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O

I: P
atients taking anticoagulants orally over the long term
have international normalized ratios (INRs) that fall
outside the individual therapeutic range more than

one-third of the time.1 Improved anticoagulation control re-

duces hemorrhagic and thromboembolic event rates.2,3 Many
studies have shown that such event rates are higher when pa-
tients’ INRs are outside the therapeutic range.4–11 A study that
systematically measures the proportion of hemorrhages and
thromboemboli that occur when INRs are above and below
the therapeutic range, respectively, will help both physicians
and policy-makers gauge the potential effect of improved
anticoagulation control. In our investigation, we measured
and analyzed these proportions.

Methods

We identified pertinent citations in English in the MEDLINE
(1966–2006) and EMBASE (1980–2006) databases using the
search strategy outlined in Appendix 1. This strategy com-
bined medical subject headings and keywords related to anti-
coagulation (e.g., anticoagulants, warfarin) and to hemor-
rhages and thromboemboli (e.g., cerebrovascular accident,
bleed). We retrieved the full text of articles for further review
if the title or abstract suggested that patients taking anticoag-
ulants were studied and data on hemorrhages or thromboem-
boli were reported. Studies were included in our review if the
majority of patients taking anticoagulants orally had an INR
range with a lower limit between 1.8 and 2 and an upper limit
between 3 and 3.5, and the INR at the time of the hemorrha-
gic or thromboembolic event was recorded; these limits rep-
resent the most common therapeutic ranges for patients
taking oral anticoagulants. All citations and studies were re-
viewed for inclusion by a single author (N.O.). We considered
all major hemorrhages (i.e., those that required hospital
admission, a transfusion or surgery, or that reduced hemo-
globin levels by ≥ 20 g/L) and thromboemboli (stroke, myo-
cardial infarction, venous thromboembolism or systemic em-
boli, confirmed by objective tests). We excluded patient
groups taking anticoagulants by mouth with concomitant
antiplatelet therapy, because their risk of hemorrhagic and
thromboembolic events is considerably higher than the risks
of patients taking anticoagulants alone.12,13

From each study, we abstracted the total number of major
hemorrhages and thromboemboli that could be assigned to
particular INR ranges. Some studies assigned events to INRs
based on measurements taken at the time of the event or at
hospital admission, whereas others used measurements
made beforehand to approximate the INR at the time of the
event. We grouped the events into 3 INR ranges: below,D
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Background: Patients taking anticoagulants orally over the
long term have international normalized ratios (INRs) outside
the individual therapeutic range more than one-third of the
time. Improved anticoagulation control will reduce hemorrha-
gic and thromboembolic event rates. To gauge the potential
effect of improved anticoagulation control, we undertook to
determine the proportion of anticoagulant-associated events
that occur when INRs are outside the therapeutic range.

Methods: We conducted a meta-analysis of all studies that
assigned hemorrhagic and thromboembolic events in pa-
tients taking anticoagulants to discrete INR ranges. We iden-
tified studies using the MEDLINE (1966–2006) and EMBASE
(1980–2006) databases. We included studies reported in
English if the majority of patients taking oral anticoagulants
had an INR range with a lower limit between 1.8 and 2 and an
upper limit between 3 and 3.5, and their INR at the time of
the hemorrhagic or thromboembolic event was recorded.

Results: The final analysis included results from 45 studies
(23 that reported both hemorrhages and thromboemboli; 14
that reported hemorrhages only; and 8, thromboemboli
only) involving a median of 208 patients (limits of interquar-
tile range [25th–75th percentile] 131–523 subjects; total n =
71 065). Of these studies, 64% were conducted at commu-
nity practices; the remainder, at anticoagulation clinics.
About 69% of the studies were classed as having moderate
or high quality. Overall, 44% (95% confidence interval [CI]
39%–49%) of hemorrhages occurred when INRs were above
the therapeutic range, and 48% (95% CI 41%–55%) of
thromboemboli took place when below it. The mean propor-
tion of events that occurred while the patient’s INR was out-
side the therapeutic range was greater for studies with a
short mean follow-up (< 1 yr). Between-study heterogeneity
was significant (p < 0.001).

Interpretation: Improved anticoagulation control could de-
crease the likelihood of almost half of all anticoagulant-
associated adverse events.
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within and above the therapeutic range. For each study, we
then calculated the proportion of major hemorrhages that oc-
curred when INRs exceeded the therapeutic range and the
proportion of thromboemboli when INRs fell below it.

We used a random effects model to pool individual study
estimates into an overall mean proportion of hemorrhages
that occurred above therapeutic range and overall mean pro-
portion of thromboemboli that occurred below therapeutic
range. In both models, individual studies were weighted by
the inverse of their variance.14

We used linear regression models to explain between-
study heterogeneity by determining if the proportion of
events that occurred when INRs were outside the therapeutic
range was associated with study-level factors, including mean
patient age, mean follow-up time, study setting, target INR
range, type of anticoagulant used (e.g., warfarin, acenocou-
marol, phenprocoumon) and study quality. We measured
study quality using key study design components suggested
by the MOOSE Group15 and presented in the Newcastle–
Ottawa Scale.16 These components included the external va-
lidity of the study cohort, appropriateness of outcome assess-
ment, and adequacy of follow-up. We classified studies as
high quality if they included patients who represented the av-
erage user of anticoagulants taken by mouth, used blind eval-
uation or record linkage to assess events, and either reported
a complete follow-up or provided a description of patients
lost to follow-up; as moderate quality, if 2 of these 3 criteria
were satisfied; and all others as low quality. We generated all
linear regression models in SAS software using its GLM (gen-
eral linear models) Procedure, with individual studies weigh-
ted by the inverse of variance. We stratified the meta-analyses
by all factors that were significantly associated (p < 0.05) with
the proportion of events occurring outside therapeutic range.

Finally, we also determined if the proportion of hemor-
rhagic or thromboembolic events occurring above or below
the therapeutic INR range was associated with the proportion
of overall time spent outside the range by abstracting the pro-
portion of time spent above and below the therapeutic range
from each study. We investigated this association using linear
regression models, as described in the preceding paragraph.

Results

The literature search yielded 3220 citations, of which 362 arti-
cles were retrieved and reviewed. We excluded studies that
did not monitor patients within the appropriate INR range
(n = 29) and studies that did not assign events to particular
INR ranges (n = 288).

The final analysis included results from 45 studies: 23 that
reported both hemorrhages and thromboemboli;17–39 14 that
reported hemorrhages only;4,7,40–51 and 8, thromboemboli
only.8,9,52–57 The studies included a median of 208 patients
(limits of interquartile range [25th–75th percentile] 131–523
subjects; total n = 71 065). About two-thirds of the studies
(64%) were conducted at community practices; the remain-
der, at anticoagulation clinics. Study quality was classed as
being moderate or high in 69%. Most studies (70%) involved
patients with various conditions requiring anticoagulant

drugs. Only 9% of the studies did not use blind assessment or
record linkage to assess hemorrhagic or thromboembolic
events. Half of the studies reported a complete follow-up. It is
noteworthy that one-third of studies did not assign all of the
events recorded to particular INR ranges. Also, 13 studies
(29%) utilized a previous INR measurement, taken 2–30 days
before the actual hemorrhagic or thromboembolic event, to
approximate the INR at the time of the event.

Overall, 44% (95% confidence interval [CI] 39%–49%) of
hemorrhages occurred at INRs above the therapeutic range,
whereas 48% (95% CI 41%–55%) of thromboemboli oc-
curred at INRs below therapeutic range (Fig. 1 and Fig. 2).
However, the regression models found that mean follow-up
time was the only study-level factor that was significantly as-
sociated with the proportion of events that occurred outside
the therapeutic INR range. Therefore, the meta-analyses
were stratified by mean follow-up time: less than or exceed-
ing 1 year. Studies with a mean follow-up time of less than
1 year had a greater proportion of events at extreme INRs
(Fig. 1 and Fig. 2), although these proportions did not differ
significantly from studies with a longer follow-up time.58

Both meta-analyses noted significant between-study hetero-
geneity (p < 0.001).

Twenty-one of the included studies (47%) reported the
proportion of total observation time along with either hemor-
rhages occurring above the therapeutic INR range (18 stu-
dies,4,17–29,40–43 40%) or thromboemboli occurring below it (16
studies,8,17–29,52,53 36%). The proportion of time spent with
INRs below the therapeutic range in each study was signi-
ficantly associated with the proportion of thromboemboli
occurring below range (p < 0.05). Studies in which patients
spent more time with INRs below the therapeutic range had 
a significantly higher proportion of thromboembolic events
below range. Proportion of time spent above range was not,
however, significantly associated with the proportion of hem-
orrhages occurring at INR levels above the therapeutic range.

Interpretation

We found that about half of all hemorrhages occur above and
half of all thromboemboli occur below the therapeutic range
for INR. Mean study length of follow-up was associated with
the proportion of events that occur outside the therapeutic
range. We also found that the proportion of thromboemboli
occurring at INRs below the therapeutic range was greater
with increased time spent at INRs below the range.

Although half of all anticoagulation events occurred at INRs
outside the therapeutic range, we believe it equally notable that
half of all events did not. Other factors, such as patient age and
comorbidities, may be contributing to these events.59–62 It is
also noteworthy that, of the half of all events associated with
anticoagulants taken orally that occurred outside the therapeu-
tic range, not all would have been avoided with perfect anti-
coagulation quality. Knowledge of the population-attributable
risk is required to estimate the effect of improved anticoagula-
tion on event rates.63

Our review found that shorter mean follow-up time was
associated with a greater proportion of events outside range.
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This could be due to incident patients having worse anticoag-
ulation control than prevalent users.64 To account for this dif-
ference in patients across studies, we stratified the meta-
analyses by a mean follow-up cut-off of 1 year. Despite this,
significant heterogeneity persisted between the studies. This
is not surprising, since heterogeneity is high when results
from observational studies are pooled.65 Moreover, the statis-
tical power to explain heterogeneity by means of study-level

variables was limited. More information about patient-level
factors associated with the proportion of time spent with the
patient within the therapeutic INR range66 would likely better
explain heterogeneity between studies.

We found that the proportion of thromboemboli occur-
ring below therapeutic range was significantly greater when
time spent below range increased. This result reinforces the
findings of Veeger and colleagues,2 who reported signifi-

Study 
No. of events  

above range/total* 
Relative

 weight, %
Proportion and confidence interval 
   (95% CI) 

Mean follow-up <<<< 1 yr     
Kearon43 3 /3 0.00 1.00 (0.00–1.00) 
Chiquette28 5 /6 4.37 0.83 (0.36–0.97) 
Gras-Champel39 4 /7 6.90 0.57 (0.22–0.85) 
Hutten24 3 /11 7.82 0.27 (0.08–0.58) 
Punthakee44 7 /11 8.43 0.64 (0.34–0.85) 
Hirri45 17/21 9.37 0.81 (0.58–0.92) 
Beyth41 11/20 10.91 0.55 (0.33–0.74) 
Palareti4 10/25 11.53 0.40 (0.23–0.59) 
Moherman35 13/46 12.74 0.28 (0.17–0.42) 
Cantalapiedra51 25/45 13.16 0.56 (0.41–0.69) 
Torn32 45/155 14.76 0.29 (0.22–0.36) 
Summary estimate   0.48 (0.36–0.61) 

Mean follow-up >>>> 1 yr    
Goldberg19 0/3 0.00 0.00 (0.00–1.00) 
Agnelli47 0 /4 0.00 0.00 (0.00–1.00) 
Ames17 2 /3 0.80 0.67 (0.15–0.95) 
Bona34 2 /3 0.80 0.67 (0.15–0.95) 
Evans23 2 /3 0.80 0.67 (0.15–0.95) 
Gulløv49 ¼ /¼ 0.90 0.25 (0.03–0.76) 
Chan40 4 /5 0.95 0.80 (0.30–0.97) 
Connolly26 1 /5 0.95 0.20 (0.02–0.69) 
Yamaguchi33 1 /6 1.00 0.17 (0.02–0.63) 
Pengo25 4 /6 1.51 0.67 (0.27–0.91) 
Kearon21 4 /8 2.16 0.50 (0.20–0.80) 
Andersen29 11/14 2.45 0.79 (0.51–0.93) 
SPAF50 7 /11 2.63 0.64 (0.34–0.85) 
Copland46 6 /11 2.79 0.55 (0.27–0.80) 
Njaastad36 6 /18 3.74 0.33 (0.15–0.56) 
Poli22 7 /19 4.04 0.37 (0.18–0.59) 
Chimowitz18 14/24 4.89 0.58 (0.38–0.75) 
Casais42 12/25 5.10 0.48 (0.29–0.66) 
Yousef30 12/28 5.41 0.43 (0.26–0.61) 
Albers31 18/41 6.75 0.44 (0.29–0.59) 
Berwaerts48 20/42 6.88 0.48 (0.33–0.62) 
Holm37 22/43 6.96 0.51 (0.36–0.65) 
Newman38 19/46 7.09 0.41 (0.27–0.55) 
Albers20 20/84 8.21 0.24 (0.16–0.34) 
van Walraven27 75/200 11.44 0.37 (0.31–0.44) 
Oden7 82/243 11.74 0.33 (0.28–0.39) 
Summary estimate   0.43 (0.37–0.48) 

Overall estimate   0.44 (0.39–0.49) 
     

Note: CI = confidence interval. 
*Number of hemorrhages that occurred while the patient’s international normalized ratio (INR) was above the therapeutic 
range, out of the total number of these events. 

0.0 0.2 0.4 0.6 0.8 1.0 

Fig. 1: Proportion of hemorrhagic events in each study that occurred when patients’ INRs were above
the therapeutic range, with summary estimates from the random-effects meta-analysis.
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cantly higher rates of thromboembolic events with increased
time spent outside the therapeutic INR range. Unlike
Veeger’s group, however, we did not find that the proportion
of hemorrhages occurring above range increased with the
proportion of time spent above range.

Our study is important because it systematically measured
the proportion of hemorrhages and thromboemboli that oc-
cur when INRs are above and below the therapeutic range, re-
spectively. Our results should encourage physicians and poli-
cy makers to evaluate and implement interventions, such as
anticoagulation clinics1,67 and patient self-management,68,69

that improve anticoagulation control.

Our study is not without limitations. Studies may have
been missed despite our comprehensive search. The number
of events assigned to INR levels in studies may be biased,
since one-third of the studies did not assign all of the events
to INR ranges and 28% of the studies used previously meas-
ured INRs to approximate the level of anticoagulation at the
time of the events. Studies reported slight variations of target
therapeutic range. And finally, we were unable to examine the
difference in the proportion of events that occurred outside
the therapeutic INR range by anticoagulation indication, be-
cause more than half of the studies included patients with dif-
ferent indications for taking anticoagulants. Further research

Study 
No. of events 

 below range/total*
Relative

 weight, %
Proportion and 95% confidence interval 
   (95% CI) 

Mean follow-up <<<< 1 yr     
Gras-Champel39 0 /2 0.00 0.00 (0.00–1.00) 
Akdeniz54 4 /4 0.00 1.00 (0.00–1.00) 
Sunderji52 1 /2 1.79 0.50 (0.06–0.94) 
Chiquette28 2 /3 2.32 0.67 (0.15–0.96) 
Bungard55 29/40 12.93 0.73 (0.57–0.84) 
Hutten24 15/34 13.26 0.44 (0.29–0.61) 
Moherman35 22/46 14.89 0.47 (0.33–0.61) 
Palareti8 27/63 16.29 0.43 (0.31–0.55) 
Torn32 50/124 18.73 0.40 (0.32–0.49) 
Hvlek9 117/188 19.78 0.62 (0.55–0.69) 
Summary estimate   0.52 (0.42–0.61) 

Mean follow-up >>>> 1 yr    

Kearon21 2 /2 0.00 1.00 (0.00–1.00) 
Copland46 0 /2 0.00 0.00 (0.00–1.00) 
Goldberg19 0 /2 0.00 0.00 (0.00–1.00) 
Yamaguchi33 0 /3 0.00 0.00 (0.00–1.00) 
Andersen29 0 /5 0.00 0.00 (0.00–1.00) 
Gulløv53 0 /6 0.00 0.00 (0.00–1.00) 
Pengo25 7 /7 0.00 1.00 (0.00–1.00) 
Ames17 0 /8 0.00 0.00 (0.00–1.00) 
Njaastad36 0 /48 0.02 0.00 (0.00–1.00) 
Bona34 2 /3 1.97 0.67 (0.15–0.96) 
Connolly26 4 /6 3.41 0.67 (0.27–0.92) 
Morocutti56 2 /18 4.17 0.11 (0.03–0.35) 
Rosove57 6 /9 4.51 0.67 (0.34–0.89) 
Albers20 9 /23 7.65 0.39 (0.22–0.60) 
Evans23 14/25 8.01 0.56 (0.37–0.74) 
Poli22 12/40 8.88 0.30 (0.18–0.46) 
Yousef30 27/44 9.44 0.61 (0.46–0.74) 
Newman38 21/51 9.82 0.41 (0.28–0.55) 
Albers31 17/67 9.86 0.25 (0.16–0.37) 
Chimowitz18 33/54 9.91 0.61 (0.48–0.73) 
Holm37 54/93 10.95 0.58 (0.48–0.68) 
van Walraven27 46/146 11.39 0.32 (0.24–0.39) 
Summary estimate   0.45 (0.36–0.54) 

Overall estimate   0.48 (0.41–0.55) 
     

Note: CI = confidence interval. 
*Number of thromboemboli that occurred while the patient’s international normalized ratio (INR) was below the therapeutic 
range, out of the total number of these events. 

0.0 0.2 0.4 0.6 0.8 1.0 

Fig. 2: Proportion of thromboembolic events in each study that occurred when patients’ INRs were be-
low the therapeutic range, with summary estimates from the random-effects meta-analysis.
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(ideally with individual patient data) is required to determine
if the proportion of anticoagulant-associated events that oc-
cur outside the therapeutic range of INRs varies with indica-
tion for anticoagulant use.

In conclusion, we found that improved anticoagulation
control could decrease the likelihood of almost half of all ad-
verse events associated with anticoagulants taken orally.
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Appendix 1: MEDLINE and EMBASE search* strategy for study 

Step Instruction 

1 exp ANTICOAGULANTS/ (131802) 

2 Anticoagula$.mp. (55468) 

3 exp ADMINISTRATION,ORAL/ (88682) 

4 oral.mp. (334698) 

5 acenocoumarol.mp. (896) 

6 dicumarol.mp. (1381) 

7 ethyl biscoumacetate.mp. (169) 

8 phenprocoumon.mp. (762) 

9 warfarin.mp. (12504) 

10 OR/1-9 (476521) 

11 INTERNATIONAL NORMALIZED RATIO/ (1533) 

12 inr.mp. (2486) 

13 international normalized ratio.mp. (2589) 

14 OR/11-13 (3762) 

15 exp HEMORRHAGE/ (168493) 

16 exp CEREBROVASCULAR ACCIDENT/ (39071) 

17 exp EMBOLISM/ (62296) 

18 exp THROMBOSIS/ (101547) 

19 exp VENOUS THROMBOSIS/ (31893) 

20 exp ISCHEMIA/ (374821) 

21 exp BRAIN ISCHEMIA/ (39646) 

22 exp CEREBROVASCULAR TRAUMA/ (3189) 

23 hemorrhage.mp. (144980) 

24 bleed$.mp. (84122) 

25 stroke.mp. (90045) 

26 thromboembol$.mp. (29818) 

27 OR/15-26 (753203) 

28 10 AND 14 AND 27 (1960) 

*Last searched 2006 Oct 27. 




