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Background. This meta-analysis was performed to compare the efficacy and safety of direct oral anticoagulants (DOACs) with
vitamin K antagonists (VKAs) for stroke prevention in real-world patients with diabetes and nonvalvular atrial fibrillation
(NVAF) through observational studies. Methods. PubMed, Embase, and Web of Science databases were searched up to August
2020 for eligible studies. Outputs were presented as risk ratios (RRs) and corresponding 95% confidence intervals (CIs) by
using a random-effect model. Results. Seven observational studies involving 249,794 diabetic NVAF patients were selected.
Compared with VKAs, the use of DOACs was associated with significantly reduced risks of stroke (RR = 0:56, 95% CI 0.45-
0.70; p < 0:00001), ischemic stroke (RR = 0:61, 95% CI 0.48-0.78; p < 0:0001), stroke or systemic embolism (SSE) (RR = 0:81,
95% CI 0.68-0.95; p = 0:01), myocardial infarction (RR = 0:69, 95% CI 0.55-0.88; p = 0:002), major bleeding (RR = 0:75, 95% CI
0.63-0.90; p = 0:002), intracranial hemorrhage (RR = 0:50, 95% CI 0.44-0.56; p < 0:00001), and major gastrointestinal bleeding
(RR = 0:77, 95% CI 0.62-0.95; p = 0:02), and a borderline significant decrease in major adverse cardiac events (RR = 0:87, 95%
CI 0.75-1.00; p = 0:05) in NVAF patients with diabetes. Conclusion. For patients with NVAF and diabetes in real-world clinical
settings, DOACs showed superior efficacy and safety profile over VKAs and significantly reduced risks of stroke, ischemic
stroke, SSE, myocardial infarction, major bleeding, intracranial hemorrhage, and major gastrointestinal bleeding.

1. Introduction

Atrial fibrillation (AF) is the most common cardiac arrhyth-
mia and an independent risk factor for stroke [1]. Diabetes
mellitus (DM) is a common comorbidity in AF patients, and
the prevalence of AF is at least twofold higher in patients with
DM than in those without DM [2]. DM increases the inci-
dence of major adverse cardiac events (MACE), such as stroke,
myocardial infarction, and cardiovascular death, in patients
with AF compared with those without AF [3]. Accordingly,
DM has been an independent risk factor for the prediction
of stroke in CHA2DS2-VASc [4]. Therefore, diabetic AF
patients are a high-risk subgroup; prophylactic oral anticoagu-
lation is crucial for this population to reduce the excessive risk
of cardiovascular events [5, 6].

Although traditional vitamin K antagonists (VKAs)
have great efficacy in AF patients [7], the required monitor-
ing of the international normalized ratio (INR), frequent
dose adjustment, and interaction with other drugs or food
make this treatment inconvenient and burdensome [8–10].
Hence, direct oral anticoagulants (DOACs) have been devel-
oped and introduced to be an innovation for preventing
thromboembolic complications over the past decade. The
four DOACs, i.e., apixaban, dabigatran, edoxaban, and rivar-
oxaban, showed noninferior efficacy and safety profiles com-
pared with warfarin in randomized controlled trials [11].

A meta-analysis of the four DOAC randomized con-
trolled trials showed that DOACs had similar efficacy and
safety profiles to warfarin in patients with diabetes and non-
valvular AF (NVAF) [12]. However, only a few observational
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studies evaluated and compared the real-world efficacy and
safety of DOACs and VKAs in diabetic NVAF patients.
Moreover, the effect of DOACs on MACE is seldom evalu-
ated compared with that of VKAs in patients with NVAF
and DM. On the basis of recently updated real-world com-
parison studies of DOACs with VKAs, a meta-analysis was
conducted to systematically evaluate the clinical outcomes
of DOACs in patients with NVAF and DM and compare
the efficacy and safety of DOACs versus VKAs in a real-
world setting.

2. Methods

The analysis was established according to the Meta-analysis
Of Observational Studies in Epidemiology (MOOSE) [13].

2.1. Literature Search. PubMed, Embase, and Web of Science
were systematically searched until August 2020 for relevant
studies comparing the effect between DOAC and VKA in
patients with AF and diabetes. The detailed search strategy
was as follows: (1) atrial fibrillation OR AF OR nonvalvular
atrial fibrillation AND (2) diabetes AND (3) non-vitamin K
antagonist oral anticoagulants OR NOACs OR direct oral
anticoagulants OR DOACs OR new oral anticoagulants OR
novel oral anticoagulants OR oral thrombin inhibitors OR
factor Xa inhibitors OR dabigatran OR rivaroxaban OR
apixaban OR edoxaban; AND (4) vitamin K antagonists
OR warfarin. For a comprehensive search, the reference lists
of retrieved studies were handsearched to identify additional
reports. No linguistic restrictions were applied.

2.2. Eligibility Criteria. Eligibility criteria were as follows: (1)
observational studies such as prospective or retrospective
cohorts; (2) studies comparing the outcomes of any DOAC
(dabigatran, rivaroxaban, apixaban, or edoxaban) and warfa-
rin in AF patients with diabetes, such as stroke or systemic
embolism (SSE), ischemic stroke (IS), myocardial infarction
(MI), major adverse cardiac events (MACE), major bleeding,
intracranial hemorrhage (ICH), and gastrointestinal (GI)
bleeding in patients with AF and diabetes; (3) studies pub-
lished in peer-reviewed journals with full text available;
and (4) the study with the longest period or the largest sam-
ple size was included when the subjects across studies were
from the same data source. Articles matching clinical trials,
exclusive cardioversion or catheter ablation studies, case
reports, reviews, editorials, letters, animal studies, and publi-
cations with no data were excluded.

2.3. Data Extraction and Study Quality Assessment. The
retrieved literature found during the database search was
screened by two authors (B Cao and XC Yao) independently.
The studies were included according to the inclusion criteria
after abstract reading or full-text review. The final selection
of studies was performed by consensus or discussion with
a third author (XB Hu). Study characteristics including the
following data were documented: the first author and publi-
cation year, study design, inclusion period, demographic and
clinical characteristics of the patients, type of DOACs, sam-
ple size, and follow-up duration.

Study quality was evaluated according to the modified
Newcastle-Ottawa Scale (NOS) tool, which includes three
domains: selection (0–4 points), comparability (0–2 points),
and exposure (0–3 points). Specific information is presented
in Supplemental Table 1. A study with an NOS score ≥ 6 was
defined as having moderate-to-high quality [14].

2.4. Statistical Analysis. All of the statistical analyses were
performed using the Review Manager 5.3 software (the Nor-
dic Cochrane Center, Rigshospitalet, Denmark) and the
Stata software (version 14.0, Stata Corp. LP, College Station,
TX). We collected the number of events and sample size of
each cohort. The expected number of events was calculated
based on event rates if the number of events was not avail-
able: event number = ðtotal patient numberÞ × ½event rate ðper
100 patient − yearsÞ� × ½ follow − up time ðyearsÞ� [15]. The
risk ratio (RR) with 95% confidence interval (CI) was
calculated for each included study, and then pooled by a
random-effect model using the Mantel-Haenszel method.
The Cochrane Q test and I2 statistic were the most com-
monly used statistical methods to evaluate heterogeneity,
where p < 0:1 and I2 > 50% indicated a substantial heteroge-
neity. The method of exclusion of one study at a time was
used for sensitivity analysis. The publication bias was
assessed using the funnel plots and further calculated using
the Egger tests. Subgroup analysis was also performed based
on the type of NOAC (apixaban, dabigatran, rivaroxaban, or
edoxaban). p < 0:05 was considered statistically significant.

3. Results

3.1. Study Selection. A total of 495 articles were identified
through the systemic database search. After the duplicates
and studies that did not meet the eligibility criteria were
excluded, seven studies [16–22] were included (Figure S1).
The baseline characteristics of selected studies are shown
in Supplementary Table S2. All studies were retrospective
and included 249,794 patients, 130,760 of which were
treated with DOACs and the remaining 119,034 with
VKAs. Definitions of safety and efficacy endpoints in the
seven included studies are presented in Supplementary
Table S3. All included studies had acceptable quality with
an NOS score of ≥6 (Supplementary Table S1).

3.2. Efficacy Outcomes of DOAC versus VKA. Figure S2 and
Figure S3 shows that compared with VKAs, the use of
DOACs was associated with significantly lower risks of
stroke (0.66% vs. 1.12%, RR = 0:56, 95% CI 0.45-0.70; p <
0:00001; Figure S2) and ischemic stroke (0.58% vs. 0.91%,
RR = 0:61, 95% CI 0.48-0.78; p < 0:0001; Figure S3). DOACs
also considerably reduced the risk of stroke or systemic
embolism (1.93% vs. 2.40% in the VKA group, RR = 0:81,
95% CI 0.68-0.95; p = 0:01; Figure 1). In four studies
reporting myocardial infarction, the risk was significantly
reduced in patients treated with DOACs compared with
those treated with VKAs (1.49% vs. 1.94%, RR = 0:69, 95%
CI 0.55-0.88; p = 0:002; Figure 2). However, the use of
DOACs borderline significantly reduced the rate of MACE
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compared with VKAs (6.81% vs. 7.31%, RR = 0:87, 95% CI
0.75-1.00; p = 0:05; Figure 3).

Stratified analyses regarding efficacy were also conducted
according to the anticoagulant mechanism of DOACs
(Table 1). Compared with VKAs, anti-IIa agents (dabiga-
tran) and anti-Xa agents (apixaban, edoxaban, and rivaroxa-
ban) significantly reduced the risk of stroke (anti-IIa agents:
RR = 0:64; 95% CI 0.48-0.85; p = 0:002; anti-Xa agents: RR

= 0:54; 95% CI 0.41-0.71; p < 0:0001). With regard to
MACE, the two types of DOAC agents showed similar rates
versus VKAs (anti-IIa agents: RR = 0:91; 95% CI 0.81-1.01;
p = 0:084; anti-Xa agents: RR = 0:85; 95% CI 0.70-1.04; p =
0:112). However, anti-Xa agents were associated with signif-
icantly decreased risks in ischemic stroke (RR = 0:58; 95% CI
0.43-0.77; p < 0:0001), myocardial infarction (RR = 0:67;
95% CI 0.50-0.91; p = 0:011), and SSE (RR = 0:81; 95% CI

Study or Subgroup
3.1.1 Any DOAC vs VKA
Chan 2020 (API) 242 3249 464 5812 13.2% 0.93 [0.80, 1.08]
Chan 2020 (DAB) 483 6531 464 5812 13.7% 0.93 [0.82, 1.05]
Chan 2020 (EDO) 125 1389 464 5812 12.4% 1.13 [0.93, 1.36]
Chan 2020 (RIV) 773 9798 464 5812 13.9% 0.99 [0.88, 1.10]
Coleman 2018 72 5517 112 5517 10.1% 0.64 [0.48, 0.86]
Lip 2020 (API) 198 35269 364 35269 12.8% 0.54 [0.46, 0.65]
Lip 2020 (DAB) 81 12954 126 12954 10.4% 0.64 [0.49, 0.85]
Lip 2020 (RIV) 329 44412 450 44412 13.4% 0.73 [0.63, 0.84]
Subtotal (95% Cl)  119119  121400 100.0% 0.81 [0.68, 0.95]
Total events 2303  2908
Heterogeneity: Tau2 = 0.05; Chi2 = 56.73, df = 7 (P < 0.00001); l2 = 88%
Test for overall effect: Z = 2.59 (P = 0.010)

3.1.5 Edoxaban
Chan 2020 (EDO) 125 1389 464 5812 100.0% 1.13 [0.93, 1.36]
Subtotal (95% Cl)  1389  5812 100.0% 1.13 [0.93, 1.36]
Total events 125  464
Heterogeneity: Not applicable
Test for overall effect: Z = 1.24 (P = 0.21)

3.1.4 Apixaban
Chan 2020 (API) 242 3249 464 5812 50.3% 0.93 [0.80, 1.08]
Lip 2020 (API) 198 35269 364 35269 49.7% 0.54 [0.46, 0.65]
Subtotal (95% Cl)  38518  41081 100.0% 0.71 [0.42, 1.21]
Total events 440  828
Heterogeneity: Tau2 = 0.14; Chi2 = 21.55, df = 1 (P < 0.00001); l2 = 95%
Test for overall effect: Z = 1.25 (P = 0.21)

Test for subgroup differences: Chi2 = 9.35, df = 4 (P = 0.05); l2 = 57.2%

3.1.3 Dabigatran
Chan 2020 (DAB) 483 6531 464 5812 56.1% 0.93 [0.82, 1.05]
Lip 2020 (DAB) 81 12954 126 12954 43.9% 0.64 [0.49, 0.85]
Subtotal (95% Cl)  19485  18766 100.0% 0.79 [0.55, 1.13]
Total events 564  590
Heterogeneity: Tau2 = 0.05; Chi2 = 5.56, df = 1 (P = 0.02); l2 = 82%
Test for overall effect: Z = 1.31 (P = 0.19)

3.1.2 Rivaroxaban
Chan 2020 (RIV) 773 9798 464 5812 37.6% 0.99 [0.88, 1.10]
Coleman 2018 72 5517 112 5517 26.5% 0.64 [0.48, 0.86]
Lip 2020 (RIV) 329 44412 450 44412 36.0% 0.73 [0.63, 0.84]
Subtotal (95% Cl)  59727  55741 100.0% 0.79 [0.61, 1.02]
Total events 1174  1026
Heterogeneity: Tau2 = 0.04; Chi2 = 14.94, df = 2 (P = 0.0006); l2 = 87%
Test for overall effect: Z = 1.78 (P = 0.08)

DOAC
Events Total Events Total Weight

VKA

0.01 0.1
Favours DOAC Favours VKA

1 10 100

Risk ratio
M-H, Random, 95% Cl M-H, Random, 95% Cl

Risk ratio

Figure 1: Forest plot comparing DOACs vs. VKAs regarding SSE in real-world NVAF patients with diabetes. SSE: stroke or systemic
embolism; NVAF: nonvalvular atrial fibrillation; DOACs: direct oral anticoagulants; VKAs: vitamin K antagonists; API: apixaban; DAB:
dabigatran; EDO: edoxaban; RIV: rivaroxaban.
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0.65-1.00; p = 0:047) compared with VKAs. However, no
difference was observed for anti-IIa agents versus VKAs
(ischemic stroke: RR = 0:80; 95% CI 0.58-1.10; p = 0:17;
myocardial infarction: RR = 0:66; 95% CI 0.35-1.25; p =
0:201; SSE: RR = 0:79; 95% CI 0.55-1.13; p = 0:19). This
finding indicated the favorable efficacy profile of anti-Xa
agents over anti-IIa agents.

3.3. Safety Outcomes of DOAC versus VKA. Figure 4 shows
that compared with VKAs, the use of DOACs was associ-
ated with a decreased risk of major bleeding (3.10% vs.
4.28%, RR = 0:75, 95% CI 0.63-0.90; p = 0:002). In the seven
studies reporting intracranial hemorrhage, DOACs showed
a significantly reduced incidence rate compared with VKAs
(0.44% vs. 0.94%, RR = 0:50, 95% CI 0.44-0.56; p < 0:00001;

Study or Subgroup
DOAC

Events Total Events Total Weight
VKA

0.01 0.1
Favours DOAC Favours VKA

1 10 100

Risk ratio
M-H, Random, 95% Cl M-H, Random, 95% Cl

Risk ratio

4.1.1 Any DOAC vs VKA
Baker 2019 115 10700 234 13946 21.5% 0.64 [0.51, 0.80]
Chan 2020 (API) 59 3249 118 5812 18.2% 0.89 [0.66, 1.22]
Chan 2020 (DAB) 108 6531 118 5812 20.1% 0.81 [0.63, 1.05]
Chan 2020 (EDO) 7 1389 118 5812 6.9% 0.25 [0.12, 0.53]
Chan 2020 (RIV) 181 9798 118 5812 21.2% 0.91 [0.72, 1.14]
Hsu 2018 (DAB) 6 305 15 305 5.1% 0.40 [0.16, 1.02]
Hsu 2018 (RIV) 8 300 13 301 5.7% 0.62 [0.26, 1.47]
Wang 2020 1 201 8 383 1.2% 0.24 [0.03, 1.89]
Subtotal (95% Cl)  32473  38183 100.0% 0.69 [0.55, 0.88]
Total events 485  742
Heterogeneity: Tau2 = 0.05; Chi2 = 17.75, df = 7 (P = 0.01); l2 = 61%
Test for overall effect: Z = 3.08 (P = 0.002)

4.1.5 Edoxaban
Chan 2020 (EDO) 7 1389 118 5812 100.0% 0.25 [0.12, 0.53]
Subtotal (95% Cl)  1389  5812 100.0% 0.25 [0.12, 0.53]
Total events 7  118
Heterogeneity: Not applicable
Test for overall effect: Z = 3.59 (P = 0.0003)

4.1.4 Apixaban
Chan 2020 (API) 59 3249 118 5812 100.0% 0.89 [0.66, 1.22]
Subtotal (95% Cl)  3249  5812 100.0% 0.89 [0.66, 1.22]
Total events 59  118
Heterogeneity: Not applicable
Test for overall effect: Z = 0.71 (P = 0.48)

Test for subgroup differences: Chi2 = 9.59, df = 4 (P < 0.05); l2 = 58.3%

4.1.3 Dabigatran
Chan 2020 (DAB) 108 6531 118 5812 70.7% 0.81 [0.63, 1.05]
Hsu 2018 (DAB) 6 305 15 305 29.3% 0.40 [0.16, 1.02]
Subtotal (95% Cl)  6836  6117 100.0% 0.66 [0.35, 1.25]
Total events 114  133
Heterogeneity: Tau2 = 0.13; Chi2 = 2.07, df = 1 (P = 0.15); l2 = 52%
Test for overall effect: Z = 1.28 (P = 0.20)

4.1.2 Rivaroxaban
Baker 2019 115 10700 234 13946 44.7% 0.64 [0.51, 0.80]
Chan 2020 (RIV) 181 9798 118 5812 43.9% 0.91 [0.72, 1.14]
Hsu 2018 (RIV) 8 300 13 301 9.5% 0.62 [0.26, 1.47]
Wang 2020 1 201 8 383 1.9% 0.24 [0.03, 1.89]
Subtotal (95% Cl)  20999  20442 100.0% 0.73 [0.55, 0.98]
Total events 305  373
Heterogeneity: Tau2 = 0.04; Chi2 = 6.05, df = 3 (P = 0.11); l2 = 50%
Test for overall effect: Z = 2.12 (P = 0.03)

Figure 2: Forest plot comparing DOACs vs. VKAs regarding myocardial infarction in real-world NVAF patients with diabetes. NVAF:
nonvalvular atrial fibrillation; DOACs: direct oral anticoagulants; VKAs: vitamin K antagonists; API: apixaban; DAB: dabigatran; EDO:
edoxaban; RIV: rivaroxaban.
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Figure 5). For the six studies reporting major gastrointesti-
nal bleeding, the risk was considerably lower in patients
treated with DOACs than in those treated with VKAs
(1.97% vs. 2.44%, RR = 0:77, 95% CI 0.62-0.95; p = 0:02;
Figure 6).

Stratified analyses based on the anticoagulant mechanism
of DOACs regarding safety were also performed (Table 2). As
shown in Table 2, the anti-IIa agents significantly decreased
the incidence of major bleeding (RR = 0:58; 95% CI 0.52-
0.64; p < 0:0001) and intracranial hemorrhage (RR = 0:39;
95% CI 0.31-0.49; p < 0:0001) compared with VKAs, as well
as the anti-Xa agents (major bleeding: RR = 0:81; 95% CI
0.66-0.99; p = 0:044; intracranial hemorrhage: RR = 0:52;

95% CI 0.47-0.59; p < 0:0001). However, in terms of major
gastrointestinal bleeding, the use of anti-IIa agents was
associated with significantly reduced risks rather than
comparable rates of anti-Xa agents versus VKAs (anti-IIa
agents: RR = 0:64; 95% CI 0.49-0.83; p = 0:001; anti-Xa
agents: RR = 0:83; 95% CI 0.64-1.07; p = 0:15). This find-
ing indicated better safety performance of anti-IIa agents
than anti-Xa agents.

3.4. Sensitivity and Subgroup Analysis. Sensitivity analysis
was performed by excluding one study at a time. If the
pooled effect did not change substantially, then the results
are reliable. As shown in Figures 1–6, the subgroup analysis

Study or Subgroup
DOAC

Events Total Events Total Weight
VKA Risk ratio

M-H, Random, 95% Cl M-H, Random, 95% Cl
Risk ratio

0.01 0.1
Favours DOAC Favours VKA

1 10 100

5.1.1 Any DOAC vs VKA
Baker 2019 189 10700 404 13946 18.2% 0.61 [0.51, 0.72]
Chan 2020 (API) 300 3249 579 5812 20.4% 0.93 [0.81, 1.06]
Chan 2020 (DAB) 591 6531 579 5812 21.6% 0.91 [0.81, 1.01]
Chan 2020 (EDO) 132 1389 579 5812 17.7% 0.95 [0.80, 1.14]
Chan 2020 (RIV) 946 9798 579 5812 22.2% 0.97 [0.88, 1.07]
Subtotal (95% Cl)  31667  37194 100.0% 0.87 [0.75, 1.00]
Total events 2158  2720
Heterogeneity: Tau2 = 0.02; Chi2 = 22.78, df = 4 (P = 0.0001); l2 = 82%
Test for overall effect: Z = 1.97 (P = 0.05)

5.1.5 Edoxaban
Chan 2020 (EDO) 132 1389 579 5812 100.0% 0.95 [0.80, 1.14]
Subtotal (95% Cl)  1389  5812 100.0% 0.95 [0.80, 1.14]
Total events 132  579
Heterogeneity: Not applicable
Test for overall effect: Z = 0.51 (P = 0.61)

5.1.4 Apixaban
Chan 2020 (API) 300 3249 579 5812 100.0% 0.93 [0.81, 1.06]
Subtotal (95% Cl)  3249  5812 100.0% 0.93 [0.81, 1.06]
Total events 300  579
Heterogeneity: Not applicable
Test for overall effect: Z = 1.12 (P = 0.26)

Test for subgroup differences: Chi2 = 1.25, df = 4 (P = 0.87); l2 = 0%

5.1.3 Dabigatran
Chan 2020 (DAB) 591 6531 579 5812 100.0% 0.91 [0.81, 1.01]
Subtotal (95% Cl)  6531  5812 100.0% 0.91 [0.81, 1.01]
Total events 591  579
Heterogeneity: Not applicable
Test for overall effect: Z = 1.73 (P = 0.08)

5.1.2 Rivaroxaban
Baker 2019 189 10700 404 13946 48.8% 0.61 [0.51, 0.72]
Chan 2020 (RIV) 946 9798 579 5812 51.2% 0.97 [0.88, 1.07]
Subtotal (95% Cl)  20498  19758 100.0% 0.77 [0.49, 1.22]
Total events 1135  983
Heterogeneity: Tau2 = 0.10; Chi2 = 21.34, df = 1 (P = 0.00001); l2 = 95%
Test for overall effect: Z = 1.11 (P = 0.27)

Figure 3: Forest plot comparing DOACs vs. VKAs regarding MACE in real-world NVAF patients with diabetes. MACE: major adverse
cardiac events; NVAF: nonvalvular atrial fibrillation; DOACs: direct oral anticoagulants; VKAs: vitamin K antagonists; API: apixaban;
DAB: dabigatran; EDO: edoxaban; RIV: rivaroxaban.
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was performed based on the DOAC type (dabigatran, rivar-
oxaban, apixaban, and edoxaban). Compared with VKAs,
dabigatran, rivaroxaban, apixaban, and edoxaban had lower
or similar rates of thromboembolic events (Figures 1–3).
All individual DOACs showed similar or superior safety
profiles regrading major bleeding and intracranial hemor-
rhage (Figures 4–5). However, the risk of gastrointestinal
bleeding was significantly higher in edoxaban than in
VKA (RR = 1:68, 95% CI 1.37-2.07; p < 0:00001; Figure 6),
and this result differed from those for the three other
DOAC types.

3.5. Publication Bias. For the meta-analysis of the pooled
effect regarding efficacy and safety outcomes, publication
bias was determined as inspected by the funnel plots
(Figure S4). However, Egger’s test results for one outcome
indicated certain publication bias (Figure S5). Therefore,
trim-and-fill analysis was conducted to adjust for funnel
plot asymmetry. The results showed no trimming and
unchanged results.

4. Discussion

In this meta-analysis of seven real-world observational stud-
ies with 249,794 patients with NVAF and diabetes, the use of
DOACs was associated with significantly lower risks of
stroke, ischemic stroke, SSE, myocardial infarction, major
bleeding, intracranial hemorrhage, and major gastrointesti-
nal bleeding and a borderline significantly reduced rate of
MACE compared with VKAs. Moreover, individual DOACs

versus VKAs showed similar or reduced rates of thrombo-
embolic and bleeding events except for edoxaban in gastro-
intestinal bleeding.

Stratified analyses based on anticoagulant mechanism
revealed that anti-Xa agents (apixaban, edoxaban, and rivar-
oxaban) and anti-IIa agents (dabigatran) showed similar
results in reducing the incidence of stroke, major bleeding,
and intracranial hemorrhage compared with VKAs. How-
ever, anti-Xa agents significantly reduced the risks of ische-
mic stroke, myocardial infarction, and SSE compared to
VKAs than anti-IIa agents. This finding indicated the more
favorable efficacy profile of anti-Xa agents over dabigatran.
Conversely, compared with VKAs, dabigatran decreased sig-
nificantly lower risks of gastrointestinal bleeding than anti-
Xa agents. This result showed the superior safety profile of
dabigatran over apixaban, edoxaban, and rivaroxaban. The
efficacy and safety of individual DOACs against each other
have been reported. One meta-analysis on randomized con-
trolled trials [23] indirectly compared the efficacy and safety
of dabigatran, apixaban, and rivaroxaban and showed that
apixaban was associated with less major bleeding than dabi-
gatran 150mg or rivaroxaban and that rivaroxaban was less
effective than dabigatran 150mg in preventing stroke or sys-
temic embolism. In another retrospective cohort study based
on Asian patients with NVAF [24], rivaroxaban induced a
significantly higher risk for gastrointestinal bleeding than
dabigatran. A new-user cohort study on elderly patients with
NVAF evaluated each individual DOAC [25] and reported
that dabigatran and apixaban were associated with more
favorable benefit-harm profile than rivaroxaban. Another

Table 1: Stratified analysis of efficacy outcomes according to anticoagulant mechanism.

Number of reports Pooled RR (95% CI) p value I2 (%)

Stroke

Overall estimation 4 0.56 (0.45-0.70) <0.0001 78

Anti-IIa agents 1 0.64 (0.48-0.85) 0.002

Anti-Xa agents 3 0.54 (0.41-0.71) <0.0001 85

Ischemic stroke

Overall estimation 6 0.61 (0.48-0.78) <0.0001 79

Anti-IIa agents 1 0.80 (0.58-1.10) 0.17

Anti-Xa agents 5 0.58 (0.43-0.77) <0.0001 82

Stroke/systemic embolism

Overall estimation 8 0.80 (0.68-0.95) 0.01 88

Anti-IIa agents 2 0.79 (0.55-1.13) 0.19 82

Anti-Xa agents 6 0.81 (0.65-1.00) 0.047 90

Myocardial infarction

Overall estimation 8 0.69 (0.55-0.88) 0.002 61

Anti-IIa agents 2 0.66 (0.35-1.25) 0.201 52

Anti-Xa agents 6 0.67 (0.50-0.91) 0.011 68

MACE

Overall estimation 5 0.87 (0.75-1.00) 0.049 82

Anti-IIa agents 1 0.91 (0.81-1.01) 0.084

Anti-Xa agents 4 0.85 (0.70-1.04) 0.112 87

Anti-IIa agents include dabigatran. Anti-Xa agents include apixaban, edoxaban, and rivaroxaban. CI: confdence interval; MACE: major adverse cardiac events;
RR: relative risk.
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meta-analysis of real-world studies in patients with NVAF
[26] found that rivaroxaban was associated with significantly
higher risk of major bleeding and gastrointestinal bleeding
than dabigatran. Despite the varying efficacy outcomes of
each DOAC across studies [23–26], the present stratified

analyses of safety outcomes consisted of studies showing that
dabigatran had a better safety profile than the three other
DOACs in patients with NVAF and diabetes.

To the best of the authors’ knowledge, this meta-analysis
of real-world studies is the first to investigate the efficacy and

Study or Subgroup
DOAC

Events Total Events Total Weight
VKA Risk ratio

M-H, Random, 95% Cl M-H, Random, 95% Cl
Risk ratio

0.01 0.1
Favours DOAC Favours VKA

1 10 100

6.1.1 Any DOAC vs VKA
Baker 2019 357 10700 658 13946 11.0% 0.71 [0.62, 0.80]
Chan 2020 (API) 228 3249 504 5812 10.8% 0.81 [0.70, 0.94]
Chan 2020 (DAB) 325 6531 504 5812 11.0% 0.57 [0.50, 0.66]
Chan 2020 (EDO) 161 1389 504 5812 10.6% 1.34 [1.13, 1.58]
Chan 2020 (RIV) 674 9798 504 5812 11.2% 0.79 [0.71, 0.89]
Coleman 2018 224 5517 249 5517 10.5% 0.90 [0.75, 1.07]
Lip 2020 (API) 582 35269 1138 35269 11.3% 0.51 [0.46, 0.56]
Lip 2020 (DAB) 205 12954 348 12954 10.6% 0.59 [0.50, 0.70]
Lip 2020 (RIV) 1265 44412 1388 44412 11.4% 0.91 [0.85, 0.98]
Russo 2020 3 135 7 135 1.6% 0.43 [0.11, 1.62]
Subtotal (95% Cl)  129954  135481 100.0% 0.75 [0.63, 0.90]
Total events 4024  5804
Heterogeneity: Tau2 = 0.07; Chi2 = 159.91, df = 9 (P < 0.00001); l2 = 94%
Test for overall effect: Z = 3.05 (P = 0.002)

6.1.5 Edoxaban
Chan 2020 (EDO) 161 1389 504 5812 67.5% 1.34 [1.13, 1.58]
Russo 2020 3 135 7 135 32.5% 0.43 [0.11, 1.62]
Subtotal (95% Cl)  1524  5947 100.0% 0.92 [0.32, 2.63]
Total events 164  511
Heterogeneity: Tau2 = 0.41; Chi2 = 2.77, df = 1 (P = 0.10); l2 = 64%
Test for overall effect: Z = 0.15 (P = 0.88)

6.1.4 Apixaban
Chan 2020 (API) 228 3249 504 5812 49.2% 0.81 [0.70, 0.94]
Lip 2020 (API) 582 35269 1138 35269 50.8% 0.51 [0.46, 0.56]
Subtotal (95% Cl)  38518  41081 100.0% 0.64 [0.41, 1.01]
Total events 810  1642
Heterogeneity: Tau2 = 0.10; Chi2 = 25.01, df = 1 (P = 0.00001); l2 = 96%
Test for overall effect: Z = 1.94 (P = 0.05)

Test for subgroup differences: Chi2 = 19.81, df = 4 (P = 0.0005); l2 = 79.8%

6.1.3 Dabigatran
Chan 2020 (DAB) 325 6531 504 5812 61.6% 0.57 [0.50, 0.66]
Lip 2020 (DAB) 205 12954 348 12954 38.4% 0.59 [0.50, 0.70]
Subtotal (95% Cl)  19485  18766 100.0% 0.58 [0.52, 0.64]
Total events 530  852
Heterogeneity: Tau2 = 0.00; Chi2 = 0.06, df = 1 (P = 0.81); l2 = 0%
Test for overall effect: Z = 10.10 (P < 0.00001)

6.1.2 Rivaroxaban
Baker 2019 357 10700 658 13946 24.6% 0.71 [0.62, 0.80]
Chan 2020 (RIV) 674 9798 504 5812 26.2% 0.79 [0.71, 0.89]
Coleman 2018 224 5517 249 5517 19.6% 0.90 [0.75, 1.07]
Lip 2020 (RIV) 1265 44412 1388 44412 29.7% 0.91 [0.85, 0.98]
Subtotal (95% Cl)  70427  69687 100.0% 0.82 [0.73, 0.93]
Total events 2520  2799
Heterogeneity: Tau2 = 0.01; Chi2 = 13.26, df = 3 (P = 0.004); l2 = 77%
Test for overall effect: Z = 3.13 (P = 0.002)

Figure 4: Forest plot comparing DOACs vs. VKAs regarding major bleeding in real-world NVAF patients with diabetes. NVAF:
nonvalvular atrial fibrillation; DOACs: direct oral anticoagulants; VKAs: vitamin K antagonists; API: apixaban; DAB: dabigatran; EDO:
edoxaban; RIV: rivaroxaban.
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Study or Subgroup
DOAC

Events Total Events Total Weight
VKA Risk ratio

M-H, Random, 95% Cl M-H, Random, 95% Cl
Risk ratio

0.01 0.1
Favours DOAC Favours VKA

1 10 100

7.1.1 Any DOAC vs VKA
Baker 2019 25 10700 70 13946 6.0% 0.47 [0.30, 0.73]
Chan 2020 (API) 55 3249 173 5812 11.5% 0.57 [0.42, 0.77]
Chan 2020 (DAB) 72 6531 173 5812 13.2% 0.37 [0.28, 0.49]
Chan 2020 (EDO) 33 1389 173 5812 8.6% 0.80 [1.55, 1.15]
Chan 2020 (RIV) 148 9798 173 5812 17.3% 1.51 [0.41, 0.63]
Coleman 2018 20 5517 32 5517 4.3% 0.63 [0.36, 1.09]
Hsu 2018 (DAB) 7 305 11 305 1.6% 0.64 [0.25, 1.62]
Hsu 2018 (RIV) 7 300 19 301 2.0% 0.37 [0.16, 0.87]
Lip 2020 (API) 82 35269 167 35269 13.7% 0.49 [0.38, 0.64]
Lip 2020 (DAB) 22 12954 57 12954 5.3% 0.39 [0.24, 0.63]
Lip 2020 (RIV) 104 44412 215 44412 15.9% 0.48 [0.38, 0.61]
Russo 2020 1 135 2 135 0.3% 0.50 [0.05, 5.45]
Wang 2020 1 201 12 383 0.4% 0.16 [0.02, 1.21]
Subtotal (95% Cl)  130760  136470 100.0% 0.50 [0.44, 0.56]
Total events 577  1277
Heterogeneity: Tau2 = 0.01; Chi2 = 15.41, df = 12 (P = 0.22); l2 = 22%
Test for overall effect: Z = 11.19 (P < 0.00001)

7.1.5 Edoxaban
Chan 2020 (EDO) 33 1389 173 5812 97.7% 0.80 [0.55, 1.15]
Russo 2020 1 135 2 135 2.3% 0.50 [0.05, 5.45]
Subtotal (95% Cl)  1524  5947 100.0% 0.79 [0.55, 1.14]
Total events 34  175
Heterogeneity: Tau2 = 0.00; Chi2 = 0.14, df = 1 (P = 0.70); l2 = 0%
Test for overall effect: Z = 1.27 (P = 0.20)

7.1.4 Apixaban
Chan 2020 (API) 55 3249 173 5812 43.6% 0.57 [0.42, 0.77]
Lip 2020 (API) 82 35269 167 35269 56.4% 0.49 [0.38, 0.64]
Subtotal (95% Cl)  38518  41081 100.0% 0.52 [0.43, 0.64]
Total events 137  340
Heterogeneity: Tau2 = 0.00; Chi2 = 0.52, df = 1 (P = 0.47); l2 = 0%
Test for overall effect: Z = 6.40 (P < 0.00001)

Test for subgroup differences: Chi2 = 11.07, df = 4 (P = 0.03); l2 = 63.9%

7.1.3 Dabigatran
Chan 2020 (DAB) 72 6531 173 5812 71.8% 0.37 [0.28, 0.49]
Hsu 2018 (DAB) 7 305 11 305 6.1% 0.64 [0.25, 1.62]
Lip 2020 (DAB) 22 12954 57 12954 22.1% 0.39 [0.24, 0.63]
Subtotal (95% Cl)  19790  19071 100.0% 0.39 [0.31, 0.49]
Total events 101  241
Heterogeneity: Tau2 = 0.00; Chi2 = 1.19, df = 2 (P = 0.55); l2 = 0%
Test for overall effect: Z = 8.07 (P < 0.00001)

7.1.2 Rivaroxaban
Baker 2019 25 10700 70 13946 9.8% 0.47 [0.30, 0.73]
Chan 2020 (RIV) 148 9798 173 5812 43.2% 0.51 [0.41, 0.63]
Coleman 2018 20 5517 32 5517 6.5% 0.63 [0.36, 1.09]
Hsu 2018 (RIV) 7 300 19 301 2.8% 0.37 [0.16, 0.87]
Lip 2020 (RIV) 104 44412 215 44412 37.2% 0.48 [0.38, 0.61]
Wang 2020 1 201 12 383 0.5% 0.16 [0.02, 1.21]
Subtotal (95% Cl)  70928  70371 100.0% 0.49 [0.43, 0.57]
Total events 305  521
Heterogeneity: Tau2 = 0.00; Chi2 = 2.49, df = 5 (P = 0.78); l2 = 0%
Test for overall effect: Z = 9.70 (P < 0.00001)

Figure 5: Forest plot comparing DOACs vs. VKAs regarding intracranial hemorrhage in real-world NVAF patients with diabetes. NVAF:
nonvalvular atrial fibrillation; DOACs: direct oral anticoagulants; VKAs: vitamin K antagonists; API: apixaban; DAB: dabigatran; EDO:
edoxaban; RIV: rivaroxaban.
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Study or Subgroup
DOAC

Events Total Events Total Weight
VKA Risk ratio

M-H, Random, 95% Cl M-H, Random, 95% Cl
Risk ratio

0.01 0.1
Favours DOAC Favours VKA

1 10 100

8.1.1 Any DOAC vs VKA
Baker 2019 277 10700 477 13946 9.6% 0.76 [0.65, 0.88]
Chan 2020 (API) 157 3249 286 5812 9.3% 0.98 [0.81, 1.19]
Chan 2020 (DAB) 221 6531 286 5812 9.5% 0.69 [0.58, 0.82]
Chan 2020 (EDO) 115 1389 286 5812 9.2% 1.68 [1.37, 2.07]
Chan 2020 (RIV) 480 9798 286 5812 9.6% 1.00 [0.86, 1.15]
Coleman 2018 170 5517 181 5517 9.2% 0.94 [0.76, 1.15]
Hsu 2018 (DAB) 20 305 52 305 6.5% 0.38 [0.24, 0.63]
Hsu 2018 (RIV) 22 300 49 301 6.7% 0.45 [0.28, 0.73]
Lip 2020 (API) 280 35269 561 35269 9.6% 0.50 [0.43, 0.58]
Lip 2020 (DAB) 124 12954 166 12954 9.0% 0.75 [0.59, 0.94]
Lip 2020 (RIV) 710 44412 665 44412 9.8% 1.07 [0.96, 1.19]
Wang 2020 2 201 28 383 1.8% 0.14 [0.03, 0.57]
Subtotal (95% Cl)  130625  136335 100.0% 0.77 [0.62, 0.95]
Total events 2578  3323
Heterogeneity: Tau2 = 0.12; Chi2 = 153.73, df = 11 (P < 0.00001); l2 = 93%
Test for overall effect: Z = 2.42 (P = 0.02)

8.1.5 Edoxaban
Chan 2020 (EDO) 115 1389 286 5812 100.0% 1.68 [1.37, 2.07]
Subtotal (95% Cl)  1389  5812 100.0% 1.68 [1.37, 2.07]
Total events 115  286
Heterogeneity: Not applicable
Test for overall effect: Z = 4.89 (P < 0.00001)

8.1.4 Apixaban
Chan 2020 (API) 157 3249 286 5812 49.6% 0.98 [0.81, 1.19]
Lip 2020 (API) 280 35269 561 35269 50.4% 0.50 [0.43, 0.58]
Subtotal (95% Cl)  38518  41081 100.0% 0.70 [0.36, 1.36]
Total events 437  847
Heterogeneity: Tau2 = 0.22; Chi2 = 31.25, df = 1 (P < 0.00001); l2 = 97%
Test for overall effect: Z = 1.06 (P = 0.29)

Test for subgroup differences: Chi2 = 43.99, df = 4 (P < 0.00001); l2 = 90.9%

8.1.3 Dabigatran
Chan 2020 (DAB) 221 6531 286 5812 43.6% 0.69 [0.58, 0.82]
Hsu 2018 (DAB) 20 305 52 305 18.6% 0.38 [0.24, 0.63]
Lip 2020 (DAB) 124 12954 166 12954 37.8% 0.75 [0.59, 0.94]
Subtotal (95% Cl)  19790  19071 100.0% 0.64 [0.49, 0.83]
Total events 365  504
Heterogeneity: Tau2 = 0.03; Chi2 = 5.83, df = 2 (P = 0.05); l2 = 66%
Test for overall effect: Z = 3.38 (P = 0.0007)

8.1.2 Rivaroxaban
Baker 2019 277 10700 477 13946 22.1% 0.76 [0.65, 0.88]
Chan 2020 (RIV) 480 9798 286 5812 22.2% 1.00 [0.86, 1.15]
Coleman 2018 170 5517 181 5517 19.9% 0.94 [0.76, 1.15]
Hsu 2018 (RIV) 22 300 49 301 10.6% 0.45 [0.28, 0.73]
Lip 2020 (RIV) 710 44412 665 44412 23.3% 1.07 [0.96, 1.19]
Wang 2020 2 201 28 383 1.9% 0.14 [0.03, 0.57]
Subtotal (95% Cl)  70928  70371 100.0% 0.83 [0.68, 1.02]
Total events 1661  1686
Heterogeneity: Tau2 = 0.04; Chi2 = 31.00, df = 5 (P < 0.00001); l2 = 84%
Test for overall effect: Z = 1.74 (P = 0.08)

Figure 6: Forest plot comparing DOACs vs. VKAs regarding major gastrointestinal bleeding in real-world NVAF patients with diabetes.
NVAF: nonvalvular atrial fibrillation; DOACs: direct oral anticoagulants; VKAs: vitamin K antagonists; API: apixaban; DAB: dabigatran;
EDO: edoxaban; RIV: rivaroxaban.
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safety of DOACs versus VKAs in NVAF patients with DM
and included recently updated observational studies espe-
cially regarding edoxaban. The four landmark DOAC trials
included certain proportions of NVAF patients with DM,
39.9% in the ROCKET AF trial with rivaroxaban [27],
23.3% in the RE-LY trial with dabigatran [28], 25% in the
ARISTOTLE trial with apixaban [29], and 36% in the
ENGAGE AF-TIMI 48 trial with edoxaban [30]. In the post
hoc analysis of the ROCKET AF study [31], rivaroxaban
showed comparable risks of SSE and major bleeding to war-
farin in NVAF patients regardless of diabetic status. The
present subgroup results showed similar efficacy but better
safety outcomes of rivaroxaban versus VKAs in diabetic
NVAF patients. The post hoc analysis of the RE-LY trial
[32] showed a comparable risk of major bleeding in NVAF
patients with DM treated with dabigatran or warfarin. This
finding was in contrast to our results with a significantly
lower risk of dabigatran compared with VKAs. In the post
hoc analysis of the ARISTOTLE trial [33], apixaban was
the same as warfarin in the case of major bleeding among
patients with diabetes and NVAF, and the present subgroup
analysis was consistent with this finding. Finally, the post
hoc analysis of the ENGAGE AF-TIMI 48 study [34] indi-
cated that edoxaban reduced more major bleeding than war-
farin both in the diabetic and nondiabetic groups, while our
results showed a comparable safety outcome for edoxaban
versus VKAs regarding major bleeding in patients with
NVAF and DM.

The meta-analysis of the four DOAC trials revealed that
DOACs significantly reduced the risks of stroke/SE and
major bleeding compared with warfarin in NVAF patients
with or without diabetes [12], suggesting that diabetic status
has no differential effect on efficacy or safety endpoints.
Another review [35] of the four DOAC trials with post hoc
analyses showed similar results that DOACs are safe and
can reduce the incidence of major bleeding. This result sug-
gested that the efficacy and safety of DOACs over VKAs
generally extend to NVAF patients with DM. A new meta-
analysis of the four DOAC trials [36] extended the results
with added breadth and depth of the data and showed that

DOACs reduced stroke/SE by 20%, intracranial hemorrhage
by 49%, and total mortality by 10% compared with warfarin
in diabetic NVAF patients. No significant differences in the
magnitude of reduction was observed between the specific
DOACs.

Patients in the DOAC trials do not always represent
those in real-world settings. Therefore, information from
observational studies of patients in daily practice must be
obtained. Only a few retrospective studies evaluated the clin-
ical outcomes of DOACs in NVAF patients with DM, and
one meta-analysis investigated the efficacy and safety of riv-
aroxaban in this population [37]. The results revealed that
rivaroxaban was associated with lower risks of stroke, ische-
mic stroke, SSE, major bleeding, and intracranial hemor-
rhage compared with warfarin, indicating the better
efficacy and safety profile of the former. With recently
updated observational studies (in particular edoxaban [20,
22]), the present meta-analysis evaluated the efficacy and
safety of four DOACs in patients with NVAF and diabetes.
Consistent with previous studies [12, 37], the present results
showed that DOACs significantly reduced risks of stroke,
ischemic stroke, SSE, and myocardial infarction compared
with VKAs, suggesting its efficacy over VKAs in patients
with diabetes and NVAF. The rates of major bleeding, intra-
cranial hemorrhage, and major gastrointestinal bleeding
were also much lower in patients prescribed with DOACs
than those treated with VKAs. This finding indicated the
safety of DOACs over VKAs in NVAF patients with diabe-
tes. In summary, this work revealed the advantage of
DOACs over VKAs regarding efficacy and safety in patients
with NVAF and diabetes.

In six of the included studies [16–18, 20–22], the stan-
dard dose and reduced dose of DOACs were prescribed for
patients with NVAF and diabetes. However, only three stud-
ies [16, 17, 21] evaluated the efficacy and safety outcomes by
subgroup analysis based on dosage. Therefore, subgroup
analysis based on DOAC dose could not be performed due
to limited data. In the study of Lip et al. [21], the ratio of
patients treated with a lower dose was 25.2% in apixaban
(2.5mgqd), 19% in dabigatran (75mgbid), and 32% in

Table 2: Stratified analysis of safety outcomes according to anticoagulant mechanism.

Number of reports Pooled RR (95% CI) p value I2 (%)

Major bleeding

Overall estimation 10 0.75 (0.63-0.90) 0.002 94

Anti-IIa agents 2 0.58 (0.52-0.64) <0.0001 0

Anti-Xa agents 8 0.81 (0.66-0.99) 0.044 95

Intracranial hemorrhage

Overall estimation 13 0.50 (0.44-0.56) <0.0001 22

Anti-IIa agents 3 0.39 (0.31-0.49) <0.0001 0

Anti-Xa agents 10 0.52 (0.47-0.59) <0.0001 0

Major gastrointestinal bleeding

Overall estimation 12 0.77 (0.62-0.95) 0.016 93

Anti-IIa agents 3 0.64 (0.49-0.83) 0.001 66

Anti-Xa agents 9 0.83 (0.64-1.07) 0.15 94

Anti-IIa agents include dabigatran. Anti-Xa agents include apixaban, edoxaban, and rivaroxaban. CI: confidence interval, RR: relative risk.
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rivaroxaban (15 or 10mgqd). Subgroup analysis stratified by
dosage indicated similar results for each DOCA in standard
and reduced-dose groups. In Coleman et al.’s research [17],
20% of patients were prescribed with a low dose (rivaroxa-
ban, 15mgqd), but only the reduced-dose group showed
significantly decreased risks of SSE and ischemic stroke.
Any-dose and standard-dose analyses revealed similar effi-
cacy and safety with warfarin. On the contrary, 24.1% of
reduced-dose patients (rivaroxaban, 15mgqd) in Baker
et al.’s study [16] showed comparable effect on MACE ver-
sus warfarin use; however, the all-dose analysis indicated a
significant protective effect. The number of patients receiv-
ing a reduced dose in three other studies were 88.5% of dabi-
gatran (110mgbid) and 87.5% of rivaroxaban (15mgqd) in
Hsu et al.’s study [18]; 66% of apixaban (2.5mgqd), 89% of
dabigatran (110mgbid), 68% of edoxaban (30mgqd), and
95% of rivaroxaban (15 or 10mgqd) in Chan et al.’s research
[20]; and 13% of edoxaban (30mgqd) in Russo et al.’s study
[22]. A tremendously higher prevalence of reduced-dose
DOAC prescriptions was found in Asian patients with dia-
betes and AF [18, 20] than in the non-Asian population
[16, 17, 21, 22] in the included studies. Asian patients with
NVAF have higher risks of stroke and bleeding (in particular
intracranial bleeding) than non-Asians [38–41]. Therefore,
low-dose DOAC prescription is highly favorable for Asian
patients.

Diabetes mellitus is related to a high risk of AF and poor
recovery outcomes. Patients with diabetes had a 35% higher
risk of AF than those without diabetes [5], and individuals
with NVAF and diabetes had a 1.7-fold increased risk of
stroke and worse prognosis [42, 43]. In addition, patients
with diabetes who experienced stroke mostly had higher
rates of mortality than those without diabetes [3, 44]. This
phenomenon may be explained by the hypercoagulability
state of this population. Mechanisms involved in this case
include increased tissue plasminogen activator antigen,
improved factor VIII activity, reduced fibrinolytic activity,
and platelet and endothelial dysfunction [45, 46]. Therefore,
the high-risk features of diabetic NVAF patients must be
considered when developing the efficacy and safety of antic-
oagulation strategies in patient-specific management.

Persistence of anticoagulant treatment is important in
the management of anticoagulation among diabetic NVAF
patients, and polypharmacy usually occurs in this popula-
tion and affects clinical outcomes [47]. However, good
adherence was found in patients with high risks of stroke
and many comorbidities [48]. Patients with AF using
DOACs showed greater persistence than those prescribed
with VKAs due to the fixed dose and fewer drug-drug or
drug-food interactions [49]. Nevertheless, the medication
adherence of anticoagulants would decrease over time [50].
Therefore, patient adherence must be improved to guarantee
the effective and safe anticoagulation treatment in NVAF
patients with diabetes.

Comedication plays an important role in the effective-
ness and safety of anticoagulation management of patients
with diabetes and NVAF. Metformin and sulfonylureas, the
most widely used glucose-lowering agents, generally increase
the risk of bleeding with the concurrent use of warfarin [51].

However, Stage et al. [52] found that initiation of metformin
or sulfonylureas could decrease the international normalized
ratio (INR) levels among users of vitamin K antagonists,
thus leading to a reduced risk of bleeding. Nam et al. [53]
reported that use of sulfonylureas or metformin is not asso-
ciated with an increased rate of serious bleeding in warfarin
users. Different from VKAs, DOACs are metabolized via P-
glycoprotein (P-gp) transporter and CYP3A4 (rivaroxaban
and apixaban) and usually have few drug-drug interactions
with commonly used drugs. Nevertheless, antiarrhythmic
drugs prescribed for patients with AF are mostly P-gp inhib-
itors (e.g., verapamil, dronedarone, amiodarone, ranolazine,
and quinidine), which may increase the plasma levels of
DOACs. Therefore, the avoidance or dose reduction use of
DOACs is recommended with concomitant antiarrhythmic
drugs (verapamil or dronedarone) by the latest guidance
[54]. Statins are also commonly prescribed drugs for patients
with diabetes to reduce the risks of cardiovascular events.
Statins increase INR in warfarin users [55, 56], leading to
high risks of bleeding. Although statins are metabolized via
P-gp or CYP3A4, no relevant interaction was found with
dabigatran [57], edoxaban [58], or rivaroxaban [59].

Confounding by unmeasured variables is a major prob-
lem in real-world cohort studies comparing interventions.
Among the included studies, heterogeneity was found in
some endpoints of this meta-analysis. Therefore, a sensitivity
analysis was performed by deleting one study at a time, and
no individual study led to the heterogeneity. The included
studies were then carefully examined, and some possible
causes for the heterogeneity were identified. First is the
diversity in the definition of major outcomes. For example,
the definition of major bleeding included intracranial hem-
orrhage, gastrointestinal bleeding, and other sites of critical
bleeding in the studies of Chan et al. [20] and Lip et al.
[21], but only intracranial bleeding and gastrointestinal
bleeding were considered in the work of Baker et al. [16].
In the study of Hsu et al. [18], haematuria was included in
addition to intracranial bleeding and gastrointestinal bleed-
ing; hence, inconsistency may result in heterogeneity. Sec-
ond, the propensity score matching method to balance
residual confounding was used by six studies [16–18,
20–22] but not by one work [19], and this condition may
also lead to heterogeneity. Moreover, two of the selected
studies [19, 22] had a relatively small sample size and a
low number of endpoint events that may limit the statistical
power. Lastly, the population was different across these ret-
rospective cohorts: three was comprised of Asians [18–20],
three mainly included US patients [16, 17, 21], and one
involved Europeans [22]. In summary, all the possible rea-
sons discussed above may lead to the heterogeneity of the
included observational studies. However, the use of a
random-effect model may help mitigate the effect of hetero-
geneity on internal validity.

In conclusion, in this meta-analysis of seven observa-
tional studies with more than 240,000 patients with NVAF
and diabetes, DOACs significantly reduced the risks of
stroke, ischemic stroke, SSE, and myocardial infarction
and borderline significantly reduced the MACE rate com-
pared with VKAs. Moreover, the risks of major bleeding,
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intracranial hemorrhage, and major gastrointestinal bleed-
ing were also decreased in patients treated with DOACs.
Individual DOAC versus VKAs showed similar or reduced
risks of thromboembolic and bleeding events except for
edoxaban regarding gastrointestinal bleeding. Further real-
world studies in relation to edoxaban are needed. The
results supported the advantage of DOACs over VKAs
regarding efficacy and safety in patients with NVAF and
diabetes in the real world.

4.1. Limitations. This study has several limitations. First,
given that all the included studies were retrospective
observational cohorts, selection bias, misclassification, and
residual confounding from unobserved or unmeasured
covariates across studies cannot be excluded [60], and thus
may affect the internal validity of this work. Second, labora-
tory data such as international normalized ratio (INR) for
patients treated with warfarin were not available. Hence,
the proportion of time in therapeutic range (TTR) was inde-
terminable. An INR of 2.0-3.0 is recommended as the opti-
mal therapeutic range for warfarin users. The poor INR
control of warfarin treatment may exaggerate the superiority
of DOACs over VKAs in efficacy and safety endpoints.
Nevertheless, the pattern of warfarin prescription and man-
agement in routine practice allow the study results to accu-
rately reflect real-world situations. Third, diabetic patients
usually have poor renal conditions that may affect the use
of DOACs in specific patient populations. However, renal
function laboratory data were lacking across studies; thus,
the residual confounding could not be excluded. Finally, gly-
cated hemoglobin is closely associated with the risk of stroke
in AF patients with diabetes [61], but only three studies [18,
19, 22] provided the related data. Therefore, the quality of
glycemic control and the impact of glycemic levels on clini-
cal outcomes were not examined in this high-risk diabetic
NVAF population.

5. Conclusions

Among the patients with NVAF and diabetes in real-world
clinical settings, DOACs showed superior efficacy and safety
profile over VKAs, and they significantly reduced risks of
stroke, ischemic stroke, SSE, myocardial infarction, major
bleeding, intracranial hemorrhage, and major gastrointesti-
nal bleeding.
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