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Abstract
Background Recent data have suggested that insulin-requiring diabetes mostly contributes to the overall increase of throm-
boembolic risk in patients with atrial fibrillation (AF) on warfarin. We evaluated the prognostic role of a different diabetes 
status on clinical outcome in a large cohort of AF patients treated with edoxaban.
Methods We accessed individual patients’ data from the prospective, multicenter, ETNA-AF Europe Registry. We compared 
the rates of ischemic stroke/transient ischemic attack (TIA)/systemic embolism, myocardial infarction (MI), major bleeding 
and all-cause death at 2 years according to diabetes status.
Results Out of an overall population of 13,133 patients, 2885 had diabetes (22.0%), 605 of whom (21.0%) were on insulin. 
The yearly incidence of ischemic stroke/TIA/systemic embolism was 0.86% in patients without diabetes, 0.87% in diabetic 
patients not receiving insulin (p = 0.92 vs no diabetes) and 1.81% in those on insulin (p = 0.002 vs no diabetes; p = 0.014 vs 
diabetes not on insulin). The annual rates of MI and major bleeding were 0.40%, 0.43%, 1.04% and 0.90%, 1.10% and 1.71%, 
respectively. All-cause yearly mortality was 3.36%, 5.02% and 8.91%. At multivariate analysis, diabetes on insulin was 
associated with a higher rate of ischemic stroke/TIA/systemic embolism [adjusted HR 2.20, 95% CI 1.37–3.54, p = 0.0011 
vs no diabetes + diabetes not on insulin] and all-cause death [aHR 2.13 (95% CI 1.68–2.68, p < 0.0001 vs no diabetes]. 
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Diabetic patients not on insulin had a higher mortality [aHR 1.32 (1.11–1.57), p = 0.0015], but similar incidence of stroke/
TIA/systemic embolism, MI and major bleeding, vs those without diabetes.
Conclusions In a real-world cohort of AF patients on edoxaban, diabetes requiring insulin therapy, rather than the presence 
of diabetes per se, appears to be an independent factor affecting the occurrence of thromboembolic events during follow-up. 
Regardless of the diabetes type, diabetic patients had a lower survival compared with those without diabetes.

Graphical abstract
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Introduction

The presence of diabetes mellitus in patients with atrial 
fibrillation (AF) not receiving oral anticoagulant therapy 
(OAC) has been associated with a higher incidence of 
thromboembolic events during follow-up independently 
of other variables affecting cardiovascular risk [1]. Based 
on the above, diabetes was included in scores introduced in 
clinical practice for stratifying thromboembolic risk among 
OAC-naïve AF patients, such as the  CHADS2 score [2] and, 
more recently, the  CHA2DS2–VASc score [3], with the lat-
ter score being maintained in the latest guidelines [4]. This 
inclusion was regardless of the specific diabetes status; in 
particular, it did not consider whether the diabetic patient 
receives oral glucose-lowering drugs only or is on insulin 
treatment.

Recent investigations on AF patients have explored pos-
sible differences in outcome across different diabetes strata. 
An analysis of the prospective, real-world, Prevention of 
thromboembolic events–European Registry in Atrial Fibril-
lation (PREFER in AF) registry demonstrated, in a cohort of 

anticoagulated patients with AF—the large majority being 
on vitamin K antagonist anticoagulants (VKAs)—that the 
sole presence of diabetes not requiring insulin did not imply 
a higher risk of stroke or systemic embolism [5]; conversely, 
insulin-requiring diabetes mostly, if not exclusively, con-
tributed to the overall increase of thromboembolic risk [5]. 
Modifications in primary or secondary hemostasis leading 
to a pro-thrombotic state are highly prevalent in diabetic 
patients with long-lasting disease receiving insulin therapy, 
and may explain this greater risk of thromboembolic com-
plications, even in the background of OAC [6, 7]. Further-
more, a recent sub-analysis on anticoagulated patients with 
AF and diabetes enrolled in the randomized Apixaban for 
Reduction in Stroke and Other Thromboembolic Events in 
Atrial Fibrillation (ARISTOTLE) trial, highlighted a height-
ened cardiovascular risk, mainly related to the occurrence of 
myocardial infarction (MI) and cardiovascular death, largely 
confined to diabetes requiring insulin [8].

To date, no data are available on the prognostic role of the 
various diabetes statuses (diabetes on insulin vs diabetes not 
on insulin vs no diabetes) on clinical outcome in the setting 
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of real-world clinical practice related to AF patients receiv-
ing non-vitamin K antagonist anticoagulants (NOACs). We 
have evaluated this in the prospective cohort of edoxaban-
treated patients enrolled in the Edoxaban Treatment in rou-
tiNe clinical prActice for patients with Atrial Fibrillation in 
Europe (ETNA-AF Europe) registry.

Methods

We accessed individual patients’ data from the ETNA-AF 
Europe registry (Clinicaltrials.gov: NCT02944019). ETNA-
AF Europe is a prospective, observational, real-world, mul-
tinational, multicenter, post-authorization study performed 
at 852 sites in 10 European countries (Austria, Belgium, 
Germany, Ireland, Italy, The Netherlands, Portugal, Spain, 
Switzerland, and UK) [9–11]. ETNA-AF Europe is part of 
the global ETNA program, which is composed of separate, 
non-interventional ETNA-AF registries in Europe, East Asia 
(Korea and Taiwan), and Japan. The primary objective of 
ETNA-AF was to assess, in a real-world setting, the safety 
and effectiveness of edoxaban by evaluating, among the 
study participants, mortality, ischemic and bleeding events 
up to 4 years. The ETNA-AF Europe protocol was devel-
oped based on discussions with the Pharmacovigilance Risk 
Assessment Committee (PRAC) of the European Medicines 
Agency (EMA). Inclusion criteria were: age ≥ 18 years; 
written informed consent to participate the study; treatment 
with edoxaban for preventing AF-related thromboembolism, 
according to the drug summary of product characteristics; 
no participation in any interventional study. To avoid selec-
tion bias and to allow a documentation of routine clinical 
practice, there were no explicit exclusion criteria for the 
study. The registry was approved by the institutional review 
boards and independent Ethics Committees at all centers, 
in compliance with the Declaration of Helsinki and Guide-
lines for Good Pharmaco-epidemiological Practice (GPP). 
The study management was overseen by a scientific Steering 
Committee.

The protocol consists of a baseline evaluation at the time 
of patient’s enrollment, when patients’ characteristics, co-
morbidities, risk factors and treatment modalities were col-
lected. Subsequently, yearly follow-up visits were performed 
up to 4 years. Here we present the follow-up evaluation at 
2 years according to the diabetes status at baseline. Events 
are as reported by the site investigator and only documented 
outcome events were considered as relevant, with the date of 
any event being after the baseline visit. Final adjudication 
of the main outcome measures (major bleeding, stroke, sys-
temic embolism) was done by an independent Clinical Event 
Committee. All individual data were entered into an elec-
tronic case report form including various plausibility checks 
for the considered variables. On-site monitoring visits with 

complete source data verification were performed in 30% 
of randomly selected high recruiting centers. The registry 
was sponsored by Daiichi Sankyo Europe GmbH (Munich, 
Germany).

Diabetic patients were separately considered if they were 
or were not on insulin treatment and were compared with 
patients without diabetes. Primary study endpoint was the 
incidence of ischemic stroke/transient ischemic attack (TIA)/
systemic embolism at 2 years according to the diabetes status 
(no diabetes, diabetes without insulin treatment, diabetes on 
insulin therapy). Stroke, TIA and systemic embolism were 
defined following the Effective Anticoagulation with Factor 
Xa Next Generation in Atrial Fibrillation–Thrombolysis in 
Myocardial Infarction 48 (ENGAGE AF-TIMI 48) defini-
tions [12]: Stroke: abrupt onset of a focal neurologic deficit, 
generally distributed in the territory of a single brain artery 
(including the retinal artery), and that is not attributable to an 
identifiable nonvascular cause (i.e., brain tumor or trauma). 
The deficit must either be characterized by symptoms last-
ing > 24 h or cause death within 24 h of symptom onset. 
The occurrence of a transient focal neurologic deficit last-
ing ≤ 24 h identified a TIA. Systemic embolic event: abrupt 
episode of arterial insufficiency with clinical or radiologic 
documentation of arterial occlusion in the absence of other 
likely mechanisms (e.g., atherosclerosis, instrumentation). 
Venous thromboembolism and pulmonary embolism were 
also included in this outcome measure. Arterial embolic 
events involving the central nervous system (including the 
eye) were not considered as systemic embolism.

The following other outcome measures were considered 
as secondary endpoints: individual components of the pri-
mary composite endpoint; MI; major bleeding; intracranial 
hemorrhage; gastro-intestinal major bleeding; overall mor-
tality; cardiovascular death. Major bleeding was defined as 
follows: clinically overt bleeding event, meeting at least one 
of the following: (a) fatal bleeding; (b) symptomatic bleed-
ing in a critical area or organ (retroperitoneal, intracranial, 
intraocular, intraspinal, intra-articular, pericardial, intra-
muscular with compartment syndrome); (c) clinically overt 
bleeding event causing a fall in hemoglobin level ≥ 2.0 g/dL 
or a fall of hematocrit ≥ 6.0%, adjusted for transfusion [9].

Categorical variables are indicated as absolute and per-
centage frequencies [n (%)]. Continuous variables are pre-
sented as mean ± standard deviation. Kaplan Meier curves 
were used to present the time-to-an-event distributions. For 
the time-to-event analyses, the Cox proportional hazard 
regression models were also used in the following scenarios:

(1) univariate models, with a categorial predictor and 
three categories: diabetes on insulin, diabetes not on 
insulin, no diabetes;
(2) stepwise multivariate Cox model, where all variables 
collected at baseline, including parameters deriving 
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from medical history, concomitant antiplatelet therapy 
and edoxaban dose, were added as covariates and with 
3 variables (diabetes & diabetes therapy conditions) as 
potential predictors:
Two levels categorial variable: "diabetes yes” vs “no dia-
betes";
Three levels categorial variable: “diabetes on insulin”, 
“diabetes not on insulin”, “no diabetes",
Two levels categorial variable: " no diabetes + diabetes 
not on insulin” vs “diabetes on insulin".
The mathematical methodology itself objectively decided 
which of these 3 diabetes & diabetes therapy predictors 
would be in the multivariate model (or none of them), and 
also when enter into the model.
(3) multivariate Cox model with a categorial predictor: 
diabetes on insulin, diabetes not on insulin and HbA1c 
value at baseline as continuous covariate. HbA1c was 
measured only in diabetic patients and only in 65% of 
them.

Hazard ratios (HR), 95% confidence intervals (CI) and 
corresponding p values are presented. All analyses are not 
confirmatory, but purely descriptive/exploratory; therefore, 
no adjustment for multiple comparison was applied. All 
statistical analyses were performed using SAS version 9.4.

Results

This analysis included a total of 13,133 ETNA-AF Europe 
participants, whereby 2885 patients had diabetes mellitus 
(22.0%), 605 of whom were on insulin therapy (21.0%). 
Among the group of non-insulin-treated diabetic patients, 
1741 were on oral antidiabetic drugs, 393 on diet, 17 on 
other treatments. Those diabetic patients (N = 129) in whom 
diabetes treatment was filled as unknown (N = 23) or not 
filled at all (N = 106) were not included in the analyses on 
diabetes treatment.

Regardless of insulin status, diabetic patients were older, 
were more frequently male, had a higher body mass index 
(BMI) and HAS–BLED score, as well as a higher preva-
lence of persistent/permanent AF, perceived frailty, systemic 
hypertension, heart failure, chronic obstructive pulmonary 
disease, peripheral artery disease and coronary heart disease 
vs those without diabetes (Table 1). Compared with non-
diabetic patients, diabetic patients on insulin showed lower 
creatinine clearance and a more prevalent history of previ-
ous ischemic stroke. Compared with diabetic patients not on 
insulin, those receiving insulin treatment had reduced renal 
function, higher BMI and HbA1c levels, as well as a higher 
 CHA2DS2–VASC score, due to a higher prevalence of heart 
failure, peripheral artery disease, coronary heart disease and 
previous ischemic stroke. A reduced 30 mg edoxaban daily 

dose was given in 22% of patients without diabetes, 26% of 
diabetic patients not on insulin and 38% of those on insu-
lin; the prevalence of a concomitant antiplatelet treatment at 
baseline was 14.7, 17.2 and 17.2%, respectively.

The distribution of adverse events across different diabe-
tes strata is reported in Table 2. The cumulative incidence of 
thromboembolic events, including ischemic stroke/TIA/sys-
temic embolism at 2 years, was similar in patients with non-
insulin-treated diabetes and without diabetes (0.87%/year vs 
0.86%/year; HR 1.02, 95% CI 0.70–1.47, p = 0.92) (Fig. 1). 
Insulin-requiring diabetes was associated with a higher risk 
of ischemic stroke/TIA/systemic embolism (1.81%/year) vs 
both no diabetes (HR 2.10, 95% CI 1.31–3.38; p = 0.002) 
and diabetes not on insulin (HR 2.06, 95% CI 1.18–3.62; 
p = 0.014). After adjustment for potential confounders based 
on the multivariate Cox model, the correlation between dia-
betes on insulin and a higher occurrence of thromboembolic 
events remained significant (stepwise selection adjusted HR 
2.20, 95% CI 1.37–3.54, p = 0.0011 vs no diabetes + diabetes 
not on insulin; HbA1c adjusted HR 2.13, 95% CI 1.12–4.05, 
p = 0.021 vs no diabetes) (Fig. 1). Consistent results were 
found for individual components of the composite measure 
of thromboembolic events. Stroke incidence was 0.58%/year 
in patients without diabetes, 0.64%/year in diabetic patients 
not receiving insulin (HR 1.11, 95% CI 0.72–1.71, p = 0.64 
vs no diabetes) and 1.80%/years in diabetic patients receiv-
ing insulin (HR 3.11, 95% CI 1.91–5.07, p < 0.0001 vs no 
diabetes).

The rates of MI during follow-up were comparable in 
patients with diabetes not on insulin and without diabetes 
(0.43%/year vs 0.40%/year; HR 1.09, 95% CI 0.64–1.85, 
p = 0.75) (Fig. 2). Insulin-requiring diabetes had a higher 
risk of MI (1.04%/years) vs both no diabetes (HR 2.58, 95% 
CI 1.37–4.86, p = 0.003) and non-insulin-requiring diabetes 
(HR 2.40, 95% CI 1.12–5.12, p = 0.024) (Table 2). However, 
at multivariate analysis the presence of insulin-treated diabe-
tes was here not an independent predictor of developing an 
MI within 2 years (mathematical selection did not identify 
any of 3 diabetes and diabetes therapy potential predictors 
into the stepwise selection multivariate Cox model as sta-
tistically significant; HbA1c-adjusted HR was 2.10, 95% CI 
0.78–5.66, p = 0.14 vs diabetes not on insulin).

The occurrence of major bleeding was similar in 
patients with diabetes not requiring insulin and in non-
diabetic patients (1.10%/year vs 0.90%/year; HR 1.22, 
95% CI 0.87–1.71, p = 0.24) (Fig. 3). Diabetic patients 
on insulin showed a significantly higher rate of major 
bleeding (1.71%/year) vs non-diabetic patients (HR 1.88, 
95% CI 1.16–3.06, p = 0.011), but this was not proved 
as statistically significant vs diabetic patients without 
insulin treatment (HR 1.55, 95% CI 0.89–2.68, p = 0.12) 
(Table 2). Mathematical selection did not identify any of 
3 diabetes and diabetes therapy potential predictors into 
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the stepwise selection multivariate Cox model as statisti-
cally significant. HbA1c-adjusted HR for the association 
between diabetes on insulin and a higher risk of major 
bleeding was 1.81 (95% CI 0.95–3.44, p = 0.071 vs dia-
betes not on insulin). Rates of intracranial hemorrhage 
were 0.18%/year in non-diabetic patients, 0.18%/year in 

diabetic patients without insulin therapy (HR 0.97, 95% 
CI 0.43–2.17, p = 0.93 vs no diabetes) and 0.56%/year in 
diabetic patients on insulin (HR 3.04, 95% CI 1.28–7.22, 
p = 0.012 vs no diabetes) (Table 2).

Overall mortality was 3.36%/year in patients without 
diabetes, 5.02%/year in those with diabetes without insulin 

Table 1  Main baseline characteristics in the study population according to diabetes status

Values are expressed as n (%) or mean ± standard deviation
Significant p values are reported in bold
AF atrial fibrillation, BMI body mass index, CHD coronary heart disease, COPD chronic obstructive pulmonary disease, DM diabetes mellitus, 
eGFR estimated glomerular filtration rate, MB major bleeding, LVEF left ventricular ejection fraction, PAD peripheral artery disease
*By Cockroft–Gault equation
**Ischemic stroke only. A total of 94 patients had incomplete baseline data on characteristics listed in the first column and were not included in 
the table. HbA1c values were available in 1869 patients with diabetes

Variable DM on insulin 
N = 605

p value DM on 
insulin vs DM not on 
insulin

DM not 
on insulin 
N = 2151

p value DM not 
on insulin vs no 
DM

No DM N = 10,248 p value DM on 
insulin vs no 
DM

Age (years) 74.3 ± 8.9 0.99 74.5 ± 8.6  < 0.0001 73.4 ± 9.7 0.023
Male gender 366 (60.5%) 0.77 1,287 (59.8%) 0.001 5,718 (55.8%) 0.024
BMI (kg/m2) 30.5 ± 6.0 0.004 29.5 ± 5.4  < 0.0001 27.6 ± 4.9  < 0.0001
Type of AF
 Paroxysmal
 Persistent
 Long-standing
 Permanent

283 (46.8%)
145 (24.0%)
13 (2.1%)
164 (27.1%) 

0.19 1023 (47.6%)
568 (26.5%)
58 (2.7%)
498 (23.2%) 

 < 0.0001 5669 (55.4%)
2440 (23.9%)
245 (2.4%)
1873 (18.3%) 

 < 0.0001

eGFR* (mL/min)
 ≥ 80
 50–79
 30–49
 15–29 
 < 15

178 (32.6%)
189 (34.6%)
159 (29.1%)
20 (3.7%)
0 (0.0%)

 < 0.0001 694 (36.3%)
790 (41.4%)
369 (19.3%)
57 (3.0%)
0 (0.0%)

0.08 3216 (36.2%)
3886 (43.8%)
1562 (17.6%)
205 (2.3%)
3 (0.1%)

 < 0.0001

CHA2DS2–VASc 4.4 ± 1.3 0.005 4.2 ± 1.3  < 0.0001 2.9 ± 1.3  < 0.0001
HAS–BLED 2.9 ± 1.1 0.10 2.8 ± 1.1  < 0.0001 2.4 ± 1.1  < 0.0001
Perceived frailty 96 (17.1%) 0.10 284 (14.3%)  < 0.0001 1012 (10.6%)  < 0.0001
Hypertension 548 (90.6%) 0.17 1,906 (88.6%)  < 0.0001 7,567 (73.8%)  < 0.0001
Heart failure 150 (24.8%) 0.003 416 (19.3%)  < 0.0001 1,268 (12.4%)  < 0.0001
COPD 83 (13.7%) 0.47 271 (12.6%)  < 0.0001 837 (8.2%)  < 0.0001
PAD 55 (9.1%) 0.001 117 (5.4%)  < 0.0001 251 (2.4%)  < 0.0001
CHD 231 (38.2%)  < 0.0001 583 (27.1%)  < 0.0001 1,895 (18.5%)  < 0.0001
Previous stroke** 55 (9.1%) 0.009 131 (6.1%) 0.54 589 (5.7%) 0.001
Previous MB 7 (1.2%) 0.54 19 (0.9%) 0.43 110 (1.1%) 0.85
Valvular disease 117 (19.3%) 0.55 393 (18.3%) 0.22 1,759 (17.2%) 0.17
HbA1c (%) 7.5 ± 1.3  < 0.0001 6.6 ± 1.1
Systolic blood pres-

sure (mmHg)
133.2 ± 17.7 0.84 134.0 ± 18.1 0.08 133.3 ± 17.9 0.48 

Diastolic blood pres-
sure (mmHg)

76.5 ± 10.1 0.005 78.2 ± 11.0 0.51 78.4 ± 10.8 0.0006 

LVEF < 40% 49 (11.3%) 0.11 126 (8.8%) 0.027 488 (7.1%) 0.0011
Antiplatelet therapy 104 (17.2%)  0.98 369 (17.2%)  0.004 1,506 (14.7%)  0.09
Edoxaban dose at 

baseline
 60 mg
 30 mg 

378 (62.5%)
227 (37.5%) 

 < 0.0001 1588 (73.8%)
563 (26.2%) 

 < 0.0001 7972 (77.8%)
2276 (22.2%) 

 < 0.0001
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therapy (HR 1.50, 95% CI 1.27–1.75, p < 0.0001 vs no dia-
betes) and 8.91%/year in insulin-treated patients (HR 2.66, 
95% CI 2.14–3.30, p < 0.0001 vs no diabetes) (Fig. 4). HR 
for all-cause death in diabetic patients with vs without 

insulin therapy was 1.78 (95% CI 1.39–2.27, p < 0.0001) 
(Table 2). After adjustment for potential confounders based 
on the multivariate Cox model, the presence of diabetes 
remained associated with lower survival, regardless of the 

Table 2  Crude rates of adverse events at 2-year follow-up

Events are reported as n (%/year)
Significant p values are reported in bold
CI confidence interval, DM diabetes mellitus, HR  hazard ratio, SE systemic embolism, TIA transient ischemic attack

Variable DM on insulin HR, 95% CI and p 
value DM on insulin 
vs DM not on insulin

DM not on insulin HR, 95% CI and p 
value DM not on 
insulin vs no DM

No DM HR, 95% CI and p 
value DM on insulin vs 
no DM 

Ischemic stroke, TIA, 
SE

19 (1.81) 2.06, 1.18–3.62. 
p = 0.014

34 (0.87) 1.02, 0.70–1.47, 
p = 0.92

161 (0.86) 2.10, 1.31–3.38, 
p = 0.002

Any stroke 19 (1.80) 2.80, 1.54–5.08, 
p = 0.001

25 (0.64) 1.11, 0.72–1.71, 
p = 0.64 

109 (0.58) 3.11, 1.91–5.07, 
p < 0.0001

SE 0 – 4 (0.10) 2.15, 0.66–6.97, 
p = 0.20 

9 (0.05)

Myocardial infarction 11 (1.04) 2.40, 1.12–5.12, 
p = 0.024

17 (0.43) 1.09, 0.64–1.85, 
p = 0.75 

75 (0.40) 2.58, 1.37–4.86, 
p = 0.003

Major bleeding 18 (1.71) 1.55, 0.89–2.68, 
p = 0.12

43 (1.10) 1.22, 0.87–1.71, 
p = 0.24

170 (0.90) 1.88, 1.16–3.06, 
p = 0.011

Intracranial hemor-
rhage

6 (0.56) 3.14, 1.06–9.35, 
p = 0.040

7 (0.18) 0.97, 0.43–2.17, 
p = 0.93 

35 (0.18) 3.04, 1.28–7.22, 
p = 0.012

Major gastro-intesti-
nal bleeding

5 (0.47) 0.77, 0.29–2.01, 
p = 0.59

24 (0.61) 1.68, 1.06–2.67, 
p = 0.029

69 (0.36) 1.29, 0.52–3.19, 
p = 0.59

All-cause death 95 (8.91) 1.78, 1.39–2.27, 
p < 0.0001

197 (5.02) 1.50, 1.27–1.75, 
p < 0.0001

637 (3.36) 2.66, 2.14–3.30, 
p < 0.0001

Cardiovascular death 49 (4.60) 1.68, 1.20–2.36, 
p = 0.003

107 (2.72) 1.45, 1.17–1.80, 
p = 0.001

357 (1.88) 2.44, 1.81–3.29, 
p < 0.0001

Fig. 1  a Kaplan–Meier curves for ischemic stroke/TIA/SE-free sur-
vival at 2 years according to diabetes status. b Results of multivariate 
Cox model for cumulative incidence of ischemic stroke/TIA/SE. Sig-

nificant predictors were DM on insulin, age and previous stroke/TIA/
SE CI   confidence interval, DM  diabetes mellitus, HR   hazard ratio, 
SE   systemic embolism, TIA   transient ischemic attack
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need for insulin therapy (Fig. 4): stepwise selection adjusted 
HR for diabetes on insulin vs no diabetes was 2.13 (95% 
CI 1.68–2.68, p < 0.0001), for diabetes not on insulin vs 
no diabetes was HR 1.32 (95% CI 1.11–1.57, p = 0.0015). 

Notably, the adjusted HR was significant also in the com-
parison between diabetic patients receiving insulin vs those 
not receiving insulin, with a 61% higher mortality in the 
former via stepwise selection adjusted HR of 1.61 (95% CI 

Fig. 2  Kaplan–Meier curves 
for myocardial infarction-free 
survival according to diabetes 
status. DM   diabetes mellitus

Fig. 3  Kaplan–Meier curves for 
major bleeding-free survival at 
2 years according to diabetes 
status. DM   diabetes mellitus
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1.25–2.09, p = 0.0003), and an 83% higher mortality via 
HbA1c-adjusted HR of 1.83 (95% CI 1.35–2.49, p = 0.0001). 
Consistent results with those observed for all-cause death 
were found in the sensitivity analyses on cardiovascular 
mortality.

Discussion

This real-world study highlights an important heterogene-
ity in diabetes as a risk factor in AF patients receiving a 
NOAC. In fact, diabetes requiring insulin therapy, rather 
than the presence of diabetes per se, appeared to be an inde-
pendent factor affecting the occurrence of thromboembolic 
complications during follow-up. Furthermore, the diabetic 
condition was characterized by a lower survival at 2 years 
vs no diabetes regardless of the need for insulin use, but all-
cause mortality in the subgroup with diabetes on insulin was 
higher compared with diabetes not on insulin.

Diabetes increases the risk of developing AF, because 
of atrial inflammation, oxidative stress, electrical/structural 
atrial remodeling and changes in the autonomic response 
[13–15]. Thus, the prevalence of diabetes among AF patients 
is high, ranging approximately from 25 to 40% in contem-
porary trials [16]. Phase III randomized trials on AF con-
firmed an improved outcome with NOACs vs VKAs also 
in the subgroup with diabetes mellitus [17]. This analysis 
from the ETNA-AF Europe registry provides reassuring 
results regarding the efficacy and safety of edoxaban among 
diabetic patients with AF also in a real-world setting, with 
annual rates of adverse events even lower than in the dia-
betic population of the ENGAGE AF–TIMI 48 trial on the 

higher dose edoxaban regimen (stroke or systemic embo-
lism: 0.98% vs 1.42%; major bleeding: 1.23% vs 3.2%) [12]. 
The above-mentioned 0.98% yearly incidence of stroke or 
systemic embolism in ETNA-AF Europe was also lower than 
that observed in the diabetic subset of the PREFER in AF 
registry (2.6%), where patients were predominantly treated 
with VKAs [5].

The differential impact of a different diabetes status on 
outcome in AF is a matter of recent clinical investigation. In 
the present study, as compared with diabetic patients not on 
insulin, those receiving insulin had higher  CHA2DS2–VASC 
score and more frequently criteria for edoxaban dose reduc-
tion (mainly due to a reduced creatinine clearance). After 
adjustment for potential confounders, including co-mor-
bidities, glycemic control and concomitant treatments, we 
found that diabetes on insulin was associated with a 2.2-fold 
higher risk of ischemic stroke/TIA/systemic embolism vs no 
diabetes or diabetes not on insulin. This corroborates and 
strengthens the similar relative increase of thromboembolic 
complications observed in the insulin-treated diabetic sub-
population of the PREFER in AF registry [5]. Thus, a com-
prehensive interpretation of both studies supports that the 
residual risk of thromboembolic events among AF patients 
with diabetes requiring insulin therapy is not insignificant in 
a real-world setting, even in the background of chronic OAC 
and regardless of the OAC type (VKAs or NOACs). A clus-
tering of concomitant diseases and risk factors likely may 
also contribute to this increased risk in diabetic patients on 
insulin and insulin use is likely to be a proxy for difficult gly-
cemic control and/or longer duration of diabetes in patients 
with atrial fibrillation. Furthermore, in diabetic patients a 
more pronounced platelet reactivity and a hypercoagulable 

Fig. 4  a Kaplan–Meier curves for survival at 2  years according to 
diabetes status. b Results of multivariate Cox model for all-cause 
death. BMI   body mass index, CI   confidence interval, COPD   chronic 

obstructive pulmonary disease, CRNM   clinically relevant non-major 
bleeding, DM   diabetes mellitus, eGFR   estimated glomerular filtra-
tion rate, HR hazard ratio, PAD   peripheral artery disease



Clinical Research in Cardiology 

1 3

milieu have been described, both being particularly evident 
in those with long lasting disease receiving insulin treat-
ment [14, 18–20]. A high inflammatory status, oxidative 
stress and endothelial dysfunction may trigger these effects 
on platelets and coagulative mechanisms [6, 21]. However, 
increased levels of advanced glycosylation end-products or 
direct effects of exogenous insulin, with pathologically high 
levels of insulin in a background of insulin resistance, might 
also have a role [22–24]. Notably, our results are consistent 
with recent reports indicating a clustering of adverse events 
in diabetic patients on insulin with heart failure at either 
reduced or preserved ejection fraction [25, 26].

The previous PREFER in AF analysis had also shown the 
much less obvious finding that the occurrence of thrombo-
embolic events in diabetic patients not receiving insulin is 
similar to that of patients without diabetes [5]. However, the 
possibility that here a difference in such comparison could 
not be demonstrated because of a potential type II statistical 
error, due to a low sample size (n = 6412) and a follow-up 
of only 1 year, exists. Those PREFER-in AF results have 
been now by-and-large confirmed on the larger population 
of ETNA-AF Europe. Thus, robust evidence now indicates 
that, in the setting of AF, long-term oral anticoagulation 
appears to equalize the risk of thromboembolic complica-
tions of diabetic patients without insulin treatment to that 
of non-diabetics. Notably, recent data on AF demonstrated 
that, despite anticoagulant therapy, thrombin generation 
is increased in diabetic patients receiving insulin vs those 
without diabetes or with diabetes on oral antidiabetic drugs, 
with no difference between these latter two conditions [7]. 
Thus, an imbalanced thrombin generation might be a pre-
dominant contributor to the excess thromboembolic risk in 
patients with insulin-requiring diabetes, whereas a balanced 
thrombin generation could explain the comparable throm-
boembolic risk in those with diabetes not on insulin and no 
diabetes.

Experimental and clinical data on the potential athero-
genic effects of insulin are controversial [27, 28]. Interest-
ingly, in the sub-analysis of the ARISTOTLE trial based 
on the diabetes status, only insulin-treated diabetes was a 
predictor of future MIs (HR 2.34) compared with no dia-
betes [8]. This was regardless of the OAC type (warfarin or 
apixaban). In the present investigation based on real-world 
clinical practice, we observed that insulin-requiring diabetes 
was associated with a very similar 2.35-fold elevation of MI. 
Due to the low event rates, such association was not sig-
nificant at multivariate analysis. However, we confirmed the 
similar rates of MI in patients with diabetes without insulin 
therapy and in those without diabetes.

We also found a stepwise increase in all-cause death 
at 2 years across different diabetes strata. In particular, 
the adjusted excess mortality vs patients without diabetes 
was 1.3-fold in diabetic patients not receiving insulin and 

2.1-fold in those on insulin. Of note, the excess stroke/TIA/
systemic embolism in patients with insulin-requiring dia-
betes was paralleled by a consistent increase in all-cause 
death and cardiovascular death. Our findings also show that: 
regardless of the need for insulin treatment, AF patients with 
diabetes feature a significantly lower survival compared with 
those without diabetes; diabetic patients on insulin have an 
83% higher all-cause mortality vs diabetic patients not on 
insulin. These results are in line with previous evidence that 
an effective OAC in AF patients compresses the rates of 
thromboembolic complications and MI; as a consequence, 
the risk of cardiovascular death exceeds the risk of stroke, 
systemic embolism and MI, with the cardiovascular mortal-
ity excess being driven by non-thrombotic events, such as 
heart failure or lethal arrhythmias [29]. The present ETNA-
AF Europe analysis supports that the diabetes condition, 
regardless of insulin therapy, may also be associated with the 
development of the above-mentioned non-thrombotic causes 
of death, beside with causes of non-cardiovascular mortality.

A previous report from phase III randomized trials in AF, 
where data on patients receiving NOACs and warfarin were 
pooled together, showed a higher occurrence of bleeding 
complications in the subgroup with vs without diabetes [17]. 
In the present study, the rates of major bleeding while on 
edoxaban treatment were comparable in diabetic patients 
not on insulin and in non-diabetic patients. A numerical 
increase of major bleeding in diabetes was confined to the 
subset with insulin treatment; however, the latter condition 
was not an independent predictor of a poorer haemorrhagic 
outcome due to the low event rates, with a p value at mul-
tivariate analysis being very close to the statistical signifi-
cance. Results on intracranial haemorrhage and major gas-
tro-intestinal bleeding were consistent. Mechanisms for the 
association between insulin-requiring diabetes and a higher 
bleeding risk are unclear, with a possible role of micro-angi-
opathy in patients suffering from long-lasting disease and a 
hyperglycemia-related vascular leakage being here invoked 
[30]. Notably, with non-diabetic patients as reference, recent 
data on patients with acute coronary syndrome demonstrated 
a similar risk of the net composite endpoint, including car-
diovascular death, MI, stroke and major bleeding at 1 year, 
in diabetic patients not receiving insulin and a significantly 
higher risk in those on insulin [31]. Such increase in the lat-
ter was driven by both ischemic cardiovascular events and 
major bleeding complications.

The present investigation has strengths in being a pro-
spective analysis on a large real-world population of AF 
patients treated with a specific, newer anticoagulant agent 
undergoing a detailed baseline assessment and planned 
follow-up evaluations up to 2 years, with external event 
adjudication and a source data verification in 30% of sites. 
Limitations are inherent to all observational investigations. 
In particular, a selection bias and residual confounding 
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cannot be excluded. Our results refer to patients with type 
2 diabetes; in this regard it is possible that insulin provi-
sion in type 1 diabetes, in the absence of insulin resist-
ance, is not associated with a poorer prognosis. We had no 
data to adjust the association between type of diabetes and 
adverse events for diabetes duration. However, we stig-
matize that, in the previous PREFER in AF analysis, the 
predictive role of insulin-requiring diabetes on outcomes 
was independent of diabetes duration. We adjusted results 
by multivariate analysis; however, it per se is not account-
ing for all biological variations. In particular, results were 
adjusted for glycemic control, but this was not feasible 
in approximately one third of patients with diabetes, and 
adjustment for over time variation of glycemic control 
was not possible. Furthermore, we did not correct the 
events incidence for other sources of heterogeneity, such 
as microvascular complications, different types of non-
insulin medications and the association of insulin plus 
oral antidiabetic drugs, as these variables were not col-
lected. In particular, it was not possible to correct results 
for the use of oral antidiabetic agents with proven benefi-
cial cardiovascular effects, such as sodium glucose trans-
porter-2 inhibitors and glucagon-like peptide-1 agonists, 
which were very marginally used at the time of ETNA-
AF initiation. Thus, it is unlikely that an imbalance in 
the use of these drugs with proven cardiovascular benefit 
might explain the differences among our groups. Possible 
imbalances, for which we did not adjust in the absence 
of specific information, could never, however, explain the 
absence of excess risk in diabetic patients not on insulin vs 
non-diabetic patients for stroke/TIA/systemic embolism, 
MI and bleeding, and, therefore, cannot be considered a 
substantial limitation of the present report. Indeed, the 
choice of treatment of diabetic patients, including insulin 
use, was in various cases performed by the treating general 
physician; as there are no reliable criteria for the decision 
for or against the use of insulin, this may pose a certain 
bias. Finally, we were not able to explore the relation-
ship between diabetes status and the incidence of coronary 
revascularization in the current era of newer drug-eluting 
coronary stents [32].

In conclusions, the findings of this study indicate a 
quite dichotomous behavior of anticoagulated AF popula-
tion with diabetes according to the use or lack of use of 
insulin. Our data indicate a segregation of a higher cardio-
vascular risk for non-fatal events, with potential impact 
on survival, only to AF patients with insulin-requiring 
diabetes. Altogether, the evidence on this segregation is 
now based on an overall population of over 37,000 patients 
from three independent cohorts (PREFER in AF registry; 
ARISTOTLE trial; ETNA-AF Europe registry). These 
results may have an application in the assessment of the 
residual thromboembolic risk in the background of OAC 

among patients with AF and concomitant diabetes. Our 
findings might have also therapeutic implications, but, as 
association does not prove causation, they warrant fur-
ther investigation in dedicated prospective, intervention 
studies.

Funding Open access funding provided by Università degli Studi del 
Piemonte Orientale Amedeo Avogrado within the CRUI-CARE Agree-
ment. No funding for this specific study. ETNA-AF Europe Registry 
was sponsored by Daiichi Sankyo Europe GmbH (Munich, Germany).

Declarations 

Conflict of interest G.P.: speaker or consultant fee from Astra Zen-
eca, Boehringer Ingelheim, Bayer, BMS, Pfizer, Daiichi Sankyo, Sa-
nofi, Amgen, Novartis, Terumo, Abbott, Medtronic, PIAM, Chiesi, 
Menarini, Malesci, Servier. Grants from Astra Zeneca, Bayer, Ab-
bott, Boston Scientific. L.P.: none. G.C.: employed by Daiichi San-
kyo Italia S.p.A., Rome, Italy. M.C.M.: employed by Daiichi Sankyo 
Europe GmbH, Munich, Germany. P.K. was partially supported by 
European Union BigData@Heart (grant agreement EU IMI 116074), 
AFFECT-AF (grant agreement 847770), and MAESTRIA (grant 
agreement 965286), British Heart Foundation (PG/17/30/32961; 
PG/20/22/35093; AA/18/2/34218), German Centre for Cardiovas-
cular Research supported by the German Ministry of Education and 
Research (DZHK), and Leducq Foundation. PK receives research sup-
port for basic, translational, and clinical research projects from Eu-
ropean Union, British Heart Foundation, Leducq Foundation, Medi-
cal Research Council (UK), and German Centre for Cardiovascular 
Research, from several drug and device companies active in atrial 
fibrillation, and has received honoraria from several such companies 
in the past, but not in the last 3 years. PK is listed as inventor on two 
patents held by University of Birmingham (Atrial Fibrillation Therapy 
WO 2015140571, Markers for Atrial Fibrillation WO 2016012783). 
R.D.C.: grants, speaker or consultant fee from Boehringer Ingelheim, 
Bayer, BMS/Pfizer, Janssen, Daiichi Sankyo, Novartis, AstraZeneca, 
Milestone, Lilly, Roche, Menarini, Guidotti and Nominating Commit-
tee from European Society of Cardiology.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Gage BF, Waterman AD, Shannon W et al (2001) Validation of 
clinical classification schemes for predicting stroke: results from 
the National Registry of Atrial Fibrillation. JAMA 285:2864. 
https:// doi. org/ 10. 1001/ jama. 285. 22. 2864

 2. Camm AJ, Kirchhof P, Lip GY, Schotten U, Savelieva I, Ernst S, 
Van Gelder IC, Al-Attar N, Hindricks G, Prendergast B, Heidbu-
chel H, Alfieri O, Angelini A, Atar D, Colonna P, De Caterina R, 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jama.285.22.2864


Clinical Research in Cardiology 

1 3

De Sutter J, Goette A, Gorenek B, Heldal M, Hohloser SH, Kolh 
P, Le Heuzey JY, Ponikowski P, Rutten FH (2010) Guidelines 
for the management of atrial fibrillation: the Task Force for the 
Management of Atrial Fibrillation of the European Society of 
Cardiology (ESC). Eur Heart J 31:2369–2429. https:// doi. org/ 10. 
1093/ eurhe artj/ ehq278

 3. Camm AJ, Lip GY, De Caterina R, Savelieva I, Atar D, Hohnloser 
SH, Hindricks G, Kirchhof P, ESC Committee for Practice Guide-
lines (CPG) (2012) 2012 focused update of the ESC guidelines for 
the management of atrial fibrillation. Eur Heart J 33:2719–2747. 
https:// doi. org/ 10. 1093/ eurhe artj/ ehs253

 4. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-
Lundqvist C, Boriani G, Castella M, Dan GA, Dilaveris PE, Fau-
chier L, Filippatos G, Kalman JM, La Meir M, Lane DA, Lebeau 
JP, Lettino M, Lip GYH, Pinto FJ, Thomas GN, Valgimigli M, Van 
Gelder IC, Van Putte BP, Watkins CL (2021) 2020 ESC guidelines 
for the diagnosis and management of atrial fibrillation developed in 
collaboration with the European Association for Cardio-Thoracic 
Surgery (EACTS): the Task Force for the Diagnosis and Manage-
ment of Atrial Fibrillation of the European Society of Cardiology 
(ESC) developed with the special contribution of the European 
Heart Rhythm Association (EHRA) of the ESC. Eur Heart J 42:373–
498. https:// doi. org/ 10. 1093/ eurhe artj/ ehaa6 12

 5. Patti G, Lucerna M, Cavallari I et al (2017) Insulin-requiring versus 
noninsulin-requiring diabetes and thromboembolic risk in patients 
with atrial fibrillation. J Am Coll Cardiol 69:409–419. https:// doi. 
org/ 10. 1016/j. jacc. 2016. 10. 069

 6. Targher G, Chonchol M, Zoppini G, Franchini M (2011) Hemo-
static disorders in type I diabetes mellitus. Semin Thromb Hemost 
37:058–065. https:// doi. org/ 10. 1055/s- 0030- 12700 72

 7. Patti G, Cerchiara E, Bressi E et al (2020) Endothelial dysfunction, 
fibrinolytic activity, and coagulation activity in patients with atrial 
fibrillation according to type II diabetes mellitus status. Am J Car-
diol 125:751–758. https:// doi. org/ 10. 1016/j. amjca rd. 2019. 11. 030

 8. De Caterina R, Patti G, Westerbergh J et al (2022) Heterogeneity 
of diabetes as a risk factor for major adverse cardiovascular events 
in anticoagulated patients with atrial fibrillation: an analysis of the 
Aristotle trial. Eur Heart J-Cardiovasc Pharmacother 8:227–235. 
https:// doi. org/ 10. 1093/ ehjcvp/ pvaa1 40

 9. De Caterina R, Kelly P, Monteiro P et al (2019) Design and rationale 
of the Edoxaban Treatment in routiNe clinical prActice for patients 
with Atrial Fibrillation in Europe (ETNA-AF-Europe) study. J Car-
diovasc Med 20:97–104. https:// doi. org/ 10. 2459/ JCM. 00000 00000 
000737

 10. De Caterina R, Kelly P, Monteiro P, Deharo JC, de Asmundis C, 
Lopez-de-Sa E, Weiss TW, Waltenberger J, Steffel J, de Groot JR, 
Levy P, Bakhai A, Zierhut W, Laeis P, Kerschnitzki M, Reimitz 
PE, Kirchhof P, On behalf of the ETNA-AF Europe investigators 
(2019) Characteristics of patients initiated on edoxaban in Europe: 
baseline data from edoxaban treatment in routine clinical practice 
for patients with atrial fibrillation (AF) in Europe (ETNA-AF-
Europe). BMC Cardiovasc Disord 19:165. https:// doi. org/ 10. 1186/ 
s12872- 019- 1144-x

 11. de Groot JR, Weiss TW, Kelly P et al (2021) Edoxaban for stroke 
prevention in atrial fibrillation in routine clinical care: 1-year follow-
up of the prospective observational ETNA-AF-europe study. Eur 
Heart J-Cardiovasc Pharmaco 7:f30–f39. https:// doi. org/ 10. 1093/ 
ehjcvp/ pvaa0 79

 12. Giugliano RP, Ruff CT, Braunwald E et al (2013) Edoxaban versus 
warfarin in patients with atrial fibrillation. N Engl J Med 369:2093–
2104. https:// doi. org/ 10. 1056/ NEJMo a1310 907

 13. Lip GYH, Varughese GI (2005) Diabetes mellitus and atrial fibrilla-
tion: perspectives on epidemiological and pathophysiological links. 
Int J Cardiol 105:319–321. https:// doi. org/ 10. 1016/j. ijcard. 2005. 03. 
003

 14. Patti G, Cavallari I, Andreotti F et al (2019) Prevention of athero-
thrombotic events in patients with diabetes mellitus: from antithrom-
botic therapies to new-generation glucose-lowering drugs. Nat Rev 
Cardiol 16:113–130. https:// doi. org/ 10. 1038/ s41569- 018- 0080-2

 15. Huxley RR, Filion KB, Konety S, Alonso A (2011) Meta-analysis 
of cohort and case–control studies of type 2 diabetes mellitus and 
risk of atrial fibrillation. Am J Cardiol 108:56–62. https:// doi. org/ 
10. 1016/j. amjca rd. 2011. 03. 004

 16. Ruff CT, Giugliano RP, Braunwald E et al (2014) Comparison of 
the efficacy and safety of new oral anticoagulants with warfarin in 
patients with atrial fibrillation: a meta-analysis of randomised tri-
als. Lancet 383:955–962. https:// doi. org/ 10. 1016/ S0140- 6736(13) 
62343-0

 17. Patti G, Di Gioia G, Cavallari I, Nenna A (2017) Safety and efficacy 
of nonvitamin K antagonist oral anticoagulants versus warfarin in 
diabetic patients with atrial fibrillation: a study-level meta-analysis 
of phase III randomized trials. Diabetes Metab Res Rev 33:e2876. 
https:// doi. org/ 10. 1002/ dmrr. 2876

 18. Angiolillo DJ, Bernardo E, Sabaté M et al (2007) Impact of plate-
let reactivity on cardiovascular outcomes in patients with type 2 
diabetes mellitus and coronary artery disease. J Am Coll Cardiol 
50:1541–1547. https:// doi. org/ 10. 1016/j. jacc. 2007. 05. 049

 19. Khawand CE, Jamart J, Donckier J et al (1993) hemostasis variables 
in type I diabetic patients without demonstrable vascular complica-
tions. Diabetes Care 16:1137–1145. https:// doi. org/ 10. 2337/ diaca 
re. 16.8. 1137

 20. Carmassi F, Morale M, Puccetti R et al (1992) Coagulation and 
fibrinolytic system impairment in insulin dependent diabetes 
mellitus. Thromb Res 67:643–654. https:// doi. org/ 10. 1016/ 0049- 
3848(92) 90068-L

 21. Elhadd TA, Kennedy G, Hill A et al (1999) Abnormal markers of 
endothelial cell activation and oxidative stress in children, adoles-
cents and young adults with type 1 diabetes with no clinical vascular 
disease. Diabetes Metab Res Rev 15:405–411. https:// doi. org/ 10. 
1002/ (SICI) 1520- 7560(199911/ 12) 15:6% 3c405:: AID- DMRR69% 
3e3.0. CO;2-H

 22. Madonna R, De Caterina R (2011) Cellular and molecular mecha-
nisms of vascular injury in diabetes—Part I: pathways of vascular 
disease in diabetes. Vascul Pharmacol 54:68–74. https:// doi. org/ 10. 
1016/j. vph. 2011. 03. 005

 23. Madonna R, De Caterina R (2011) Cellular and molecular mecha-
nisms of vascular injury in diabetes—Part II: Cellular mechanisms 
and therapeutic targets. Vascul Pharmacol 54:75–79. https:// doi. org/ 
10. 1016/j. vph. 2011. 03. 007

 24. Spadaccio C, Patti G, De Marco F et al (2013) Usefulness of pre-
procedural levels of advanced glycation end products to predict 
restenosis in patients with controlled diabetes mellitus undergoing 
drug-eluting stent implantation for stable angina pectoris (from the 
prospective ARMYDA-AGEs study). Am J Cardiol 112:21–26. 
https:// doi. org/ 10. 1016/j. amjca rd. 2013. 02. 046

 25. Cosmi F, Shen L, Magnoli M et al (2018) Treatment with insulin is 
associated with worse outcome in patients with chronic heart failure 
and diabetes: insulin treatment and prognosis in chronic hf. Eur J 
Heart Fail 20:888–895. https:// doi. org/ 10. 1002/ ejhf. 1146

 26. Shen L, Rørth R, Cosmi D et al (2019) Insulin treatment and clinical 
outcomes in patients with diabetes and heart failure with preserved 
ejection fraction. Eur J Heart Fail 21:974–984. https:// doi. org/ 10. 
1002/ ejhf. 1535

 27. Park K, Li Q, Evcimen ND et al (2018) Exogenous insulin infusion 
can decrease atherosclerosis in diabetic rodents by improving lipids, 
inflammation, and endothelial function. ATVB 38:92–101. https:// 
doi. org/ 10. 1161/ ATVBA HA. 117. 310291

 28. The ORIGIN Trial Investigators (2012) Basal insulin and cardiovas-
cular and other outcomes in dysglycemia. N Engl J Med 367:319–
328. https:// doi. org/ 10. 1056/ NEJMo a1203 858

https://doi.org/10.1093/eurheartj/ehq278
https://doi.org/10.1093/eurheartj/ehq278
https://doi.org/10.1093/eurheartj/ehs253
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1016/j.jacc.2016.10.069
https://doi.org/10.1016/j.jacc.2016.10.069
https://doi.org/10.1055/s-0030-1270072
https://doi.org/10.1016/j.amjcard.2019.11.030
https://doi.org/10.1093/ehjcvp/pvaa140
https://doi.org/10.2459/JCM.0000000000000737
https://doi.org/10.2459/JCM.0000000000000737
https://doi.org/10.1186/s12872-019-1144-x
https://doi.org/10.1186/s12872-019-1144-x
https://doi.org/10.1093/ehjcvp/pvaa079
https://doi.org/10.1093/ehjcvp/pvaa079
https://doi.org/10.1056/NEJMoa1310907
https://doi.org/10.1016/j.ijcard.2005.03.003
https://doi.org/10.1016/j.ijcard.2005.03.003
https://doi.org/10.1038/s41569-018-0080-2
https://doi.org/10.1016/j.amjcard.2011.03.004
https://doi.org/10.1016/j.amjcard.2011.03.004
https://doi.org/10.1016/S0140-6736(13)62343-0
https://doi.org/10.1016/S0140-6736(13)62343-0
https://doi.org/10.1002/dmrr.2876
https://doi.org/10.1016/j.jacc.2007.05.049
https://doi.org/10.2337/diacare.16.8.1137
https://doi.org/10.2337/diacare.16.8.1137
https://doi.org/10.1016/0049-3848(92)90068-L
https://doi.org/10.1016/0049-3848(92)90068-L
https://doi.org/10.1002/(SICI)1520-7560(199911/12)15:6%3c405::AID-DMRR69%3e3.0.CO;2-H
https://doi.org/10.1002/(SICI)1520-7560(199911/12)15:6%3c405::AID-DMRR69%3e3.0.CO;2-H
https://doi.org/10.1002/(SICI)1520-7560(199911/12)15:6%3c405::AID-DMRR69%3e3.0.CO;2-H
https://doi.org/10.1016/j.vph.2011.03.005
https://doi.org/10.1016/j.vph.2011.03.005
https://doi.org/10.1016/j.vph.2011.03.007
https://doi.org/10.1016/j.vph.2011.03.007
https://doi.org/10.1016/j.amjcard.2013.02.046
https://doi.org/10.1002/ejhf.1146
https://doi.org/10.1002/ejhf.1535
https://doi.org/10.1002/ejhf.1535
https://doi.org/10.1161/ATVBAHA.117.310291
https://doi.org/10.1161/ATVBAHA.117.310291
https://doi.org/10.1056/NEJMoa1203858


 Clinical Research in Cardiology

1 3

 29. Granger CB, Alexander JH, McMurray JJV et al (2011) Apixaban 
versus warfarin in patients with atrial fibrillation. N Engl J Med 
365:981–992. https:// doi. org/ 10. 1056/ NEJMo a1107 039

 30. Woerdeman J, van Duinkerken E, Wattjes MP et al (2014) Prolif-
erative retinopathy in type 1 diabetes is associated with cerebral 
microbleeds, which is part of generalized microangiopathy. Diabetes 
Care 37:1165–1168. https:// doi. org/ 10. 2337/ dc13- 1586

 31. Cavallari I, Maddaloni E, Gragnano F et al (2021) Ischemic and 
bleeding risk by type 2 diabetes clusters in patients with acute 

coronary syndrome. Intern Emerg Med 16:1583–1591. https:// doi. 
org/ 10. 1007/ s11739- 021- 02640-z

 32. Patti G, Nusca A, Di Sciascio G (2008) Meta-analysis comparison 
(nine trials) of outcomes with drug-eluting stents versus bare metal 
stents in patients with diabetes mellitus. Am J Cardiol 102:1328–
1334. https:// doi. org/ 10. 1016/j. amjca rd. 2008. 07. 012

https://doi.org/10.1056/NEJMoa1107039
https://doi.org/10.2337/dc13-1586
https://doi.org/10.1007/s11739-021-02640-z
https://doi.org/10.1007/s11739-021-02640-z
https://doi.org/10.1016/j.amjcard.2008.07.012

	Heterogeneity of outcomes within diabetic patients with atrial fibrillation on edoxaban: a sub-analysis from the ETNA-AF Europe registry
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 
	Graphical abstract

	Introduction
	Methods
	Results
	Discussion
	References




