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Dear Sirs

Dietary vitamin K influences warfarin response, but its effect on anticoagulation control
during the initiation phase of therapy is still poorly quantified. Studies of patients already on
stable warfarin therapy have shown that lower mean daily vitamin K intake is associated
with unstable and non-therapeutic International Normalised Ratios (INRs) (1, 2), and higher
vitamin K intake may lead to sub-therapeutic INRs (3). The risk of adverse bleeding and
thromboembolic events, however, is greatest during the initiation phase of warfarin therapy
when INRs tend to be non-therapeutic (4). In this prospective cohort study, we evaluated
dietary vitamin K intake as a risk factor for poor therapeutic INR control during the
initiation phase of warfarin therapy.

Data were obtained from a U.S. prospective cohort study designed to determine the
associations between genetics and adherence with warfarin response (5). The 368 patients
were recruited from three outpatient anticoagulation clinics from 2002-2005. All patients
who completed a dietary vitamin K food diary were included in this study. Patients were
considered to reach maintenance dose after having three consecutive INRs in therapeutic
range without a dose change. Vitamin K intake was assessed using a validated prospective

© Schattauer 2013

Correspondenceto: Stephen E. Kimmel, MD, MSCE, Center for Clinical Epidemiology and Biostatistics, University of Pennsylvania
Perelman School of Medicine, 923 Blockley Hall, 423 Guardian Drive, Philadelphia, PA 19104-6021, USA, Tel.: +1 215 898 1740,
Fax: +1 215 573 3106, stevek@maiLmed.upenn.edu.

Conflicts of interest
All other authors have no conflicts of interest to disclose.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lietal.

Page 2

food diary given to patients at enrollment and collected at the first follow-up visit (6). The
exposure, average daily vitamin K intake (ADVK), was calculated as the mean self-reported
daily vitamin K intake over a 7-day period. The primary outcome was having a low percent
time in therapeutic range (PTTR), defined as a PTTR below the median (7). Only INRs
collected between the time of vitamin K assessment and attainment of maintenance dose
were used for analysis. The proportion of patients with low PTTR for each ADVK quartile
was compared using the Chi-square test, and the ADVK quartile containing the lowest
proportion of patients with low PTTR was designated as the reference quartile for all
analyses. Age, interacting medications, and VKORC1 and CYP2C9 polymorphisms were
included a priori in the model due to previously described associations with INR values (8).
Because patients were enrolled at different times during therapy, time from therapy
initiation, defined as the first anticoagulation clinic visit to study enrollment, was also
included a priori as a covariate in the final model. All other covariates that were associated
with the primary outcome with a p<0.2 cut-off were identified as potential confounders and
added to the final model. Predicted probabilities of low PTTR for each ADVK quartile were
calculated for the fully adjusted model, holding all other covariates at their sample means.
Of the 368 patients in the total cohort, 282 (77%) returned the vitamin K diet diary by the
first follow-up visit. Median PTTR was 82%. With the exception of time from therapy
initiation to enrollment, none of the baseline patient, clinical, and genetic variables differed
significantly across ADVK quartiles (see Suppl. Table 1, available online at
www.thrombosis-online.com). The proportion of patients with low PTTR differed
significantly across ADVK quartiles (p=0.017), with ADVK Q2 having the best
anticoagulation control. Univariable logistic regression demonstrated that the odds of low
PTTR were higher in ADVK Q1 vs ADVK Q2 (odds ratio [OR] = 2.76, 95% confidence
interval [CI]: 1.31-5.81) as well as in ADVK Q4 vs ADVK Q2 (OR =2.25, 95% CI: 1.03-
4.91). Odds of low PTTR were higher in ADVK Q3 versus ADVK Q2, but this difference
was not statistically significant (OR = 1.44, 95% CI: 0.68-3.03). In the fully adjusted model
controlling for age, race, interacting medications, marital status, smoking status, VKORC1
and CYP2C9 polymorphisms, and time to enrollment, the increase in odds of low PTTR
persisted for ADVK QI (OR = 2.80; 95% CI: 1.32-5.91) and ADVK Q4 (OR = 2.28; 95%
Cl: 1.06-4.93). ADVK Q2 had the lowest adjusted predicted probability for low PTTR
(0.36; 95% CI: 0.24-0.48) (» Figure 1). For a list of vitamin K content of foods and
corresponding vitamin K content used in the vitamin K prospective food diary (in ascending
order of vitamin K content) see Suppl. Table 2 (available online at www.thrombosis-
online.com).

Maintaining therapeutic INRs during the initiation phase of warfarin therapy is critical for
minimising adverse events and maximising therapeutic effectiveness, yet difficult given the
increased INR variability and rate of adverse events early in therapy (4). Vitamin K intake is
among several factors thought to influence INRs during warfarin therapy, but has not been
well studied among patients in the initiation phase of therapy. Clinical guidelines stress
maintaining a stable level of dietary vitamin K intake during warfarin therapy but are
inconsistent about absolute levels of intake and do not distinguish between the initiation and
maintenance phases of therapy (9-11). Our prospective study shows that a moderate level of
dietary vitamin K intake is associated with the lowest risk of non-therapeutic INRs during
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the initiation phase of warfarin therapy, suggesting that careful modulation of vitamin K
intake when starting warfarin may be important for anticoagulation control. Such dietary
control may be challenging since dietary vitamin K intake varies widely in the general
population, particularly among the elderly (12), who derive significant benefit from
anticoagulation but are at increased risk for adverse events (8). In conjunction with dietary
counseling, low-dose vitamin K supplements, which help stabilise INRs among unstable
warfarin patients during maintenance phase (13), may improve warfarins therapeutic
effectiveness during the initiation phase.

Strengths of this study include a well-characterised, racially diverse cohort of patients in the
initiation phase of warfarin therapy and use of a validated, prospective 7-day food diary for
accurate dietary vitamin K assessment. Nevertheless, our vitamin K estimates are self-
reported and semi-quantitative, so they are not sufficient to generate specific intake
guidelines. Further, our patients were not all enrolled at the time of therapy initiation,
although adjustment for time to enrollment in our primary analysis and a sensitivity analysis
performed using all INRs from the initiation of warfarin therapy yielded similar estimates
(data not shown). Our results suggest that moderate vitamin K intake may be optimal when
initiating warfarin. Future prospective studies, including those with quantitative vitamin K
measures at the beginning of therapy initiation, are warranted.
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Figure 1. Predicted probabilities of low PTTR stratified by ADVK quartile
Calculated at the sample means for age, gender, race, CYP2C9 and VKORC1

polymorphisms, marital status, smoking status, interacting medications, time to enrollment.
Error bars signify standard error.
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