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Abstract

Background: Warfarin is approved by the United States Food and 
Drug Administration for numerous clinical indications. The effective-
ness of warfarin is highly dependent on the time-in-therapeutic range 
based on the international normalized ratio (INR) goal, which may 
be altered by changes in diet, alcohol intake, concomitant drugs, and 
travel, all of which are prevalent during the holidays. At this time, 
there are no published studies assessing the impact of holidays on 
INR in warfarin-users.

Methods: A retrospective chart review was conducted on all adult pa-
tients taking warfarin and managed at a multidisciplinary clinic. Patients 
were included if they were taking warfarin at home regardless of indica-
tion for anticoagulation. The INR pre- and post-holiday was assessed.

Results: Of a total of 92 patients, the mean age was 71.5 ± 14.3 years, 
and most patients were on warfarin with an INR goal of 2 - 3 (89%). 
There were significant differences in INR before and after Independ-
ence Day (2.55 vs. 2.81, P = 0.043) and Columbus Day (2.39 vs. 2.82, 
P < 0.001). The remaining holidays showed no significant differences 
in INR before and after each respective holiday.

Conclusions: There may be factors related to Independence and Colum-
bus Day that are increasing the level of anticoagulation in warfarin-us-
ers. Although the mean post-holiday INR values, in essence, maintained 
within the typical target of 2 - 3, our study underscores the specialized 
care that is warranted in higher risk patients to prevent a continued in-
crease in INR and subsequent toxicities. We hope our results would be 
hypothesis-generating and aid in the development of larger, prospective 
evaluations to validate the findings of our present study.
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Introduction

Warfarin is approved by the United States (US) Food and Drug 
Administration for numerous clinical indications, including 
prophylaxis and treatment of venous thromboembolism (e.g., 
pulmonary embolism and deep venous thrombosis), stroke 
prophylaxis in atrial fibrillation, and thromboembolism prophy-
laxis in prosthetic cardiac valves [1]. The effectiveness of war-
farin is contingent on the time-in-therapeutic range (TTR) based 
on the international normalized ratio (INR) goal. The desired 
INR range is customarily 2 - 3 but varies by indication and pa-
tient characteristics [2]. Warfarin is presumed to have reduced 
efficacy if the TTR is < 60-65%, and depending on the study 
design, patient population, and clinical use, the average TTR 
reported is 30-40% [2-4]. Despite the approval of several direct-
acting oral anticoagulants that do not require routine INR moni-
toring, warfarin is still the drug of choice for various clinical 
settings, such as the presence of a mechanical heart valve [5].

INR is highly sensitive and affected by a multitude of fac-
tors, such as medication adherence, interacting medications or 
herbs, inconsistent diet of vitamin K-containing foods, alcohol 
intake, acute illness, liver disease, amongst a myriad of others [1, 
6]. Due to warfarin’s narrow therapeutic range and copious op-
portunities for interactions, there is large variability in INR and 
therapeutic outcomes. At this time, there are no published studies 
assessing the impact of holidays on INR, and we believe several 
factors surrounding holidays may be clinically significant.

While traveling, patients may be on pharmacotherapy for 
malaria prophylaxis, which may lead to a supratherapeutic INR 
in warfarin-users; drug options for this indication include doxy-
cycline, tetracycline, azithromycin, amoxicillin, and amoxicil-
lin/clavulanate [1, 7]. Further, acute infections and vomiting can 
decrease the uptake of vitamin K and disturb the production of 
clotting factors, thereby affecting INR. Moreover, temperature 
and altitude variations encountered during travel may affect 
bleeding tendencies and INR [8-10]. We hypothesized that holi-
days may affect patients’ INR, based on possible lifestyle altera-
tions surrounding the holiday seasons. Our primary objective 
was to assess the change in INR pre- and post-holidays.

Materials and Methods

A retrospective chart review was conducted on all adult pa-
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tients aged 18 years and older and followed up at Loma Linda 
University International Heart Institute Faculty Medical Offic-
es - Anticoagulation Clinic between January 1, 2018 through 
December 31, 2018. Patients were included if they were taking 
warfarin at home regardless of the indication for anticoagula-
tion. The INR pre- and post-holiday was assessed, with an INR 
value included if there was one available within 2 weeks be-
fore and after each holiday. If there were multiple labs meeting 
these criteria, the INR value closest in proximity to the holiday 
was used. The precise timeframe of the INR collection in ref-
erence to each holiday was noted and reported. Holiday was 
defined as the 10 annual federal holidays recognized by the 
USA [11]. Patients were excluded if they were pediatric, were 
on other anticoagulants, or managed by an outside provider.

Information on race was collected as per the demographic 
information listed in the electronic medical chart. Data on the 
past medical history, substance use, and INR goal were gath-
ered based on chart review. Descriptive statistics were present-
ed for categorical variables in the form of numbers and per-
centages. Mean and standard deviation were used to represent 
the continuous variables. Paired t-tests were used to compare 
continuous data for pre- and post-INR. SPSS version 26 (IBM 
SPSS, Inc., Armonk, NY) was utilized to analyze the data with 
the level of significance set at α = 0.05. Missing data were 
handled with the deletion approach. The study was approved 
by the Institutional Review Board at Loma Linda University 
Heath. This study was conducted in compliance with the ethi-
cal standards of the responsible institution on human subjects, 
as well as with the Helsinki Declaration.

Results

Of a total of 92 patients, the mean age was 71.5 ± 14.3 years; 
patients were predominately male (55.4%) and Caucasian 
(62%) (Table 1 [12]). Hypertension and hyperlipidemia were 
the most common comorbidities (70.3% and 55.4%, respec-
tively). Liver disease was infrequent (4.3%), and there was 
minimal substance use reported. Most patients were on warfa-
rin with an INR goal of 2 - 3 (89%).

The mean number of days for each INR collection in rela-
tion to the holidays, as well as the calendar dates correspond-
ing to each holiday, is presented in Table 2. There were no 
statistically significant differences between the mean days for 
the INR values with respect to the holidays. Compared to other 
holidays, the holiday with the longest duration for the pre- and 
post-holiday INR was Christmas (9.59 ± 8.83 vs. 8.53 ± 7.31, 
P = 0.472), and the holiday with the shortest duration for the 
pre- and post-holiday INR was Columbus Day (2.89 ± 5.14 
vs. 3.12 ± 5.76, P = 0.802). Overall, there was great variability 
in the time of INR collection in reference to the holidays, as 
indicated by the large standard deviations.

Based on the results of our study, there were significant 
differences in INR values before and after Independence Day 
and Columbus Day (Table 3). The mean INR pre-Independ-
ence Day was 2.55 ± 0.71, while the mean post-INR was 2.81 
± 1.19 (P = 0.043). Most patients had an INR goal of 2 - 3 
(61/65, 93.8%). With respect to Columbus Day, the mean INR 

pre-holiday increased from 2.39 ± 0.7 to 2.82 ± 0.89 post-
holiday (P < 0.001). Again, the majority of patients’ goal INR 
was 2 - 3 (67/71, 94.4%). The remaining holidays showed no 

Table 1.  Baseline Characteristics of Total Sample (n = 92)

Characteristic Mean and SD or n (%)
Age in years 71.5 ± 14.3
Gender
  Male 51 (55.4%)
  Female 41 (44.6%)
Race
  Caucasian 57 (62.0%)
  Hispanic 24 (26.1%)
  Black 8 (8.7%)
  Other 3 (3.3%)
Past medical history
  CHF 12 (13%)
  AF 78 (84.8%)
  VTE (current or past) 8 (8.7%)
Mechanical valve replacement 14 (15.2%)
  HTN 64 (70.3%)
  HLD 51 (55.4%)
  DM 26 (28.6%)
  CAD 38 (41.3%)
  ESRD 14 (15.4%)
  COPD 6 (6.5%)
  Liver disease 4 (4.3%)
Substance use
  Methamphetamine (current or past) 1 (1.1%)
  Alcohol
    < 2 standard drinksa/day 87 (94.6%)
    > 2 standard drinksa/day 5 (5.4%)
  Tobacco
    < 10 cigarettes/day 79 (85.9%)
    > 10 cigarettes/day 13 (14.1%)
Target INR goal
  1.8 - 2.5 2 (2.2%)
  2.0 - 3.0 81 (89.0%)
  2.5 - 3.5 8 (8.8%)

All values represent number with percentage except for age. aPer the 
US National Institute on Alcohol Abuse and Alcoholism, one “standard” 
drink (or one alcoholic drink equivalent) contains roughly 14 g of pure 
alcohol, which is found in: 12 ounces of regular beer (5% alcohol), 5 
ounces of wine (12% alcohol), and 1.5 ounces of distilled spirits (40% 
alcohol) [12]. AF: atrial fibrillation; CAD: coronary artery disease; CHF: 
chronic heart failure; COPD: chronic obstructive pulmonary disease; 
DM: diabetes mellitus; ESRD: end-stage renal disease; HLD: hyper-
lipidemia; HTN: hypertension; INR: international normalized ratio; SD: 
standard deviation; VTE: venous thromboembolism.
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significant differences in INR pre- and post-holiday.
Regarding drug interactions with warfarin, we found 12 

distinct medications with a total of 119 possible interactions 
(Fig. 1). The most common interacting medications were aspi-
rin (20%) and amiodarone (18%). Concomitant interacting an-
ti-infectives included azithromycin (n = 2), amoxicillin (n = 2), 
and ketoconazole (n = 1). With regard to dietary habits, there 
were inconsistencies in the way the data were reported in the 
electronic medical chart, and there was significant interpatient 
variability. Some patient charts stated changes in the intake of 
vitamin K-containing foods (36%), while others indicated no 
change (24%) or omitted such information (40%).

Discussion

Based on the results of our study, we found that Independence 
Day and Columbus Day had significant differences pre- and 

post- each respective holiday, albeit the increased INR was 
still deemed to be at goal per the most desired INR range of 
2 - 3. According to the US Bureau of Transportation Statistics, 
the busiest times of long-distance travel (defined as a destina-
tion ≥ 50 miles away) are Thanksgiving, Christmas, and New 
Year’s [13]. As such, travel may not be a major explanation 
for the differences in INR observed for Independence and Co-
lumbus Day.

Independence Day is a major holiday that commemorates 
the independence of the USA from Great Britain [14]. It is typ-
ically celebrated with barbeques, picnics, firework displays, 
and festivals. Commonly consumed foods include hamburg-
ers, hot dogs, fries, and potatoes; green vegetables are less 
commonly consumed, which contain vitamin K [15]. The in-
consistent intake of vitamin K-containing foods is considered 
an interaction with warfarin, and a sudden reduction in these 
foods may increase the INR [1]. An increase in INR may also 
occur due to alcohol consumption, which is a well-known in-

Table 2.  Pre- and Post-Holiday INR Timeframe in Reference to Each Holiday

Holiday Date N
Pre-holiday INR Post-holiday INR

P-valueMean days 
from holiday SD Mean days 

from holiday SD

New Year’s Day January 1 35 7.82 11.21 8.21 10.74 0.882
MLK Day Third Monday of January 41 5.71 8.15 6.12 9.59 0.835
George Washington’s Day Third Monday of February 58 4.82 9.25 5.14 8.17 0.844
Memorial Day Last Monday of May 62 5.26 8.14 6.21 7.24 0.494
Independence Day July 4 65 7.21 6.15 8.62 5.68 0.423
Labor Day First Monday of September 71 5.62 10.12 6.14 10.31 0.762
Columbus Day Second Monday of October 71 2.89 5.14 3.12 5.76 0.802
Veterans Day November 11 62 4.67 6.12 5.14 7.84 0.711
Thanksgiving Day Last Thursday of November 63 8.14 9.53 9.58 8.42 0.371
Christmas Day December 25 61 9.59 8.83 8.53 7.31 0.472

INR: international normalized ratio; MLK: Martin Luther King; SD: standard deviation.

Table 3.  Pre- and Post-Holiday INR

N
Pre-holiday INR Post-holiday INR

P-value
Mean SD Mean SD

New Year’s Day 35 2.61 0.84 2.56 1.04 0.684
MLK Day 41 2.65 0.88 2.64 1.01 0.980
George Washington’s Day 58 2.36 0.65 2.64 1.05 0.050
Memorial Day 62 2.67 0.99 2.56 0.85 0.485
Independence Day 65 2.55 0.71 2.81 1.19 0.043*
Labor Day 71 2.57 0.88 2.49 0.91 0.536
Columbus Day 71 2.39 0.70 2.82 0.89 < 0.001*
Veterans Day 62 2.65 0.83 2.68 1.30 0.863
Thanksgiving Day 63 2.51 0.72 2.68 1.30 0.287
Christmas Day 61 2.65 0.94 2.65 1.20 > 0.999

*Statistically significant at an alpha of < 0.05. INR: international normalized ratio; MLK: Martin Luther King; SD: standard deviation.
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teraction [1].
There was also a significant difference in INR before and 

after Columbus Day, from 2.39 to 2.82. Columbus Day cel-
ebrates Christopher Columbus’s historic voyage to the Amer-
icas in 1492 [16]. Foods typically eaten include beef, pork, 
salted fish, rice, legumes, and desserts [17]. Similar to the 
traditions of Independence Day, there may be scarce opportu-
nities to continue a consistent intake of vitamin K-containing 
foods for warfarin-users, potentially increasing the INR. Alco-
hol consumption may also play a pivotal role in affecting the 
INR as well.

Moreover, patients were able to obtain their INRs closest 
to Columbus Day, as denoted by the lowest number of mean 
days for the pre- and post-holiday INR in reference to the 
actual holiday (2.89 ± 5.14 vs. 3.12 ± 5.76 respectively, P = 
0.802). It may be that more patients were available and able to 
complete their lab work, potentially due to lack of significant 
travel. The significant change in INR that was observed after 
Columbus Day may reveal the possibly more frequent changes 
in INR that could be inconspicuously occurring surrounding a 
holiday, which may not be as prominent if INRs were obtained 
more remotely from the actual holiday; longer gaps in attain-
ing post-holiday INRs may render adequate time for the pa-
tient to return to their usual, non-holiday habits, which would 
be similar to their pre-holiday INR. Nevertheless, as stated 
previously, there was great variability in the time from INR 
collection to the respective holidays, so these interpretations 

should be made cautiously.
While the INRs before and after Independence and Co-

lumbus Day had statistically significant differences, the post-
holiday INR remained within goal range. In spite of that, both 
Independence and Columbus Day yielded INRs that were 
significantly increased to 2.81 and 2.82, respectively. These 
values are on the higher end of the most desired range of 2 - 3, 
and were the highest post-holiday INRs observed, compared 
to other holidays. Under the setting of unchanged warfarin 
doses, such significant fluctuations in INR were unexpected, 
thus denoting variations in diet, medications, or substance 
use that may have triggered, or would continue to cause, an 
uptrend in INR. An INR that continues to increase, and left 
unrecognized, could potentially reach supratherapeutic levels 
and toxic effects without early intervention and patient educa-
tion [1].

With respect to drug interactions, the most common in-
teracting medication was aspirin, which can increase the risk 
of bleeding through additive effects on hemostasis but is not 
known to have effects on INR. The second most common in-
teracting medication was amiodarone, which can increase both 
the bleeding risk and INR due to amiodarone’s inhibition of 
cytochrome P450 2C9, thereby inhibiting the metabolism, 
increasing the plasma concentration, and enhancing the anti-
coagulation effect of warfarin [1]. Interacting anti-infectives 
included azithromycin, amoxicillin, and ketoconazole; diligent 
monitoring of INR is warranted to prevent supratherapeutic 

Figure 1. Drug interactions with warfarin.
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levels and adverse outcomes while on concurrent therapy. For 
temporary medications that inhibit the metabolism of warfarin, 
like anti-infectives, as opposed to with a chronic medication 
such as aspirin or amiodarone, the clinician must be conserva-
tive and anticipate a subsequent increase in INR (upon initia-
tion of the interacting agent) and decrease in INR (upon dis-
continuation of the interacting agent) [1-2, 6].

There have been reports of increased bleeding in warfarin-
users, even those with therapeutic INRs, and this may be po-
tentially due to defects in the blood coagulation pathway [18]. 
Consequently, prudent monitoring of INR and signs/symptoms 
of bleeding is of chief concern, even in patients with INR in 
the target range. Due to issues separate from INR and anti-
coagulation, there have been reports of new hospital admis-
sions, readmissions after discharge, and even death (such as 
cardiac mortality) around the time of holidays and sporting 
events [19-22]. These adverse outcomes may be attributed to 
lack of prompt evaluation and management, delays in timely 
follow-up care, and new or intensified activities or emotions 
related to such occasions. Special attention is required around 
the holiday season in patients on high-risk medications such as 
warfarin, and especially so in patients with risk factors, such 
as end-stage renal disease. The significantly higher risk of poor 
outcomes, such as major bleeding, stroke, and even mortal-
ity, has been well characterized in warfarin-users who are on 
hemodialysis/have end-stage renal disease; therefore, vigilant 
monitoring is imperative in this population, especially when 
they are most vulnerable to lifestyle changes, such as around 
the holidays [23-28].

Study limitations exist based on the retrospective design of 
the study, and assumptions were made that the electronic med-
ical record reflected all potentially interacting drugs, changes 
in diet and medications, adherence patterns, and substance use. 
Further, this study assessed the impact of holidays over a short 
period in one center, and we acknowledge this as a shortcom-
ing; thus, we recommend longer follow-up and collaboration 
with more participating centers to increase the sample size for 
future studies. Of note, this study was conducted prior to the 
COVID-19 pandemic and so all patients were being seen in 
person - inevitably, close monitoring remained a challenge, de-
spite diligence in patient outreach. Most patients in this study 
were Caucasian, which is not generalizable to all ethnicities 
and their associated dietary customs around the holidays, 
which may have implications on INR. Lastly, the acceptable 
timing of INR collection was 2 weeks pre- and post-holiday; 
as such, there were a few overlapping INR values based on the 
proximity of holidays, such as Christmas and New Year’s. Ide-
ally, the timeframe for the INR should be much closer to the 
actual holiday to prevent convergence of data.

In practice, clinicians should comprehensively capture 
concomitant drug/herbal usage through a thorough patient in-
terview, prescription drug database, or contact with local phar-
macies. Patients should be inquired about detailed holiday/
travel plans to prevent any overlooked interactions that may 
have additive effects on INR. The vicinity of the INR draw can 
be made close to each holiday, perhaps by way of self-moni-
toring, telephone/remote monitoring, or drive-up methods [29-
31]. Achieving therapeutic levels of INR in warfarin-users is 
indispensable in yielding favorable clinical outcomes, such as 

reducing rates of stroke, systemic embolism, bleeding, hospi-
talization, and mortality [1-2, 6]. We hope and anticipate that 
the results of this study would be hypothesis-generating and 
assist in the development of larger prospective studies.

Conclusion

Based on the results of our study, we found that there was a 
significant increase in INR before and after Independence 
Day and Columbus Day. There may be substantial changes in 
medication adherence and dietary patterns, which may impact 
the level of anticoagulation in warfarin-users. Future studies 
are needed to delineate the possible association of holidays on 
INR to optimize the care of patients on warfarin therapy.
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