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Stable INR is essential for effective  
anticoagulation treatment
Achieving a stable international normalized ratio (INR), defined as an INR of 2.0 to 3.0, is a critical aspect of anticoagulation therapy.  
A patient’s INR informs the dosage of warfarin, which has to be adjusted as the patient’s INR changes.1  

Patients given warfarin can be complex to manage because INR stability is challenging to achieve. A patient’s diet, lifestyle, concomitant  
medication use, and adherence to warfarin and other medications taken at the same time all have the potential to cause fluctuations in INR.1,2 

A meta-analysis of 95 studies of patients with atrial fibrillation (AF) found that 
patients spent an average of 61% of their time in therapeutic INR range.3* 

In another analysis of 53 studies, patients with venous thromboembolism (VTE) 
spent 61% of their time in therapeutic INR range.4† 

INR fluctuations have  

implications for health outcomes,  

resource use, and costs. In patients with AF,  

INR instability is a predictor of ischemic stroke and  

major bleeding.3,5  In patients who have experienced VTE,  

lack of INR control is associated with VTE recurrence and 

hemorrhage.4 Unstable INR increases the risk of overall  

mortality and anticoagulant-related bleeding or thrombosis.6  
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Even after achieving stabilization,  
fluctuation of INR values above or below 
therapeutic range of 2.0 to 3.0 for the 
duration of the study was common.7  

Moreover, stabilization was a predictor 
of persistence with warfarin therapy. Not 
achieving stabilization was associated with 
discontinuation of therapy within 4 months.
Patients whose INR was stabilized within  
1 year were 10 times more likely to remain  
on warfarin therapy than those whose  
INR was not.7

The difficulty of achieving stable INR
The challenges associated with INR management were illustrated in a large retrospective study of a national anticoagulation  
management service database.7 

Among more than 15,000 patients initiated on warfarin...7‡

Instability: by the numbers

Increase in likelihood of remaining 
on warfarin therapy when INR was 
stabilized within 1 year7

Share of patients who never 
achieved INR stability7

Share of patients with INR  
above or below therapeutic 
range after stabilization7

The average time required  
to stabilize INR in patients  
taking warfarin7



Implications for healthcare resource use
For payers, INR instability has substantial clinical and cost implications.

For example, a large integrated health system examined records of more than 6000 patients prescribed warfarin.§  
Findings showed anticoagulation-related bleeding events or thromboembolism occurred at a higher rate in  
patients with unstable INRs when compared to patients with stable INRs (P<0.001).6

Other studies have examined the resource use and economic effects associated with the difficulties  
of warfarin management:

Emergency hospitalizations  
related to adverse drug 

events involving warfarin8ll 

Incremental cost of treating 
hemorrhagic events in patients 
who used warfarin-potentiating 

medication9¶

A concomitant medication 
was implicated in 12.5%  

of hospitalizations 
attributed to warfarin8ll

The challenges  

of warfarin use may  

be underestimated.  

In patients with AF and 

VTE, INR instability  

has implications for 

healthcare resource  

use and costs.
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* Mearns study design (AF): A systematic review of studies of AF patients receiving adjusted-dose VKAs to evaluate time spent in 
therapeutic range (TTR), proportion of international normalized ratio (INR) measurements in range (PINRR), adverse events in 
relation to INR, and predictors of INR control in AF patients using VKAs. Studies that were included reported INR control 
measures (TTR and PINRR) and/or reported an INR measurement coinciding with thromboembolic or hemorrhagic 
events. Random-effects meta-analyses and meta-regression were performed. For all meta-analyses, statistical 
heterogeneity was determined using the I2 statistic and publication bias was assessed using the Egger’s 
weighted regression statistic and through review of funnel plots.3

  Limitations: The study design was limited in that missing eligible articles created the potential for 
publication bias. Another limitation included the fact that very few identified studies evaluated PINRR, 
which may have underpowered the meta-regression analysis. There also exists the possibility of a 
language bias, as only English-language studies were included. Finally, there was a high degree of 
statistical heterogeneity observed in the analyses, which suggested that the included studies varied 
clinically and/or methodologically.3

† Mearns study design (VTE): A systematic review to assess the quality of international normalized 
ratio (INR) control, identify study-level predictors of poor control, and examine the relationship 
between INR control and adverse outcomes in VTE patients. Analyzed studies included VTE patients 
receiving adjusted-dose VKAs and reported time in range (2.0-3.0) or proportion of INRs in range 
and/or reported INR measurements coinciding with thromboembolic or hemorrhagic events. Meta-
analyses and meta-regression analyses were performed. All studies were pooled using a random-
effects model for the meta-analysis. Statistical heterogeneity between studies was determined using 
the I2 statistic and publication bias was assessed using the Egger’s weighted regression statistic.4

  Limitations: The proportion of arms using the PINRR metric was different from those using the TTR metric, 
so drawing conclusions from the PINRR data was difficult. Additionally, the study combined data from the 
randomized trials and anticoagulation clinics in order to increase statistical power to show the difference vs the 
community setting. The investigators felt this was justified given previous meta-regression analyses not showing a 
significant difference between randomized trial and anticoagulation clinic VKA management. Also, the study assumed the 
relationship between TTR and recurrent VTE and major bleeding was linear, which may not have been the best fit model in these 
cases. Finally, as with any systematic review and meta-analysis, there was the possibility of missed eligible studies, which may have resulted  
in publication bias.4
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‡ Nelson study design: Longitudinal data from a large anticoagulation management service database was used to analyze 
the relationship between INR stabilization and warfarin utilization for >1 year patients with nonvalvular AF (NVAF). 
400,000 patients were followed from warfarin initiation to the first ≥90-day gap in anticoagulation clinic visits or 
end of the data time frame (2006-2010). Achievement of stable and therapeutic INR was defined as the first 
three consecutive INR values in the 2.0-3.0 range.7

  Limitations: Observational data may contain incomplete records and variable patient follow-up times. 
Data on adherence, concurrent medications, vitamin K intake, genotype, reasons for discontinuation of 
monitoring, and patient outcomes were not available in the dataset. These data were limited to patients 
with AF who were managed by anticoagulation clinics.7

§ Witt study design: A retrospective, longitudinal cohort study. Inclusion criteria were duration  
of warfarin therapy >90 days, at least 1 INR determination during the study time frame (2000–2005), 
age >18 years, and warfarin therapy continuing throughout a 6-month observation period. Stability 
was defined as having all INR values within the strictly defined therapeutic reference interval for the 
first identifiable continuous 6-month period.6

  Limitations: This retrospective study included data from administrative databases, which may 
have failed to capture important clinical variables or clinical care delivered outside of participating 
institutions. The study was not able to establish causative relationships between study variables and 
outcomes due to the observational nature of the study. Also, the study was conducted within an integrated 
healthcare delivery system with a specialized anticoagulation service using standardized warfarin dosing 
protocols, so results may not directly translate to other healthcare settings.6
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ll Budnitz study design: Adverse-event data from the National Electronic Injury Surveillance System–Cooperative 
Adverse Drug Event Surveillance project was used to estimate the frequency and rates of hospitalizations after 
emergency department visits for adverse drug events in patients ≥65 years of age from 2007 through 2009.8

  Limitations: The study utilized public health surveillance systems, which may underestimate the number of 
emergency hospitalizations because of unintended bias towards detecting acute, known drug effects or 
effects for which testing is available. Estimates of emergency hospitalizations for adverse drug events did 
not include patients who were directly admitted for diagnostic evaluation or transferred from another 
hospital. Data utilized did not provide direct estimates of person-year exposure to medications and 
excluded medications initiated in nursing homes, ambulatory surgery centers, at hospital discharge, 
and through telephone or email contact.8

¶ Suh study design: A nested-case control study of long-term warfarin-treated AF patients ≥18 years of 
age using the Medstat MarketScan database of health insurance claims from 2004 to 2009. Patients with a 
hemorrhagic event were matched to control patients. Treatment costs were calculated during the 3-month 
time frame after the occurrence of the hemorrhagic event. Hemorrhage-related costs were costs associated 
with medical services involved in hemorrhagic treatment and prescription drug costs for hemostatic agents.9

   Limitations: The study was unable to capture the use of any over-the-counter agents or assess potential 
effects of patient diet and adherence on the effectiveness of warfarin due to the nature of claims data. 
Selection of treatment by variables not available from health insurance claims data was not controlled in the 
analysis. Also, there was an essential selection bias and potential underestimation of the risk of hemorrhage from 
combination therapy. The use of ICD-9-CM codes may have also underestimated the true incidence of hemorrhagic 
events. In addition, the treatment costs were based on a short follow-up period (3 months), and excluded payment by 
Medicaid recipients, the uninsured, or out-of-pocket payments.9
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