysis, they
detected a modest thrombotic risk reduction for
idiopathic thrombotic events among women
with low 25-hydroxyvitamin D concentrations
at baseline, which suggests subjects with severe
vitamin D deficiency may benefit from vitamin
D supplementation [49]. In support of this
hypothesis, Blondon et al., in their recent study,
showed that supplementation with a high dose
of vitamin D for 3 monthsin subjects with
severe vitamin D deficiency could decrease a
prothrombotic profile [20]. However, some
other studies evaluating the impact of vitamin
D supplementation on coagulation and

fibrinolysis parameters have generated conflict-
ing data. A study conducted by Jorde et al. on
obese or overweight subjects who had high
serum vitamin D levels at baseline (a mean
serum 25-hydroxyvitamin D level of 61.8 nmol/
1), 1-year high-dose treatment of vitamin D
(40,000 IU weekly) did not affect the fibrinolytic
and thrombin generation parameters [50]. In a
prospective cohort study of patients with vita-
min D deficiency (25-hydroxyvitamin D serum
levels of < 25 nmol/l) with and without hyper-
parathyroidism, the coagulation or fibrinolysis
parameters did not change after 2 months of
vitamin D treatment (900,000 IU in 2 months)
[51]. Interestingly, in another study, Saliba and
colleagues showed that vitamin D supplemen-
tation at a dose of 2000 IU daily for 90 days in
healthy participants with serum 25-hydroxyvi-
tamin D < 50nmol/l levels could have
prothrombotic effects [52]. Several factors,
including the selected participants, having or
not having comorbidities such as cardiovascular
diseases and hyperparathyroidism, and meth-
ods of assaying fibrinolytic and thrombin
generation parameters may be possible expla-
nations for these conflicting data. However, the
current data in the literature suggests that sub-
jects with vitamin D deficiency might benefit
more from the anticoagulant actions of vitamin
D supplementation [14]. More studies are nee-
ded to elucidate which population may benefit
from the anticoagulation actions of vitamin D
supplementation.

Despite the novelty of our findings, there are
some limitations in the present research. The
main limitation of this study is that it was a
retrospective single-center investigation with a
relatively small number of participants. Further,
unassessed confounding factors, such as diet
and genotype that could affect the warfarin
dose requirement, may affect the results in a
way not anticipated. Additionally, due to
financial constriction, we did not assess the
relationship between vitamin D status and
coagulation and fibrinolysis parameters. Thus,
these findings should be interpreted with cau-
tion, and future studies are needed to better
assess the relationship between vitamin D status
and warfarin maintenance dose requirements.
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CONCLUSIONS

Although the study’s limitations limit our abil-
ity to draw definite conclusions, our data pro-
vided preliminary evidence that, in addition to
other traditional factors, vitamin D status might
also affect sensitivity to warfarin and the
maintenance dose requirements. We found that
compared to patients with vitamin D defi-
ciency, patients with sufficient vitamin D state
had a trend to a higher sensitivity to warfarin
and may require lower doses of warfarin for
maintaining therapeutic INRs. Hence, it is rele-
vant to treat vitamin D deficiency and insuffi-
ciency in patients requiring warfarin therapy.
This may augment the anticoagulant effect of
warfarin and reduce the required dose of war-
farin to maintain INR values within the thera-
peutic range and thereby decrease the risk of
hemorrhagic complications. However, addi-
tional studies with large, diverse patient cohorts
are needed to clarify the link between vitamin D
therapy and thromboembolic prevention with
warfarin.
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