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Abstract

Warfarin has long been the standard-of-care anticoagulant in treating and preventing thromboembolic events in a range of condi-
tions, most commonly for atrial fibrillation (AF) [1]. However, Direct Oral Anticoagulant (DOAC) use has risen significantly in recent 
years, with a shift from 7.4% to 66.8% from 2011 to 2019 among Medicare Part D beneficiaries taking oral anticoagulants. Despite 
the increasing use of DOACs, warfarin is still often used in patients who may be poor DOAC candidates due to renal or hepatic impair-
ment, extremes of body weight, drug interactions, or for conditions in which DOAC efficacy and safety is sub-optimal or has not been 
well-established [2].
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Introduction

The therapeutic effects of warfarin are directly linked to maintaining the International Normalized Range (INR) within a target range 
(a goal of 2 - 3 for most indications) [3]. It is well established that INR is highly sensitive to many interacting factors including dietary 
vitamin K intake, alcohol intake, and drug interactions or comorbid conditions affecting warfarin metabolism and clearance. Demographic 
factors of age, height, weight, sex, race, and ethnicity - in addition to patient-specific genetic determinants of warfarin metabolism and the 
vitamin K cycle - have also shown influence on warfarin sensitivity.

Commonly used methods of assessing patients’ consistency of INR values relative to their target therapeutic range include the tradi-
tional method (calculating a proportion of therapeutic INR values), and the Rosendaal method (using linear interpolation between known 
INR values to estimate a time in therapeutic range [TTR]) [4,5]. Maximizing the amount of time a patient spends within therapeutic range 
is associated with improved bleeding and thrombotic outcomes [6-8]. When compared to dual antiplatelet therapy (DAPT) in patients 
with AF, a predicted TTR of at least 58 - 65% was required to provide clinical benefit with warfarin [9]. Although TTR-specific thresholds 
remain a topic of debate, poor anticoagulation control is generally defined as TTR < 65% across modern guidelines [10-12].
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Independent predictors of poor anticoagulation control as defined across a range of populations have included advanced age, fe-
male sex, hospitalizations, number of medications, alcohol use, non-alcohol substance use, smoking and various comorbidities including 
psychiatric conditions and cancer [13-19]. Despite the many known factors influencing INR, we were unable to identify any published 
literature examining how potential changes in patient-specific behaviors and environmental factors around holiday periods may impact 
INR variability. Several factors surrounding holiday periods may be clinically significant, including the following: use of travel-associated 
antibiotics or malaria prophylaxis that could alter vitamin K production by intestinal flora; acute infections such as gastritis that could 
impair dietary vitamin K absorption; variations in temperature and altitude that have shown impact on coagulability; and changes in diet, 
alcohol use, or medication adherence [20-23].

Aim of the Study

Our study aimed to assess INR variability during holiday periods, and to identify additional predictors associated with poor INR con-
trol.

Methods

Study sample

This study was approved by the Institutional Review Board of Loma Linda University Medical Center. This study was a retrospective co-
hort study using data from a pharmacist-managed anticoagulation clinic associated with a tertiary care, academic medical center located 
in the United States. Adult patients anticoagulated on warfarin and receiving care at the clinic between January 1, 2017 and September 
30, 2020 were included (Figure 1). Patients with fewer than two INR values were excluded due to limitations of applying the Rosendaal 
Method.

Figure 1: Patient inclusion diagram.

A holiday cohort was defined, consisting of patients with at least 2 consecutive INR values recorded during defined holiday periods, 
and all INR values recorded outside of holiday periods were excluded from their analysis. Conversely, the non-holiday cohort consisted of 
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patients with at least 2 consecutive INR values recorded during defined non-holiday periods, and all INR values recorded within holiday 
periods were excluded from their analysis.

Data sources

Retrospective review of electronic health records (EHR) was performed, and clinical and demographic data were extracted including 
age, sex, ethnicity, race, social history (smoking, alcohol, marijuana, and illicit substance use), zip code, and number of hospitalizations 
and emergency department (ED) visits within the health system during the study period. Past medical history including psychiatric condi-
tions and individual components of the CCI score were identified via The International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) and International Classification of Diseases, 10th Revision (ICD-10) coding [24]. Median household income was 
inferred using patient ZIP Code Tabulation Areas and was compared to the national median household income for 2017 [25,26].

Documented INR values and dates of INR within the study period were recorded for all included patients. Values listed during hospital-
ization periods were excluded, since these patients may experience intentional interruptions in warfarin therapy not reflective of baseline 
anticoagulation control. If multiple INR values were documented on a given day, the value furthest from goal INR was used for a more 
conservative estimate of in-range INR. 

The index date was defined by the earliest documented clinic pharmacist encounter in the EHR within the study period. The pharma-
cist clinic note on the index date was used to extract the defined INR goal, the indication for anticoagulation, and the number of concomi-
tant medications as listed during medication reconciliation. Study exit date was defined if patients were listed as transitioning off warfarin 
in clinic notes, became deceased, or if the end of the study period was reached.

Holiday periods were defined as each of ten U.S. Federal holidays, including three days before and after the holiday date. Holidays in-
cluded were: New Year’s Day, Martin Luther King Jr Day, Washington’s Birthday/Presidents’ Day, Memorial Day, Independence Day, Labor 
Day, Columbus Day, Veteran’s Day, Thanksgiving Day, and Christmas Day.

Outcomes

The proportion of INR values in range was calculated by dividing the number of in-range INR values by the number of INR assessments. 
The Rosendaal method used linear interpolation to estimate INR values on unmeasured days to calculate a TTR by diving the estimated 
number of days within range by the total number of days on therapy; freely available formula templates from INR Pro were used for tra-
ditional and TTR calculations [27]. A time-weighted TTR was calculated by dividing the sum of all patients’ days within range by the sum 
of all patients’ days on therapy [13]. Individual components of the CCI were tabulated into a total score and stratified as ≥ 3 or < 3. Among 
the subgroup of patients with AF, CHA2DS2-VASc scores were calculated.

Statistical analysis

Data analysis was performed using the Statistical Package for the Social Sciences version 28 (SPSS-27) [28]. Proportion of therapeutic 
INR was compared between holiday and non-holiday cohorts. Additional statistical analysis was performed to identify risk factors associ-
ated with poor INR control (as defined by TTR thresholds). Multivariate logistic regression was performed using a backward, stepwise 
(Wald) elimination, removing variables with non-significant odds ratios (OR) at each step until a final prediction model was generated. 
An approach of “purposeful selection” was used to determine variables entering the multivariate initial model, using potential risk factors 
(identified from previous literature) found to be significant during univariate logistic regressions [29].

Results

Total patients assessed numbered 233. Five patients were excluded due to having < 2 INR values recorded. One patient was excluded 
due to missing a warfarin clinic enrollment note. In total, 227 patients were eligible for data analysis and included in the overall cohort.
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For the overall cohort, the proportion of INR values in range was 2589/5363 (48.3%); the time-weighted TTR was 55.7% from 134,618 
total observed days; and mean TTR was 52.3% (distribution shown in figure 2). A TTR ≥ 65% was achieved in 73 patients (32.2%), and a 
TTR ≥ 60% in 90 patients (38.6%).

Figure 2: Mean time in therapeutic range frequency histogram.

There were significant differences between characteristics of TTR ≥ 65% and TTR < 65% groups, with the TTR ≥ 65% cohort having 
older age, more stroke indications, more INR goals of 2 - 3, fewer hospitalizations, fewer males, and fewer ED visits (Table 1). Among the 
TTR ≥ 65% group, the proportion of INR values in range was 1217/2076 (58.6%), mean TTR was 79.5%, and time-weighted TTR was 
76.6% from 49,766 total observed days. Among the TTR < 65% group, the proportion of INR values in range was 1343/3217 (41.8%), 
mean TTR was 39.5%, and time-weighted TTR was 43.4% from 84,852 total observed days. 

Among a subgroup of patients with AF (n = 113), the mean CHA2DS2-VASc score was 4.04; the proportion of INR values in range was 
1346/2605 (48.8%); mean TTR was 52.9%. A TTR ≥ 65% was achieved in 33% of patients, and TTR ≥ 60% in 39.3% of patients.

All 227 patients were included in the non-holiday cohort, while 191 of those patients were also included in the holiday cohort; as ex-
pected, there was a large degree of patient overlap due to having qualifying INR values in both cohorts, although a patient’s INR values are 
distinct to either group based on time periods. Baseline characteristics are not described here due to the patient overlap between the two 
cohorts, although there were no significant differences between groups. The proportion of therapeutic INR among the non-holiday cohort 
was 2169/4549 (49.5%), and among the holiday cohort was 420/814 (47.6%); this difference was not statistically significant (p-value = 
0.589). Additionally, within the holiday cohort no significant differences were found when testing mean proportions of therapeutic INR 
across each of the individual holidays.

Significant univariate regression risk factors chosen to enter the multivariate initial model included: age ≥ 65, number of medications, 
CCI score ≥ 3, psychiatric conditions, smoking history, number of hospitalizations, number of ED visits, and household income below 



Citation: Huyentran N Tran., et al. “International Normalized Ratio Variability around Holidays and Predictors of Poor Time in 
Therapeutic Range in Patients Treatment with Warfarin”. EC Clinical and Medical Case Reports 6.5 (2023): 43-52.

International Normalized Ratio Variability around Holidays and Predictors of Poor Time in Therapeutic Range in Patients 
Treatment with Warfarin

47

Variable TTR < 65% (n=154) TTR ≥ 65% (n=73)
Indication, n (%)
AF 76 (49.4) 37 (50.7)
VTE 61 (40) 23 (31.5)
Mechanical valve 22 (14) 7 (9.6)
Stroke 9 (6) 17 (23.3)*

Other† 27 (17.5) 6 (8.2)
INR goal, n (%)
2-3 129 (83.8) 69 (94.5)*

2.5-3.5 11 (7.1) 4 (5.5)
Other‡ 14 (9.1) 0 (0)
Age (yr), median (IQR) 68 (59, 77) 74 (64, 81)*

Sex (male), n (%) 65 (42) 28 (38)*

Ethnicity - Hispanic, n (%) 33 (21) 17 (23)
Race, n (%)
White 108 (70.1) 60 (82.2)
Black/African American 19 (12.3) 3 (4.1)
Hispanic/Latin Origin 14 (9.1) 6 (8.2)
Asian 9 (5.8) 3 (4.1)
American Indian/Alaska Native 2 (1.3) 1 (1.4)
Pacific Islander/Native Hawaiian 1 (0.65) 0 (0)
Unknown 1 (0.65) 0 (0)
Medications, median (IQR) 11 (8, 14) 9 (6, 12)
Charlson Comorbidity Index Score, mean (SD)§ 4.98 (2.64) 4.67 (2.08)
CCI score ≥ 3, n (%) 124 (80.5) 62 (84.9)
Psychiatric condition 35 (23) 18 (25)
Healthcare encounters, mean (SD)
Hospitalizations 1.9 (3.1) 0.85 (1.6)*

ED visits 1.0 (1.6) 0.59 (1.2)*

Median household income ($), median (IQR) 65,956 (56,005, 72,739) 66,560 (57,855; 71,245)
Median household income below national level, n (%) 71 (46) 27 (37)
Current alcohol use n (%) 33 (21.4) 9 (12.3)
Current tobacco smoker n (%) 7 (4.5) 1 (1.4)
Current marijuana use n (%) 5 (3.2) 3 (4.1)
Current illicit substance use n (%) 2 (1.3) 0 (0)

Table 1: Baseline characteristics.

VTE: Venous Thromboembolism; IQR: Interquartile Range; SD: Standard Deviation.

*Indicates statistically significant difference between groups.

† Other: LV thrombus, APLS, Factor V Leiden, Protein C Deficiency, PAD, LVAD.

‡ Other: 2.5-3, 1.8-2.5, 2-2.5, 1.8-2.2, 2-3.5.

§Differences between groups for individual components of CCI score were nonsignificant.
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national median. No other factors were found to be significant on univariate testing, including anticoagulation indication, INR goal, and 
all baseline characteristics previously detailed. Significant predictors of poor INR control (TTR < 65%) identified in the final prediction 
model included age 65+ (OR = 2.3; 95% CI, 1.18 - 4.52), psychiatric condition (OR = 2.1; 95% CI, 1.01 - 4.45), hospitalizations (OR = 1.24; 
95% CI, 1.04 - 1.49), and number of medications (OR = 1.07; 95% CI, 1.01 - 1.14) (Figure 3). When a cutoff of TTR < 60% was used for 
the same model above, significant factors in the final prediction model included number of hospitalizations (OR = 1.28; 95% CI, 1.09-1.5), 
number of medications (OR = 1.06; 95% CI, 1.01-1.12), and CCI score ≥ 3 (OR = 2.2; 95% CI, 1.02-4.75).

Figure 3: Significant predictors of time in therapeutic range < 65%.

Discussion

In this single-center study, there was not found to be significant INR variability during holiday periods relative to non-holiday periods. 
Contrary to our hypothesis, no signal of holiday periods negatively impacting anticoagulation control was noted. 

Average TTR was suboptimal, although consistent with a comparable, lower end of what has been seen in real-world data from similar 
studies [13,14,18,30]. As observed across sites and study populations, few patients on warfarin will achieve an acceptable TTR, and even 
fewer an optimal TTR. Approximately one third of our patients had a TTR of at least 65%, the high end of the proposed threshold for net-
ting clinical benefit with use of warfarin over antiplatelets [9]. Additionally, when considering the therapeutic benefit of warfarin relative 
to DOACs, an ideal, higher goal TTR of > 70% has more recently been proposed [11,12].

Data from the Outcomes Registry for Better Informed Treatment of Atrial Fibrillation (ORBIT-AF) demonstrated that among patients 
with an initially high degree of anticoagulation control (TTR ≥ 80%), there may be poor durability in maintaining this degree of TTR 
beyond the initial treatment phase [31]. However, in contrast to ORBIT-AF, a recent population-based study in Canada did showcase du-
rability of high-quality TTR and advised an emphasis on support for well-managed anticoagulation clinics [32]. Difficulty achieving (and 
maintaining) adequate TTR on warfarin may support the transition of eligible patients to DOACs. 

Factors identified in our model as independent predictors of poor TTR are consistent with previously published literature. Number 
of medications and number of hospitalizations have been associated with poor TTR, and it is not surprising that both were found to be 
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significant in our model across both TTR cutoffs [14,16]. Although there is no standard cutoff to define polypharmacy, a threshold of ≥ 5 
medications has been referenced [16,30,33,34]. From the Veterans Affairs Study to Improve Anticoagulation (VARIA), 4 or more hospital-
izations per year was associated with a 9.4% decrease in TTR [14]. Fewer studies have examined and found significance with socioeco-
nomic factors such as income level and education, or burden of comorbid conditions through Charlson Comorbidity Index (CCI) scores 
[19,35,36]. A CCI threshold of ≥ 3 has been associated with poor outcomes and is often cited as a marker for severe burden of disease 
[24,35]. Our study uniquely examined the association of CCI ≥ 3 with poor TTR, of which previous assessments have been limited to a 
single study which defined “low-quality control of INR” at a much lower threshold of < 25% [35]. In our current study, when a threshold 
TTR ≥ 60% was used in our multivariate model, CCI ≥ 3 was found to be a significant predictor of poor TTR, but was not significant when 
using TTR ≥ 65%. This may suggest that higher CCI scores predict very poor degrees of anticoagulation control.

Our study also found an association of psychiatric conditions with poor TTR, as is consistent with previous studies [14,16]. However, 
no other comorbid conditions were found to be significant in our model, and prior evidence has found variable associations of TTR with 
non-psychiatric conditions [13-16]. This may emphasize a further need for capturing and stratifying psychiatric and non-psychiatric co-
morbid conditions as possible risk factors, particularly with scoring systems such as CCI only capturing dementia as one aspect of a range 
of psychiatric conditions [14,16,26]. Our study found older age (≥ 65) to be associated with poor TTR, although previous literature has 
shown the impact of age on TTR to be varied and complex, possibly with a biphasic relationship [19,37,38].

Given the imbalances in patient characteristics among our TTR groups, more patients in the TTR ≥ 65% group were anticoagulated for 
stroke, had an INR goal of 2-3, and had fewer hospitalizations and ED visits. It has been previously noted that patients with a more stable 
anticoagulation status were more likely to have an INR goal under 3 - including the standard INR goal of 2-3 [39]. This may signal that our 
more optimally anticoagulated patients were less often experiencing bleeding or thrombotic events related to anticoagulation.

Limitations of the Study

Our single center retrospective study has several key limitations. The method of purposeful selection of variables is not without its 
own limitations, and our multivariate regression model may not have included additional variables potentially associated with poor TTR. 
Further, other key factors that have been associated with poor TTR - such as poor patient adherence - were data points unable to be ex-
tracted and utilized in our model [40].

Our study extracted data on indication(s) for anticoagulation and defined INR goal at earliest clinic visit note within the study period. 
This method failed to capture subsequent changes in INR goals - such as the time-variable goals of On-X aortic heart valves - or as indica-
tions were phased in or out (e.g. initially anticoagulated for a deep vein thrombosis, but now have had a mechanical mitral valve replace-
ment). Although we excluded INR values during patient hospitalizations, low INR values during planned interruptions in therapy (such as 
prior to a procedure) may skew data with low values and weigh down aggregate measures. Similarly, new-start warfarin patients being 
bridged until therapeutic may also skew data with low values.

There are also inherent limitations of each method of therapeutic INR assessment. Unlike TTR, there remains to be seen an accepted, 
optimal proportion of therapeutic INR values (using the traditional method) as identified through an association with clinically mean-
ingful outcomes. Because it relies on the total number of INR values, the traditional method may also be skewed by patients with more 
frequent INR testing. With the Rosendaal method, Technical limitations of the Rosendaal Method prevented TTR from being calculated 
among holiday and non-holiday cohorts due to linear interpolation producing overlap between holiday and non-holiday periods; so, only 
the traditional method could be used for this between-group comparison. Given the method of linear interpolation, extended time be-
tween values may also skew overall TTR. It is difficult to draw meaningful comparisons between proportion of therapeutic INR and TTR. 
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Still, observing multiple summary measures of anticoagulation control may allow for a broader view and avoid the limitations of either 
method viewed alone. Recently, several risk-adjusted TTR scoring systems have been proposed, including SAMEe-TT2R2 and PROSPER, for 
predicting risk of poor anticoagulation control given the presence of patient-specific risk factors [15,17,19]. These systems may represent 
a more tailored approach to assessing patient risk, and better characterize bleeding and thrombotic risks as associated with TTR.

Conclusion

Focused, interdisciplinary efforts are needed to target high-risk patients treated with warfarin, including those with polypharmacy or 
frequent hospital encounters. Further, ongoing assessments of patient-specific risk factors (such as psychiatric conditions) are needed 
to continue the provision of high-yield care. For patients in which it is feasible and indicated, switching from warfarin to a DOAC may be 
warranted to optimize anticoagulation status and improve patient outcomes. In summary, this appears to be the first study examining INR 
variability around holiday periods. Additionally, the findings of this study further confirm certain key, previously identified predictors of 
poor anticoagulation status.
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