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Objective: To determine the strength of evidence supporting an 
accentuated bleeding risk when patients with CHADS2 risk factors 
(chronic heart failure, hypertension, advanced age, diabetes, and 
prior stroke/transient ischemic attack) receive warfarin.

Methods: A systematic literature search of MEDLINE (January 
1, 1950, through December 22, 2009) and Cochrane CENTRAL 
(through December 22, 2009) was conducted to identify studies 
that reported multivariate results on the association between 
CHADS2 covariates and risk of bleeding in patients receiving 
warfarin. Each covariate was evaluated for its association with 
a specific type of bleeding. Individual evaluations were rated as 
good, fair, or poor using methods consistent with those recom-
mended by the Agency for Healthcare Research and Quality. The 
strength of the associations between each CHADS2 covariate and 
a specific type of bleeding was determined using Grading of Rec-
ommendations Assessment, Development and Evaluation criteria 
as insufficient, very low, low, moderate, or high for the entire body 
of evidence.

Results: Forty-one studies were identified, reporting 127 multi-
variate evaluations of the association between a CHADS2 covari-
ate and bleeding risk. No CHADS2 covariate had a high strength 
of evidence for association with any bleeding type. For the vast 
majority of evaluations, the strength of evidence between covari-
ates and bleeding was low. Advanced age was the only covariate 
that had a moderate strength of evidence for association; this was 
the strongest independent positive predictor for major bleeding. 
Similar findings were observed regardless of whether all included 
studies, or only those evaluating patients with atrial fibrillation, 
were assessed.

Conclusion: The associations between CHADS2 covariates and 
increased bleeding risk were weak, with the exception of age. 
Given the known association of the CHADS2 score and stroke 
risk, the decision to prescribe warfarin should be driven more by 
patients’ risk of stroke than by the risk of bleeding.
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AF = atrial fibrillation; AHR = adjusted hazard ratio; AOR = adjusted 
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chronic heart failure; CI = confidence interval; CVD = cerebrovascular 
disease; HTN = hypertension; TIA = transient ischemic attack

From the University of Connecticut School of Pharmacy (W.T.C., C.M.W., A.O.A., 
D.M.S., S.M., V.T., W.L.B., C.I.C.), Storrs, CT; Department of Drug Information  
(W.T.C., C.M.W., A.O.A., D.M.S., S.M., V.T., C.I.C.) and Department of Cardiol-
ogy (J.K.), Hartford Hospital, Hartford, CT; University of Connecticut School of 
Medicine (J.K.), Farmington, CT; and Western University of Health Sciences 
College of Pharmacy (O.J.P.), Pomona, CA.

Individual reprints of this article are not available. Address correspondence to 
Craig I. Coleman, PharmD, University of Connecticut School of Pharmacy, 80 
Seymour St, Hartford, CT 06102 (ccolema@harthosp.org).

© 2011 Mayo Foundation for Medical Education and Research

Approximately 5% of patients with atrial fibrillation 
(AF) will develop an embolic stroke each year.1,2 

However, this risk is not equally distributed among pa-
tients. The CHADS

2
 scoring system (in which 1 point is 

assigned for chronic heart failure [CHF], hypertension 
[HTN], advanced age, and diabetes and 2 points for prior 
stroke/transient ischemic attack [TIA]) was derived in an 
effort to predict cardioembolic stroke risk based on the 
presence of 1 or more risk factors in a large population of 

untreated patients with AF. In large clinical trials, warfarin 
therapy reduced the risk of embolic stroke vs aspirin or 
placebo in patients with AF and 2 or more CHADS

2
 risk 

factors.1-6 However, a recent meta-analysis found that less 
than half of patients with AF and an indication for therapy 
received warfarin (48%; 95% confidence interval [CI], 
43%-54%).7

	 Several studies suggest that physicians withhold warfarin 
therapy for many patients because of a perceived increased 
risk of bleeding.8-10 Like the risk of embolic stroke, the occur-
rence of bleeding may be related to individual patient charac-
teristics. Because the CHADS

2
 risk factors for the develop-

ment of embolic stroke in patients with AF are also listed in 
the approved warfarin-prescribing information as risk factors 
for bleeding, clinicians are caught in a quandary.11 A direct 
evaluation of the evidence supporting an association between 
CHADS

2
 risk factors and bleeding would assist clinicians in 

weighing the potential benefit and detriment of anticoagulant 
prophylaxis for their patients with AF.
	 Therefore, we conducted a systematic review of evi-
dence to determine the strength of the association between 
the components of CHADS

2
 and bleeding risk in patients 

treated with warfarin, first irrespective of indication and 
then focusing on only those with AF.

METHODS

Literature Search

Two investigators conducted a systematic literature search 
independently using MEDLINE (January 1, 1950, through 
December 22, 2009) and Cochrane CENTRAL (through 
December 22, 2009). The complete search strategy is avail-
able in the Supporting Online Material (a link to which is 
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provided at the end of this article). A manual review of 
references from each pertinent article, identified review 
articles, and treatment guidelines was also conducted to 
identify additional articles.

Study Selection

Studies were eligible for inclusion in the systematic review 
if they: (1) reported on a population of patients receiving 
warfarin, (2) reported on the association between CHADS

2
 

characteristics and the risk of any bleeding event, (3) con-
ducted multivariate analysis to determine the association 
between patient characteristics and risk of bleeding and 
reported results on at least 1 covariate of interest, and (4) 
were published in the English language. Two investigators 
(W.T.C. and V.T.)  determined study eligibility indepen-
dently, with disagreements resolved by discussion or by a 
third investigator (C.I.C.).

Data Abstraction and Synthesis

For each included study, 2 independent investigators 
(W.T.C. and V.T.)  abstracted data on the following infor-
mation: author, year, study design, population included, 
indication for warfarin, duration of follow-up in patient-
years, previous warfarin use, country, “major” or “minor” 
or “any” bleeding definition, event rate (as bleeding events 
per 100 patient-years), P value for the univariate asso-
ciation between a patient characteristic (covariate) and 
bleeding, and effect size and P value for the multivariate 
association between a covariate and bleeding. Covariates 
of interest included CHF, HTN, advanced age, diabetes, 
and prior stroke/TIA (cerebrovascular disease [CVD]) (or 
the CHADS

2 
risk factors). Qualitative synthesis of data is 

reported using descriptive statistics.

Quality Assessment

In this systematic review, an evaluation was defined as an 
assessment of a covariate for its association with a specific 
type of bleeding. Each evaluation was rated for its validity 
using methods consistent with those recommended by the 
Agency for Healthcare Research and Quality.12 More spe-
cifically, hierarchy of study design, objectivity of bleeding 
definition, sample size, overall event rate, and magnitude 
of effect size were considered. Individual evaluations were 
then given an overall ranking of good, fair, or poor.
	 We used the criteria and methods of GRADE (Grading 
of Recommendations Assessment, Development, and Eval-
uation) to assess the strength of the body of evidence for 
each CHADS

2
 covariate. This system uses 4 required do-

mains: risk of bias, consistency, directness, and precision.13 
Two investigators (O.J.P. and D.M.S.) made all assess-
ments (with disagreements resolved through discussion). 
The evidence pertaining to each of the CHADS

2
 covariates 

was classified into 5 broad categories: high, moderate, low, 
very low, or insufficient. The features that determined the 
strength of evidence for the different outcomes evaluated in 
this review are described in more detail in Table S1 (Sup-
porting Online Material).

Subgroup Analysis

Although our base-case analyses evaluated patients with 
any indication for oral anticoagulation receiving warfarin 
therapy, in subgroup analysis we limited eligible studies 
to those enrolling patients who had AF and were receiving 
warfarin therapy.

RESULTS

Study Identification and Characteristics

Our literature search revealed 3324 nonduplicate citations. 
On title and abstract review, 923 citations were excluded, 
leaving 2401 citations for full-text review. On full-text re-
view, 2360 were excluded (Figure 1). A total of 41 studies 
published between 1988 and 2009 from 9 different countries 
were included in this systematic review.14-55 These studies 
included 2 post hoc analyses of randomized controlled tri-
als, 12 prospective observational studies, 22 retrospective 
observational studies, 4 mixed prospective and retrospective 
studies, and 1 study of unclear study design.
	 Key characteristics of included studies can be found in 
Table 1. The total sample size was 166,871, with the num-
ber of patients enrolled in a study ranging from 66 to 6988. 
Total duration of follow-up ranged from 66 to 133,976 
patient-years (median, 1163 patient-years). Indications for 
warfarin therapy consisted of AF, venous thromboembo-
lism prophylaxis and treatment, CVD, myocardial infarc-
tion, valve replacement, and antiphospholipid syndrome. 
Forty-one percent of studies did not report previous war-
farin use (an inception cohort), and the remaining studies 
included patients who began receiving warfarin therapy 
during the study or had some previous warfarin use.
	 All 41 studies reported results of multivariate analysis as 
either adjusted odds ratios (AORs) or adjusted hazard ratios 
(AHRs). Among the 41 studies, 168 evaluations assessed 
the association between a CHADS

2
 covariate and bleeding 

(either univariate or multivariate), with all studies report-
ing at least one multivariate result and 127 evaluations 
(76%) providing multivariate results. Although 39 (31%) 
of the 127 multivariate evaluations reported a significant 
association between the CHADS

2
 covariates and any types 

of bleeding, the remaining 88 (69%) found no significant 
association (Table 2). Of the evaluations, 72% were for ma-
jor bleeding, with the remaining split between minor (11%) 
and any bleeding (17%) (see Tables S2-S7 in Supporting 
Online Material).
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Bleeding Risk Among Patients Treated With Warfarin for 
any Indication: Evidence of Association Between CHF and 
Warfarin-Associated Bleeding Risk

Thirteen studies (n=16,333) reported 22 evaluations of the as-
sociation between CHF and bleeding.14-26 Of the evaluations, 
5%, 59%, and 36% were rated as good, fair, or poor, respec-
tively. The prevalence of CHF in the studies ranged from 5% 
to 76%. Major bleeding events ranged from 0.8 to 10.8 events 
per 100 patient-years, whereas none reported the event rates 
for minor bleeding. Only 1 evaluation reported the event rate 
of any bleeding as 6.2 events per 100 patient-years.
	 Thirteen (59%) of the 22 evaluations included multi-
variate results, of which 7 (54%) (6 fair, 1 poor quality), 3 
(23%), and 3 (23%) were for major (Figure 2), minor, and 
any bleeding, respectively. Among these, only 1 evaluation 
found CHF to be an independent positive predictor of major 
bleeding (Figure 2 and Table S2 in Supporting Online Mate-
rial).25 No significant associations between CHF and minor 
or any bleeding were seen (Table 2). We graded the strength 
of the body of evidence for this association as low for major, 
minor, and any bleeding.

Evidence of Association Between HTN and Warfarin-Asso-
ciated Bleeding Risk

Twenty-one studies (n=88,151) reported 33 evaluations of 
the association between HTN and bleeding.14-25,27-35 Of the 
evaluations, 12%, 46%, and 42% were rated as good, fair, 
and poor, respectively. The prevalence of HTN in studies 
ranged from 4% to 79%. The event rates of major and any 
bleeding ranged from 0.8 to 10.8 and from 3.7 to 12.2 
events per 100 patient-years, respectively; event rates for 
minor bleeding were not reported.
	 Of the 33 evaluations, 19 (58%) included multivariate 
results, of which 12 (63%) (1 good, 6 fair, 5 poor quality), 
3 (16%), and 4 (21%) were for major (Figure 2), minor, 
and any bleeding, respectively. Six evaluations (32%), 2 
from each bleeding type (for 1 minor bleeding associa-
tion, statistical significance was suggested because the 
95% CIs did not cross the line of unity; P=.06), found 
HTN to be an independent positive predictor of any type 
of bleeding, with an AOR of bleeding ranging from 2.3 to 
3.6 and an AHR of 1.10 to 1.25 (see Table S3 in Support-
ing Online Material). The remaining evaluations found 

Figure 1. Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) flow diagram 
of study identification, inclusion, and exclusion of studies evaluating predictors of bleeding in patients 
treated with warfarin. 
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Table 1. Characteristics of Included Studies Evaluating the Association Between Select Covariates and Warfarin-Associated Bleeding Riska

	 Study 		  Warfarin	 Follow-up	 Previous
         Reference	 design	 Population	 indicationb	  (PTY)	 warfarin use	 Country	

Lind et al,31 2009	 P, O	 Patients treated at hospital 	 Valve: 35% 	 3020 	 All patients received 	 Sweden
	 (N=719)				   warfarin clinics		  AF: 32% 					     warfarin for ≥2
								       DVT/PE: 11% 					     mo before study
								       Ischemic stroke: 10% 					     enrollment
								       Other: 13%				  
Manzano-Fernández 	 R, O 	 Patients with indication(s) 		 AF: 63% 	 241 	 37% of patients had 	 Spain
et al,21 2009 				   for anticoagulation therapy 	 Ventricular thrombus: 15% 					     received previous
	 (N=166)				   undergoing PCI-S		  Post-MI left ventricular 					     anticoagulation
									        dysfunction: 14%
								       Other: 8%
Poli et al,33 2009 	 P, O 	 Consecutive patients with		  AF: 100% 	 2567 	 Inception cohort	 Italy
	 (N=783)				   NVAF referred for manage-
						     ment at an anticoagulation 
						     clinic to initiate and then 
						     maintain warfarin therapy				  
Wallerstedt et al,54 	 R, O 	 Warfarin patients receiving 	 AF: 100% 	 800		 NR	 Sweden
	 2009 (N=234)				   an SSRI matched for age and 
						     sex to randomly selected 
						     non-SSRI patients			 
Abdelhafiz &  	 P, O 	 Patients with NVAF referred 	 AF: 100%	 637		 Inception cohort	 UK
	 Wheeldon,15 2008			   for management at an 
	 (N=402)				   anticoagulation clinic to 
						     initiate and then maintain 
						     warfarin therapy		
Lindh et al,48 2008	 P, O 	 Warfarin-naive patients aged 	 AF: 51% 	 1276		  Inception cohort	 Sweden
	 (N=1523)				   ≥18 years receiving 		  DVT/PE: 37%
						     treatment at specialized 		 Other: 12%
						     anticoagulation clinics	
Metlay et al,49 2008 	 P, O 	 New and continuing users of 	 AF: 39% 	 2356 	 74% of patients had 	 USA
	 (N=2346)				   warfarin identified via 		  DVT/PE: 30% 					     used warfarin during
						     claims in the state-run 		  Stroke: 18% 					     the 12-mo period
						     Pennsylvania Pharmaceutical 	 Valve: 11% 					     before enrollment
						     Assistance Contract for the 
						     Elderly program	
Poli et al,23 2007 	 P, O 	 Patients with AF aged ≥75 y 	 AF: 100%	 814		 NR	 Italy
	 (N=290)				  
Shalansky et al,52 	 P, O	 Patients aged ≥19 y 		  AF: 46% 	 NR		 Median: 	 Canada
	 2007 (N=171)				   prescribed warfarin for an 	 Valve: 23% 					     4 y
						     expected duration of ≥4 		 Other: 31%
						     mo	
Suzuki et al,34 2007 	 R, O	 Japanese patients with NVAF	 AF: 100%	 503		 NR	 Japan
	 (N=667)		
Wallvik et al,35 2007 	 P, O	 Sundsvall region subgroup 	 Mixed	 NR		 NR	 Sweden
	 (N=1579)a				   of patients taking warfarin		
Berlowitz et al,27 2006 	 R, O	 Patients with CHF receiving  		  NR	 133,976	 NR	 USA
	 (N= 66,988)			   warfarin therapy with and 
						     without a β-blocker		
Douketis et al,39 2006, 	 P, O	 Patients with NVAF randomized 	 AF: 100%	 5626	 79% previously 	 Multinational
	 and Diener et al,38 			   to receive warfarin as part of 							       took VKA
	 2006 (N=3665)				   the SPORTIF III and V trials							       (mostly warfarin)
Fang et al,40 2006 	 P, O	 Patients with AF who received 	 AF: 100%	 15,678	 NR	 USA
	 (N=13,559)			   care through Kaiser Perma-
					     nente of Northern California		
Shireman et al,36 2006 	 R, O	 Patients from the National		 AF: 100%	 NR 	 71% of patients had 	 USA
	 (N=19,875)				   Registry of Atrial Fibrillation 							       previous warfarin
						     diagnosed with AF and 								        exposure
						     discharged while receiving 
						     warfarin therapy				  
Bini et al,37 2005 	 P, O 	 Patients receiving warfarin		 NR	 1050	 NR	 USA
	 (N=420)			   therapy and undergoing 
						     FOBT compared with age- 
						     and sex-matched control group 
					      (no warfarin therapy)		

(continued on next page)
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Table 1. Continueda

	
			     Study 				    Warfarin		  Previous	       
         Reference	  design	               Population	 indicationb	 Follow-up (PTY)	 warfarin use	 Country
 
Gasse et al,18 2005 	 R, O	 Patients with NVAF 		  AF: 100%	 NR	 Inception cohort	 UK
	 (N=188)			   identified from the UK’s 
					     General Practice Research
					     Database (GPRD) who had 
					     a bleeding event and  up to 6
					     matched control patients 
					     from the same database		
Schauer et al,25 2005 	 R, O	 Ohio Medicaid patients with 	 AF: 100%	 18,946	 NR	 USA
	 (N=9345)			   NVAF receiving warfarin	
Fang et al,17 2004 	 R, O	 Patients with NVAF who 		  AF: 100%	 NR	 NR	 USA
	 (N=1190)			   developed ICH while taking 
					     warfarin matched to 6 
					     similar patients who did not 
					     develop ICH		
Goudie et al,42 2004 	 Unclear	 Unselected population cohort	 AF: 51% 	 665	 NR	 UK
	 (N=344)						      DVT/PE: 18%
								        Other: 31%		
Kagansky et al,46 	 Combined	 All patients (mostly non– 		 AF: 83% 	 745	 54% of patients 	 Israel
	 2004 (N=323)	 P, O and 		  Israeli-born) aged ≥80 y		  DVT/PE: 14% 			   previously taking
			   R, O		  discharged with the 		  Other: 3% 			   oral anticoagulants
					     recommendation for 
					     warfarin treatment	
Sam et al,24 2004 	 R, O	 Patients receiving warfarin 	 AF: 100%	 NR	 All patients in the 	 USA
	 (N=80)			   with or without aspirin who 					     warfarin group were
					     experienced new-onset AF					     taking warfarin before 
												            enrollment		
Shireman et al,53 	 R, O	 Patients from National 		  NR	 NR	 68% of patients were 	 USA
	 2004 (N=10,093)			   Stroke Project database 						      taking warfarin before
					     discharged on warfarin with 					     admission
					     or without antiplatelet 
					     therapy after an AF 
					     admission			 
Kearon et al,47 2003 	 RCT 	 Consecutive patients with ≥1 	 DVT/PE: 100%	 1771	 ≥3 mo of 	 Canada
	 (N=738)			   episode of unprovoked 						      warfarin therapy
					     venous thromboembolism 
					     who had completed ≥3 
					     mo of warfarin therapy 
					     at the conventional intensity 
					     (INR, 2-3)			 
Ruiz-Irastorza et al,51 	 R, O	 Consecutive patients with 		 Antiphospholipid 	 66 	 All patients received 	 UK
	 2002 (N=66)			   antiphospholipid syndrome 		  syndrome: 100% 			   oral anticoagulant
					     and previous thrombosis						     therapy during the 
												            12 mo before study
												            enrollment
														            
Ogendo,50 	 Combined 	 Patients receiving warfarin 		  Valve: 100%	 745	 NR	 Kenya
	 2001 (N=150)	 P, O and		  were followed up after heart 
			   R, O		  valve repair or replacement 
					     at the Kenyatta National 
					     Hospital Clinic		
Wandell,26 	 R, O	 Patients receiving warfarin 	 DVT/PE: 30% 	 709	 72% of patients had 	 Sweden
	 2001 (N=957)			   treatment from community 	 Stroke/TIA: 26% 			   previous warfarin
					     health clinics		  AF: 19% 			   exposure
								        Valve: 13%
								        Other: 11%
Berwaerts & Webster,16 	 R, O	 Patients who developed ICH 	 NR	 NR	 ≤12 mo: 20% 	 UK
	 2000 (N=272)			   while taking warfarin 					     13-95 mo: 54%
					     matched to 3 similar patients 				    ≥96 mo: 26%
					     who did not develop ICH	
Gulløv et al,43 1999 	 P, O	 Adjusted-dose warfarin arm	 AF: 100%	 355	 Inception cohort	 Denmark	
	 (N=170)			   of the Second Copenhagen 
					     Atrial Fibrillation, Aspirin, 
					     and Anticoagulation 
					     (AFASAK 2) RCT	

(continued on next page)
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no significant association between HTN and either minor 
or any bleeding. We graded the strength of the body of 
evidence for this association as low for major, minor, and 
any bleeding (Table 2).

Table 1. Continueda

	
			   Study 		  Warfarin			   Previous		
       Reference 	 design	 Population	 indicationb	 Follow-up (PTY)	 warfarin use	 Country

White et al,55 1999 	 R, O	 Patients aged ≥18y admitted	 DVT: 100%	 34,650	 Inception cohort	 USA
	 (N=21,250)			   to the hospital with a
					     primary diagnosis of DVT		
McMahan et al,32	 R, O	 Patients discharged from a 	 AF: 22% 	 676	 Inception cohort	 USA
	 1998 (N=579)			   university-affiliated Veterans 	 DVT: 19%
					     Affairs Medical Center		 Cardiac thrombus: 15%
								        Valve: 14%		
Fihn et al,41 1996 	 Combined 	 Patients receiving warfarin 	 DVT/PE: 27% 	 3702	 Inception cohort	 USA
	 (N=2300)	 P, O and		  therapy at 1 of 6 National 	 Valve: 17%
			   R, O		  Consortium of 		  AF: 17%
					     Anticoagulation Clinics	 Stroke/TIA: 10%
								        Other: 29%		
SPAF, 1996	 RCT	 Patients with NVAF eligible 	 NR	 1464	 NR		  USA
	 (N=555)			   for warfarin therapy for 
					     the prevention of arterial 
					     thromboembolism		
Gitter et al,30 1995 	 R, O	 All residents of Rochester,  	 DVT/PE: 39% 	 221	 NR		  USA
(N=261)			   MN, who received a 		  Stroke/TIA: 21%
					     course of warfarin therapy 	 AF: 11%
					     intended for ≥4 wk during	 Other: 29%
					     the study period	
Hylek & Singer,19 	 R, O	 Consecutive adult patients 	 Mixed	 NR	 NR		  USA	
1994 (N=484)			   receiving warfarin therapy 
					     hospitalized with intracranial 
					     hemorrhage matched to 3 
					     randomly selected controls	
Isaacs et al,45 1994 	 R, O	 Patients undergoing surgery for 	 Postoperative (hip 	 NR	 NR		  Canada
(N=215)			   a fractured hip and receiving 	    surgery) prophylaxis:
					     warfarin prophylaxis		     100%		
Cortelazzo et al,28 	 Combined 	 Consecutive mechanical heart 	 Valve: 100%	 1444	 NR		  Italy
1993 (N=271)	 P, O and		  valve prosthesis patients 
			   R, O		  receiving warfarin therapy 
					     before and after attending 
					     an anticoagulation clinic		
Fihn et al,29 1993 	 R, O	 Consecutive patients attending 	 DVT/PE: 30% 	 1950	 ≥6 wk of warfarin 	 USA
(N=928)			   a warfarin clinic for 		  Valve/cardiac			   therapy was an		
					     anticoagulation	  	    prosthesis: 26% 			   inclusion criterion
					     management		  Cerebral or systemic
								           embolism: 21%
								        AF: 14%
								        Other: 10%			 
Petitti et al,22 1989 	 R, O	 Patients covered by the 		  DVT/PE: 100%	 NR	 NR		  USA
(N=2029)			   Kaiser Permanente Medical 
					     Care Program		
Landefeld &  	 R, O	 Derivation cohort drawn 		 NR	 NR	 Inception cohort	 USA
Goldman,20 1989			   from 565 patients beginning 
(N=375)			   long-term outpatient 
					     warfarin therapy		
Gurwitz et al,44 1988 	 R, O	 Patients referred to an 		  DVT/PE: 37% 	 NR	 25% of patients	 USA
(N=321)			   anticoagulation clinic for 	 AF: 12% 			   received warfarin
					     the monitoring of long-term 	 Other: 50% 			   therapy for ≥2 wk
					     warfarin therapy					     before enrollment
		
a AF = atrial fibrillation; CHF = chronic heart failure; DVT = deep venous thrombosis; FOBT = fecal occult blood testing; ICH = intracerebral hemorrhage; 

INR = international normalized ratio; IQR = interquartile range; MI = myocardial infarction; NR = not reported; NVAF = nonvalvular AF; O = 
observational study; PCI-S = percutaneous coronary artery stenting; P = prospective; PE = pulmonary embolism; PTY = patient-years; R = retrospective; 
RCT = randomized controlled trial; SPAF = Stroke Prevention in Atrial Fibrillation; SPORTIF = Stroke Prevention Using Oral Thrombin Inhibitor in 
Atrial Fibrillation; SSRI = selective serotonin reuptake inhibitor; TIA = transient ischemic attack; VKA = vitamin K antagonist.

b Patients may have ≥1 indication for therapy.

Evidence of an Association Between Age and 
Warfarin-Associated Bleeding Risk

Thirty-eight studies (n=165,226) reported 59 evaluations 
of the association between age and bleeding.14-17,19-22,24,25,27-55  
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        Table 2. Summary of Multivariate Results for All Included Studiesa

		
 	  	 Evaluations 	 Evaluations			    
		  with 	 with significant		
 	 Total No. of 	 significant 	 or nonsignificant		  Evaluations of
 	 multivariate 	 positive 	 positive	 Evaluations	 good or fair 		  Strength of
     Covariate	 evaluations 	 association 	 association 	 of good quality	 quality 	 Conclusion 	 evidenceb

							     
Major Bleeding	
	 CHF	 7 (n=12,236)	 1 (14)	 6 (86)	 0 (0)	 6 (86)	 Increased risk	 Low
	 HTN	 12 (n=73,212)	 2 (17)	 7 (58)	 1 (8)	 7 (58)	 Increased risk	 Low
	 Age	 37 (n=159,320)	 18 (49)	 28 (76)	 7 (19)	 30 (81)	 Increased risk	 Moderate
	 DM	 13 (n=101,715)	 2 (15)	 8 (62)	 2 (15)	 10 (77)	 Increased risk	 Low
	 CVD	 14 (n=70,907)	 6 (43)	 10 (71)	 1 (7)	 9 (64)	 Increased risk	 Low
Linear CHADS

2
 

	 score (per point)	 None	 NA	 NA	 NA	 NA	 NA	 Insufficient
Minor Bleeding							     
	 CHF	 3 (n=2431)	 0 (0)	 1 (33)	 0 (0)	 3 (100)	 No effect	 Very low
	 HTN	 3 (n=2431)	 2 (67)	 2 (67)	 2 (67)	 3 (100)	 Increased risk	 Low
	 Age	 6 (n=3690)	 1 (20)	 2 (40)	 3 (60)	 4 (80)	 Increased risk	 Low
	 DM	 3 (n=2431)	 0 (0)	 0 (0)	 0 (0)	 3 (100)	 No effect	 Very low
	 CVD	 2 (n=402)	 0 (0)	 1 (50)	 0 (0)	 2 (100)	 No effect	 Very low
Linear CHADS

2
 

	 score (per point)	 None	 NA	 NA	 NA	 NA	 NA	 Insufficient
Any Bleeding							     
	 CHF	 3 (n=1359)	 0 (0)	 1 (33)	 1 (33)	 2 (67)	 No effect	 Very low
	 HTN	 4 (n=67,651)	 2 (50)	 3 (75)	 1 (25)	 3 (75)	 Increased risk	 Low
	 Age	 12 (n=71,696)	 3 (18)	 4 (36)	 2 (18)	 7 (64)	 Increased risk	 Low
	 DM	 3 (n=67,390)	 1 (33)	 1 (33)	 0 (0)	 3 (100)	 Increased risk	 Low
	 CVD	 5 (n=67,651)	 1 (20)	 2 (40)	 0 (0)	 3 (60)	 Increased risk	 Low
Linear CHADS

2
 

	 score (per point)	 None	 NA	 NA	 NA	 NA	 NA	 Insufficient

a CHADS
2 
= chronic heart failure, hypertension, advanced age, diabetes, and prior stroke/transient ischemic attack; CHF = chronic heart failure; CVD = 

cerebrovascular disease; DM = diabetes mellitus; HTN = hypertension; NA = not applicable. Data are provided as number (percentage) of evaluations, 
unless indicated otherwise.

b Strength of evidence used the Grading of Recommendations Assessment, Development, and Evaluation system to assess 4 required domains: risk of bias, 
consistency, directness, and precision.

Of the evaluations, 20%, 51%, and 29% were rated as good, 
fair, and poor, respectively. Age was evaluated as both a 
continuous variable (linear age per year, per 5 years or per 
decade) and categorical variable (with the most common 
cutoffs at 65 years, 75 years, 80 years, or 90 years). Major, 
minor, and any bleeding event rates ranged from 0.5 to 10.8, 
2.7 to 21.8, and 3.7 to 13.0 events per 100 patient-years, 
respectively.
	 Of the 59 evaluations, 55 (93%) included multivariate 
results, of which 37 (67%) (7 good, 23 fair, 7 poor qual-
ity), 6 (11%), and 12 (22%) were for major (Figure 2), 
minor, and any bleeding, respectively. Of the 22 evalua-
tions (40%), all rated as good or fair quality, that found 
age to be an independent positive predictor of bleeding, 
18 (82%) were for major bleeding. Effect sizes for signifi-
cant major bleeding risks were as high as an AOR of 2.5 
when evaluating age as a linear variable per 5 years17 and 
as high as an AHR of 2.75 when evaluating patients older 
than 75 years vs those younger than 75 years (see Table S4 
in Supporting Online Material).21 Thus, evidence of mod-
erate strength suggests that age increases major bleeding 
risk in those receiving warfarin. Because less than 40% of 

the multivariate evaluations found either a significant or 
nonsignificant positive association between advanced age 
and minor or any bleeding risk in those receiving warfa-
rin, the strength of evidence suggesting that age increases 
these bleeding types was low (Table 2).

Evidence of Association Between Diabetes and Warfarin-
Associated Bleeding Risk

Eighteen studies (n=106,336) reported 29 evaluations of the 
association between diabetes and bleeding.14-19,21-25,27,29,31,32,34-36 
Of the 29 evaluations, 7%,  55%, and 38% were rated as good, 
fair, and poor, respectively. The prevalence of diabetes in the 
studies ranged from 4% to 53%. Major bleeding events ranged 
from 0.8 to 10.8 events per 100 patient-years; event rates for 
minor bleeding were not reported. Only 1 evaluation reported 
the event rate of any bleeding as 7.7 events per 100 patient- 
years.
	 Of the 29 evaluations, 19 (66%) reported multivari-
ate results, of which 13 (68%) (2 good, 8 fair, 3 poor 
quality), 3 (16%), and 3 (16%) were for major (Figure 
2), minor, and any bleeding, respectively. Only 3 mul-
tivariate evaluations of good or fair quality (16%), 2 for 
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Figure 2. Quality rating of multivariate associations between the covariates and major bleeding 
for (A) all included studies and (B) studies involving only patients with atrial fibrillation. The up-
right bars represent the evaluations that showed statistically significant independent associations 
between the covariate and major bleeding, whereas the inverted bars represent evaluations that 
did not show statistically significant independent associations between the covariate and major 
bleeding. The black, grey, and white shaded bars represent good, fair, and poor quality ratings of 
the evaluations, respectively. CHF = chronic heart failure; CVD = cerebrovascular disease; DM = 
diabetes mellitus; HTN = hypertension.

A

B
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major bleeding and 1 for any bleeding, found diabetes 
mellitus to be an independent positive predictor of bleed-
ing. In 1 study, the AOR for major bleeding in patients 
with diabetes was 4.4 (see Table S5 in Supporting Online 
Material).23 No significant associations between diabetes 
and minor bleeding were seen. We graded the strength 
of evidence for this association as low for major or any 
bleeding and very low for minor bleeding (Table 2).

Evidence of Association Between CVD and Warfarin-
Associated Bleeding Risk

Thirteen studies (n=93,020) reported 25 evalua-
tions of the association  between CVD and bleed-
ing.15-17,19,20,23,24,27,30,32,33,51,55 Of the evaluations, 4%, 60%, 
and 36% were rated as good, fair, and poor, respectively. 
The definition of CVD varied by study, ranging from histo-
ry of stroke, TIA, or cerebrovascular stroke. The prevalence 
of CVD in studies ranged from 1% to 58%. The event rates 
of major and any bleeding ranged from 0.6 to 8.1 and from 
3.7 to 12.2 events per 100 patient-years; the event rates for 
minor bleeding were not reported.
	 Of the 25 evaluations, 21 (84%) included multivari-
ate results, of which 14 (67%) (1 good, 8 fair, 5 poor), 2 
(10%), and 5 (24%) were for major (Figure 2), minor, and 
any bleeding, respectively. A total of 7 multivariate evalua-
tions (33%) found CVD to be an independent predictor of 
bleeding (6 for major bleeding and 1 for any bleeding). The 
AOR of major bleeding for those with CVD was as high 
as 3.6, and the AHR of any bleeding was 1.12 in patients 
with previous stroke (see Table S6 in Supporting Online 
Material).23,27 We graded the strength of evidence for this 
association as low for major and any bleeding and very low 
for minor bleeding (Table 2).

CHADS
2
 Score

Only 1 study of fair quality (n=783) evaluated the associa-
tion between CHADS

2
 score, reported as a linear variable, 

and any bleeding.33 The bleeding event rate in the study 
was 3.7 events per 100 patient-years. Multivariate results 
were not reported. Thus, data are insufficient to grade 
the strength of evidence for the association between the 
CHADS

2
 score and any bleeding risk (Table 2).

Bleeding Risk Among Patients With AF
Thirteen studies (n=50,448) evaluated an association between 
a CHADS

2
 covariate in a population in which all patients had 

AF and were receiving warfarin therapy.15,17,18,23-25,33,34,36,38-40,43,54 
Follow-up ranged from 355 to 18,946 patient-years (median, 
814 patient-years). A total of 69 evaluations reported an asso-
ciation between a covariate and bleeding, of which 52 (75%) 
were multivariate (30, 10, and 12 evaluations for major, mi-
nor, and any bleeding, respectively).

	 Among the 30 multivariate evaluations for major bleed-
ing, more evaluations (n=10) assessed the association 
between age and major bleeding in patients with AF who 
were receiving warfarin, as compared with those with CHF 
(n=4), HTN (n=4), diabetes (n=8), or CVD (n=4). Of the 10 
evaluations (n=39,672) reporting a multivariate association 
between age and major bleeding, 9 (90%) found a positive 
association with major bleeding, 5 (50%) of which were 
significant. We graded the strength of evidence for this as-
sociation to be moderate. Less than half of the multivariate 
results showed CHF, diabetes, and CVD to be independent 
positive predictors for major bleeding, with a low strength 
of evidence. No significant association between HTN and 
major bleeding was noted, with the strength of evidence 
graded as very low (Table 3).
	 Of the 10 multivariate evaluations for minor bleeding, 
2 (20%) showed HTN to have a significant positive asso-
ciation with minor bleeding. None of the other covariates 
(CHF, age, diabetes, or CVD) were found to be significant 
predictors of minor bleeding. We graded the strength of 
evidence for HTN to be low, with the other covariates being 
very low.
	 Of the 12 multivariate evaluations for any bleeding, 
one found HTN and another found age to be independent 
positive predictors of any bleeding. None of the other 
evaluations found CHF, advanced age, diabetes, or CVD to 
have any effect on any bleeding. We graded the strength of 
evidence for each of these factors to be very low.
	 Overall, associations identified from studies enrolling 
only patients with AF were rated to be of similar quality 
and provided comparable conclusions regarding strength 
of evidence as those of the overall analysis (Figure 2, 
Tables 2 and 3).

DISCUSSION

The number of patients and patient evaluations in our study 
was generally greater for major bleeding than minor or 
any bleeding. None of the CHADS

2
 covariates had a high 

strength of association with warfarin-related bleeding risk. 
The strength of evidence of most covariates was low to 
very low, with the exception of advanced age and major 
bleeding. The moderate strength of association between 
age and major bleeding risk was the strongest among all 
covariates, whereas the very low strength of association 
between diabetes and minor bleeding was the weakest. 
The subgroup analysis in our study revealed that advanced 
age was also the strongest independent positive predictor 
of bleeding risk among all CHADS

2
 covariates in patients 

specifically with AF. As in the full analysis, the strength of 
associations between the other covariates and bleeding risk 
was very low.



CHADS2 and Bleeding

Mayo Clin Proc.    •    June 2011;86(6):509-521    •    doi:10.4065/mcp.2010.0755    •    www.mayoclinicproceedings.com518

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedingsa .

	 Diener et al38 and Lip et al56 published an evaluation 
comparing the predictive value of 5 different contempo-
rary bleeding risk stratification schemas using combined 
SPORTIF III and V warfarin data (N=3665). Of the 
schemas evaluated, the HAS-BLED (Hypertension, Ab-
normal Renal/Liver Function, Stroke, Bleeding History 
or Predisposition, Labile INR, Elderly, Drugs/Alcohol 
Concomitantly) score appeared to be the best predictor of 
bleeding in patients taking warfarin (C statistic, 0.66; 95% 
CI, 0.61-0.70); however, all schemas provided only mod-
erate predictive ability (C statistic, 0.52-0.66; a C statistic 
of 0.50 implies that a schema is no better at predicting a 
bleeding event than random guessing). The fact that no one 
schema was vastly superior to another despite each using 
different risk factors for bleeding is not surprising given 
the current results of our systematic literature review. The 
preponderance of the medical literature suggests that many 
risk factors have either conflicting or scant data supporting 
their association with bleeding of any severity, clarifying 
why developing a highly predictive schema has proved 
difficult. Of the 5 schemas, none used heart failure as a 
risk factor, 2 (40%) used HTN, 3 (60%) used stroke, and 

1 used diabetes by itself (20%). In contrast, age was used 
as a risk factor in all 5 schemas, albeit in different forms 
(continuous and categorical formats with different cutoffs 
for advancing age). The use of advancing age to predict 
bleeding is very much supported by the findings of our 
systematic review, which suggest that age is a relatively 
reliable risk factor for bleeding.
	 In the evaluation of CHADS

2
 covariates, it is impor-

tant to recognize that one covariate may be serving as a 
surrogate for a different but related risk factor. There-
fore, we caution that results must not be taken at face 
value. For example, the association seen with increasing 
age and bleeding risk may also be attributed to a decline 
in renal function, multiple comorbid conditions, or con-
comitant use of many other drugs. Furthermore, why 
these risk factors are associated with bleeding risk is 
often unknown.
	 Unlike the weak association with bleeding risk, the 
use of CHADS

2
 covariates in predicting stroke risk is 

relatively well established.56,57 Previous studies found 
that the risk of stroke in patients with AF increased as 
the number of CHADS

2
 risk factors increased, with an 

Table 3. Summary of Multivariate Results of Atrial Fibrillation Studies: Subgroup Analysisa

			   Evaluations
 	  	 Evaluations 	 with			    
		  with 	 significant or 		
 	 Total No. of 	 significant 	  nonsignificant 		  Evaluations
	 multivariate 	 positive 	 positive 	 Evaluations of	 of good or 		  Strength of
     Covariate	 evaluations	 association	 association 	 good quality	 fair quality 	 Conclusion 	 Evidenceb

Major Bleeding							     
	 CHF	 4 (n=9935)	 1 (25)	 4 (100)	 0 (0)	 4 (100)	 Increased risk	 Low
	 HTN	 4 (n=1257)	 0 (0)	 2 (50)	 0 (0)	 3 (75)	 Increased risk	 Very low
	 Age	 10 (n=39,672)	 5 (50)	 9 (90)	 1 (10)	 9 (90)	 Increased risk	 Moderate
	 DM	 8 (n=30,847)	 2 (25)	 6 (75)	 1 (13)	 5 (63)	 Increased risk	 Low
	 CVD	 4 (n=1882)	 2 (50)	 3 (75)	 1 (25)	 4 (100)	 Increased risk	 Low
Linear CHADS

2
 

	 score (per point)	 None	 NA	 NA	 NA	 NA	 NA	 Insufficient
Minor bleeding							     
	 CHF	 2 (n=402)	 0 (0)	 1 (50)	 0 (0)	 2 (100)	 No effect	 Very low
	 HTN	 2 (n=402)	 2 (100)	 2 (100)	 2 (100)	 2 (100)	 Increased risk	 Low
	 Age	 2 (n=402)	 0 (0)	 0 (0)	 2 (100)	 2 (100)	 No effect	 Very low
	 DM	 2 (n=402)	 0 (0)	 0 (0)	 0 (0)	 2 (100)	 No effect	 Very low
	 CVD	 2 (n=402)	 0 (0)	 1 (50)	 0 (0)	 2 (100)	 No effect	 Very low
Linear CHADS

2
 

	 score (per point)	 None	 NA	 NA	 NA	 NA	 NA	 Insufficient
Any bleeding							     
	 CHF	 2 (n=402)	 0 (0)	 1 (50)	 1 (50)	 2 (100)	 No effect	 Very low
	 HTN	 2 (n=402)	 1 (50)	 2 (100)	 1 (50)	 2 (100)	 Increased risk	 Very low
	 Age	 4 (n=1355)	 1 (25)	 1 (25)	 2 (50)	 4 (100)	 Increased risk	 Very low
	 DM	 2 (n=402)	 0 (0)	 0 (0)	 0 (0)	 2 (100)	 No effect	 Very low
	 CVD	 2 (n=402)	 0 (0)	 1 (50)	 0 (0)	 2 (100)	 No effect	 Very low
Linear CHADS

2
 

	 score (per point)	 None	 NA	 NA	 NA	 NA	 NA	 Insufficient

a CHADS
2 
= chronic heart failure, hypertension, advanced age, diabetes, and prior stroke/transient ischemic attack; CHF=chronic heart failure; CVD = 

cerebrovascular disease; DM = diabetes mellitus; HTN = hypertension; NA = not applicable. Data are provided as number (percentage) of evaluations, 
unless otherwise indicated.

b Strength of evidence used the Grading of Recommendations Assessment, Development, and Evaluation system to assess 4 required domains: risk of bias, 
consistency, directness, and precision.
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increase of up to 1.5 times for each 1-point increase in 
the CHADS

2
 score when no anticoagulant therapy was 

given. Warfarin therapy significantly reduced stroke 
risk, by approximately two-thirds, from 4.5% to 1.4%, 
when compared with placebo or no treatment, and by 
two-fifths when compared with aspirin.2-5,56 The Antico-
agulation and Risk Factors in Atrial Fibrillation cohort 
study showed that the highest net benefit of warfarin was 
among patients with moderate to high risk for stroke 
because the absolute increase in risk for intracranial 
hemorrhage due to warfarin remains fairly stable across 
CHADS

2
 risk categories.58

	 Several limitations must be considered when inter-
preting the results of our systematic review. Included 
studies defined bleeding end points in various ways. 
Although we limited ourselves to descriptive analysis 
only (no pooling of results through meta-analysis) and 
stratified our analyses by bleeding severity (major, mi-
nor, or any), important residual heterogeneity may still 
have been present.
	 Our systematic review included mostly observational 
studies, which have inherent selection and information bi-
ases that may result in an erroneous estimate of association. 
Selection bias may have occurred if patients were included 
in the selected studies because risk factors were presumed 
to be associated with bleeding. Furthermore, information 
bias could have occurred if patients were misclassified 
as having or not having a potential risk factor (ie, HTN, 
diabetes) or as having or not having a bleeding event. Ob-
servational studies can only reveal potential associations 
between covariates and the risk of bleeding; they cannot 
prove causality.
	 Negative reporting bias is a potential limitation of any 
systematic review. Authors commonly omit insignificant 
results from their publications, resulting in conclusions 
biased toward a covariate being a risk factor for bleeding. 
Of the 41 studies included in our systematic review, 27 
(66%) reported insignificant results, suggesting that this 
is of some potential concern in this systematic review. 
However, this bias would tend to further weaken the as-
sociations we have found. In addition, many of the studies 
included in this systematic review were underpowered 
(type 2 error) because the presence and/or occurrence of 
covariate or bleeding events was low in the patient sam-
ples. For example, in the study by Landefeld and Gold-
man,20 the failure to find CVD as a risk factor for major 
bleeding may be explained by the low baseline presence 
of CVD (only 4 of 375 patients) in the overall population. 
We devised an analysis protocol to accommodate for this, 
a description of which follows.
	 Given these cautions, limitations, and caveats, we 
used a strength-of-evidence rating scale that incorporated 

many features, allowing decision makers to draw conclu-
sions on the basis of the preponderance of the evidence 
and reducing the influence of any 1 potentially biased 
study on the process. First, we evaluated the number of 
evaluations and patients included because many evalua-
tions allow for the assessment of consistency, and larger 
evaluations are less likely to be underpowered. We then 
evaluated both the number and corresponding percentage 
of the total number of evaluations for a covariate when 
there was a significant positive association or a number 
of evaluations with a positive direction of effect regard-
less of significance. This gave us insight into the effect of 
a covariate on bleeding and the consistency of the effect 
across studies. Finally, we evaluated the quality of the 
evaluations because higher-quality evidence increases 
confidence in the results.
	 In light of their expected efficacy, safety, and ease 
of use, the newer oral anticoagulants (eg, Factor Xa in-
hibitors, direct thrombin inhibitors) are likely to replace 
warfarin therapy in many patients. Because the risk of 
bleeding associated with various patient characteristics 
is not yet known specifically with these agents, new data 
will be required. Fortunately, detailed analysis of the 
large-scale phase 3 clinical trials of these agents should 
provide much stronger evidence than is available for 
warfarin.

CONCLUSION

This systematic review found that the strength of evidence 
supporting the association between CHADS

2
 covariates 

and bleeding risk is low to very low, with the exception of 
advanced age, for which the strength of evidence is moder-
ate. This appeared true regardless of whether the assess-
ment included all studies or only those evaluating patients 
with AF. It is important to note that these associations were 
not as strong as those between the CHADS

2
 covariates 

and stroke risk. Thus, these findings support the recom-
mendation that the decision to prescribe oral anticoagulant 
prophylaxis to patients with AF should be driven more by 
patients’ risk of stroke than by the risk of bleeding due to 
these factors.

We would like to thank Dr Kearon and colleagues for providing 
additional data pertaining to their trial (Kearon et al47); Erica L. 
Baker, PharmD, and Devi Mathur, MD, for their help with study 
procurement and data collection; and Ruth Sussman, PhD, for her 
editorial assistance.
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