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Objective: This study incorporates the results of subgroup analyses of currently published randomized controlled
trials (RCTs) and real-world cohort studies to compare the e ectiveness and safety of new direct oral anticoagulants
(NOACs) and warfarin among nonvalvular atrial fibrillation patients with diabetes.

Methods: The PubMed, Embase, Cochrane Library, Web of Science and ClinicalTrials.gov databases were searched.
Five retrospective cohort studies and four subgroup analyses of RCTs were included in this meta-analysis.

Results: A meta-analysis of the data of 26,7272 patients showed that for patients with nonvalvular atrial fibrillation
and diabetes, NOACs can significantly reduce the incidence of stroke/systemic embolism (SSE), ischaemic stroke, and
haemorrhagic stroke compared with warfarin, with no significant di erence in major bleeding and all-cause mortal-
ity. Additionally, NOACs were superior to warfarin in the incidence of intracranial bleeding, gastrointestinal bleeding,

Conclusions: Among nonvalvular atrial fibrillation patients with diabetes, NOACs were associated with a lower risk of
SSE versus warfarin, with no significant di erence in major bleeding. Therefore, NOACs may be a better clinical choice.

Keywords: New direct oral anticoagulants (NOACs), Warfarin, Atrial fibrillation, Diabetes, E cacy, Safety, Systematic

Background

Diabetes increases the risk of atrial fibrillation (AF) and is
associated with increased symptom burden, lower qual-
ity of life, and increased hospitalization and mortality
rates [1]. Among AF patients with diabetes, both throm-
boembolic and haemorrhagic events were significantly
increased [2], indicating that diabetes is an important
factor in CHA2DS,-VASc bleeding risk scores that are
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commonly used in patients with AF [3]. Four large phase
111 clinical trials (Dabigatran etexilate RE-LY [4], Rivar-
oxaban ROCKET AF [5], Apixaban ARISTOTLE [6], and
Edoxaban ENGAGE AF- TIMI 48 [7]) have compared the
e ectiveness and safety of new direct oral anticoagulants
(NOACs) with warfarin, and the results showed non-
inferiority for safety and e cacy [8]. A previous meta-
analysis of the four NOAC trials also found no significant
interaction between treatment and diabetes status for
stroke/systemic embolism (SSE) or major bleeding [9,
10].  erefore, current international guidelines recom-
mend the use of NOACs as e ective, safer and more
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convenient alternatives to warfarin among patients with
NVAF with diabetes [11, 12].

However, in post hoc analyses of the RE-LY study [15]
and ARISTOTLE study [18], diabetes and treatment had
a significant interaction for the risk of major bleeding,
and the risk of major bleeding for dabigatran 110 mg or
apixaban over warfarin was diminished in AF patients
comorbid with diabetes. is di erence may be attrib-
uted to di erences in data at baseline (patient age, NOAC
dose, patient’s underlying cardiovascular disease, the spe-
cific definition of major bleeding in the trial, the mean
CHADS?2 score and the varying degrees of renal metabo-
lism) in diabetic and nondiabetic patients.

Data from real-world studies have shown that NOACs
are more e ective than warfarin in terms of treatment.
However, results regarding the risk of major bleeding
have varied widely [13, 16, 17, 19, 20]: some studies have
shown that NOACs are better than warfarin in terms of
the risk of major bleeding [16, 19, 20], while other studies
have reported no di erence [13, 17]. To further explore
the e ectiveness and safety of NOACSs in the treatment
of patients with NVAF and diabetes, we conducted this
systematic review and meta-analysis based on the results
of subgroup analyses of randomized controlled trials
(RCTs) and real-world data.

Methods

We conducted a systematic review and meta-analysis
in accordance with the Meta-analyses of Observational
Studies in Epidemiology guidelines [22]. Our study is
registered with PROSPERO (URL: https://www.crd.york.
ac.uk/prospero/. Unique identifier: CRD42020192098).
Note: When registering for the study, we originally
planned to use odds ratio (OR) as an outcome indicator.
However, most of the studies we included used hazard
ratio (HR) as an outcome indicator.  erefore, we used
HR as an outcome indicator to conduct meta-analysis
and report the results.

Literature search strategy

We searched the PubMed, Embase, Cochrane Library,
and Web of Science databases from inception through
June 2020. e ClinicalTrials.gov databases was also
searched for ongoing and unpublished studies. No lan-
guage restriction was applied. e reference lists of the
related studies, reviews and meta-analyses were also
examined. e search terms were [“apixaban” or “dabi-
gatran” or “rivaroxaban” or “edoxaban” or “new oral anti-
coagulants” or “direct oral anticoagulants” or “DOACs”
“non-vitamin K oral anticoagulants” or “NOACs”] AND
[‘Atrial Fibrillation” or “Auricular Fibrillation”] AND
[“diabetes mellitus” or “diabetes” or “hyperglycemia”].

Page 2 of 12

Inclusion and exclusion criteria

e inclusion criteria for the present meta-analysis
were as follows: (1) prospective or retrospective cohort
studies that started with the recruitment of patients
with NVAF in the setting of diabetes who received
either NOACs or dose-adjusted warfarin; (2) subgroup
analyses of RCTs that compared the risk of e cacy and
safety of any NOACs with dose-adjusted warfarin by
diabetes status; and (3) investigated NOACs include
apixaban, dabigatran, edoxaban, and rivaroxaban. e
exclusion criteria were as follows: (1) studies that lack
corresponding outcome indicators; (2) duplicate results
from the same population; and (3) studies without rel-
evant data after contacting the original author.

Outcomes

e primary e cacy outcome was the SSE composite
measure, and the safety outcome was major bleeding.

e secondary e cacy outcomes included ischaemic
stroke and haemorrhagic stroke, and the secondary
safety outcomes included intracranial bleeding, gastro-
intestinal bleeding, myocardial infarction and all-cause
mortality.

Data extraction

Data relevant to this study were independently extracted
from the screened literature by two reviewers (JXD and
YZ) using a data collection sheet in accordance with the
recommendations from the Cochrane handbook for sys-
tematic reviews of interventions. e following data were
extracted: study design, publication year, number of test
and control groups, age of test subjects and dose of test
drugs, CHADS?2 score, baseline characteristics of partici-
pants, methods used to identify and verify the diagnosis
of NVAF and diabetes. Disagreements were resolved by
referring back to the original articles and consensus with
a third member of our team (ZW).

Risk of bias

e inclusion and data extraction of all studies were per-
formed independently by two researchers (JXD and YZ)
according to the corresponding criteria, and the origi-
nal literature or data were checked by a third researcher
(ZW) for inconsistencies. e study of subgroup analyses
of RCTs was the same as a cross-sectional study, and we
assessed the quality of these analyses using the Agency
for Health care Research and Quality (AHRQ) quality
indicators [23]. e quality of cohort studies was assessed
using the Newcastle-Ottawa Scale (NOS) [24]. Both tools
were applied independently by two review authors (JXD


https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/

Jia et al. Journal of Translational Medicine (2022) 20:441

and YZ). If the raters disagreed, a third review author
(ZW) was consulted.

Data synthesis and statistical analysis

Meta-analysis was performed using Stata 15.1 SE soft-
ware (StataCorp, 2017). e generic inverse variance
method was used, and hazard ratios (HRs) and 95% confi-
dence intervals (Cls) were used to describe the outcomes.
Cochran’s Q test was used for statistical heterogeneity. A
value of 12°<50% and P>0.10 represents low heterogene-
ity, and in such cases, a fixed e ects model was used for
meta-analysis; in cases of high heterogeneity, the random
e ects model was used for meta-analysis. Additionally,
subgroup analyses were conducted for both the primary
e cacy and safety outcome to explore the heterogene-
ity among treatment e ects.  is was carried out based
on the possible sources of heterogeneity, including drug
type, drug dose and complicating disease of the patient.
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Results
Literature search

e systematic search yielded 2030 potentially relevant
articles; 541 duplicate articles and 1682 other articles
were excluded after reading the title and abstract because
they clearly did not fulfil the eligibility criteria. A total of
18 articles were retrieved for full-length article review,
and 11 articles were excluded at this stage. Ultimately,
5 retrospective cohort studies [13, 16, 17, 19, 20] and 4
subgroup analyses of RCTs [14, 15, 18, 21] were included
in the meta-analysis. e literature retrieval, review, and
selection process are shown in Fig. 1. e characteristics
of the included studies are described in Table 1.

Document quality assessment
e quality of the included subgroup of RCTs was
assessed using the AHRQ tool, and cohort studies were

Records through database searching
(n=2030):
EMBASE(n=1327), Pubmed(n=245)
Web of science (n=298), Cochance Library
(n=160)

|
I

Relevant articles (n=1482)

v

Exclusion duplications (n=541)

| ;
!

Full article review (n=22)

v

9 articles were included in the review

Fig.1 Flow-chart of literature review process

Excluded after review the titles and
abstracts (n=1460 )

Exclusion (n=13):

Review artical (n=4)

Lack of relevant research outcome
(n=4)

The population does not meet the

inclusion criteria (n=4)

Prescription Behavior Research (n=1)
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independently assessed according to the NOS. e
results of their quality assessment are shown in Addi-
tional file 1: Tables S1 and S2.

Primary outcomes

Stroke/systemic embolism (SSE)

A total of 13 subgroups from 8 studies [14—21] that con-
tained 24 3837 participants were included in this analy-
sis. e heterogeneity was low (1=8.6%, p=0.359), so
we used the fixed e ects model to assess the outcome.
NOAC: significantly reduced the risk of SSE when com-
pared with warfarin among patients with NVAF and dia-
betes (pooled HR=0.80, 95% CI 0.74, 0.85). Among the
included studies, there were 4 subgroups of RCTs and 4
cohort studies, and the 17 was 0% and 36.1% for the sub-
group of RCTs and cohort studies, respectively, suggest-
ing significant heterogeneity among the cohort studies.
However, the combined analysis results of the two types
of studies were consistent (pooled HR=0.79, 95% ClI
0.69, 0.92 for RCTs; [pooled HR=0.80, 95% CI1 0.72, 0.88
for cohort studies) (Fig. 2).
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Subgroup analysis was performed to determine
whether di erent NOACs or di erent drug doses were
superior to warfarin for SSE. Subgroup analysis results
based on drug dose show that both standard-dose and
lower-dose (reduced dose by renal function or patient
age or patient weight or concomitant use of strong P-gp
inhibitor) NOACs can reduce the risk of SSE compared
with warfarin, consistent with the overall results. Sub-
group analysis results based on the type of drugs showed
that rivaroxaban, dabigatran and apixaban significantly
reduced the risk of SSE, consistent with the overall results
when compared with warfarin, while edoxaban showed a
di erent e ect from warfarin, with a pooled HR=0.87
95% CI 0.69, 1.10) (Additional file 1: Table S3).

Major bleeding

A total of 12 subgroups from 8 studies [13—18, 20, 21]
that contained 26,7272 participants were included in
this analysis. e heterogeneity was high (12=91.1%,
p=0.000), so we used the random e ects model to
assess the outcome. NOACSs can reduce the risk of major

Study %
D HR (95% Cl) Weight

1
Subgroup of RCT :
bansilal2015 (Rivaroxaban) —— 0.82(0.63, 1.08) 592
brambatti2015a (Dabigatran 110 mg) - : 0.74 (0.51, 1.07) 323
brambatti2015b (Dabigatran 150 mg) - ‘I 0.61 (0.41,091) 2381
ezekowitz2015 (Apixaban) +— 0.75 (0.53, 1.05) an
plitt 2020a (Edoxaban 60mg) I —- 0.98 (0.72, 1.35) 443
plitt 2020b (Edoxaban 30mg) : - 0.83(0.47, 1.49) 1.36
Subtotal (I-squared = 0.0%, p = 0.557) <> 0.79 (0.69, 0.92) 21.47

'

I
cohort I
chan2020 (NOACs(®)) ':‘—h— 0.89(0.79, 1.02) 21.42
coleman2018 (Rivaroxaban ) - : 0.68 (0.44, 1.05) 237
hsu2013a (Dabigatran) — 0.90 (0.61, 1.35) 282
hsu2018b (Rivaroxaban) : . 0.91 (0.56, 1.46) 200
lip2020a (Apixaban) — 0.67 (0.57,0.77) 16.57
ip2020b (Dabigatran) —— 0.84 (0.67, 1.07) 768
lip2020c (Rivaroxaban) —— 0.79 (0.71, 0.89) 2567
Subtotal (I-squared = 36.1%, p = 0.153) @ 0.80 (0.72, 0.88) 78.53

;

| “BE% D
Overall (I-squared = 8.6%, p = 0.359) Q 0.80 (0.74, 0.85) 100.00
NOTE: Weights are from random effects analysis E
| I
41 1 244
Fig. 2 Forest plot of the risk of stroke/systemic embolism among NVAF patients with diabetes on DOACs versus warfarin
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bleeding when compared with warfarin among patients
with NVAF and diabetes (pooled HR=0.85, 95% ClI
0.73, 0.99). Among the included studies, there were 4
subgroups of RCTs and 4 cohort studies, and the 1% was
42.6% and 95.2% for the subgroup of RCTs and cohort
studies, respectively, suggesting significant heterogeneity
among the studies. When performing subgroup analysis
by study type, the risk of major bleeding was not di erent
between NOACSs and warfarin (pooled HR =0.92, 95% CI
0.80, 1.06 for RCTs; pooled HR=0.81, 95% CI 0.65, 1.00
for cohort studies) (Fig. 3).

Subgroup analysis was performed to determine
whether di erent types of NOACs, di erent drug doses
or complicating disease can influence the risk of major
bleeding. Subgroup analysis results based on di erent
drug doses showed that the risk of major bleeding was
not di erent between NOACSs and warfarin in either the
standard-dose or lower-dose subgroups. Subgroup analy-
sis results based on the type of drugs showed that rivar-
oxaban, dabigatran and edoxaban showed no di erence
in the risk of major bleeding, consistent with the overall
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results when compared with warfarin, while apixaban sig-
nificantly reduced the risk of bleeding (pooled HR=0.71,
95% CI 0.54, 0.93). e subgroup analysis results based
on complicating disease showed that complicating
peripheral artery disease (PAD) did not influence major
bleeding, and for chronic kidney disease (CKD) patients,
NOAC: significantly reduced the risk (pooled HR =0.75,
95% CI 0.61, 0.92) (Additional file 1: Table S4).

Secondary outcomes
Ischaemic stroke
A total of 8 subgroups from 5 studies [13—15, 17, 20]
that contained 23 0866 participants were included in this
analysis. e heterogeneity was low (12=4.8%, p=0.393),
so we used the fixed e ects model to assess the outcome.
e risk of ischaemic stroke among patients with NVAF
and diabetes who received NOACs was significantly
reduced when compared with those who received warfa-
rin (pooled HR=0.84, 95% CI 0.78, 0.91) (Fig. 4, Addi-
tional file 1: Fig. S1).

36

Study %
D HR (95% Cl) Weight
Subgroup of RCT :
bansilal2015 (Rivaroxaban) E 1.00 (0.81, 1.24) 8.41
brambatti2015a (Dabigatran 110 mg) : &~ 0.91 (0.70, 1.19) 7.7
brambatti2015b (Dabigatran 150 mg) E 4~ 1.12(0.87, 1.44) 7.89
ezekowitz2015 (Apixaban) : 4 0.96 (0.74, 1.25) 7.77
plitt 2020a (Edoxaban 60mg) I¢ 0.87 (0.70, 1.09) 8.30
plitt 2020b (Edoxaban 30mg) ( % : 0.55(0.36, 0.85) 559
Subtotal (I-squared = 42.6%, p =0.121) C> 0.92(0.80, 1.06) 4566
|
:
cohort :
baker2019 (Rivaroxaban) :—0—— 0.95(0.79, 1.15) 873
chan2020 (NOACs(*)) — : 0.67 (0.59, 0.76) 9.41
coleman2018 (Rivaroxaban) E - 0.96 (0.74, 1.37) 713
lip2020a (Apixaban) —— : 0.60 (0.56, 0.65) 9.83
lip2020b (Dabigatran) —O—E- 0.78 (0.69, 0.88) 9.46
lip2020¢ (Rivaroxaban) : —— 1.02 (0.94, 1.10) 9.80
Subtotal (l-squared = 95.2%, p = 0.000) <> 0.81 (0.65, 1.00) 54.34
1
:
Overall (I-squared = 91.1%, p = 0.000) st 0.85 (0.73, 0.99) 100.00
:
NOTE: Weights are from random effects analysis :
| |

Fig. 3 Forest plot of the risk of major bleeding among NVAF patients with diabetes on NOACs versus warfarin
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QOutcome Subgroup No. of patients Hazard Ratio (HR)
NOACs 24 3837 - 0.80 (0.74, 0.85)

Rivaroxaban 12 1764 +e 0.83 (0.76, 0.90)
stroke/systemic

Dabigatran 43 082 —e— 0.85(0.75, 0.96)
embolism

Apixaban 8 4146 —o—i 0.70 (0.62, 0.79)

Edoxaban 14878 e i 0.87 (0.69, 1.10)

NOACs 26 7272 —o—| 0.85(0.73, 0.99)

Rivaroxaban 14 6994 I 3 0.92 (0.80, 1.07)
major bleeding Dabigatran 44492 —— 1 0.81 (0.62, 1.05)

Apixaban 8 4146 —— 0.71(0.54, 0.93)

Edoxaban 1 4878 ! 0.78 (0.59, 1.02)
ischemic stroke NOACs 23 0866 e 0.84 (0.78,0.91)
hemorrhagic stroke NOACs 20 0881 pial 0.50 (0.42, 0.60)
intracranial bleeding NOACs 26 2818 0.63 (0.47, 0.84)
gastrointestinal bleeding NOACs 24 8681 e 0.77 (0.63, 0.95)
vascular death NOACs 9916 e 0.82(0.71,0.95)
myocardial infarction NOACs 62552 e 0.84 (0.72, 0.98)
all-cause mortality NOACs 1 6207 | 0.86 (0.72, 1.02)
Fig.4 E cacy and safety of NOACs in patients with NVAF and diabetes mellitus

Haemorrhagic stroke
A total of 7 subgroups from 4 studies [14, 15, 17, 20] that
contained 200,881 participants were included in this
analysis. e heterogeneity was low (12=3.4%, p=0.400),
so we used the fixed e ects model to assess the outcome.
e risk of haemorrhagic stroke among patients with
NVAF and diabetes who received NOACs was signifi-
cantly reduced when compared with those who received
warfarin (pooled HR=0.50, 95% CI 0.42, 0.60) (Fig. 4,
Additional file 1: Fig. S2).

Intracranial bleeding
A total of 15 subgroups from 9 studies [13—21] that con-
tained 26 2818 participants were included in this analy-
sis. e heterogeneity (1>=88.5%, p<0.001) was low, so
we used the random e ects model to assess the outcome.
e risk of intracranial bleeding among patients with
NVAF and diabetes who received NOACs was signifi-
cantly reduced when compared with those who received
warfarin (pooled HR=0.63, 95% CI 0.47, 0.84) (Fig. 4,
Additional file 1: Fig. S3).

Gastrointestinal bleeding

A total of 10 subgroups from 6 studies [13, 16, 17, 19—
21] that contained 24 8681 participants were included
in this analysis. e heterogeneity was low (1=288.3%,
p<0.001), so we used the random e ects model to assess
the outcome. e risk of gastrointestinal bleeding among
patients with NVAF and diabetes who received NOACs
was significantly reduced when compared with those
who received warfarin (pooled HR=0.77, 95% CI 0.63,
0.95) (Fig. 4, Additional file 1: Fig. S4).

Vascular death
A total of 3 subgroups from 2 studies [14, 15] that con-
tained 9916 participants were included in this analysis.
e heterogeneity was low (1>=0, p=0.918), so we used
the fixed e ects model to assess the outcome. e risk of
vascular death among patients with NVAF and diabetes
who received NOACs was significantly reduced when
compared with those who received warfarin (pooled
HR=0.82, 95% CI 0.71, 0.95) (Fig. 4, Additional file 1:
Fig. S5).
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Myocardial infarction
A total of 6 subgroups from 5 studies [13, 14, 16, 18, 19]
that contained 6 2552 participants were included in this
analysis. e heterogeneity was low (1=0, p=0.716), so
we used the fixed e ects model to assess the outcome.
e risk of myocardial infarction among patients with
NVAF and diabetes who received NOACs was signifi-
cantly reduced when compared with those who received
warfarin (pooled HR=0.84, 95% CI 0.72, 0.98) (Fig. 4,
Additional file 1: Fig. S6).

All-cause mortality

A total of 7 subgroups from 4 studies [14, 18, 19, 21],
which contained 1 6207 participants, were included in
this analysis. e heterogeneity was low (12=59.7%,
p=0.021), so we used the random e ects model to assess
the outcome. e risk of all-cause mortality among
patients with NVAF and diabetes who received NOACs
was similar to those who received warfarin (pooled
HR=0.86, 95% CI 0.72, 1.02) (Fig. 4, Additional file 1:
Fig. S7).

Discussion
Diabetes is an independent risk factor for stroke in
patients with NVAF. Studies have shown that the risk of
stroke in patients with NVAF combined with diabetes is
increased by approximately 70% [2].  erefore, preven-
tion of stroke is the key to patients with NVAF and dia-
betes, anticoagulation therapy is the core measure for the
prevention of stroke, and it can significantly reduce the
risk of stroke and the mortality of patients with NVAF
[25]. Warfarin was the cornerstone of oral anticoagulant
therapy before the launch of NOACs. Since rivaroxa-
ban was approved for market use in 2010, NOACs have
been developed rapidly. Compared with warfarin, these
drugs have many advantages, such as more predictable
pharmacodynamics, fewer drug and food interactions
and the lack of need for routine laboratory monitoring.
erefore, the 2018 European Heart Rhythm Association
Room Fibrillation anticoagulation guidelines refer to the
recommendation of NOACs as the first choice for stroke
prevention in patients with NVAF [26]. Previous studies
have shown that when warfarin is used for patients with
NVAF with diabetes, it may be more di cult to achieve
anticoagulation standards, and the compliance rate is
low, which further increases the risk of anticoagula-
tion failure [27]; thus, NOACSs have a superior applica-
tion advantage in patients with NVAF and diabetes. e
results of our study further prove the e ectiveness and
safety of NOACs and can provide important evidence-
based guidance for clinical applications.
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In this study, a meta-analysis of the data of 26,7272
patients showed that for patients with NVAF and diabe-
tes, NOAC:s can significantly reduce the incidence of SSE,
ischaemic stroke, and haemorrhagic stroke, intracranial
bleeding, gastrointestinal bleeding, myocardial infarc-
tion, and vascular death compared to warfarin. However,
only apixaban had a lower risk of major bleeding than
warfarin. Dabigatran, rivaroxaban and edoxaban had a
similar risk of major bleeding to warfarin. e all-cause
mortality of NOACs also did not show an advantage
compared with warfarin.

A combined analysis of the results of the RE-LY [4],
ROCKET AF [5], ARISTOTLE [6], and ENGAGE AF-
TIMI 48[7] trials showed that the comprehensive risk of
SSE in diabetic patients treated with NOACs was 3.16%
(9096 patients received NOCAs) and 3.96% among
patients treated with warfarin (8990 patients treated with
warfarin) (RR=0.80; 95% CI 0.69, 0.93) [28], indicating
that NOACs have a slight advantage over warfarin. Sev-
eral previous studies [10, 29, 30] also showed that the use
of NOACs and vitamin K antagonists (VKA) in patients
with NVAF has a similar risk of SSE and major bleeding
in diabetes (RR=0.97 95% CI 0.79, 1.18)) and nondiabe-
tes (RR=0.76 95% CI 0.65, 0.88) patients. Our study is
consistent with the above results. For patients with NVAF
and diabetes, the use of NOACs can reduce the risk of
SSE without increasing the incidence of major bleeding.

e meta-analysis results of Ru et al. [29] showed
that the use of NOAC:Ss in patients with NVAF can sig-
nificantly reduce all-cause mortality (RR=0.90, 95%
Cl 0.85, 0.95; p=0.0003) but increased gastrointestinal
bleeding (RR=1.25, 95% CI 1.01, 1.55; p=0.04). How-
ever, the results of our study showed that NOACs did
not increase the incidence of gastrointestinal bleeding
and had no di erence in all-cause mortality compared
with warfarin. e cause might be that the previous stud-
ies were all RCTs, the inclusion criteria of patients were
relatively strict, and in our study, the population included
was less restrictive and more representative of the real-
world population. A study by Patti et al. [10] showed that
NOACs did not have advantages for the occurrence of
ischaemic stroke and intracranial bleeding compared to
warfarin, while the results of our study showed that the
use of NOACs was superior to warfarin in terms of the
incidence of ischaemic stroke and intracranial bleeding.

is di erence may be related to the small sample size of
the previous study and the large sample size of our study.

e results of our study show that for patients with
CKD, the safety of NOACs is higher than that of war-
farin, and the risk of major bleeding is lower. However,
the results of the study should be interpreted carefully
because NOACs have strict limitations on the renal
function of patients. For patients with severe renal
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insu ciency, the safety and e ectiveness of NOACs are
relatively lacking, so in real-world studies, patients who
take NOACs may have better renal function status than
those who take warfarin. e warfarin group may include
more patients with end-stage renal disease or renal fail-
ure, so the e ectiveness and safety of the two types of
drugs used by patients with CKD is insu cient. A pre-
vious meta-analysis showed that NOACs did not di er
from warfarin in reducing SSE (RR=0.81, 95% CI 0.65,
1.00) or major bleeding (RR=0.79, 95% CI 0.59, 1.04)
[31]. e newly published retrospective study based on
a database system [32] included 21,733 patients with
NVAF with di erent CKD levels. e results showed
that compared with warfarin, NOAC use in patients
with impaired renal function was associated with a lower
risk of mortality and major bleeding that required hos-
pitalization in patients with all kidney function levels
(eGFR>60%, eGFR>30—-60% and eGFR<30% or on
dialysis). NOACs seem to show clinical advantages in
people with renal insu ciency. However, eGFR <30% or
on dialysis patients accounted for only 7.0% in this study,
and there was no analysis of CKD stage 5 patients with
eGFR <15%. ere is currently no evidence of the use
of NOACs in CKD stage 5 patients with an eGFR < 15%,
so it is necessary to strengthen the monitoring of CKD
stage 5 patients, and more research evidence is heeded to
support the e ectiveness and safety of NOACs in CKD
patients.

Medication compliance is an important factor a ecting
drug e cacy and safety. e results of the meta-analysis
on NOAC medication compliance showed that the over-
all compliance with NOACs was significantly higher
than that with vitamin K antagonists (OR =1.44; 95% CI
1.12—-0.86]. Additionally, NOAC nonadherence was asso-
ciated with an increased risk of stroke (HR=1.39; 95% CI
1.06—1.81) [33]. Although NOACs improved compliance
compared with warfarin and have certain advantages in
clinical application, the current study showed that the
overall population was more likely to have high medica-
tion compliance, so it is still necessary for medical sta
to strengthen the education of medication patients in the
future, improve patients’ awareness of compliance, and
ensure the e ective and safe application of drugs in clini-
cal practice.

Although we performed a systematic search and
detailed analysis, this study has some limitations. (1) All
the included studies were not RCTs, and there may be an
imbalance in the inclusion of subjects. e cohort studies
included in the analysis were not prospectively designed,
and the research methods were not uniform. Some stud-
ies used propensity score matching (PSM) to group
subjects, and some used natural grouping, thereby intro-
ducing potential bias in the analysis. (2) e study did
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not analyse the patient’s diabetes type, blood sugar con-
trol status, or the impact of the current hypoglycaemic
program on the results.  ese factors may have a great
impact on the results. (3) Finally, a study from China [34]
was not included in the analysis even though it met our
inclusion criteria because the outcome of the study was
not reported using HRs; thus, we could not combined
the data from that study with the data from the included
studies. e exclusion of the study from China may have
introduced some study bias.  erefore, we still need to
be cautious when interpreting the evidence of this study.
More large-scale, multicentre, random, double-blind
experiments are needed to provide additional evidence.

Conclusion

In the present study, we performed a systematic assess-
ment regarding the e cacy and safety of NOACs in
patients with NVAF and diabetes mellitus. A total of 5
retrospective cohort studies and 4 subgroup analyses
of RCTs were included in this study. e results of our
meta-analysis indicated that among NVAF patients with
diabetes, NOACs were associated with a lower risk of
SSE, apixaban had a lower risk of major bleeding, and
dabigatran, rivaroxaban and edoxaban had a similar risk
of major bleeding compared with warfarin.  is suggests
that NOACs may be a better choice for anticoagulation in
patients with NVAF and diabetes.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512967-022-03652-9.

Additional file 1: Table S1. Newcastle-Ottawa Scale (NOS) quality scale
for cohort studies. Table S2. Agency for Healthcare Research and Quality
(AHRQ) quality scale for sub-analysis of RCTs. Table S3. Stratified analysis
of the risk of SSE among NVAF patients with diabetes on NOACs versus
warfarin according to drug type and dose. Table S4. Stratified analysis
according to drug type, drug dose and basic condition. Figure S1. Forest
plot of the risk of ischemic stroke among NVAF patients with diabetes on
NOACs versus warfarin. Figure S2. Forest plot of the risk of hemorrhagic
stroke among NVAF patients with diabetes on NOACs versus warfarin.
Figure S3. Forest plot of the risk of intracranial bleeding among NVAF
patients with diabetes on NOACs versus warfarin. Figure S4. Forest plot of
the risk of gastrointestinal bleeding among NVAF patients with diabetes
on NOACs versus warfarin. Figure S5. Forest plot of the risk of vascular
death among NVAF patients with diabetes on NOACs versus warfarin.
Figure S6. Forest plot of the risk of myocardial infarction among NVAF
patients with diabetes on NOACs versus warfarin. Figure S7. Forest plot
of the risk of all-cause mortality among NVAF patients with Diabetes on
NOACs versus warfarin.

Acknowledgements

We would like to express our gratitude to Prof. Chen Yaolong's team from
Lanzhou University Health Data Research Institute for their methodological
guidance.

Author contributions
Conception and design: JK, XJ; administrative support: JK, SD; Provision of
study materials or patients: none; collection and assembly of data: XJ, ZY, WZ;


https://doi.org/10.1186/s12967-022-03652-9
https://doi.org/10.1186/s12967-022-03652-9

Jia et al. Journal of Translational Medicine

(2022) 20:441

data analysis and interpretation: XJ, ZY, WZ, JK; manuscript writing: all authors;
final approval of manuscript: all authors. All the authors read and approved
the final manuscript.

Funding
The authors received no financial support for the research, authorship, and/or
publication of this article.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
All analyses were based on previous studies, thus no ethical approval and
patient consent are required.

Consent for publication
Not applicable.

Competing interests
The authors declared no potential conflicts of interest with respect to the
research, authorship, and/or publication of this article.

Received: 17 April 2022 Accepted: 18 September 2022
Published online: 30 September 2022

References

1

Echou o-Tcheugui JB, Shrader P, Thomas L, Gersh BJ, Kowey PR, Maha ey
KW, Singer DE, Hylek EM, Go AS, Peterson ED, Piccini JP, Fonarow GC. Care
patterns and outcomes in atrial fibrillation patients with and without
diabetes: ORBIT-AF registry. J Am Coll Cardiol. 2017;70(11):1325--35.

Patti G, Cavallari |, Andreotti F, Calabro P, Cirillo P, Denas G, Galli M, Golia E,
Maddaloni E, Marcucci R, Parato VM, Pengo V, Prisco D, Ricottini E, Renda
G, Santilli F, Simeone P, De Caterina R, Working Group on Thrombosis of
the Italian Society of Cardiology. Prevention of atherothrombotic events
in patients with diabetes mellitus: from antithrombotic therapies to new-
generation glucose-lowering drugs. Nat Rev Cardiol. 2019;16(2):113-30.
Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk
stratification for predicting stroke and thromboembolism in atrial fibrilla-
tion using a novel risk factor-based approach: the Euro Heart Survey on
atrial fibrillation. Chest. 2010;137(2):263-72.

Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh A,
Pogue J, Reilly PA, Themeles E, Varrone J, Wang S, Alings M, Xavier D, Zhu
J, Diaz R, Lewis BS, Darius H, Diener HC, Joyner CD, Wallentin L, RE-LY
Steering Committee and Investigators. Dabigatran versus warfarin in
patients with atrial fibrillation. N Engl J Med. 2009;361:1139-51.

Patel MR, Maha ey KW, Garg J, Pan G, Singer DE, Hacke W, Breithardt G,

Halperin JL, Hankey GJ, Piccini JP, Becker RC, Nessel CC, Paolini JF, Berkow-

itz SD, Fox KA, Cali RM, ROCKET AF Investigators. Rivaroxaban versus
warfarin in nonvalvular atrial fibrillation. N Engl J Med. 2011;365:883-91.
Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M,
Al-Khalidi HR, Ansell J, Atar D, Avezum A, Bahit MC, Diaz R, Easton JD,
Ezekowitz JA, Flaker G, Garcia D, Geraldes M, Gersh BJ, Golitsyn S, Goto

S, Hermosillo AG, Hohnloser SH, Horowitz J, Mohan P, Jansky P, Lewis BS,
Lopez-Sendon JL, Pais P, Parkhomenko A, Verheugt FW, Zhu J, Wallentin
L, ARISTOTLE Committees and Investigators. Apixaban versus warfarin in
patients with atrial fibrillation. N Engl J Med. 2011;365:981-92.
Giugliano RP,Ru  CT, Braunwald E, Murphy SA, Wiviott SD, Halperin JL,
Waldo AL, Ezekowitz MD, Weitz JI, épinar J, Ruzyllo W, Ruda M, Koretsune
Y, Betcher J, Shi M, Grip LT, Patel SP, Patel I, Hanyok JJ, Mercuri M, Antman
EM, ENGAGE AF-TIMI 48 Investigators. Edoxaban versus warfarin in
patients with atrial fibrillation. N Engl J Med. 2013;369:2093-104.

Itzhaki Ben Zadok O, Eisen A. Use of nonvitamin K oral anticoagulants

in people with atrial fibrillation and diabetes mellitus. Diabet Med.
2018;35:548-56.

Ru CT, Giugliano RP, Braunwald E, Ho man EB, Deenadayalu N,
Ezekowitz MD, Camm AJ, Weitz JI, Lewis BS, Parkhomenko A, Yamashita

10.

11

12.

13.

14,

16.

17.

18.

19.

20.

AR

22.

23.

Page 11 of 12

T, Antman EM. Comparison of the e cacy and safety of new oral antico-
agulants with warfarin in patients with atrial fibrillation: a meta-analysis of
randomised trials. Lancet. 2014;383:955-62.

Patti G, Di Gioia G, Cavallari |, Nenna A. Safety and e cacy of nonvitamin
K antagonist oral anticoagulants versus warfarin in diabetic patients with
atrial fibrillation: a study-level meta-analysis of phase Il randomized trials.
Diabetes Metab Res Rev. 2017. https://doi.org/10.1002/dmrr.2876.
January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC Jr,
Ellinor PT, Ezekowitz MD, Field ME, Furie KL, Heidenreich PA, Murray KT,
Shea JB, Tracy CM, Yancy CW. 2019 AHA/ACC/HRS Focused Update of
the 2014 AHA/ACC/HRS guideline for the management of patients with
atrial fibrillation: a report of the American college of cardiology/American
Heart association task force on clinical practice guidelines and the heart
rhythm society in collaboration with the society of thoracic surgeons.
Circulation. 2019;140(2).e125-51.

Cheung CC, Nattel S, Macle L, Andrade JG. Management of atrial fibrilla-
tion in 2021: an updated comparison of the current CCS/CHRS, ESC, and
AHA/ACC/HRS guidelines. Can J Cardiol. 2021;37(10):1607-18.

Baker WL, Beyer-Westendorf J, Bunz TJ, Eriksson D, Meinecke AK, Sood
NA, Coleman CI.E ectiveness and safety of rivaroxaban and warfarin for
prevention of major adverse cardiovascular or limb events in patients
with non-valvular atrial fibrillation and type 2 diabetes. Diabetes Obes
Metab. 2019;21(9):2107-14.

Bansilal S, Bloomgarden Z, Halperin JL, Hellkamp AS, Lokhnygina Y, Patel
MR, Becker RC, Breithardt G, Hacke W, Hankey GJ, Nessel CC, Singer

DE, Berkowitz SD, Piccini JP, Maha ey KW, Fox KA, ROCKET AF Steer-

ing Committee and Investigators. E cacy and safety of rivaroxaban in
patients with diabetes and nonvalvular atrial fibrillation: the Rivaroxaban
Once-daily, Oral, Direct Factor Xa Inhibition Compared with Vitamin K
Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrilla-
tion (ROCKET AF Trial). Am Heart J. 2015;170(4):675-82.

. Brambatti M, Darius H, Oldgren J, Clemens A, Noack HH, Brueckmann M,

Yusuf S, Wallentin L, Ezekowitz MD, Connolly SJ, Healey JS. Comparison

of dabigatran versus warfarin in diabetic patients with atrial fibrillation:
results from the RE-LY trial. Int J Cardiol. 2015;196:127-31.

Chan YH, Lee HF, Li PR, Liu JR, Chao TF, Wu LS, Chang SH, Yeh YH, Kuo

CT, See LC, Lip GYH.E ectiveness, safety, and major adverse limb events
in atrial fibrillation patients with concomitant diabetes mellitus treated
with non-vitamin K antagonist oral anticoagulants. Cardiovasc Diabetol.
2020;19(1):63.

Coleman Cl, Bunz TJ, Eriksson D, Meinecke AK, Sood NA. E ectiveness and
safety of rivaroxaban vs warfarin in people with non-valvular atrial fibril-
lation and diabetes: an administrative claims database analysis. Diabet
Med. 2018;35(8):1105-10.

Ezekowitz JA, Lewis BS, Lopes RD, Wojdyla DM, McMurray JJ, Hanna

M, Atar D, Cecilia Bahit M, Keltai M, Lopez-Sendon JL, Pais P, Ruzyllo W,
Wallentin L, Granger CB, Alexander JH. Clinical outcomes of patients with
diabetes and atrial fibrillation treated with apixaban: results from the
ARISTOTLE trial. Eur Heart J Cardiovasc Pharmacother. 2015;1(2):86-94.
Hsu CC, Hsu PF, Sung SH, Tu ST, Yu BH, Huang CJ, Cheng HM. Is There a
preferred stroke prevention strategy for diabetic patients with non-val-
vular atrial fibrillation? Comparing warfarin, dabigatran and rivaroxaban.
Thromb Haemost. 2018;118(1):72-81.

Lip GYH, Keshishian AV, Kang AL, Li X, Dhamane AD, Luo X, Balachander
N, Rosenblatt L, Mardekian J, Nadkarni A, Pan X, Di Fusco M, Garcia Reeves
AB, Yuce H, Deitelzweig SB.E ectiveness and safety of oral anticoagulants
in patients with nonvalvular atrial fibrillation and diabetes mellitus. Mayo
Clin Proc. 2020;95(5):929-43.

Plitt A,Ru CT, Goudev A, Morais J, Ostojic MC, Grosso MA, Lanz HJ, Park
JG, Antman EM, Braunwald E, Giugliano RP.E  cacy and safety of edoxa-
ban in patients with diabetes mellitus in the ENGAGE AF-TIMI 48 trial. Int J
Cardiol. 2020;304:185-91.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, Moher
D, Becker BJ, Sipe TA, Thacker SB, Meta-analysis Of Observational Studies
in Epidemiology (MOOSE) group. Meta-analysis of observational studies
in epidemiology: a proposal for reporting. JAMA. 2000;283(15):2008-12.
Rostom A, Dube C, Cranney A et al Celiac disease. Rockville (MD): Agency
for healthcare research and quality (US); 2004. (Evidence reports/technol-
ogy assessments, No. 104) Appendix D. Quality assessment forms. https://
www.ncbi.nim.nih.gov/books/NBK35156/.2022.09.23


https://doi.org/10.1002/dmrr.2876
https://www.ncbi.nlm.nih.gov/books/NBK35156/.2022.09.23
https://www.ncbi.nlm.nih.gov/books/NBK35156/.2022.09.23

Jia et al. Journal of Translational Medicine

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

(2022) 20:441

Wells GA, Shea B, O'Connell D, Peterson J, Welch V, Losos M, Tugwell P
The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonran-
domised studies in meta-analyses. https://www.ohri.ca//programs/clini
cal_epidemiology/oxford.asp.2022.09.23

Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic therapy to
prevent stroke in patients who have nonvalvular atrial fibrillation. Ann
Intern Med. 2007;146(12):857-67.

Ste elJ, Verhamme P, Potpara TS, Albaladejo P, Antz M, Desteghe L, Haeu-
sler KG, Oldgren J, Reinecke H, Roldan-Schilling V, Rowell N, Sinnaeve P
Collins R, Camm AJ, Heidbiichel H, ESC Scientific Document Group. The
2018 European Heart Rhythm Association Practical Guide on the use of
non-vitamin K antagonist oral anticoagulants in patients with atrial fibril-
lation. Eur Heart J. 2018;39(16):1330-93.

Nelson WW, Choi JC, Vanderpoel J, Damaraju CV, Wildgoose P, Fields LE,
Schein JR. Impact of co-morbidities and patient characteristics on inter-
national normalized ratio control over time in patients with nonvalvular
atrial fibrillation. Am J Cardiol. 2013;112(4):509-12.

Plitt A, McGuire DK, Giugliano RP. Atrial fibrillation, type 2 diabetes, and
non-vitamin K antagonist oral anticoagulants: a review. JAMA Cardiol.
2017;2(4).442-8.

Ru CT, Giugliano RP, Braunwald E, Ho man EB, Deenadayalu N,
Ezekowitz MD, Camm AJ, Weitz JI, Lewis BS, Parkhomenko A, Yamashita
T, Antman EM. Comparison of the e  cacy and safety of new oral antico-
agulants with warfarin in patients with atrial fibrillation: a meta-analysis of
randomised trials. Lancet. 2014;383(9921):955-62.

Lega JC, Bertoletti L, Gremillet C, Chapelle C, Mismetti P, Cucherat M,
Vital-Durand D, Laporte S, Meta-Embol Group. Consistency of safety and
e cacy of new oral anticoagulants across subgroups of patients with
atrial fibrillation. PLoS ONE. 2014;9(3): €91398.

Kimachi M, Furukawa TA, Kimachi K, Goto Y, Fukuma S, Fukuhara S. Direct
oral anticoagulants versus warfarin for preventing stroke and systemic
embolic events among atrial fibrillation patients with chronic kidney
disease. Cochrane Database Syst Rev. 2017;11(11):.CD011373.

Makani A, Saba S, Jain SK, Bhonsale A, Sharbaugh MS, Thoma F, Wang Y,
Marroquin OC, Lee JS, Estes NAM, Mulukutla SR. Safety and e  cacy of
direct oral anticoagulants versus warfarin in patients with chronic kidney
disease and atrial fibrillation. Am J Cardiol. 2020;125(2):210-4.

Ozaki AF, Choi AS, Le QT, Ko DT, Han JK, Park SS, Jackevicius CA. Real-
world adherence and persistence to direct oral anticoagulants in patients
with atrial fibrillation: a systematic review and meta-analysis. Circ Cardio-
vasc Qual Outcomes. 2020;13(3): e005969.

Wang S, Qiang R, Zhang H. Rivaroxaban versus warfarin in Chinese elder
diabetic patients with non-valvular atrial fibrillation: a retrospective study
on the e ectiveness and associated risks (EAR) analysis. Trop J Pharm Res.
2020;19(4):893-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional a liations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.ohri.ca//programs/clinical_epidemiology/oxford.asp.2022.09.23
https://www.ohri.ca//programs/clinical_epidemiology/oxford.asp.2022.09.23



