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Our objective was to compare the diagnostic accuracy between the HAS-BLED score and any of HEMORR2HAGES,
ATRIA, CHADS2, or CHA2DS2-VASc scores in anticoagulated patients with atrial fibrillation. We systematically
searched the Cochrane Library, MEDLINE, PubMed, and Embase databases for relevant studies. Data
were extracted and analyzed according to predefined clinical endpoints. Eleven studies were identified.
Discrimination analysis demonstrates that HAS-BLED has no significant C-statistic differences for bleeding risk
prediction compared with ATRIA or HEMORR2HAGES, but it has significant differences compared with CHADS2

or CHA2DS2-VASc. The significant positive net reclassification improvement and integrated discrimination
improvement values also show that HAS-BLED is superior to that of any of HEMORR2HAGES, ATRIA, CHADS2, or
CHA2DS2-VASc scores. According to calibration analysis of HAS-BLED, it overpredicts the risk of bleeding in the
low (risk ratio [RR]: 1.16, 95% confidence interval [CI]: 0.63-2.13, P = 0.64) risk stratification but underpredicts
that in the moderate (RR: 0.66, 95% CI: 0.51-0.86, P = 0.002) and high (RR: 0.88, 95% CI: 0.70-1.10,
P = 0.27) risk stratifications. The HAS-BLED score not only performs better than the HEMORR2HAGES and
ATRIA bleeding scores, but it also is superior to the CHADS2 and CHA2DS2-VASc stroke scores for bleeding
prediction. The HAS-BLED score should be the optimal choice to assess major bleeding risk in clinical practice.

Introduction
Atrial fibrillation (AF) is the most common cardiac arrhyth-
mia in clinical practice, and it is associated with an increased
risk of stroke and thromboembolism.1,2 Oral anticoagula-
tion therapy can reduce these embolic risks; therefore,
it is recommended in AF patients at high risk of car-
diovascular events. Nonetheless, the bleeding risks due
to long-term anticoagulation therapy may be devastat-
ing to stroke prevention.3 Given that increasing numbers
of AF patients are treated with anticoagulants, the risk
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evaluation of both stroke and bleeding events is vitally
important to guide the selection of the most appropriate pro-
phylactic measures.4 Although several bleeding scores for
risk evaluation have been recently developed and employed,
only 3 are specifically used for AF patients5–7: HAS-BLED
(hypertension, abnormal renal/liver function, stroke, bleed-
ing history or predisposition, labile international normalized
ratio [INR], elderly [age ≥65 years], drugs/alcohol con-
comitantly); HEMORR2HAGES (hepatic or renal disease,
ethanol abuse, malignancy, older age [≥75 years], reduced
platelet count or function, re-bleeding risk, hypertension
[uncontrolled], anemia, genetic factors, excessive fall risk,
stroke); and ATRIA (Anticoagulation and Risk Factors
in Atrial Fibrillation: anemia, renal disease, elderly [age
≥75 years], any prior bleeding, hypertension).

The HAS-BLED score, which was first proposed in 2010,
used data from a real-world cohort of 3450 anticoagulated
patients who have AF6 and then recommended clinical
guidelines to predict potential bleeding risks.8 According
to the HAS-BLED score, AF patients are subdivided into 3
risk stratifications, in which a score of 0 indicates low risk,
1–2 indicates moderate risk, and ≥3 indicates high risk.
Recently, these bleeding risk scores have been validated
in various cohort studies. Additionally, with overlap of
some risk factors between stroke and bleeding risk scores,
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the CHADS2 (congestive heart failure, hypertension, age
≥75 years, diabetes mellitus, stroke/transient ischemic
attack history) and CHA2DS2-VASc (congestive heart
failure/left ventricular ejection fraction ≤40%, hypertension,
age ≥75 y, diabetes mellitus, stroke/transient ischemic
attack/thromboembolism history, vascular disease, age
65–74 y, female sex) stroke scores may also be associated
with an increased risk of bleeding. However, data regarding
this risk are sparse. Therefore, we compared the diagnostic
accuracy of the HAS-BLED score with that of other
risk scores (eg, HEMORR2HAGES, ATRIA, CHADS2, or
CHA2DS2-VASc) in anticoagulated patients with AF.

Methods
Inclusion and Exclusion Criteria

Studies were included based on the following inclusion
criteria: (1) the studies reported the comparative diagnostic
performance between the HAS-BLED score and any of the
HEMORR2HAGES, ATRIA, CHADS2, or CHA2DS2-VASc
scores; (2) the study type (prospective or retrospective);
(3) the participants (adult AF patients with anticoagulants
[vitamin K antagonists]); (4) the patient outcomes (major
bleeding, defined as fatal bleeding requiring a transfusion
of ≥2 units of whole blood or red cells, or hemorrhage
into a critical area or organ [eg, intracranial, intraocular,
pericardial], or an overt bleed causing a fall in hemoglobin
level of ≥2 g/dL); (5) timing (the follow-up time is
not limited); and (6) the treatment setting (inpatient or
outpatient).

The following exclusion criteria were applied: (1) studies
including valvular AF patients or individuals who received
ablation or percutaneous coronary intervention procedures;
(2) clinically relevant non–major bleeding events (eg,
ischemic stroke and minor bleed); (3) certain publication
type (eg, review, letter, case report, comment); and
(4) studies with duplicate or insufficient data.

Literature Search

We conducted a comprehensive electronic search of
the Cochrane Library, MEDLINE, PubMed, and Embase
databases in March 2015 to identify relevant English-
language literature published since January 2010; the first
study concerning the HAS-BLED score was published in
2010.6 We used the following words (restricted to human
studies) as search terms: ‘‘HAS-BLED,’’ ‘‘atrial fibrillation,’’
‘‘risk,’’ ‘‘prediction,’’ and ‘‘major bleeding.’’ Further manual
research was performed using reference lists, relevant
journals, and conference abstracts.

Study Selection and Data Extraction

Using the predetermined criteria, the titles and abstracts of
studies retrieved electronically and manually were screened
independently by W.Z. and W.H. for potentially relevant
studies. When the necessary information was not apparent,
we comprehensively reviewed the full text. Disagreements
were resolved through discussion or consultation with a
third reviewer (K.H.). The characteristics extracted from
the available studies included the study type, demographic
data, mean patient age, sex ratio, and follow-up time.

Quality Assessment of Individual Studies

We used the Diagnostic Accuracy Studies (QUADAS-2)
to perform a quality evaluation of individual studies.9

QUADAS-2 comprises 4 domains of patient selection, index
test, reference standard, and flow and timing. The questions
in each domain are evaluated in terms of risk of bias, and the
first 3 domains are also evaluated in terms of applicability
concerns. Observational studies are separately graded as
good, fair, or poor.

Statistical Analysis

All statistical analyses were performed using Review
Manager software, version 5.2 (the Nordic Cochrane Centre,
Copenhagen, Denmark; http://ims.cochrane.org/revman).
A P value ≤0.05 indicated statistical significance.
Consistency Test of Individual Studies: The consistency of
the included studies was evaluated using the Cochrane
Q test complemented with the I2 statistic, where I2

values ≤25% indicated low heterogeneity, 25% to ≤50%
indicated moderate heterogeneity, and >50% indicated high
heterogeneity. When I2 values were ≤50%, a fixed-effects
model was chosen.
Meta-analysis: We are interested in the C statistic with 95%
confidence interval (CI) for the discrimination analysis. A C
statistic ≥0.5 indicates that the model performs significantly
better than chance. A C statistic of 0.6 to 0.7 indicates a low
value of risk prediction, 0.7 to 0.9 indicates a modest value,
and ≥0.9 indicates a high value. We then compared the
C statistic of 2 different risk scores by calculating the Z
statistic as follows:

Z = AZ1 − AZ2√
SE2

1 + SE2
2

In this formula, AZ1 and AZ2 represent the C statistic
of 2 different risk scores, respectively, and represent the
corresponding SEs. The improvement in predictive accu-
racy was evaluated by calculating the net reclassification
improvement (NRI) and integrated discrimination improve-
ment (IDI) values.10

Second, the calibration analysis was generally evaluated
across 3 risk stratifications, according to the HAS-BLED
score. The data presented in the HAS-BLED derivation
study were used as the predictive model.6 To calculate
the predicted number of major bleeding events, we applied
the adjusted bleeding rate (events/100 patient-years) from
the HAS-BLED derivation study across 3 risk stratifications
(low, 1.13; moderate, 1.33; and high, 4.94). The observed
number of major bleeding events was collected in each
available study. The results are presented as the risk ratio
(RR) with 95% CI for each risk stratification. RR = 1 indicates
an accurate prediction of the risk of bleeding by the HAS-
BLED score, RR < 1 indicates underprediction, and RR > 1
indicates overprediction.

Results
Description of the Included Studies

The study flow through the literature search and screening
process is shown in Figure 1. We initially retrieved 485
unique citations through the electronic database search,
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Figure 1. Flowchart showing number of articles included during each
stage of the systematic review process. Abbreviations: AF, atrial
fibrillation; NVAF, nonvalvular atrial fibrillation.

and we identified 5 additional citations in the manual search.
After we read the titles and abstracts, 70 full-text studies were
included in the review. Eleven of these studies fulfilled the
inclusion criteria (11 of good quality).6,7,11–19 Table 1 shows
the basic characteristics of the 11 included studies.

Data Analysis

Discrimination Analysis of the HAS-BLED Score: The C
statistic with 95% CI is shown in Table 2. Heterogeneity
was obvious in the global effect of the samples (I2 values,
24%–90%). Due to the inconsistent definitions of major
bleeding and the complicated study participants, it is
problematic for the diagnostic test accuracy, and it is
difficult to find the main source of heterogeneity. Thus,
we performed a Mantel-Haenszel dichotomous-weighted
random-effects model analysis. Thus, the results should be
interpreted cautiously.

Among the included studies, only 1 study showed that
the HAS-BLED score had a significant higher C statistic
than the ATRIA score.17 However, 3 studies showed that
the HAS-BLED score had a significant higher C statistic
than the CHADS2 and CHA2DS2-VASc stroke scores.16,18,19

In anticoagulated patients with AF, the C statistic ranged
from 0.60 to 0.69 (median, 0.66) for HAS-BLED; from 0.60
to 0.67 (median, 0.63) for HEMORR2HAGES; from 0.59 to
0.69 (median, 0.61) for ATRIA; from 0.51 to 0.59 (median,
0.53) for CHADS2; and from 0.53 to 0.58 (median, 0.56)
for CHA2DS2-VASc. This indicates that all risk scores of
interest performed significantly better than chance. The
pooled C statistics with 95% CIs were 0.65 (0.61-0.69) for
HAS-BLED, 0.63 (0.61-0.66) for HEMORR2HAGES, 0.63
(0.56-0.72) for ATRIA, 0.55 (0.49-0.61) for CHADS2, and
0.56 (0.53-0.59) for CHA2DS2-VASc, respectively. All 3
bleeding scores demonstrated similar discriminative values
for major bleeding risk prediction, but they appeared

to be more dominant than the CHADS2 and CHA2DS2-
VASc stroke scores. Then, we pooled and compared the
C statistic of 2 different tested risk scores using the Z
statistic. The comparison results were as follows: HAS-
BLED vs HEMORR2HAGES (Z statistic: 0.88, P > 0.05);
HAS-BLED vs ATRIA (Z statistic: 0.49, P > 0.05); HAS-BLED
vs CHADS2 (Z statistic: 2.72, P < 0.01); and HAS-BLED vs
CHA2DS2-VASc (Z statistic: 3.53, P < 0.01). The HAS-BLED
score demonstrated no statistically significant C-statistic
differences when compared with the HEMORR2HAGES
and ATRIA bleeding scores, but it demonstrated significant
differences when compared with the CHADS2 and
CHA2DS2-VASc stroke scores. Therefore, all 3 bleeding
scores demonstrated similar discriminative performance
for major bleeding risk prediction, but the CHADS2 and
CHA2DS2-VASc stroke scores did not perform as well as
the HAS-BLED score for predicting major bleeding risk in
anticoagulated patients with AF.
Net Reclassification Improvement and Integrated
Discrimination Improvement Analysis of the HAS-BLED
Score: In the current meta-analysis, 5 studies presented the
mean values of NRI analyses to assess the improvement in
predictive accuracy (Table 3).13,16–19 Among these studies,
the HAS-BLED score had significant positive NRI values for
AF patients compared with the HEMORR2HAGES (+26.0%,
P = 0.006)19 or ATRIA (+19.6%, P = 0.01917 and +31.0%,
P = 0.00119) scores. The probability of correctly predicting
major bleeding events using the HAS-BLED score was
reflected in the percentage of events correctly reclassified.
Therefore, the HAS-BLED score performed better than
both the HEMORR2HAGES and ATRIA bleeding scores. In
addition, the HAS-BLED score also presented significant
positive NRI values compared with the CHADS2 (+13.0%,
P = 0.00116; +38.62%, P < 0.00118; and +58.0%, P < 0.00119)
or CHA2DS2-VASc (+10.0%, P = 0.0416; +37.6%, P < 0.00118;
and +36.0%, P < 0.00119) stroke scores.16,18,19 Thus, the
value of the HAS-BLED score in predicting major bleeding
risk was more dominant compared with the CHADS2 and
CHA2DS2-VASc scores. Furthermore, the improved predic-
tive accuracy was also evaluated in terms of the IDI analysis.
Similarly, the HAS-BLED score demonstrated significant
positive IDI values for AF patients compared with ATRIA
(+7.0%, P = 0.001),17 CHADS2 (+10.0%, P < 0.001),18 or
CHA2DS2-VASc (+12.0%, P < 0.001).18 The predictive value
of the HAS-BLED score should be superior to that of other
risk scores in anticoagulated patients with AF.
Calibration Analysis of the HAS-BLED Score: Six differ-
ent studies were included to perform the calibration
analysis.6,11–14,17 Because of I2 values ≤50%, a fixed-effects
model was chosen for this analysis. A forest plot showed
that the HAS-BLED score overpredicts the risk of bleed-
ing in the low (RR: 1.16, 95% CI: 0.63-2.13, P = 0.64) risk
stratification and underpredicts the risk of bleeding in the
moderate (RR: 0.66, 95% CI: 0.51-0.86, P = 0.002) and high
(RR: 0.88, 95% CI: 0.70-1.10, P = 0.27) risk stratifications
(Figure 2). There were no significant differences between
the predicted and observed bleeding events in the low-risk
and high-risk stratifications, respectively. A P value ≥0.05
demonstrated adequate model calibration. Thus, there was
good calibration in the low-risk and high-risk stratifications,
according to the HAS-BLED score. Note that these results
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Table 1. Basic Characteristics of All Included Studies

Study Type of Study
Participants With
Anticoagulants, n Follow-up Participant Age, y F Ratio, %

Major Bleeding
Definitions Quality Rating

Pisters 20106 Prospective 2242 Mean, 1 y Mean, 67 41 NA Good

Fang 20117 Prospective 9186 Mean, 3.5 y NA NA ICD-9 codes Good

Lip 201111 Prospective 3665 Mean, 499 d Mean, 72 39 NA Good

Gallego 201212 Prospective 965 Median, 861 d Median, 76 50 NA Good

Apostolakis 201213 Retrospective 2293 Mean, 429 d Mean, 70 35 2005 ISTH criteria Good

Naganuma 201214 Retrospective 845 Median, 2.3 y Median, 74 31 NA Good

Friberg 201215 Prospective 48 599 Mean, 1.5 y Mean, 76 47 ICD-10 codes Good

Apostolakis 201316 Retrospective 2293 Mean, 429 d Mean, 70 35 2005 ISTH criteria Good

Roldán 201317 Prospective 937 Median, 952 d Median, 76 51 2005 ISTH criteria Good

Roldán 201318 Retrospective 1370 Median, 996 d Median, 76 53 2005 ISTH criteria Good

Barnes 201419 Retrospective 2600 Mean, 1 y Mean, 70 42 2005 ISTH criteria Good

Abbreviations: F, female; ICD, International Classification of Diseases; ISTH, International Society on Thrombosis and Haemostasis; NA, not available.

Table 2. Summary of the Range and Synthesis of C Statistic (95% CI) Across Included Studiesa

Score
No. of

Studies Range of C Statistic
Synthesis of C

Statistic (95% CI)

HAS-BLED 7 0.60–0.69 (median, 0.66) 0.65 (0.61-0.69)

HEMORR2HAGES 5 0.60–0.67 (median, 0.63) 0.63 (0.61-0.66)

ATRIA 3 0.59–0.69 (median, 0.61) 0.63 (0.56-0.72)

CHADS2 3 0.51–0.59 (median, 0.53) 0.55 (0.49-0.61)

CHA2DS2-VASc 3 0.53–0.58 (median, 0.56) 0.56 (0.53-0.59)

Abbreviations: ATRIA, Anticoagulation and Risk Factors in Atrial Fibrillation; CI, confidence interval; CHADS2, congestive heart failure, hypertension, age
≥75 years, DM, stroke/TIA history; CHA2DS2-VASc, congestive heart failure/LVEF ≤40%, hypertension, age ≥75 y, DM, stroke/TIA/TE history, vascular
disease, age 65–74 y, sex (F); DM, diabetes mellitus; F, female; HAS-BLED, hypertension, abnormal liver/renal function, stroke, bleeding history or
predisposition, labile INR, elderly, drugs/alcohol concomitantly; HEMORR2HAGES, hepatic or renal disease, ethanol abuse, malignancy, older age,
reduced platelet count or function, re-bleeding risk, hypertension (uncontrolled), anemia, genetic factors, excessive fall risk, stroke; INR, international
normalized ratio; LVEF, left ventricular ejection fraction; TE, thromboembolism; TIA, transient ischemic attack.
aZ statistic presented as follows: HAS-BLED vs HEMORR2HAGES (Z statistic: 0.88, P > 0.05); HAS-BLED vs ATRIA (Z statistic: 0.49, P > 0.05); HAS-BLED vs
CHADS2 (Z statistic: 2.72, P < 0.01); HAS-BLED vs CHA2DS2-VASc (Z statistic: 3.53, P < 0.01).

should be interpreted with caution due to the limited amount
of available studies in each group.

Discussion
Although it is not immediately life-threatening in clini-
cal practice, AF is associated with a well-known increase
in embolic risk.20 Oral anticoagulation therapy is highly
effective in reducing these embolic risks, and it is widely
recommended in high-risk patients with AF.2 However, anti-
coagulation therapy is also closely related to an increased
risk of bleeding. Although new anticoagulants, particularly
the IIa inhibitor (dabigatran) and the Xa inhibitors (rivarox-
aban and apixaban), have been introduced into clinical
practice, AF patients are still at high risk of bleeding. For
this reason, the decision-making process for the optimal use
of anticoagulants should be based on a balanced assess-
ment of the risks (eg, bleeding) and benefits (eg, stroke

prevention) of the available treatment options. To date, 11
bleeding risk scores have been developed and employed
in evaluating bleeding risk,21 3 of which (HAS-BLED,
HEMORR2HAGES, and ATRIA) have been specifically
derived and validated exclusively in AF patients. The HAS-
BLED score originates from a 2010 European Heart Survey
database, in which a score of ≥3 points is considered to be
an indicator of high-risk bleeding.

The HAS-BLED score is regarded as the most commonly
advocated scoring system, performing better in predicting
bleeding risk than the HEMORR2HAGES and ATRIA scores
in anticoagulated patients with AF.13,17,22 In this meta-
analysis, the HAS-BLED score has a significantly higher
C statistic in only 1 study compared with the ATRIA
score.17 The remaining 10 studies show no significant
differences in bleeding risk prediction among 3 bleeding
risk scores. According to the pooled C statistics (0.65
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Table 3. NRI and IDI Analysis for Predicting Major Bleeding Risk in Anticoagulated Patients With AFa

Study Contrast NRI Analysis IDI Analysis

Apostolakis 201213 HAS-BLED vs HEMORR2HAGES: +6.8%, P = 0.42; vs
ATRIA: +9.0%, P = 0.33

NA

Apostolakis 201316 HAS-BLED vs CHADS2: +13.0%, P = 0.001; vs
CHA2DS2-VASc: +10.0%, P = 0.04

NA

Roldán 201317 HAS-BLED vs ATRIA: +19.6%, P = 0.019 vs ATRIA: +7.0%, P = 0.001

Roldán 201318 HAS-BLED vs CHADS2: +38.62%, P < 0.001; vs
CHA2DS2-VASc: +37.6%, P < 0.001

vs CHADS2: +10.0%, P < 0.001; vs
CHA2DS2-VASc: +12.0%, P < 0.001

Barnes 201419 HAS-BLED vs HEMORR2HAGES: +26.0%, P = 0.006; vs
ATRIA: +31.0%, P = 0.001; vs CHADS2:
+58.0%, P < 0.001; vs CHA2DS2-VASc:
+36.0%, P < 0.001

NA

Abbreviations: AF, atrial fibrillation; ATRIA, Anticoagulation and Risk Factors in Atrial Fibrillation; CHADS2, congestive heart failure, hypertension, age
≥75 years, DM, stroke/TIA history; CHA2DS2-VASc, congestive heart failure/LVEF ≤40%, hypertension, age ≥75 y, DM, stroke/TIA/TE history, vascular
disease, age 65–74 y, sex (F); DM, diabetes mellitus; F, female; HAS-BLED, hypertension, abnormal liver/renal function, stroke, bleeding history or
predisposition, labile INR, elderly, drugs/alcohol concomitantly; HEMORR2HAGES, hepatic or renal disease, ethanol abuse, malignancy, older age, reduced
platelet count or function, re-bleeding risk, hypertension (uncontrolled), anemia, genetic factors, excessive fall risk, stroke; IDI, integrated discrimination
improvement; INR, international normalized ratio; LVEF, left ventricular ejection fraction; NA, not available; NRI, net reclassification improvement; TE,
thromboembolism; TIA, transient ischemic attack.
aA P value <0.05 demonstrated that the HAS-BLED score had statistically significant positive NRI or IDI values when compared with other risk scores.

for HAS-BLED, 0.63 for HEMORR2HAGES, and 0.63 for
ATRIA), all 3 bleeding risk scores demonstrate similar
predictive values for major bleeding risk. Additionally,
due to the overlap between some of the risk factors (eg,
age, hypertension, previous stroke, and diabetes) for the
bleeding and stroke scores, many risk factors for stroke
scores are also closely associated with an increased risk
of bleeding.23 Indeed, several studies have reported that
the CHADS2 and CHA2DS2-VASc scores are associated
with an increased risk of both stroke and bleeding in
anticoagulated patients with AF.16,18,19 In this meta-analysis,
in 3 different studies, the C statistic for the HAS-BLED score
is significantly higher than that for any of the CHADS2
and CHA2DS2-VASc scores.16,18,19 The pooled C statistics
are 0.55 for CHADS2 and 0.56 for CHA2DS2-VASc, which
demonstrates that both the CHADS2 and CHA2DS2-VASc
scores have lower predictive values for major bleeding risk
compared with the HAS-BLED score. Thus, the HAS-BLED
score demonstrates better discrimination for major bleeding
risk prediction than the CHADS2 and CHA2DS2-VASc stroke
scores.

Although the C statistic can reflect the predictive ability
of risk predictions quantitatively, the C statistic for each
risk-scoring system has always varied considerably in the
study participants, which complicates the comparisons.24

Due to high heterogeneity of the diagnostic test accuracy,
the role of the C statistic in the evaluation of the
discriminative performance of risk scores has been
questioned. Conventionally, the evaluation of a new
scoring system is performed using the above-mentioned
discrimination measures, but most researchers are familiar
with the classification measures such as sensitivity and
specificity. An earlier meta-analysis shows that, compared
with the HEMORR2HAGES and ATRIA scores, the HAS-
BLED score is better for evaluating major bleeding risks
in AF patients due to the higher sensitivity.25 Additionally,

the improvement in predictive accuracy is also evaluated
in terms of the NRI and IDI analysis. Our study indicates
that the HAS-BLED score performs better than any of
the bleeding (HEMORR2HAGES and ATRIA) and stroke
(CHADS2 and CHA2DS2-VASc) risk scores, as reflected
by the significant positive NRI and IDI values. Even
in those AF patients without anticoagulants, when the
HAS-BLED score is compared with other bleeding risk
scores (HEMORR2HAGES and ATRIA), the NRI values
are significantly improved against all other scores tested.26

These results reveal that the HAS-BLED score performs
better in predicting bleeding complications than other
risk scores, consistent with the findings of Kamran
et al.27 Furthermore, there is good calibration between the
predicted and observed bleeding events in the low-risk
and high-risk stratifications of HAS-BLED. Of note, these
results should be interpreted with caution due to the limited
available studies in each group.

Implications for Clinical Practice

In combination with NRI and IDI values in addition to
the area under the curve (C statistic), our study shows
that the HAS-BLED score performs better than both the
HEMORR2HAGES and ATRIA scores and certainly helps
clinicians make informed clinical decisions. The HAS-BLED
score also indicates powerful predictive values for major
bleeding risk prediction in high-risk AF patients. However,
given that AF is a leading cause of neurological disability and
mortality depending on severity of cardioembolic stroke,
oral anticoagulation therapy is critical for high-risk AF
patients. The HAS-BLED score is therefore not used to
help us exclude anticoagulation therapy in AF patients, but it
allows clinicians to identify the potential bleeding risk factors
(rather than relying on guesswork).2 We could search for
appropriate measures (eg, correcting reversible risk factors
and providing appropriate follow-up services) to reduce
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Figure 2. Forest plot showing calibration analysis of the HAS-BLED score. Abbreviations: CI, confidence interval; df, degrees of freedom; HAS-BLED,
hypertension, abnormal liver/renal function, stroke, bleeding history or predisposition, labile INR, elderly, drugs/alcohol concomitantly; INR, international
normalized ratio; M-H, Mantel-Haenszel.

the occurrence of major bleeding risk in anticoagulated
patients with AF, particularly for patients with a HAS-BLED
score ≥3.

Our study also shows that the HAS-BLED score
performed better than the CHADS2 and CHA2DS2-VASc
stroke scores for predicting major bleeding risk in
anticoagulated patients with AF. Therefore, we recommend
that the HAS-BLED score be used in AF patients who are
considering anticoagulation therapy for stroke prevention,
particularly for high-risk patients.

Limitations of the Meta-analysis

This meta-analysis has several limitations. First, the high
heterogeneity of the individual studies is observed in the
discrimination analysis. Therefore, the results should be
interpreted cautiously using the C statistic for comparisons,
and the predictive value requires further evidence-based
assessment. Second, these tested risk scores are derived
and validated in independent studies with different methods,
ranging from highly selected clinical-trial cohorts to
real-world populations.28 Therefore, different definitions
of bleeding outcome and methodological differences of
individual studies complicate the synthesis of the findings.

Third, some studies come from the same team of professor
Lip; perhaps this may lead to a certain degree of
unknown bias, so it requires further cohort studies from
different authors. Fourth, the follow-up durations in each
study are not clearly restricted during the collection of
endpoint event samples. Finally, an INR level of 2–3 or
time in therapeutic range (TTR) >70% provides the best
tradeoff between preventing stroke events and causing
bleeding.29,30 The TTR is an independent risk factor for
major bleeding in AF patients initiated with vitamin K
antagonist therapy.31 Future studies should evaluate the
predictive role of INR and TTR values and its association with
bleeding risk.

Conclusion
The HAS-BLED score performed better than both the
HEMORR2HAGES and ATRIA scores, as reflected by the
positive NRI and IDI values. Moreover, the discriminative
performance of HAS-BLED is superior to that of both the
CHADS2 and CHA2DS2-VASc stroke scores. It is appropriate
to use the HAS-BLED score for evaluating anticoagulation-
related major bleeding risk in everyday clinical practice.
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