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For patients on warfarin therapy, an interna-
tional normalized ratio (INR) recall interval
not exceeding 4 weeks has traditionally been
recommended. Less frequent INR monitor-
ing may be feasible in stable patients. We
sought to identify patients with stable INRs
(defined as having INR values exclusively
within the INR range) and comparator pa-
tients (defined as at least one INR outside
the INR range) in a retrospective, longitudi-

nal cohort study. Occurrences of thrombo-
embolism, bleeding, and death were com-
pared between groups. Multivariate logistic
regression models were used to identify
independent predictors of stable INR con-
trol. There were 2504 stable and 3569 com-
parator patients. The combined rates of
bleedingandthromboembolismweresignifi-
cantly lower in stable patients. Independent
predictors of stable INR control were age

older than 70 years and the absence of
comorbid heart failure and diabetes. Stable
patients were significantly less likely to have
target INR of 3.0 or higher or chronic dis-
eases. We hypothesize that many patients
demonstrating stable INR control could be
safely treatedwith INRrecall intervalsgreater
than the traditional 4 weeks. (Blood. 2009;
114:952-956)

Introduction

Warfarin is effective for the primary and secondary prevention of
both arterial and venous thromboembolic disorders. Its variable
dose response and narrow therapeutic index mandate periodic
monitoring of the international normalized ratio (INR).1 Target
INR ranges of 2.0 to 3.0 or 2.5 to 3.5 have been recommended for
most indications because INR values in these ranges are associated
with the best combination of thrombosis reduction and bleeding
avoidance.1 Although multiple studies have addressed the optimum
target intensity of anticoagulation, few studies have addressed the
optimal testing frequency. Current guidelines suggest a time
interval not exceeding 4 weeks between INR determinations.1,2

However, this recommendation is not evidence based, having
evolved instead from regional differences in routine clinical
practice and expert opinion.3

More frequent INR testing has been suggested as a means to
increase time in the therapeutic range, especially among patients
who self-monitor warfarin using point-of-care technology.1,4,5

Although more frequent testing may increase the proportion of
time within the therapeutic INR range in some patients, it is not
likely to benefit those patients who demonstrate long-term INR
stability as demonstrated by minimal INR deviation and longitudi-
nal warfarin dose stability. Hypothetically, less frequent INR
monitoring may be possible for such patients. Supporting evidence
comes from the United Kingdom where anticoagulation providers
routinely allow INR recall intervals in stable patients up to
90 days.6 Recent evidence suggests that longer INR recall intervals
may also be associated with improved INR control,7,8 which has in

turn been associated with reduced risk for anticoagulation therapy-
related adverse events.9,10

Our objectives were to identify a subgroup of patients with very
stable (ie, all INR values in the therapeutic range) INR control, to
compare the risk of anticoagulation therapy-related adverse events
in such patients to the corresponding risk in patients without
exclusively therapeutic INR control, and to describe patient
characteristics associated with long-term INR stability.

Methods

Study design and setting

The study was a retrospective, longitudinal cohort study conducted at
Kaiser Permanente Colorado (KPCO), an integrated health care delivery
system that provides services to more than 480 000 members in the
Denver-Boulder metropolitan area. Anticoagulation services at KPCO are
provided by a centralized Clinical Pharmacy Anticoagulation Service
(CPAS).9 Working collaboratively with the referring physician and using
standardized dosing algorithms,11 CPAS clinical pharmacists initiate,
adjust, and refill anticoagulant medications and order relevant laboratory
tests. Dosing algorithms used during the study specified a maximum INR
recall interval of 6 weeks. Integrated, electronic medical, pharmacy, and
laboratory records system and CPAS database (Dawn-AC; 4S Systems Ltd)
were used to identify patients, treatments, and outcomes for this study.
Approval to conduct this study was obtained from the KPCO Institutional
Review Board.
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Patients

Patients with a duration of warfarin therapy in excess of 90 days, at least
one INR determination during the study time frame (January 2000 through
December 2005), an age of greater than 18 years, and warfarin therapy
continuing throughout a 6-month observation period were included in
the study.

Stable patients were defined as having all INR values within the strictly
defined therapeutic reference interval for the first identifiable continuous
6-month period (ie, 100% INR control). Comparator patients were those
who did not have any continuous 6-month period where all INR values were
within the therapeutic range. To ensure a minimal standard for compliance
with ongoing INR monitoring, both stable and comparator patients had to
have at least one INR determination every 8 weeks during the respective
observation periods. The process for defining the study cohorts is depicted
in Figure 1.

Data collection

Variables collected for analysis included the primary warfarin indication
(atrial fibrillation, venous thromboembolism, heart valve disorder, other),
age at start of the observation period, sex, INR target, duration of warfarin
therapy, and INR values. Patient-specific factors that could influence the
risk for anticoagulant-related complications were also recorded: diabetes
mellitus, hypertension, heart failure, prior venous thrombosis, hemorrhage
or stroke, cancer, and estrogen therapy. Risk factors were considered
present when a coded assessment for a given factor was identified in the
180 days prior to the start of the observation period. Estrogen therapy was
defined as a prescription for a systemic estrogen-containing product sold
within 90 days prior to the start of the observation period. A validated
measure of patient acuity, the chronic disease score (CDS), was calculated
for each patient using ambulatory prescription drug data from the observa-
tion period.12 Chronic disease scores can range from 0 to 35, with
increasing scores indicating an increasing burden of chronic diseases under
treatment. Use of the CDS allows for the accounting of each patient’s risk of
mortality and future health care use.12,13

The first occurrence of anticoagulant-related complications (thromboem-
bolism, bleeding, and death) was determined as previously described.14

Briefly, specific complications requiring admission to the emergency
department or hospital were sought using ICD-9 discharge diagnostic codes
(available upon request) within KPCO electronic administrative databases.
All events were subsequently confirmed through independent review of the
patient’s electronic medical record by 2 investigators. Events were scored
using a modified Naranjo scale to quantify the relationship of the adverse
event with warfarin therapy.15 A third reviewer was employed to resolve
disagreements.

Thromboembolic complications were defined as any deep vein thrombo-
sis, pulmonary embolism, cerebral vascular accident, transient ischemic
attack, systemic embolism, or heart valve thrombosis. Bleeding complica-
tions included episodes such as intracranial bleeding, gastrointestinal
hemorrhage, hematoma, hemoptysis, epistaxis, and hematuria. All bleeding
episodes resulting in admission to the emergency department or hospital
were included regardless of severity. Fatal events were assessed for direct
relationship to bleeding or thromboembolism using the medical record
and/or a death certificate.

Statistical analysis

Data analyses were performed using SAS 9.1.3 statistical software. Patient
characteristics were reported as means and standard deviations for interval-
level variables (eg, age, warfarin dose, length of warfarin therapy) and
percentages for categoric variables (eg, sex, target INR, occurrence of
anticoagulation therapy-related complications). Associations between cat-
egoric variables were assessed using the chi-square test and continuous
variables were compared using the independent samples t test or Wilcoxon
rank sum test (depending on the distribution of the data). Patient character-
istics and risk factors were entered into multivariate logistic regression
models to identify variables that independently predict INR stability. The
alpha was set at .05.

Results

Records from 7686 patients were screened; of these, 6073 patients
had a period where an INR was measured every 8 weeks for at least
6 months. The stable group was composed of 2504 patients with
INR values within the desired reference interval on all determina-
tions and the comparator group of 3569 patients with at least one
INR outside the desired reference interval (Figure 1).

Baseline characteristics of stable patients and comparators are
presented in Table 1. Stable group patients were older than
comparator group patients and more likely to have had a target INR
of 2.5 and to have been receiving warfarin for atrial fibrillation, but
less likely to have had a target INR of 3.0 or higher, to have been
receiving warfarin for heart valve replacement, to have comorbid
diabetes, heart failure, or prior venous thrombosis, or to be

All CPAS patients 
with ≥1 INR during 
5-year study period 

(n=7,686)

Patients lacking at least one 
INR in 8-week intervals for 6 or 

12 months excluded
(n=1,613)

INRs exclusively in 
range AND at least 

one INR during 
consecutive 8-
week intervals

(n=2,504)

INRs NOT exclusively 
in range AND at least 

one INR during 
consecutive 8-week 

intervals
(n=3,569)

Comparator groupStable group

Figure 1. Process for defining the study groups.

Table 1. Baseline characteristics

Characteristic
Stable group,

n � 2504
Comparator group,

n � 3569 P

Mean age,* y (SD) 72.3 (10.9) 68.8 (13.1) � .001

Age older than 70 y, % 63.0 51.5 � .001

Male, % 52.0 51.5 .688

INR target, %

2.0 3.9 3.3 .167

2.5 87.0 79.7 � .001

3.0 or more 9.1 17.0 � .001

Primary indication for

anticoagulation therapy, %

Atrial fibrillation 49.9 43.4 � .001

Venous thromboembolism 25.6 25.8 .856

Heart valve disorder 8.0 12.7 � .001

Other 16.5 18.1 .107

Risk factors, %

Diabetes mellitus† 1.6 3.5 � .001

Hypertension† 18.2 20.2 .046

Heart failure† 5.9 8.7 � .001

Prior venous thrombosis† 2.5 3.7 .012

Prior hemorrhage† 1.2 2.0 .021

Prior stroke† 0.0 0.1 .273

Cancer† 0.2 0.6 .060

Estrogen therapy‡ 7.8 10.7 � .001

Mean chronic disease score

(SD)

6.5 (2.6) 6.7 (2.7) � .001

Median duration of warfarin

therapy, d§ (IQR)

1166 (554, 2051) 755 (725, 1753) .743

INR indicates international normalized ratio; IQR, interquartile range; and SD,
standard deviation.

*As of date of index INR measurement.
†During the 180 days before the index INR.
‡During the 90 days before the index INR.
§From initiation of warfarin therapy.
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receiving concurrent estrogen therapy. The mean chronic disease
score was also lower in stable group patients. Differences in
duration of warfarin therapy between groups prior to inclusion in
the study were not statistically significant. The mean proportion of
INR values in the therapeutic range for the comparator group was
46.9% (standard deviation [SD] � 22.0). The stable group had a
lower mean number of INRs measured per patient, 6.7 (SD � 1.3)
during the observation period compared with 10.7 (SD � 4.5) per
patient for comparators (P � .001).

Rates of anticoagulation therapy–related adverse events (throm-
boembolism, bleeding, and death) are summarized in Table 2.
Compared with stable group patients, the rate of overall mortality
was higher in the comparator group (P � .01); however, the
difference in anticoagulation therapy–related mortality rate was not
statistically significant. The rate of anticoagulation-related bleed-
ing complications was higher in the comparator group compared
with their stable counterparts (P � .05). Compared with stable
group patients, the combined complication rates of bleeding or
thromboembolism occurred at a higher rate in the comparator
group (P � .001). Patients in the comparator group were more
likely than the stable group to require coadministration of heparin
or low-molecular-weight heparin (P � .001).

Table 3 summarizes patient characteristics predictive of stable
status. Significant predictors of stable group status were age older
than 70 years (odds ratio [OR] � 1.54; 95% confidence interval
[CI], 1.38-1.72) and the absence of comorbid diabetes (OR � 1.87;
95% CI, 1.3-2.67), heart failure (OR � 1.43; 95% CI, 1.16-1.76),
or concurrent estrogen therapy (OR � 1.32; 95% CI, 1.09-1.60).
Stable patients were significantly less likely to have a target INR of
3.0 or higher (OR � 0.48; 95% CI, 0.38-0.61) and increasing
chronic disease scores (OR � 0.96; 95% CI, 0.94-0.98).

Discussion

In this large retrospective cohort study, we identified 2504 patients
with very stable long-term INR control. We identified that age older
than 70 years and the absence of comorbid diabetes or heart failure
independently predicted this INR stability. Patients with a target
INR of 3.0 or higher and those with a greater burden of chronic
diseases were less likely to have such long-term INR stability. On
average, the proportion of comparator patients’ INRs in the
therapeutic range was 46.9%, whereas stable patients’ INRs were
100% therapeutic. The seemingly suboptimal INR control reflects
the absence of these very stable patients from the comparator
group. The time in therapeutic range for all patients managed by
CPAS is typically about 64%.9 Although other investigations have

examined predictors of very poor INR control,16-19 to our knowl-
edge this study is the first to assemble a large cohort of anticoagu-
lated patients and carefully evaluate them for predictors of
INR stability.

Our findings are important as patients with long-term stable
INR control may be adequately treated with less frequent INR
monitoring, perhaps as infrequently as every 8 weeks. Extending
the INR recall interval in such patients is likely to reduce costs and
increase convenience (and therefore perhaps adherence) without
impacting the risk for bleeding or thrombosis.

The most surprising observation in our analysis was that age
older than 70 years predicted long-term INR stability. This
observation is somewhat counterintuitive and should be confirmed
in additional studies. This finding argues against innate INR
variability associated with advancing age. The possibility that
younger patients were more likely to have been receiving warfarin
for heart valve indications was explored posthoc by comparing the
proportion of patients 70 years or older in both groups on warfarin
for this indication. In the stable group, 5.0% had a heart valve
indication compared with 7.5% in the comparator group (P � .09).
An interaction term for age and warfarin indication was tested in
the predictive model but was not significant.

Our results are likely to be valid. The data set used to complete
this study is robust and has been used previously in health records
and data extraction research.9,14 The large number of patients

Table 2. Unadjusted outcomes during 180-day follow-up period

Characteristic
Stable group,

n � 2504
Comparator group,

n � 3569 P

Received heparin,* % 0.3 3.2 � .001

Deceased, n, % 10, 0.4 58, 1.6 � .001

AC-related death, n, % 1, 0.04 5, 0.1 .411†

AC-related thrombosis, n, % 10, 0.4 26, 0.7 .100

AC-related bleeding, n, % 19, 0.8 101, 2.8 � .001

AC-related bleeding or

thrombosis, n, %

28, 1.1 127, 3.6 � .001

AC indicates anticoagulation.
*Heparin or low-molecular-weight heparin.
†Fisher exact test.

Table 3. Predictors of stable INR control status (c-statistic � 0.61)

Predictor Odds ratio 95% CI

Age

Older than 70 y 1.54 1.38-1.72

70 y or younger

Sex

Female

Male 0.98 0.88-1.10

INR target

2.0 1.12 0.85-1.48

2.5

3.0 or more 0.48 0.38-0.61

Primary indication for anticoagulation therapy

Atrial fibrillation

Venous thromboembolism 0.93 0.81-1.06

Heart valve disorder 1.18 0.89-1.56

Other 0.90 0.78-1.05

Thromboembolic risk factors

Diabetes mellitus

Yes

No 1.87 1.30-2.67

Hypertension

Yes

No 1.09 0.95-1.25

Heart failure

Yes

No 1.43 1.16-1.76

Prior venous thrombosis

Yes

No 1.33 0.97-1.81

Prior hemorrhage

Yes

No 1.53 0.99-2.38

Estrogen therapy

Yes

No 1.32 1.09-1.60

Chronic disease score 0.96 0.94-0.98
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included in our analysis increases the generalizability of our results
and reduces the likelihood that unmeasured bias may have influ-
enced them. Real-world patients with a variety of indications for
warfarin and therapeutic INR targets were included. Clinical events
were comprehensively collected and described, and INR determina-
tions were performed by a single laboratory and systematically
captured in an integrated electronic medical record. All clinical
events were independently assessed for causality by 2 expert
reviewers. The long-term stable cohort was carefully established
using a definition for stability (ie, 100% of INR values within the
strict INR range) more rigorous than that used by most anticoagula-
tion providers in routine practice. For example, had INR results
within 0.2 of the upper and lower limits of the specified INR range
qualified as “in-range” (as is common clinical practice in North
America), the number of patients with long-term INR stability
would have been substantially larger.20 Most patients observed in
our study had been on warfarin therapy for several years. Although
differences were not statistically significant between groups, indi-
viduals with long-term stability tended to have been on warfarin
longer than comparator patients. Potential adherence and survivor
biases were minimized by the fact that both groups observed in our
study could appropriately be termed “prevalent” warfarin users.

This study does have important limitations. It is retrospective
and relies upon extraction of data from administrative databases
and medical records. Not all variables likely to enter into clinical
decision making were collected. The observational study design
also precludes definitive establishment of cause and effect relation-
ships between study variables and outcomes. Retrospective data-
base analysis is particularly prone to missing clinical events if care
is delivered outside participating institutions. However, given that
KPCO patients are either seen within an affiliated hospital or the
costs of care are billed to KPCO when care is provided at
nonaffiliated hospitals, it is likely that the vast majority of clinically
important events were captured. As patients are provided with
comprehensive care by our anticoagulation service, we are confi-
dent that all pertinent laboratory values were captured. Our study
was conducted within an integrated health care delivery system
with a specialized anticoagulation service using standardized
warfarin dosing protocols and, thus, the observed results may not
directly translate to other health care settings.

We would like to have estimated the actual proportion of
anticoagulated patients within KPCO with exclusively therapeutic
INR control. As not all patients managed by CPAS met initial
eligibility criteria, this was not possible. However, of 7686 anti-
coagulated patients with at least one measured INR during the
5-year study period, we were able to identify 2504 patients (33%)
who had at least 6 months of INR values within their desired

therapeutic range. Other researchers have reported that approxi-
mately 37% of patients with atrial fibrillation managed in commu-
nity settings are within the therapeutic INR range 75% or more of
the time.7 Irrespective of the actual proportion, our data suggest
that a substantial number of patients would be adequately treated
with INR recall intervals in excess of 4 weeks. More frequent INR
monitoring would of course be necessary in the presence of new
comorbidities or new medications affecting the INR.

In conclusion, our work supports the hypothesis that a subgroup
of anticoagulated patients with therapeutically stable INR values
over 6 months can be identified. In general, these patients will tend
to be older, with a target INR less than 3.0, and without significant
chronic disease burden. Patients with such stable INR control
experience significantly fewer anticoagulation therapy-related com-
plications. We agree with others who have suggested that INR
recall intervals should be individually tailored based on recent INR
control rather than being fixed at minimum frequency such as
4 weeks.7 We acknowledge that our findings need to be validated in
future prospective evaluations. Specifically, we suggest a prospec-
tive randomized study that will enroll chronically anticoagulated
patients and, after a period of INR stability, gradually increase the
interval between INR determinations up to 8 weeks and possibly as
long as 12 weeks in patients with stable INR values and baseline
characteristics predictive of long-term INR stability.
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