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Abstract

Direct oral anticoagulants (DOACs) include dabigatran, which inhibits thrombin, and apixaban, edoxaban, and rivaroxaban,
which inhibit factor Xa. They have been extensively studied in large trials involving patients affected by the most common
cardiovascular diseases. As the presence of diabetes leads to peculiar changes in primary and secondary hemostasis, in
this review we highlight the current evidence regarding DOAC use in diabetic patients included in the majority of recently
conducted studies. Overall, in trials involving patients with atrial fibrillation, data seem to confirm at least a similar efficacy
and safety of DOACs compared to warfarin in patients with or without diabetes. Furthermore, in diabetic patients, treatment
with DOAC:s is associated with a significant relative reduction in vascular death compared to warfarin. In trials enrolling
patients undergoing percutaneous coronary intervention, results concerning bleeding events are consistent in patients with or
without diabetes. With regards to the COMPASS study, in patients with diabetes (n=10,241), addition of rivaroxaban 2.5 mg
to aspirin resulted in a significantly lower incidence of major adverse cardiovascular events (HR 0.74, 95% CI 0.61-0.90;
interaction p =0.68) with higher rates of major bleeding expected (HR 1.70, 95% CI 1.25-2.31). The 3287 patients with
peripheral artery disease and diabetes receiving rivaroxaban plus aspirin had a twofold higher absolute reduction in the com-
posite endpoint (cardiovascular death, myocardial infarction, and stroke) than patients without diabetes. Finally, we report
the involvement of cytochromes or P-glycoprotein on the metabolism of the most commonly prescribed glucose-lowering
drugs. No clinically relevant interactions are expected during the concomitant use of DOACSs and anti-diabetic agents.
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MB Major bleeding

NIDDM Non-insulin-dependent DM
IDDM Insulin-dependent DM

ICH Intracranial hemorrhage
MACE  Major adverse cardiovascular events
SBP Systolic blood pressure
MALE  Major adverse limb events
P-gp Permeability glycoprotein
CYP Cytochrome
Introduction

Despite the advances in technology achieved in the past dec-
ades and the improvement in diabetes care and complica-
tions following both the development of multidisciplinary
approaches and a broad attention to advantages of lifestyle
changes [1, 2], to date, diabetes mellitus (DM) still repre-
sents a major public concern [3, 4]. The prevalence of this
worldwide epidemic disease is even expected to increase,
according to the most recent estimates. Indeed, by 2060, the
number of US adults with diagnosed diabetes is projected
to nearly triple, increasing from 22.3 million in 2014 to 60.6
million in 2060 [5, 6].

As DM is a recognized major risk factor for cardiovas-
cular (CV) disease, such as stable coronary artery disease
(CAD), acute coronary syndrome (ACS), cerebral ischemic
events, peripheral arterial disease (PAD), and atrial fibril-
lation (AF), an aggressive management is crucial [7, 8].
Indeed, patients with DM present peculiar changes in pri-
mary (platelet aggregation and vascular function) and sec-
ondary (coagulation and fibrinolysis) hemostasis. The result-
ant hypercoagulable and prothrombotic status is primarily
due to a platelet dysfunction generated by the interaction of
multiple factors such as hyperglycemia, insulin deficiency or
resistance, associated metabolic pathologies (dyslipidemia,
inflammation, and obesity), and cellular abnormalities (e.g.,
accelerated platelet turnover, increased generation of throm-
bin, decreased production of nitric oxide, up-regulation of
P2Y,, receptor) [9, 10].

In this context, contemporary antithrombotic therapies
could be effective for both primary and secondary prevention
of atherothrombotic and thromboembolic events, moderating
the impact of thrombosis on the global diabetes burden [11].

In the last few years, direct oral anticoagulants (DOACs)
have been extensively studied in large phase III and phase
IV international trials. These involved a great number of
patients requiring anticoagulant treatment for common CV
diseases like AF, CAD, PAD, venous thromboembolism
(VTE), or ACS needing percutaneous coronary interven-
tion (PCI) [12]. The majority of these trials have included
a non-negligible proportion of patients with DM. Thus, the
aim of this review is to provide an overview on the current
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evidence regarding DOAC treatment in patients with DM.
Furthermore, as DOACs have the potential for pharmacoki-
netic (PK) interaction with a number of anti-diabetic agents,
we examine the potential drug—drug interactions (DDIs)
among DOACSs and these drugs.

Prevention of stroke and systemic embolism
in atrial fibrillation

DM seems associated with a higher risk of development
and progression of AF [13]. The impact of diabetes on AF
occurrence is actually debated due to conflicting results from
different studies [14—16]. The results of a meta-analysis
showed that DM was associated with a 40% increase in the
risk of AF [relative risk (RR) 1.39, p<0.001 compared with
non-DM], which remained borderline significant even after
correction for publication bias [RR 1.34, 95% confidence
interval (CI) 1.07-1.68, p=0.003] and multiple risk factors
(RR 1.24,95% CI 1.06-1.44, and 1.70, 1.29-2.22, p=0.053,
most-adjusted versus least-adjusted studies, respectively).
Furthermore, the analysis of the impact of cumulative
exposure to DM showed that the risk of prevalent AF was
approximately 64% in individuals with DM for more than
10 years, compared with non-diabetic patients. In contrast,
the risk was only 7% in those with DM for less than 5 years.
However, the specific pathophysiological mechanism linking
DM with increased risk for developing AF is not completely
explained [17]. In 10,082 diabetic patients from the Action
to Control Cardiovascular Risk in Diabetes (ACCORD)
cohort randomized to an intensive or a standard therapeutic
glycemic strategy, the intensive glycemic control did not
affect the rate of new onset AF. However, patients with DM
and incident AF had an increased risk of morbidity and mor-
tality compared to those without AF [hazard ratio (HR) 2.65
for all-cause mortality; HR of 2.1 for myocardial infarction
(MI); HR of 3.80 for heart failure] [18].

In patients with coexisting DM, the risk of cardioembolic
stroke resulted increased with an incidence ranging between
3.6 and 8.6% per year in different studies [19]. In the ATRIA
(Anticoagulation and Risk Factors in Atrial Fibrillation)
study, duration of diabetes > 3 years was a greater predictor
of ischemic stroke (adjusted HR 1.74, 95% CI 1.10-2.76)
than poor glycemic control (HbAlc>9.0%: adjusted HR
1.04, 95% CI 0.57-1.92) in AF patients [20]. An analysis
from the PREFER in AF (Prevention of thromboembolic
events—European Registry in Atrial Fibrillation) indi-
cated that DM patients treated with insulin had a signifi-
cantly increased risk of stroke/systemic embolism (SSE) at
1 year versus either no diabetes (5.2% versus 1.9% HR 2.89;
95% CI 1.67-5.02; p=0.0002) or diabetes without insu-
lin treatment (5.2% vs 1.8%; HR 2.96; 95% CI 1.49-5.87;
p=0.0019). Conversely, SSE rates were similar in patients



Acta Diabetologica (2019) 56:1247-1258

1249

with diabetes not receiving insulin versus patients without
diabetes (HR 0.97; 95% CI1 0.58-1.61; p=0.90). Moreover,
the selective predictive role of insulin-requiring diabetes was
independent of potential confounders, including diabetes
duration [21].

DM has been included as one of the items of the
CHADS?2 score and of the CHA2DS2-VASc stroke risk
factor scoring systems in patients with non-valvular AF
[22, 23]. The latest European Society of Cardiology [24,
25] and North American [26] guidelines on AF either rec-
ommend anticoagulating people with a CHA2DS2-VASc
score of >?2 with a consensus for a Class I recommendation.
Conversely, guidelines differ on recommendations regarding
patients with a CHA2DS2—-VASc score of 1. Indeed, the
European guidelines approve anticoagulation in all people
with non-valvular AF and diabetes (Class I1a, Level of rec-
ommendation B) with a preference for DOACs over vitamin
K antagonists (VKA) (Class I, Level of recommendation A).
Conversely, the American College of Cardiology/American
Heart Association/Heart Rhythm Society guidelines state
that even antithrombotic therapy with aspirin may be taken
into consideration (Class IIb, Level of recommendation C)
in patients belonging to this risk class.

However, it has been demonstrated that not all risk fac-
tors in the CHA2DS2—-VASc score carry the same weight
in estimating stroke risk. In a retrospective cohort study
involving 186 570 AF patients, in male patients with a
CHA2DS2-VASc score of 1, the highest risk for stroke
was seen in those 65-74 years of age (HR 3.085; 95% CI
2.790-3.410) or those with DM (HR 2.655; 95% CI
2.230-3161). Similar results were reported in women with
a CHA2DS2-VAScscore of 2 [27]. These findings were con-
sistent with those reported by Olesen et al. [28] in the Danish
nationwide study. Therefore, it seems reasonable to consider
anticoagulation when diabetes is present, even if it is the
only risk factor among the CHA2DS2-VASc factors [29].

Participants with diabetes represented a considerable
proportion in the phase III randomized controlled trials
with DOACs, ranging from 4221 (23%) in the RE-LY and
4547 (25%) in the ARISTOTLE studies to 5695 (40%) in
the ROCKET AF and 7624 (36%) in the ENGAGE AF-
TIMI [30-33]. Pre-specified post hoc analyses, examin-
ing the characteristics, efficacy, and safety profiles of these
subgroups, showed that diabetic patients had more comor-
bidities and higher risk of SSE than participants without
diabetes [34-36]. This risk was decreased using DOACs,
with no significant interaction to diabetic status or the spe-
cific drug used. A lower embolic rate was observed in DM
patients both in the ENGAGE and in the ROCKET stud-
ies (Table 1). Notably, DM patients were not equally repre-
sented in the subgroups of patients with previous stroke in
either of the above-mentioned trials [34, 37]. Conversely, in
the ARISTOTLE and in the RE-LY trials, the proportion of

DM subjects was similar between patients with and without
a previous cerebral event [36, 38]. As previous stroke is a
recognized major risk factor for subsequent stroke, account-
ing for 2 points in the CHAD-VASc score, we may speculate
that the lower proportion of DM patients among patients
with a previous stroke enrolled in the ENGAGE and in the
ROCKET could explicate the lower embolic rate observed
in those studies.

Overall, compared with warfarin, DOACs reduced the
incidence of major bleeding (MB), although there were
some differences among those trials with regard to drug
safety [39] (Table 1). Specifically, the 5647 patients with
DM (~40%) in ROCKET AF were younger, were more
obese, and had more persistent AF, but fewer had previous
stroke. The relative efficacy of rivaroxaban and warfarin for
the prevention of SSE was similar in patients with (1.74
vs 2.14/100 patient-years, HR 0.82) and without (2.12 vs
2.32/100 patient-years, HR 0.92) DM (interaction p =0.53).
Conversely, the efficacy of rivaroxaban versus warfarin (2.83
vs 3.65/100 patient-years, HR 0.80; 95% CI 0.64-0.99) was
more evident in DM patients for the secondary outcome of
vascular death (interaction p =0.037).

The safety of rivaroxaban versus warfarin regarding
MB (HRs 1.00 and 1.12 for patients with and without DM,
respectively; interaction p =0.43), or non-major clinically
relevant bleeding (HRs 0.98 and 1.09; interaction p=0.17),
and intracranial hemorrhage (ICH) (HRs 0.62 and 0.72;
interaction p=0.67) was independent of DM status. As
would be expected, adjusted exploratory analyses suggested
1.3-, 1.5-, and 1.9-fold higher 2-year rates of stroke, vas-
cular mortality, and myocardial infarction in DM patients,
respectively [34].

In the RE-LY trial, the 4221(23.3%) patients with DM
were younger (70.9 vs 71.7 years), more likely to have hyper-
tension (86.6% vs 76.5%), CAD (37.4% vs 24.9%), and PAD
(5.6% vs 3.2%) (all p<0.01). Time in therapeutic range for
warfarin-treated patients was 65% for diabetic versus 68%
for non-diabetic patients (p <0.001). Regardless of assigned
treatment, SSE was more common among patients with DM
(1.9% per year vs 1.3% per year, p<0.001). DM was also
associated with an increased risk of death (5.1% per year vs
3.5% per year, p<0.001) and MB (4.2% per year vs 3.0%
per year, p <0.001). The absolute reduction in SSE with
dabigatran compared to warfarin was greater among patients
with DM than in those without DM (dabigatran 110 mg:
0.59% per year vs 0.05% per year; dabigatran 150 mg: 0.89%
per year vs 0.51% per year). Therefore, compared to non-
DM patients, AF patients with DM derive a greater absolute
risk reduction in embolic events when treated with dabi-
gatran [35]. In another pre-specified analysis of RE-LY, a
multiple logistic regression model showed that the risk of
ischemic events was inversely related to trough dabigatran
concentrations (p =0.045), with age and previous stroke
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Table 1 Efficacy and safety of non-vitamin K antagonist oral anticoagulants versus warfarin in diabetic patients with atrial fibrillation

Efficacy Diabetes mel- RR (95% CI) No diabetes ~ RR (95% CI) Interac-
litus mellitus tion
Total patients Total patients p Value
(% per year) (% per year)
(A) Efficacy outcomes
RE-LY
Dabigatran 110 mg 1409 (1.76%) 0.74 (0.51, 1.07) 4606 (1.47%) 0.97 (0.76, 1.23) 0.24
Warfarin 1410 (2.35%) 0.61 (0.41,1.91) 4612 (1.52%) 0.67 (0.51, 0.86) 0.76
Dabigatran 150 mg 1402 (1.46%) 4674 (1.01%)
ROCKET
Rivaroxaban 2851 (1.74%) 0.82 (0.63, 1.08) 4230 (2.12%) 0.92(0.75, 1.13) 0.53
Warfarin 2796 (2.14%) 4294 (2.32%)
ARISTOTLE
Apixaban 2284 (1.39%) 0.75 (0.53, 1.05) 6836 (1.23%) 0.81 (0.65, 1.00) 0.71
Warfarin 2263 (1.86%) 6818 (1.51%)
ENGAGE
Edoxaban 30 mg 2544 (1.90%) 1.25 (0.82, 1.90) 4490 (2.12%) 1.08 (0.81, 1.44) 0.35
Warfarin 2521 (1.52%) 0.91 (0.69, 1, 19) 4515 (1.96%) 0.85 (0.71, 1.03) 0.54
Edoxaban 60 mg 2559 (1.42%) 4476 (1.65%)
Major bleeding Diabetes mel- RR (95% CI) No diabetes RR (95% CI) Interaction
litus mellitus p Value
Total patients Total patients
(% per year) (% per year)
(B) Safety outcomes (major bleeding)
RE-LY
Dabigatran 110 mg 1409 (3.81%) 0.91 (0.70, 1.19) 4606 (2.59%) 0.76 (0.64, 0.90) 0.26
Warfarin 1410 (4.19%) 1.12 (0.87, 1.44) 4612 (3.38%) 0.86 (0.73, 1.02) 0.09
Dabigatran 150 mg 1402 (4.66%) 4674 (2.92%)
ROCKET
Rivaroxaban 2842 (3.79%) 1.00 (0.81, 1.24) 4219 3.47%) 1.12(0.93, 1.35) 0.43
Warfarin 2793 (3.90%) 4289 (3.17%)
ARISTOTLE
Apixaban 2284 (3.01%) 0.96 (0.74, 1.25) 6836 (1.85%) 0.60 (0.51, 0.72) 0.003
Warfarin 2263 (3.13%) 6818 (3.08%)
ENGAGE
Edoxaban 30 mg 2544 (1.74%) 0.45(0.32, 0.64) 4490 (1.54%) 0.50 (0.37,0.66) 0.52
Warfarin 2521 (3.94%) 0.78 (0.63,0.95) 4515 (3.15%) 0.81 (0.69, 0.95) 0.70
Edoxaban 60 mg 2559 (3.06%) 4476 (2.58%)
Intracranial bleeding Diabetes mellitus RR (95% CI) No diabetes mellitus RR (95% CI)

Total patients (% per year)

Total patients

(% per year)

(C) Safety outcomes (intracranial bleeding)

RE-LY

Dabigatran 150 mg

Warfarin
ROCKET
Rivaroxaban
Warfarin
ARISTOTLE
Apixaban
Warfarin

1402 (0.93%)
1410 (1.56%)

2878 (0.76%)
2817 (1.27%)

2284 (0.57%)
2263 (1.15%)

0.59 (0.30, 1.17)

0.60 (0.35, 1.01)

0.50 (0.26, 0.96)

4674 (0.53%)
4612 (1.47%)

4253 (0.78%)
4316 (1.11%)

6836 (0.57%)
6818 (1.40%)

0.36 (0.23, 0.57)

0.70 (0.45, 1.08)

0.41 (0.28, 0.59)

Test for subgroup difference: y*>=0.53, p=0.47
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(both p <0.0001) as significant covariates and that MB
risk increased with dabigatran exposure (p <0.0001), age
(»<0.0001), acetylsalicylic acid use (p <0.0003), and dia-
betes (p =0.018) as significant covariates [40, 41].

The 4547 (24.9%) diabetic patients enrolled in the ARIS-
TOTLE trial were younger (69 vs 70 years), had more CAD
(39 vs 31%) and higher mean CHADS2 (2.9 vs 1.9) and
HAS-BLED scores (1.9 vs 1.7) (all p <0.0001) than patients
without DM. Patients with diabetes receiving apixaban had
lower rates of SSE (HR 0.75, 95% CI 0.53-1.05), all-cause
mortality (HR 0.83, 95% CI 0.67-1.02), CV mortality (HR
0.89, 95% CI 0.66-1.20), intracranial hemorrhage (HR 0.49,
95% CI 0.25-0.95), and a similar rate of myocardial infarc-
tion (HR 1.02, 95% CI 0.62—1.67) compared with warfa-
rin. For MB, a quantitative interaction was seen (interac-
tion p=0.003) with a greater reduction in MB in patients
without diabetes even after multivariable adjustment. Other
measures of bleeding showed a consistent reduction with
apixaban compared with warfarin without a significant
interaction based on diabetes status [36, 42]. With regard
to edoxaban, the primary outcomes were consistent in the
7624 (36%) patients with DM [33]. Patients with diabetes
receiving edoxaban had similar rates of SSE (risk ratio
0.91, 95% CI 0.69-1.19) compared with warfarin. Of note,
the use of edoxaban 60 mg was associated with significant
decrease in MB irrespective of diabetes status (risk ratio
0.78, 95% CI 0.63-0.95 in DM vs 0.81, 95% CI 0.69-0.95
in no-DM) confirming a good safety of edoxaban in this set-
ting [39]. An additional subgroup analysis stratified 21,105
patients in ENGAGE AF-TIMI into pre-specified categories:
no-DM (n=13,481); non-insulin-dependent DM (NIDDM,
n=6354); and IDDM (n=1270). Patients with IDDM were
younger (mean age 68.8 vs 69.5 vs 71.3 yrs) and had higher
BMIs (32.9 vs 31.0 vs 28.4 kg/m?) and CHA2DS2-VASc
scores (mean 4.8 vs 4.6 vs 4.2) as compared to those with
NIDDM or no-DM (each p <0.001). The annualized rate of
the net outcome of stroke/SEE, MB, or CV death was 7.2%
in no-DM versus 7.0% in NIDDM (adjusted HR 1.15) versus
11.2% in IDDM (adjusted HR 1.80), both p <0.001. Second-
ary outcomes followed similar patterns. The efficacy and
safety profiles of edoxaban as compared to warfarin were
not modified by DM status (each interaction p > 0.10). [43].

Taken together, these studies seem to confirm at least
a similar efficacy and safety trade-off compared to warfa-
rin in patients with or without diabetes. However, single
trials may be underpowered to specifically evaluate clini-
cal results of DOACs in definite subgroups of patients,
especially for endpoints at low incidence. Moreover, they
differ with regard to the inclusion of participants with
diabetes, since criteria for the diagnosis of diabetes were
mostly based on either documentation of diabetes at base-
line or the use of glucose-lowering medications. Further-
more, most trials did not report data on HbAlc or blood

glucose levels. Of note, all the phase III trials excluded
participants with severe chronic kidney disease, thus pos-
sibly also excluding patients with diabetic nephropathy, a
subgroup with higher risk of vascular complications and
marked bleeding tendency [44]. On the other hand, sev-
eral studies have shown that patients in treatment with
VKAs have increased coronary and renal artery calcifica-
tion, which, in turn, could be responsible of a higher risk
of cardiac events and of an acceleration in the decline of
renal function in diabetic individuals [45]. In the RE-LY
study, the decline in renal function, after an average of
30 months, was more substantial in patients taking war-
farin versus dabigatran, and it was greater in people with
diabetes and in previous VKA users [40]. Renal calcinosis
VKAs-related may at least partially play a role in inducing
an anticoagulant-related nephropathy, caused by glomeru-
lar hemorrhage, tubular injury, and obstruction due to red
blood cell casts, and observed more frequently with VKA
than with DOACs [46, 47]. Furthermore, since warfarin
inhibits the vitamin K-dependent gamma-glutamyl car-
boxylation of proteins, including osteocalcin and matrix
Gla protein, it may increase the risk of osteoporotic bone
fracture and some authors raise concerns about its use in
diabetic patients with AF [45, 48].

A study-level meta-analysis [39], including 18,134
patients with DM and 40,454 without DM, highlighted
that the use of DOACs compared with warfarin similarly
reduced SSE in diabetic (RR 0.80, 95% CI 0.68-0.93;
p=0.004) and non-diabetic patients (RR 0.83, 95% CI
0.73-0.93; p=0.001) (interaction p =0.72). No interaction
between diabetes status and benefits of DOACs was found
for the occurrence of ischemic stroke, MB, or intracranial
bleeding (p for interaction > 0.05 for each comparison).
Notably, reduction in vascular death rates with DOACs
was significant in diabetic patients (4.97% vs 5.99% with
warfarin; RR 0.83,95% CI1 0.72-0.96; p=0.01), in whom
the absolute reduction in this outcome measure was higher
than in non-diabetics (1.02% vs 0.27%), although no inter-
action was present (p =0.23). The number needed to treat
for this outcome measure with DOACs was 98 in diabetic
patients and 370 in non-diabetic ones. In light of the cur-
rent evidence, a recent Consensus Statement from the
Working Group on Thrombosis of the Italian Society of
Cardiology recommends oral anticoagulant therapy, and
preferably a DOAC, for patients affected by AF and dia-
betes [49].
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Antithrombotic strategies for patients
with atrial fibrillation undergoing
percutaneous coronary intervention

According to the recent 2018 joint European consensus doc-
ument [50], DOAC:S as part of triple antithrombotic therapy
or dual antithrombotic therapy are safer than VKAs with
respect to bleeding risk and are preferable to VKAs in the
absence of contraindications to the use of these drugs in anti-
coagulated AF patients undergoing PCI. Three randomized
trials on DOAC versus VKA in combination with antiplate-
lets for patients with AF undergoing PCI have been recently
published [51-53], and at least another large trial is ongoing
[55]. The design and the principal outcomes of PIONEER
AF PCI [51], RE-DUAL PCI [52], AUGUSTUS [53], and
ENTRUST-AF-PCI [54] are summarized in Table 2. All
these trials are designed to evaluate safety and are not suffi-
ciently powered for ischemic outcomes. With regards to dia-
betes status, 624 (29, 4%) patients enrolled in the PIONEER
trial presented DM among comorbidities at baseline. No spe-
cific subgroup analysis is available for these patients [51].
In the RE-DUAL study, a total of 1296 (37%) DM patients
were randomized to dual therapy with dabigatran or triple
therapy with VKA. The results were consistent in patients
with or without diabetes for both primary and secondary
endpoints (all interaction p values > 0.05) [52]. The more
recent AUGUSTUS trial studied apixaban as part of dual or
triple therapy in patients with AF and ACS or PCI, involving
1678 (36.4%) patients with DM. In this two-by-two factorial
design trial, the effects of apixaban as compared with VKA
and of aspirin as compared with placebo were generally con-
sistent across pre-specified subgroups with regard to bleed-
ing events. Conversely, a significant interaction was found
in the DM subgroup for the secondary outcome of death
or ischemic events. Indeed, the cumulative incidence of
death or ischemic events was higher in DM patients (8.6%)
as compared with no diabetic patients (5.9%) with a trend
toward advantage of treatment with VKA in the DM group
(HR 1.30; 95% CI 0.94-1.81 in favor of VKA; interaction
p=0.007). No significant interaction was observed between
the two randomization factors with regard to death or hospi-
talization (interaction p =0.053) [53]. Lastly, the ENTRUST
trial (NCT02866175) is still ongoing and a pre-specified
subgroup analysis for patients with DM is planned [54].

Secondary prevention of CAD and PAD
Patients with established CV disease may suffer further

CV events, despite receiving optimal medical treat-
ment. Although platelet inhibition plays a central role in
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the prevention of new events and improves outcomes in
patients with atherothrombotic disease, principally by the
thromboxane A2 and the ADP P2Y 12 platelet activation
pathways, it minimally affects other pathways, while ago-
nists such as thrombin, considered to be the most potent
platelet activator, continue to stimulate platelet activation
and thrombosis [55]. The recent COMPASS (Rivaroxa-
ban for the Prevention of Major Cardiovascular Events in
Coronary or Peripheral Artery Disease) study [56] inves-
tigated the effects of the inhibition of thrombin genera-
tion, evaluating 27,395 participants with stable atheroscle-
rotic vascular disease randomized to receive rivaroxaban
(2.5 mg twice daily) plus aspirin (100 mg once daily),
rivaroxaban (5 mg twice daily), or aspirin (100 mg once
daily). A total of 90.6% of the participants had a history
of CAD, and 27.3% had a history of PAD. The mean age
was 68 years, and the majority of participants (78%) were
men. This study was prematurely stopped for superiority
of the rivaroxaban plus aspirin versus aspirin-alone group
after a mean follow-up of 23 months in terms of major
adverse cardiovascular events (MACE) such as CV death,
ML, or stroke and all-cause death. Indeed, the combination
arm resulted in a 24% reduction in the primary endpoint of
CV death, stroke, or MI, and an 18% reduction in mortal-
ity (3.4 vs 4.1%, HR 0.82, 95% CI 0.71-0.96; p=0.01).
When separately examining components of the primary
outcome, the combination treatment produced a larger
relative effect on stroke than on CV death and MI: Stroke
was reduced by 42% and ischemic stroke by 49%. As
reported in a recent detailed analysis on stroke outcomes,
age, systolic blood pressure (SBP) at baseline, history of
hypertension, diabetes, prior stroke, and Asian ethnic-
ity all resulted as independent predictors of stroke. Prior
stroke was the strongest predictor of incident stroke (HR
3.63, 95% CI 2.65-4.97, p <0.0001) and was associated
with a 3.4% per year rate of stroke recurrence on aspirin.
Excluding patients with prior stroke, independent risk fac-
tors for stroke included age (>75 vs <65 HR 1.71, 95% CI
1.20-2.44, p<0.0001), SBP at entry (> 140 vs <120 HR
1.66, 95% CI 1.16-2.37, p=0.01), history of hyperten-
sion (HR 1.36, 95% CI 1.01-1.84, p=0.05), diabetes (HR
1.46,95% CI 1.15-1.84, p=0.002), and Asian ethnicity
(HR 1.69, 95% CI 1.27-2.25, p=0.001). Similar effects
of combination treatment were seen across all the sub-
groups identified, as predictors of stroke occurrence with
no significant treatment interactions [57]. Interestingly,
hemorrhagic stroke resulted associated with SBP, tobacco
use, prior stroke, and Asian ethnicity but not with diabe-
tes (HR 0.82; 95% CI 0.45-1.47, p=0.50), age > 75 years
(HR 2.10; 95% CI 0.82-5.36, p=0.29) or hypertension
(HR 1.20, 95% CI 0.61-2.37, p=0.60), suggesting, for
the latter subgroups, a greatest benefit of the combination
therapy in terms of reduction in ischemic events without



1253

Acta Diabetologica (2019) 56:1247-1258

potrad juourjean oY) Surnp

3urpa9q JANYD o Jofew
H.LSI sewooino Arewirig

(1000>4d
YTT6STID %S6 -68'1
¥H) 0qade[d Im %06
snsIoA uridse yim 9,1°9] ur
pue ‘(100°0>4d ‘18°0-8S°0
1D %56 :69°0 ¥H) VA
yNMm 9/ ] Snsioa ueqexide
YA %GO UI PoJoU Sem
Koeoyje 10} paromod JON 3urpa9q NN 10 Iofe|y

6107 uons[dwoos pajewnsg

(KA1
-03dsa1°88'0-86°0 ID %56
‘TL'0 ¥H PU® €9°0-TF0
1D %S6 “TS'0 AHN(%L ST sA
%T 0T PUB %6°9T SA %1'ST)
urrejrem yim Aderoyy oidin
Surareoa1 dnois ay3 ur ueyy
uenediqep yim Aderoyy renp
Sura10021 sdnoi3 om) ay) ur
Jomo[ Appueoyrugrs sem Sur
Koeoyge 10] paramod JON  -Pa9[q ANYD o Jofewr HISI
(uostredwoo
30q 10§ 100'0>d %L'9C
SA %081 PUB %L°9T SA
%8°91) VA Wim Aderoy)
prepue)s SurA19031 dnoi3
U} UT UBY) UBQEXOIBALI
Sura19001 sdnoi3 om) oy
ur 19mo] 21om JuIpaQ|q
Koeoyge 10] paramod JoN  JueoyIUSIS A[[ROTUT[D JO SAjey

Adexay) onoquoryinue
o[din paseq-yIA & |im
paredwod st (po Sw ()9)

uow3aI paseq-ueqexopyg

oqooerd
urndse snsioa uridse (7)
‘Aderay) onoquonynue

o1din aseq VA snsioa (pIq
3w ¢) ueqexide (1) :opn[our

sdo)s UOT)BZIWOPUET OM],

ULIRJIEA IIM
Kdeoyy o[din yim paredwod
ST 101213801} 10 [2130p1doo
snid (p1q Swr og1 10 Sw Q7 )
J1e[IX9)0 ueneSIqRp YIIM

Aderoy) onoquionyinue feng

syuow 7|
J0 ‘9 ‘1 10} Ldv(Q snid
(po) jstuo3ejue I UTWER)IA
paisnfpe-asop yim Aderoyy
pIepueis 1o ‘syuowt g 1o
‘9 ‘1 10§ Idvd snid piq §°g
UBQRXOIBALL ‘SYIUOW T |

1oy s1o3qryut g1 X¢d snid

JO UBQEXOIBALI SW G

Loy (Suro3uo) [SNYLNH

u31sop [eLl (snL
-0308} 7 X T [9qe[-uadQ LY -SNDHNV) [£6] e 10 sadog

ugisop (1Ivna
H40¥d 1°qe[-uadQ 1OY -4 [¢6] Te 10 uouue)

[Pge[-uado 109 (JEFNOI) [16] ‘e 10 uosqrn

JuLWIWOD) s3urpuy jo Arewrwing

uostredwo) (%) (u) syuened oneqerq () 9z1S

ugisop Apmi§ SQOUAIYY

Sunua)s/uonuAAIUI A18U0I0d snodueindlad Sulo3iopun Jo/pue dWOIPUAS A1eu0I10d dnoe yim Sunuasaid sjusned uone[[Lqy [BLIE Ul VA SNSIoA Dy Surredwod s[eLn paziwopuey g 3jqel

pringer

a's



1254

Acta Diabetologica (2019) 56:1247-1258

any significant increase in bleeding. Equally, consistent
with the overall study results, in patients with diabetes
(n=10,241; 37, 4%), addition of rivaroxaban to aspi-
rin resulted in significantly lower incidence of MACE
(HR 0.74, 95% CI 0.61-0.90; interaction p =0.68) with
expected higher rates of MB (HR 1.70, 95% CI 1.25-2.31)
(Table 3). The net clinical benefit of the overall popu-
lation was significantly in favor of combination therapy
(HR 0.80; 95% C10.70-0.91; p <0.001), without increased
rates of ICH (HR 1.16; 95% CI 0.67-2.00; p =0.60) [57].
Results in participants with CAD and in those with PAD
were also consistent [58, 59] and occurred regardless of
diabetic status. Furthermore, in the high-risk PAD pop-
ulation, the HR for major adverse limb events (MALE,
defined as acute limb ischemia or intervention for chronic
limb ischemia) was 0.54 (95% CI 0.35-0.84); p=0.0054,
and the HR for major amputation was 0.30 (95% CI
0.11-0.80); p=0.011, without a concerning increase in
ICH. Patients with PAD and diabetes (n=3287; 44% of
PAD subgroup) receiving rivaroxaban plus aspirin had a
twofold higher absolute reduction in the composite end-
point (CV death, MI, and stroke) than patients with PAD
but without diabetes. Interestingly, the mortality benefit
of the COMPASS study was unique in trials of long-
term antithrombotics and it is likely to influence future
treatment guidelines for patients with stable CV disease.
Combination therapy is particularly promising for the PAD
population, for which few effective treatments have been
proven. In addition, the ongoing VOYAGER PAD trial
(NCTO02504216) is evaluating the efficacy and safety of
the vascular dose of rivaroxaban (2.5 mg twice daily) in
patients with symptomatic PAD undergoing peripheral
surgical and/or endovascular revascularization [60].

Treatment of venous thromboembolism

The role of diabetes as independent predictor of VTE is
uncertain. In a recent analysis of individual participant data
from the Emerging Risk Factors Collaboration and the UK
Biobank including 1.1 million participants, among a range

of established CV risk factors, older age, smoking, and
greater adiposity were consistently associated with higher
VTE risk. Conversely, there were inconsistent associations
of VTE with diabetes and blood pressure [61]. In general,
the presence of DM does not influence standard antithrom-
botic treatment. Accordingly, no specific subgroup analyses
have been performed on patients with diabetes in VTE trials
comparing DOACs and warfarin and, to our knowledge, no
data on specific subgroups are available [62].

Metabolism of direct oral anticoagulants
and of non-insulin anti-diabetic drugs:
potential drug-drug interactions

One of the advantages of DOACs over VKA is their pre-
dictable pharmacokinetic (PK) and pharmacodynamic pro-
file with fewer interactions with drugs, foods, and herbal
medicines and, in turn, fewer clinically significant DDIs
[63]. Knowledge regarding interactions, with effect on
plasma levels and especially on clinical effects of DOAC
drugs, is currently growing, so new information may modify
existing recommendations in the near future [64]. Likewise,
little information is available, so far, on the potential interac-
tions between DOACSs and glucose-lowering agents. How-
ever, because DOACs have multiple elimination pathways,
they have no clinically relevant interactions with most com-
monly prescribed medications. All DOACs are substrates of
the permeability glycoprotein (P-gp). This cell efflux trans-
porter mediates the export of drugs from cells located in the
small intestine, blood-brain barrier, hepatocytes, and kidney
proximal tubule. Intestinal absorption, biliary excretion, and
urinary excretion of P-gp substrates can be altered by either
the inhibition or induction of P-gp [65]. In addition, PK of
DOACSs may be partially affected by the co-administration of
inducers/inhibitors of cytochrome P450 (CYP) 3A4. Indeed,
DOACSs exposure will likely be increased by the adminis-
tration of strong P-gp and CYP P450 3A4-inhibitors (e.g.,
ketoconazole or protease inhibitors of HIV) increasing the
risk of bleeds. In general, DOAC use is not recommended
in combination with drugs that are strong inhibitors of both

Table 3 The COMPASS trial: rivaroxaban for the prevention of major cardiovascular events in coronary or peripheral artery disease

Diabetes mellitus
Total patients/% per year

HR (95% CI)

HR (95% CI) Interaction

p Value

No diabetes mellitus
Total patients/% per year

Cardiovascular death, stroke, or myocardial infarction
Rivaroxaban 2.5 bid + Aspirin 100 mg 179/3448 (5.2%)
Aspirin 100 mg 239/3474 (6.9%)

Major bleeding
Rivaroxaban 2.5 bid + Aspirin 100 mg 110/3448 (3.2%)

Aspirin 100 mg 65/3474 (1.9%)

0.74 (0.61, 0.90) 200/5704 (3.5%)

1.70 (1.25,2.31)

0.77 (0.64,0.93) 0.77
25715652 (4.5%)

178/5704 (3.1%)
105/5652 (1.9%)

1.69 (1.33,2.15) 0.97
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Table 4 Involvement of P-glycoprotein and cytochrome P450 isoforms in the metabolism of non-insulin anti-diabetic drugs

P-glycoprotein CYP3A4 CYP450 (other isoforms) Advices by summary of product character-
istics
BIGUANIDES
Metformin Inhibitor No No
THIAZOLIDINEDIONES
Pioglitazone  Inhibitor No Yes Should be used with caution during con-
comitant administration of cytochrome
P450 2C8 inhibitors or inducers. Glycemic
control should be monitored closely.
GLINIDES
Repaglinide No Yes Yes (predominantly CYP2C8) Special care should be taken when inhibitors
of both CYP2C8 and 3A4 are co-adminis-
tered simultaneously with repaglinide
SULFONYLUREAS
Glibenclamide No No Yes (CYP2C9)
Glimepiride No No Yes (CYP2C9)
Gliclazide Inhibitor No Yes (CYP2C9)
DIPEPTIDYL PEPTIDASE-4 (DPP-4) INHIBITORS
Sitagliptin Substrate (mild inhibitor) No No
Vildagliptin No No No
Saxagliptin Substrate Yes No
Linagliptin Substrate Yes (weak inhibitor) No
Alogliptin No Yes (mild inducer) No Studies in vitro have shown alogliptin to be
a mild inducer of CYP3A4, but alogliptin
has not been shown to induce CYP3A4 in
studies in vivo.
GLUCAGON-LIKE PEPTIDE-1 RECEPTOR AGONISTS
Liraglutide No No No
Dulaglutide No No No
Exenatide No No No
ALPHA-GLUCOSIDASE INHIBITORS
Acarbose No No No
SODIUM/GLUCOSE COTRANSPORTER 2 (SGLT2) INHIBITORS
Dapagliflozin No No No
Canagliflozin ~ Yes (weak inhibitor) No No The effect of concomitant administration of
canagliflozin (a weak P-gp inhibitor) on
dabigatran etexilate (a P-gp substrate) has
not been studied. As dabigatran concentra-
tions may be increased in the presence of
canagliflozin, monitoring (looking for signs
of bleeding or anemia) should be exer-
cised when dabigatran is combined with
canagliflozin.
Empagliflozin Substrate No No Empagliflozin does not inhibit P-gp at

therapeutic doses. Based on in vitro stud-
ies, empagliflozin is considered unlikely to
cause interactions with active substances
that are P-gp substrates.

CYP3A4 and P-gp. Conversely, strong inducers of P-gp
and/or CYP3A4 (such as rifampicin or carbamazepine) will
markedly reduce DOAC plasma levels; such combinations
should be avoided or used with great caution and surveil-

lance [64].

The clinical importance of any DDI depends on fac-
tors that are drug-, patient-, and administration-related.
DM patients are generally geriatric and multimorbid sub-
jects receiving polytherapy to reduce their CV risk, espe-
cially lipid-lowering agents, antihypertensive drugs, and
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antiplatelet medications. Thus, many DDIs may potentially
contribute to harmful effects of glucose-lowering drugs. For-
tunately, although CYP-mediated DDIs are numerous, most
of them only moderately influence PK parameters without
dramatically affecting efficacy or inducing clinically relevant
adverse events. The effects of inducers or inhibitors of CYP
have been tested on the metabolism and PK of oral anti-dia-
betics of each pharmacological class [66, 67]. A vast amount
of small-sized in vitro studies and investigations, mostly
including healthy volunteers and surrogate parameters of
concomitant CV drug use, is available. Although current
data suggest that modest PK interferences among some CV
drug combinations exist, clinicians can be reassured because
they do not seem to have substantial clinical consequences
[68]. In Table 4, we report the involvement of CYP or P-gp
on the metabolism of the most commonly prescribed glu-
cose-lowering drugs. Because insulins are not described as
inhibitors or inducers of human CYP, we do not report any
information regarding them. Among non-insulin agents, no
strong inducer or inhibitor of P-gp and/or CYP3A4 exists
and no clinically relevant interactions are expected during
the use of DOACs [69]. In addition, we highlight particular
advice if reported in the summary of product characteristics
of each drug [70].

Conclusions

DOAC:S have been extensively studied in large phase III tri-
als. They represent an attractive option in the management of
DM patients affected by CV diseases, being at least as effec-
tive and safe as in non-DM patients. Current data suggest
that they may improve the prognosis of such patients and a
vast amount of evidence regarding their net clinical benefit is
still growing fast. Specifically, in AF diabetic patients, treat-
ment with DOACs was associated with a significant 17%
relative reduction in vascular death compared with warfarin
[49]. In addition, results from the COMPASS trial are reas-
suring in terms of reduction in MI, stroke, vascular death,
and all-cause death both in patients with CAD and PAD.
Ongoing analyses and studies are promising for the diabetic
PAD population [57, 61]. However, clinicians should reserve
particular caution to patients with severe chronic kidney
disease, as DOACSs are contraindicated in this situation.
Finally, yet importantly, no clinically relevant interactions
are expected during the concomitant use of DOACs with
most anti-diabetic drugs.
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