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Background:We investigated the use of different antithrombotic therapies at baseline among patients with a his-
tory of atrialfibrillation (AF), type 2 diabetes, and established atherosclerotic cardiovascular disease (ASCVD) en-
rolled in the Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS).
Methods: TECOSparticipantswith a history of AFwere stratified by CHA2DS2-VASc score and their antithrombotic
use evaluated. Cox proportional hazardsmodelswere employed to explore possible associations between history
of AF and prespecified clinical outcomes after adjusting for key baseline characteristics.
Results: Of the 14,671 TECOS participants, 1167 (8%) had a history of AF, of whom 51.6% were using vitamin K
antagonists (VKA); 31.2% used VKA alone, 16.9% used aspirin plus VKA, 1.8% used clopidogrel plus VKA, and
1.7% used aspirin and clopidogrel plus VKA. Aspirin was used by 56.8%: 30.9% used aspirin alone and 7.3% aspirin
plus clopidogrel. Clopidogrel alone was used by 2.9%, and 7.3% were not using any antithrombotic medication.
Participantswith a history of AF had a higher risk of cardiovascular events, including hospitalization for heart fail-
ure and all-causemortality, than thosewithout AF.White, oldermenwith prior myocardial infarction, heart fail-
ure, peripheral artery disease, or prior stroke were more likely to develop new-onset AF than others without
these characteristics.
Conclusions: Almost half of high-risk AF patients with diabetes and established ASCVD in TECOSwere not treated
with anticoagulation therapy despite clear guideline recommendations for such therapy, highlighting the chal-
lenge and potential for clinical improvements in managing these patients in clinical practice.
Clinical Trial Registration: URL: http://www.clinicaltrials.gov. Unique identifier: NCT00790205.
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1. Introduction

Atrial fibrillation (AF) and type 2 diabetes mellitus (T2DM) com-
monly coexist. Both are associated with higher risk of stroke, heart fail-
ure, and mortality. When evaluating the thromboembolic risk for
patients with AF, T2DM is included in the CHADS2 [1] and CHA2DS2-
VASc scores [2]. Anticoagulation therapy is recommended for patients
with at least one more risk factor, and should be considered for those
who have just AF and T2DM [3,4]. However, little is known about the
eliability and freedom from bias
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s).
prevalent use of antithrombotic therapy for patients with AF and T2DM
in contemporary international clinical practice. Moreover, the additional
impact of AF on adverse outcomes among patients with T2DM with
established atherosclerotic cardiovascular disease (ASCVD) deserves fur-
ther investigation.

The Trial Evaluating Cardiovascular Outcomes with Sitagliptin
(TECOS) was an international randomized trial that evaluated whether
the addition of sitagliptin, a dipeptidyl peptidase-4 inhibitor (DPP-4i),
to usual care affected rates ofmajor cardiovascular events amongpartic-
ipants with T2DM and established ASCVD [5]. Using data from TECOS,
we examined those participants with history of AF to a) describe anti-
thrombotic treatment at study entry, overall, and by CHA2DS2-VASc
score categories; b) assess the relationship between history of AF and
clinical outcomes among patients with T2DM and established ASCVD;
and c) identify predictors of developing new-onset AF among T2DMpa-
tients without prior AF.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcard.2019.04.085&domain=pdf
http://www.clinicaltrials.gov
https://doi.org/10.1016/j.ijcard.2019.04.085
renato.lopes@dm.duke.edu
https://doi.org/10.1016/j.ijcard.2019.04.085
http://www.sciencedirect.com/science/journal/01675273
www.elsevier.com/locate/ijcard
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2. Methods

2.1. Patients and study design

The design and results of the TECOS trial have been published [5,6]. In summary,
TECOS was a randomized, double-blind, placebo-controlled trial that enrolled patients
age ≥ 50 years with T2DM, established ASCVD (coronary, cerebrovascular, or peripheral
atherosclerotic vascular disease), and a glycated hemoglobin (HbA1c) value of 6.5 to
8.0% on stable treatment with oral antihyperglycemic agents and/or insulin. Patients
were excluded if they were treated with a DPP-4i, a glucagon-like peptide-1 receptor ag-
onist, or rosiglitazone in the previous 3 months, had a history of two or more episodes of
severe hypoglycemia in the previous year, or had an estimated glomerular filtration rate
b30 mL/min/1.73 m2 at baseline. Patients were randomized to receive either 100 mg of
sitagliptin daily (or 50 mg if reduced glomerular filtration rate) or placebo, with dose ad-
justments during trial follow-up based onglomerularfiltration rate. In TECOS, the addition
of sitagliptin to usual care in patients with T2DM and established ASCVDwas safe with re-
gard to cardiovascular outcomes compared with usual care alone. The TECOS study was
approved by the ethics committee for each participating site and monitored by an inde-
pendent data and safety monitoring board. All participants provided written informed
consent for trial participation.

2.2. Outcomes

Clinical outcomes of interest were the composite of cardiovascular death, myocardial
infarction, stroke, or hospitalization for unstable angina (primary trial outcome) and its in-
dividual components, all-cause mortality, and hospitalization for heart failure. A clinical
events classification committee, blinded to study assignment, adjudicated all outcomes ac-
cording to prespecified criteria. Occurrence of new-onset AF post-randomization was col-
lected in the case report form by clinical investigators. This diagnosis was not adjudicated,
and ECGsmight have beenperformed to confirm the occurrence of AF, but these datawere
not systematically collected.

2.3. Statistical analysis

Baseline characteristics were tabulated for participantswith a history of AF or no prior
AF, and for those with new-onset AF during trial follow-up. Frequencies and percentages
are reported for categorical variables, andmedians and 25th and 75th percentiles for con-
tinuous variables. Antithrombotic treatments are described among patients with previous
AF overall, and by their CHA2DS2-VASc score categories.

Univariable and multivariable Cox proportional hazards models were used to assess
the relationship between history of AF and the prespecified TECOS clinical outcomes. Un-
adjusted and adjusted hazard ratios (HRs) are reportedwith respective 95% confidence in-
tervals (CI) and corresponding p values. Adjustment covariables include baseline age, sex,
race, ethnicity, HbA1c, New York Heart Association class, current smoking, myocardial in-
farction, chronic obstructive pulmonary disease, coronary artery disease, stroke, stenosis
of carotid artery, insulin, amputation, diabetic neuropathy, foot ulcers, systolic blood pres-
sure, diastolic blood pressure, heart rate, height, body mass index, estimated glomerular
filtration rate, randomized treatment, and duration of diabetes. The interaction between
randomized treatment, prior AF, and clinical outcomes was also assessed.

A multivariable model was developed using Cox proportional hazards regression to
identify predictors of new-onset AF during study follow-up, using backward elimination
and alpha b0.05 for retention in themodel. All variables in the baseline table were consid-
ered candidates with the exceptions of urine albumin-to-creatinine ratio (missing for 65%
of patients) and CHA2DS2-VASc score (components included in the model). An imputed
dataset was used so all patients without prior AF at baseline could be included. Hemoglo-
bin was imputed for 35% of participants and lipid measures for about 25%. All other
Table 1
Baseline antithrombotic treatments in patients with type 2 diabetes and atherosclerotic cardio

Antithrombotic treatments No history of AF
(N = 13,504)

None 1732 (12.8)
Any antithrombotic medication 11,772 (87.2)

Aspirin 10,855 (80.4)
Clopidogrel 3027 (22.4)
Vitamin K antagonist 398 (2.9)

Two or more antithrombotic medications 2482 (18.4)
Combinations

Aspirin only 8380 (62.1)
Clopidogrel only 694 (5.1)
Vitamin K antagonist only 216 (1.6)
Aspirin and clopidogrel 2300 (17.0)
Aspirin and vitamin K antagonist 149 (1.1)
Clopidogrel and vitamin K antagonist 7 (0.1)
Aspirin, clopidogrel, and vitamin K antagonist 26 (0.2)

Data are n (%).
variables were imputed for b5% of participants. The only candidate variables that were
highly correlated (defined here as Spearman correlation N0.6) were low-density lipopro-
tein cholesterol and total cholesterol. Continuous variableswere checked for linearitywith
the AF event using restricted cubic splines, and the only variable violating the linearity as-
sumption was diastolic blood pressure. Linear splines for diastolic blood pressure above
and below 80 mm Hg were considered to accommodate the non-linearity. The propor-
tional hazards assumption was checked for the final model confirming that there were
no major violations. As a sensitivity analysis, a parametric model was fit using SAS PROC
LIFEREG and a Weibull distribution which yielded similar results. Model discrimination
is reported with Harrell's C-index. All tests were 2-sided, and a p value of b0.05 was con-
sidered statistically significant.

3. Results

3.1. Baseline characteristics

Of 14,671 patients included in the trial, 1167 (8.0%) had a history of
AF at enrollment. Of those without AF, 386 (2.9%) had new-onset AF
during trial follow-up (mean 3.01 [±0.95] years). Patients without
prior AF were younger and more likely to be female than those with a
history of AF, and thosewith new-onset AFduring the trial (Supplemen-
tary Table 1). Participants with a history of AF, and those with new-
onset AF, were more likely to have a history of coronary heart disease,
cerebrovascular disease, hypertension, and heart failure compared
with thosewithout prior AF. Patients with prior AF had lower estimated
glomerular filtration rate compared with those without AF, as well as
those with new-onset AF.

3.2. Antithrombotic treatments

Among patients with a history of AF, 7.3% were not receiving any an-
tithrombotic therapy, 56.8% were treated with aspirin, 13.7% with
clopidogrel, and 51.6% with vitamin K antagonists (VKA) (Table 1).
Monotherapy was used in 65.0% of patients with prior AF (VKA in
31.2%, aspirin in 30.9%, and clopidogrel in 2.9%). The combination of aspi-
rin plus VKA was used in 16.9% of patients with prior AF; aspirin plus
clopidogrel was used in 7.3%, and clopidogrel plus VKA in 1.8%. Triple
therapy with aspirin, clopidogrel, and VKA was used in 1.7% of patients
with prior AF. Use of VKA modestly increased with higher CHA2DS2-
VASc scores: 41.9% in patients with a score of 2–3, 50.2% with a score of
4–5, and 58.3% with a score ≥ 6. Among those without AF, 12.8% were
not using any antithrombotic therapy, and 80.4% were using aspirin.

Compared with those with a history of AF and not receiving VKA at
study entry, patients with AF on VKA at study entry were more fre-
quently men (76.9% vs 71.5%; p = 0.035) and Hispanic (11.1% vs 7.3%;
p = 0.022), had less history of coronary disease (77.2% vs 83.7%; p =
0.005) and more history of cerebrovascular disease (35.2% vs 23.0%; p b
vascular disease with and without history of atrial fibrillation.

History of AF
(N = 1167)

CHA2DS2-VASc score

2–3
(N = 167)

4–5
(N = 584)

≥6
(N = 379)

85 (7.3) 12 (7.2) 47 (8.0) 23 (6.1)
1082 (92.7) 155 (92.8) 537 (92.0) 356 (93.9)
663 (56.8) 112 (67.1) 353 (60.4) 180 (47.5)
160 (13.7) 24 (14.4) 85 (14.6) 45 (11.9)
602 (51.6) 70 (41.9) 293 (50.2) 221 (58.3)
323 (27.7) 48 (28.7) 182 (31.2) 86 (22.7)

361 (30.9) 67 (40.1) 183 (31.3) 100 (26.4)
34 (2.9) 2 (1.2) 15 (2.6) 14 (3.7)

364 (31.2) 38 (22.8) 157 (26.9) 156 (41.2)
85 (7.3) 16 (9.6) 46 (7.9) 21 (5.5)

197 (16.9) 26 (15.6) 112 (19.2) 55 (14.5)
21 (1.8) 3 (1.8) 12 (2.1) 6 (1.6)
20 (1.7) 3 (1.8) 12 (2.1) 4 (1.1)
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Fig. 1. Use of antiplatelet agents, vitamin K antagonist, or no antithrombotic agent by geographic region.
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0.001), more frequently had heart failure (46.7% vs 40.0%; p = 0.022),
and were less likely to be taking aspirin (36.0% vs 78.9%; p b 0.001).

The use of antiplatelet agents, VKA, or no antithrombotic agent by
geographic region is presented in Fig. 1. Latin America and Western
Europewere the regionswhere the use of VKAwasmore prevalent. Ad-
ditionally, these regions had the lowest prevalence of antiplatelet use.

3.3. Clinical outcomes

Kaplan-Meier curves for the primary outcome in patients with and
without a history of AF are presented in Fig. 2. Over a mean follow-up
of 2.90 (1.05) years, patients with a history of AF had a higher risk for
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Fig. 2. Kaplan-Meier curves for the primary outcome in patients with and without history of a
the composite outcome (HR 1.81, 95% CI 1.57–2.09), cardiovascular
death (HR 2.26, 95% CI 1.84–2.76), myocardial infarction (HR 1.73, 95%
CI 1.36–2.19), stroke (HR 2.04, 95% CI 1.53–2.73), all-cause mortality
(HR 2.29, 95% CI 1.95–2.71), and hospitalization for heart failure (HR
3.50, 95% CI 2.81–4.37) compared with those without a history of AF.
The risk for hospitalization for unstable anginawas not different between
patients with prior AF and those without AF (HR 1.32, 95% CI 0.88–1.99).

After adjustment, patients with a history of AF had higher risk for all
clinical outcomes compared with those without AF, with the exception
of hospitalization for unstable angina (Fig. 3). No interaction between
treatment and history of AF was observed for any of the outcomes ana-
lyzed (all interaction p values N0.15).
Months

24 36 48

934
11,744

466
6,152

179
2,303

trial fibrillation (AF). CV, cardiovascular; MI, myocardial infarction; UA, unstable angina.
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Fig. 3. Clinical outcomes in patients with type 2 diabetes according to history of atrial fibrillation (AF). CV, cardiovascular; HF, heart failure; hUA, hospitalization for unstable angina; MI,
myocardial infarction; UA, unstable angina.
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3.4. Predictors of new-onset AF

Several clinical factors were independently associated with new-
onset AF among patients with T2DM and ASCVDwithout prior AF (Sup-
plementary Table 2).White, oldermenwith priormyocardial infarction,
heart failure, peripheral artery disease, or prior stroke were more likely
to develop new-onset AF than others without these characteristics. Pa-
tients from North America were also more likely to develop new-onset
AF than those fromother regions. The C-index for themodel is 0.73 (95%
CI: 0.70–0.75).
4. Discussion

Our study provides insights into the antithrombotic strategies used
for patients with AF, T2DM, and established ASCVD, as well as the addi-
tional associations between AF and adverse outcomes among these pa-
tients. The main findings of our study are the following: 1) only half of
the patients with AF and T2DM were treated with anticoagulation at
study entry, whereas a third of them were receiving monotherapy
with aspirin; 2) patients with prior AF had higher adjusted risk for car-
diovascular outcomes comparedwith thosewithout a history of AF; and
3) several clinical factors such as white race, increasing age, male sex,
prior myocardial infarction, heart failure, peripheral artery disease, or
prior stroke were associated with the occurrence of new-onset AF dur-
ing trial follow-up.

T2DM is a well-known risk factor for stroke among patients with AF.
In the context of AF and T2DM, all patients should at least be considered
for anticoagulation therapy, provided there are no contraindications.
Even when the only risk factor for stroke among younger men without
comorbidities is the presence of T2DM, it has been shown that T2DM
carries a higher risk for thromboembolic events than other risk factors,
such as vascular disease and hypertension [7]. Patients with prior AF in-
cluded in TECOS had T2DM and a median age of 69 years, N90% had hy-
pertension, and all of them had ASCVD as enrichment criteria for
entering in the trial. Therefore, all AF patients in TECOS had a CHA2DS2-
VASc score ≥ 2 points, with 85.2% of patients having a score ≥ 4 points.

VKA was used by only half of patients with prior AF at baseline, de-
spite the indication for oral anticoagulation. Theuse of VKAmodestly in-
creased with higher CHA2DS2-VASc scores, but was still lower than 60%
for patients with CHA2DS2-VASc ≥6. In the Outcomes for Better In-
formed Treatment of Atrial Fibrillation (ORBIT-AF) registry, around
75% of patients with AF and diabetes were being treated with VKA,
and this rate was greater than that of patients without diabetes [8].
Since ORBIT-AF is a quality improvement program specifically designed
to include and follow patients with AF, the observed anticoagulation
rates might not reflect routine clinical practice in different settings. De-
spite antiplatelet monotherapy being a class III recommendation for
stroke prevention in AF [4], aspirin was used as monotherapy by a
third of the patients with prior AF enrolled in TECOS. Treatment of pa-
tients with multiple comorbidities is often a challenge in clinical prac-
tice. In TECOS, as all patients had T2DM and established ASCVD, it is
possible that health care providers focused more on antihyperglycemic
therapies for DM than on the high risk of stroke associated with AF. This
fact, coupledwith the risk of bleeding, could at least partially explain the
underuse of anticoagulants and the overuse of aspirin in this population.

Prior bleeding and high bleeding risk are common reasons to hold
anticoagulation in patients with AF [9]. In recent years, non-vitamin K
antagonist oral anticoagulants (NOACs) have been increasingly used
for stroke prevention in AF, with no need for laboratory monitoring
and a better safety profile compared with VKA. Secondary analyses of
the major trials testing NOACs against VKA in patients with AF have
shown consistent effects in patients with T2DM [10–13]. TECOS en-
rolled patients from 2008 to 2012, a period when not all NOACs were
approved for clinical use in many countries. In TECOS, only six patients
were using NOACs at baseline. Our observation that anticoagulants are
underused by patients at high risk for thromboembolic events high-
lights important gaps in treatment of patients with AF and concomitant
T2DM. The increasing use of NOACs may help overcome some of these
gaps [14].

In our study, patients with prior AF had higher adjusted risk for car-
diovascular outcomes comparedwith thosewithout history of AF. These
findings were consistent with a secondary analysis of the Action in Dia-
betes and Vascular Disease: Preterax and Diamicron-MR Controlled
Evaluation (ADVANCE) study that included 11,140 patients with
T2DM and additional cardiovascular risk factors, of whom 7.6% had AF
at baseline [15]. The presence of AF was independently associated
with an increased risk for all-cause death, cardiovascular death, cere-
brovascular events, and heart failure over a mean follow-up of
4.3 years. Focusing on lifestyle changes, glycemic control, and stroke
prevention strategies are important goals in the treatment of this
high-risk population.

Treatment with a DPP-4i, such as sitagliptin, promotes beneficial
metabolic effects in patients with T2DM [16,17]. It was unknown
whether these agents had a role in preventing the occurrence of new-
onset AF in patients with T2DM. In the multivariable model, treatment
with sitagliptin was not shown to have a protective effect against the
development of new-onset AF. Other variables such as age, white race,
male sex, and prior cardiovascular disease were independently associ-
ated with the occurrence of new-onset AF among T2DM patients.
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Another study has also found that older age and history of heart failure
were associated with new-onset AF in patients with T2DM [18].

Our findings should be interpreted in light of several limitations.
First, as a post-hoc analysis, unmeasured confounding is always present,
and our results should be interpreted as hypothesis-generating. Second,
new-onset AF during trial follow-up was reported by local investigators
in the case report form and was not centrally adjudicated. Third, since
there was no information on international normalized ratio control,
the HAS-BLED bleeding score could not be calculated. Fourth, data on
the type and duration of AF were not recorded at baseline or during
follow-up. Therefore, we could not determinewhenpatients had the di-
agnosis of AF before entering in the trial. Finally, since the TECOS study
was performed some years ago, the use of anticoagulants in patients
with AF and T2DM might have been lower than in the current clinical
era when NOACs are widely prescribed.
5. Conclusions

Patients with AF, T2DM, and established ASCVD are at high risk of
adverse clinical outcomes, but only half of such patients enrolled in
TECOS were receiving anticoagulation therapy despite clear guideline
recommendations. Our study identified important gaps in the anti-
thrombotic treatment of this population, highlighting the challenge in
managing these patients in routine clinical practice.
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