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Nonvalvular atrial fibrillation (NVAF) is the most common arrhythmia. It is of a high dis-
ability and death rate, and seriously affects quality of life. Although New oral anticoagulants
(NOACs) are recommended for anticoagulation therapy of atrial fibrillation, they are not
widely used for the high cost and limited availability. Warfarin is effective and economical.
The risk of thromboembolism and anticoagulant hemorrhage is higher in patients>65 years
with NVAF. So, it is of great clinical significance to explore the optimal anticoagulation
intensity of warfarin in patients >65 years of China, and other ethnicities. Some studies sug-
gested that low-intensity international normalized ratio (INR) has similar antithrombotic
efficacy comparing to standard-intensity INR, whereas bleeding risk was significantly
reduced. But others showed conflicting results. We pooled the efficacy and safety data of
low- and standard-intensity warfarin therapy for patients over 65 years with NVAF by
meta-analysis, as to evaluate optimal INR intensity of warfarin therapy in patients over
65 years. We identified 18 studies providing data of 2105 patients receiving anticoagulation
therapy with warfarin. On meta-analysis (odds ratio [OR] [95% confidence interval {CI}]),
low-intensity INR conferred similar efficacy to standard intensity INR on all thrombosis
(1.28 [0.90 to 1.81]), stroke (1.09 [0.67 to 1.77]), other thromboembolism ([peripheral and
pulmonary embolism] 2.26 [0.89 to 5.79]), and all cause death (1.38 [0.94 to 2.02]). Low-
intensity INR conferred better safety profile than standard intensity INR in major bleeding
(intracranial and gastrointestinal hemorrhage) (0.32 [0.19 to 0.52]), minor bleeding (gum,
nasal cavity and conjunctival hemorrhage, skin ecchymosis, hematuria, hemoptysis) (0.30
[0.20 to 0.45]), and all bleeding (0.30 [0.22 to 0.40]). In conclusion, low-intensity INR (1.5 to
2.0) of warfarin therapy is as effective as standard intensity INR (2.0 to 3.0) therapy in
reducing thromboembolic risk in patients>65 years with NVAF, and has a safer profile of
bleeding. © 2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2021;142:74−82)
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Chronic atrial fibrillation (AF) is the most common
arrhythmia. The incidence of AF in general population is 1%
to 2%, and there are about 30 million to 100 million AF
patients worldwide.1 About 70% AF patients are aged over
65. AF tends to cause serious complications such as cardiac
insufficiency and thromboembolism, especially stroke, which
seriously affects patients’ quality of life, significantly
increases the rate of disability and death. Nonvalvular atrial
fibrillation (NVAF) increases year-by-year, it accounted for
65.2% of AF.2 The use of warfarin anticoagulant therapy to
prevent thromboembolism in patients with chronic AF has
become a regular method and been widely accepted. The risk
of thromboembolism and anticoagulant hemorrhage is higher
in patients >65 years with NVAF. It is of great practical sig-
nificance for figuring out the optimal international normal-
ized ratio (INR) intensity of warfarin to preserve its adequate
anticoagulating effect and limit its adverse effects in patients
>65 years. However, it is still controversial that INR should
be set at standard intensity 2.0 to 3.0 or low intensity 1.5 to
2.0 in patients >65 years with NVAF. In order to summarize
the existing evidences and draw credible conclusions, we
conducted a meta-analysis on the available trials to reevalu-
ate the optimal INR target of warfarin in anticoagulation ther-
apy in patients >65 years with NVAF.
Methods

All studies reporting anticoagulation therapy of NVAF
in patients >65 years published before May 2020 were
identified by the comprehensive computer-based search of

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2020.12.001&domain=pdf
mailto:maiweiyi@mail.sysu.edu.cn
www.ajconline.org
https://doi.org/10.1016/j.amjcard.2020.12.001


Figure 1. PRISMA flow diagram. PRISMA indicates preferred reporting

items for systematic reviews and meta-analyses.
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PubMed, Cochrane, EmBase, Web of Science, Chinese
BioMedical, Global Health, and BIOSIS Previews data-
bases. The following terms were used for search: Atrial
fibrillation, nonvalvular, warfarin, anticoagulation. Hand
searches for related articles were also performed. All the
searches were conducted without language restriction. Ref-
erence lists of the retrieved articles were also reviewed to
ensure to no eligible study missed.

Studies with an INR (1.5 to 2.0, low-intensity anticoagu-
lation) and (2.0 to 3.0, standard-intensity anticoagulation)
were included. Exclusion criteria were as follows: (1) There
was no relevant data of thromboembolism or bleeding
between groups; (2) the target INR beyond 1.5 to 3.0; (3)
the age was under 65; (4) rheumatic valvular disease or
mechanical heart valve implantation; and (5) combination
treatment with aspirin or other antiplatelet agents.

Xiaoqu Cheng and Jian Kuang collected the studies.
Fengguang Kang and Yougang Ma extracted data inde-
pendently and performed the main analyses. Weiyi Mai
corrected the collected data. All the data were extracted
using a standardized data-collection form. Information
was recorded as follows: Last name of the first author,
year of publication, geographical location, study design,
INR target range, embolism, bleeding, all-cause mortal-
ity, duration of the follow-up period, and number of par-
ticipants. The quality of enrolled studies was assessed by
Peijian Liu and Zhuocheng Mai, and the following ele-
ments were considered: Study design, characteristics of
the studied population, assessment of outcome, duration
of follow-up, and statistical control for potential con-
founding factors. Any disagreement was resolved by a
discussion. All the data were extracted from published
results. There was no TTR related data in the included
literature. Fengguang Kang, Yougang Ma, and Weiyi
Mai completed the manuscript.

Meta-analysis was performed as our previous report.3 In
brief, heterogeneity of effect size across studies was quanti-
fied by the I2-statistic and tested by a Cochrane Q-test with
a significance level of p <0.1, rather than 0.05.4 Pooled
effect size was estimated by Mantel-Haenszel fixed-effects
model if no significant heterogeneity existed. Otherwise,
the DerSimonian-Laird random-effects model was adopted.
Potential publication bias was assessed by Egger’s test and
Begg’s funnel plot was produced.5

To further investigate the effects and the safety of warfa-
rin anticoagulant therapy in patients >65 years with NVAF,
subgroup analyses according to ages and geographical loca-
tions were performed. The results were expressed in odd
ratios (OR) and corresponding 95% confidence interval
[CI] for thrombosis events and each separated outcome in
forest plot figures. The comparison was made to estimate
the efficacy and safety of low-intensity INR versus stan-
dard-intensity INR as well as the data was combined to esti-
mate the pooled OR with 95% CIs.

A sensitivity analysis, which investigated the influence
of a single study on the overall risk estimated by omitting
one study in each turn, was used to test the stability of the
pooled results. The study was performed in accordance
with the PRISMA statement.6 All analyses were performed
by using STATA version 12.0 and graph of quality assess-
ment was produced by Revman 5.3.
Results

With separated search strategy in each database, a total of
1,029 articles that potentially pertinent were retrieved. By
reviewing titles and abstracts, irrelevant studies, case reports,
and reviews were excluded. Finally, 72 studies were identi-
fied for further considerations. Of these, 54 studies were fur-
ther excluded mainly due to the age of patients included was
less than 65 years old (53 studies), or INR ranged 1.6 to 2.5
(one study). Therefore, 18 studies including 2,105 patients
(1,058 in low-intensity INR and 1,047 in standard intensity
INR) met the inclusion criteria, which were used in the later
analysis.7−24 The flow diagram of searching and screening
publications were listed in Figure 1.

Characteristics of the included studies were presented in
Table 1. Overall, enrolled trials were published from 2006 to
2020, including Chinese and Italy studies (only China and
Italy met the inclusion criteria mentioned above), and ranging
from 48 to 267 in sample size. One study was retrospective in
design and the rest were prospective ones (Table 1).

All the included studies were low in attrition bias, whereas
most studies were with low in detection and reporting bias,
and more than a half of the studies were with low to unclear
bias in selection, performance, and other bias (Figure 2).

Overall, the event rate of thromboembolism was 7.75%
(76/981) and 6.19% (60/969) in populations of low and
standard INR of warfarin respectively. Pooled analysis
including all the studies was firstly performed and results
from fixed-effects model showing a roughly equivalent
effect on reducing rates of thromboembolism in low inten-
sity and standard intensity anticoagulation with warfarin
(OR = 1.28, 95% CI: 0.90 to 1.81, Figure 3). No heteroge-
neity was observed among studies (I2= 0% and Q-test
p = 0.62). This result showed that the initial analysis sup-
ports the opinion that low- and standard-intensity
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anticoagulation with warfarin had similar effects on reduc-
ing thromboembolism events.

Subgroup analysis was presented in Figure 3. The sub-
group analysis revealed that the stroke rate was 5.2% (36/
691) and 4.82% (33/685) in populations of low-intensity
and standard-intensity INR respectively. The analysis
showing a roughly equivalent effect on reducing rates of
stroke in low-intensity and standard-intensity anticoagula-
tion with warfarin (OR = 1.09, 95% CI: 0.67 to 1.77,
Figure 3). The event rate of other thromboembolism
(including peripheral and pulmonary embolism) was 3.94%
(14/355) and 1.72% (6/349) in populations of low- and stan-
dard-intensity INR. The analysis showing a roughly equiva-
lent effect on reducing events of other thromboembolism in
low- and standard-intensity anticoagulation with warfarin
(OR = 2.26, 95% CI: 0.89 to 5.79, Figure 3). The event rate
of all thromboembolism was similar in populations of low
and standard intensity INR either in China (OR = 1.44, 95%
CI: 0.97 to 2.12) or Italy (OR = 0.75, 95% CI: 0.33 to 1.71),
and the total meta-OR is 1.28, 95% CI is 0.90 to 1.81. The
event rate of all thromboembolism was similar in popula-
tions of low- and standard-intensity INR either in relative
younger (65 to 74 years) (OR = 1.79, 95% CI: 0.83 to 3.86)
or elder (above 75 years) (OR = 1.16, 95% CI: 0.78 to
1.73), and the total meta-OR is 1.28, 95% CI is 0.90 to 1.81
(Figure 6).

The all-cause mortality was 20.2% (87/522) and 16.7%
(106/526) in populations of low- and standard-intensity
anticoagulation with warfarin respectively. Pooled analysis
including all the studies was firstly performed and results
from fixed-effects model showing a roughly equivalent
effect on reducing all-cause mortality with low- and stan-
dard-intensity INR of warfarin (OR =1.38, 95% CI: 0.94 to
2.02, Figure 4). Mild heterogeneity was observed among
studies (I2= 0% and Q-test p = 0.53).

The major bleeding (including gastrointestinal and intra-
cranial hemorrhage) rate was 2.29% (19/829) and 7.27%
(60/825) in populations of low and standard INR of warfa-
rin respectively. Pooled analysis including all the studies
was firstly performed and results from fixed-effects model
showing a beneficial effect of low-intensity INR target,
which reducing 68% major bleeding (OR = 0.32, 95% CI:
0.19 to 0.52, Figure 5). No heterogeneity was observed
among studies (I2= 0% and Q-test p = 0.94).

The minor bleeding (including gum, nasal cavity and
conjunctival hemorrhage, skin ecchymosis, hematuria,
hemoptysis) rate was 5.11% (35/684) and 14.92% (101/
677) in low and standard INR therapy respectively. Pooled
analysis including all the studies was firstly performed and
results from fixed-effects model showing a beneficial effect
of low-intensity INR target, which reducing 70% minor
bleeding (OR = 0.30, 95% CI: 0.20 to 0.45, Figure 5). No
heterogeneity was observed among studies (I2= 0% and Q-
test p = 0.97).

Overall, all bleeding (including major and minor bleed-
ing) rate was 6.14% (65/1058) and 17.9% (188/1047) in
populations of low and standard INR of warfarin respec-
tively. Pooled analysis including all the studies was firstly
performed and results from fixed-effects model showing a
beneficial effect of low-intensity INR target, which reduc-
ing 70% all bleeding (OR = 0.3, 95% CI: 0.22 to 0.40,

www.ajconline.org


Figure 3. Meta-analysis of all the include studies on thrombosis events conferred by Warfarin anticoagulation. Estimated effect size was derived by Mantel-

Haenszel fixed-effects model and heterogeneity text p-value was calculated by Cochrane Q-test. Size of the box represented weight of the study on the over-

all results. (a) All thrombosis; (b) stroke; (c) other thromboembolism: peripheral and pulmonary embolism.

Figure 2. Quality assessments of included studies.
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Figure 5). No heterogeneity was observed among studies
(I2 = 0% and Q-test p = 0.48).

Subgroup analysis was presented in Figure 6, which
revealed that the low-intensity warfarin reduced rate of the
major bleeding either in younger (65 to 74 years) (OR =
0.22, 95% CI: 0.06 to 0.90) or elder(above 75 years)
(OR = 0.34, 95% CI: 0.19 to 0.58), and the total meta-OR is
0.32, 95% CI is 0.19 to 0.52. The analysis also revealed that
the low INR intensity warfarin therapy reduced minor
bleeding rate either in younger (65 to 74 years) (OR = 0.3,
95% CI: 0.14 to 0.63) or elder (above 75 years) (OR = 0.3,
95% CI: 0.18 to 0.48), and the total meta-OR is 0.3, 95%
CI is 0.20 to 0.45. Interestingly, all-bleeding rate in popula-
tions of low- and standard-intensity INR was not statistical
difference in Italians (OR = 0.56, 95% CI: 0.27 to 1.18). In
contrast, therapy of low-intensity INR of warfarin reduced



Figure 4. Meta-analysis of the included studies on all-cause mortality conferred by Warfarin anticoagulation. Methods used and meaning of symbols were

the same as Figure 3.

Figure 5. Meta-analysis of the included studies on bleeding events conferred by Warfarin anticoagulation. Methods used and meaning o symbols wer the

same as Figure 3. (d) All bleeding events; (e) major bleeding; (f) minor bleeding.
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all-bleeding rate than that of standard one in China ethnicity
(OR = 0.26, 95% CI: 0.19 to 0.36), and the total meta-OR is
0.3, 95% CI is 0.22 to 0.40. The analysis indicated the elder
population of east-Asian would experience more all-bleed-
ing events than Italians under standard INR.

Furthermore, we performed sensitivity analysis to exam-
ine the intensity of the conclusion and results, we found
that the beneficial effects of reducing minor and major
bleeding of low-intensity INR were not influenced, which
remained to be significant by omitting any of the included
study; and in terms of antithrombotic effect, the low-inten-
sity INR was equivalent to standard intensity INR, which
were also not influenced, remained to be significant by
omitting any of the included study. These results implied

www.ajconline.org


Figure 6. Subgroup analyses according to (g) thrombosis age; (h) thrombosis region; (i) bleeding region; (j) major bleeding age; (k) minor bleeding age.

Methods used and meaning of symbols were the same as Figure 3.
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that the effectiveness and safety of the low-intensity INR
target in anticoagulation in patients >65 years with NVAF
were stable and robust. Publication bias determined by
Begg’s test did not show a significant bias (Figure 7).
Discussion

NVAF is one of the most common arrhythmia in patients
>65 years, which increasing the risk of stroke by 5 times.



Figure 7. Publication bias of included studies. p-value was derived by Egger’s test. Size of the circle indicated study weight.
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Stroke not only increases the social disability burden, but
also economic burden of public health and medical sys-
tem.25 It is of great significance to explore an optimal anti-
coagulation therapy for patients >65 years with NVAF.
There have been many studies on anticoagulation therapy
of AF, but patients’ age was in a broad range. Studies on
populations over 65 years in this field were limited. After
screening, we found that only China and Italy had per-
formed specific studies on this special population.

Although according to the AF management of ESC in
2016, and the guidelines of AHA/ACC/HRS in 2019, New
oral anticoagulants (NOACs) are recommended over warfa-
rin (I, A), except for moderate to severe mitral stenosis or
mechanical heart valve implantation,26 there are some dis-
advantages of NOACs: (1) NOACs are not optimal anticoa-
gulants in patients with severe renal impairment or on
dialysis, which is common in patients >65 years with
NVAF; (2) There is no effective monitoring indicators by
conventional means(PT, APTT, INR), only guaranteed by
anti-Ⅹa or anti-Ⅱa activity; (3) Although NOACs have anti-
dotes, which are very expensive and not available widely;
(4) The high price of NOACs make them difficult to be
widely used in China and some countries. In UK, warfarin
costs an average of £0.83 per month/patient, whereas the
average monthly cost of NOACs is >£50/patient.27 China
has a huge population, and NVAF patients are far more
than UK, it will bring huge economic burden to the country
if all NVAF patients taking NOACs; (5) NOACs are not
completely safer than warfarin on bleeding. A meta-analy-
sis of 4 RCTs comparing efficacy and safety of NOACs ver-
sus warfarin found that NOACs to be inferior in terms of
gastrointestinal bleeding events.28

The application of warfarin is mainly affected by the fol-
lowing reasons: (1) Some doctors are worrying too much
about adverse effect of warfarin - hemorrhage and bleeding,
which lead to the utilization of warfarin is seriously
insufficient; (2) Stable control of INR within the target
range, which is the key to improve the quality of anticoagu-
lation to reduce clinical events. TTR is one of the most
commonly quality control indicators. Patients with a TTR
≥ 65% had significant benefit. (3) Warfarin has ethnic dif-
ference in safety profile of bleeding. The interpretation may
be involved the follows: (1) The vitamin K epoxide reduc-
tase complex subunit 1 gene (VKORC1) contains haplotype
A and haplotype B. The frequency of group A haplotypes
(predictive of a low warfarin dose) was significantly higher
in the Asian-American population (89%), whereas it is only
37% in the European-American population (p <0.001),
which leads to a low dose of warfarin for Asian ethnicity.
The frequency of group B haplotypes (predictive of a high
warfarin dose) was significantly higher in the European-
American population (58%), whereas it is only 10% in the
Asian-American population (p <0.001), which leads to a
high dose of warfarin for European ethnicity; (2) Although
warfarin is mainly metabolized by P4502C9 (CYP2C9), the
mutation of CYP2C9 gene can slow down the metabolism of
warfarin and prolong the half-life of warfarin, and increase
the blood concentration of warfarin in vivo, which leads to
stronger anticoagulant effect. However, CYP2C9 gene muta-
tion did not explain all the difference of warfarin mainte-
nance dose among different ethnicities,29 and anticoagulating
efficacy of warfarin is interfered by other factors, such as tak-
ing plenty green vegetable or Saddling fish, antibiotics.

So far, the optimal INR intensity of Chinese population
is still not clear. Some scholars believe that low-intensity
INR is suitable for patients >65 years with NVAF in China.
But data of effects and safety of the low-intensity INR from
the reports were inconsistent. To summary available infor-
mation in this field, the meta-analysis of 18 studies involv-
ing 2105 participants supported that there was no
significant difference between low-intensity INR(1.5 to 2.0)
and standard intensity INR(2.0 to 3.0) in effect of
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preventing both stroke and other thrombosis events and
lowering all cause death rate. Whereas in terms of major
bleeding, compared with standard intensity INR, low-inten-
sity INR decreased major bleeding by 68%. Similarly, ther-
apy of low INR intensity decreased minor bleeding by 70%
compared with the standard intensity INR. The event rate
of all thromboembolism was similar in populations of low-
and standard-intensity INR either in younger (65 to 74
years) or elder (above 75 years). Furthermore, therapy of
low-intensity warfarin reduced major and minor bleeding
events either in younger (65 to 74 years), or elder (above 75
years) in all participants. In summary, therapy of low INR
intensity of warfarin can preserve its adequate anticoagulat-
ing effect and limit its adverse effect in patients >65 years
with NVAF, especially for whom over 75 years.

In a systematic review and meta-analysis of 14 studies,
low-intensity warfarin anticoagulation was associated with a
lower incidence of bleeding, including fatal and severe bleed-
ing, whereas without increasing the risk of thromboembo-
lism.30 A total of 3,295 patients were enrolled, including
1,403 patients with INR target range of 1.5 to 2.0 (low antico-
agulant intensity group) and 1,892 patients with INR target
range of 2.0 to 3.0 (standard anticoagulant intensity group).
The incidence of total bleeding in low anticoagulant group
was significantly lower than the standard anticoagulation
intensity group (RR = 0.47, 95% CI: 0.37 to 0.59, p < 0.01);
There was no significant difference in the incidence of throm-
boembolism, ischemic stroke and mortality between the 2
groups (RR = 1.35, 95% CI: 1.00 to 1.84, P = 0.05; RR =
1.44, 95% CI: 1.01 to 2.05, p = 0.05; RR = 1.06, 95% CI:
0.85 to 1.31, p = 0.60). Although the results of previous study
were consistent with our study, there was no age limit for the
inclusion criteria of previous study, and no subgroup analysis
for patients older than 65years were specifically analyzed.
Therefore, the results of previous study couldn’t be applied
to patients >65 years with NVAF.

Some limitations of the current study should be noted.
First, TTR is the key to the efficacy and safety of warfarin in
AF patients. But there is no relevant data in the included stud-
ies, which may result in an incomplete evaluating the efficacy
of warfarin. Second, patients’ renal function also affected
safety of warfarin, but there is little relevant data in the
included studies, so it is difficult to perform a more accurate
analysis. Third, most of the included studies had small sam-
ple size. Fourth, some studies only mentioned the word ’’ran-
dom’’, but did not specify randomization method or scheme,
so there was possibility bias. Fifth, the collected literatures
are all published articles and there may be unpublished litera-
tures, therefore, there might be a publication bias.

In conclusion, our meta-analysis showed that low-inten-
sity INR of warfarin conferred similar efficacy to standard
intensity INR on reducing stroke, other thromboembolism
and all cause death, with a better safety profile than stan-
dard INR in all bleeding(major and minor bleeding). Low
INR intensity of warfarin(1.5 to 2.0) would be a preferred
warfarin therapy for the patients >65 years.
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