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BACKGROUND Diabetes confers an increased risk for atherosclerotic cardiovascular disease, but less is known about

the independent risk diabetes confers on major cardiovascular and limb events in patients with symptomatic peripheral

artery disease (PAD) on contemporary management.

OBJECTIVES The authors sought to assess the risk of cardiovascular and limb events in patients with PAD and diabetes

as compared with those with PAD alone.

METHODS In the EUCLID (Examining Use of Ticagrelor in Peripheral Artery Disease) trial, 13,885 patients with symp-

tomatic PAD were evaluated with a primary endpoint of an adjudicated composite of major adverse cardiovascular events

(MACE) (cardiovascular death, myocardial infarction, ischemic stroke) followed over a median of w30 months. The

diabetes subgroup was analyzed compared with the subgroup without diabetes, and further examined for diabetes-

specific factors such as glycosylated hemoglobin (HbA1c) that might affect risk for major cardiovascular and limb

outcomes.

RESULTS A total of 5,345 patients (38.5%) had diabetes; the majority (n ¼ 5,134 [96.1%]) had type 2 diabetes. The

primary endpoint occurred in 15.9% of patients with PAD and diabetes as compared with 10.4% of those without dia-

betes (absolute risk difference 5.5%; adjusted hazard ratio: 1.56; 95% confidence interval [CI]: 1.41 to 1.72; p < 0.001).

Every 1% increase in HbA1c was associated with a 14.2% increased relative risk for MACE (95% CI: 1.09 to 1.20;

p < 0.0001).

CONCLUSIONS Patients with PAD and diabetes are at high risk for cardiovascular and limb ischemic events, even on

contemporary therapies. Every 1% increase in HbA1c was associated with a 14.2% increased relative risk for MACE

(95% CI: 1.09 to 1.20; p < 0.0001). (A Study Comparing Cardiovascular Effects of Ticagrelor and Clopidogrel in

Patients With Peripheral Artery Disease [EUCLID]; NCT01732822) (J Am Coll Cardiol 2018;72:3274–84)
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AB BR E V I A T I O N S

AND ACRONYM S

ABI = ankle-brachial index

CI = confidence interval

CLI = critical limb ischemia

CV = cardiovascular

eGFR = estimated glomerular

filtration rate

HbA1c = glycosylated

hemoglobin

HR = hazard ratio

MACE = major adverse

cardiovascular event(s)

MI = myocardial infarction
I ndividuals with diabetes mellitus are at high risk
for cardiovascular (CV) ischemic events, with an
approximate 2-fold increased risk for CV death

(1,2) accounting for approximately two-thirds of
deaths in this population (3). In patients with type 2
diabetes without clinically evident CV disease, the
risk of a major adverse CV event (MACE), consisting
of myocardial infarction (MI), ischemic stroke, or CV
death, is approximately 2% per year (4,5). In the
recently completed COMPASS (Cardiovascular Out-
comes for People Using Anticoagulation Strategies)
trial (6), patients with established coronary artery dis-
ease and concomitant diabetes were shown to have
an almost 50% increased risk of MACE as compared
with those without diabetes.
SEE PAGE 3285

PAD = peripheral artery

disease

TBI = toe-brachial index

TIMI = Thrombolysis In

Myocardial Infarction
Diabetes mellitus is strongly associated with a risk
for peripheral artery disease (PAD), with odds ratios
ranging from 1.89 to 4.05 compared with those
without diabetes (7). The risk for incident PAD rises
with worsening glycemic control, with a 21%
increased risk for PAD for every 1% (11 mmol/mol)
increase in baseline glycosylated hemoglobin (HbA1c)
(8). Approximately 20% to 26% of those with diabetes
have PAD (9,10), and in population studies of those
with PAD, about 20% have diabetes. In critical limb
ischemia (CLI), diabetes is present in approximately
50% of patients (11). Patients with diabetes and PAD
have also been found to have worse outcomes
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The presence of diabetes increases the risk
for both CV and ischemic limb events, but
there are few large contemporary studies of
the effect of concomitant diabetes on risk for
MACE and limb outcomes in patients with
symptomatic PAD.

The EUCLID (Examining Use of Ticagrelor
in Peripheral Artery Disease; NCT01732822)
trial tested the hypothesis that ticagrelor, a
potent P2Y12 inhibitor, was superior to clopi-
dogrel as monotherapy to prevent MACE
events in stable PAD. Although the overall
trial results did not demonstrate superiority
of ticagrelor (13), the trial included an
extensive population of patients with PAD
who had concomitant diabetes and adjudi-
cated MACE, limb, and major bleeding
outcomes.

This analysis investigated the risk of CV

and limb events in patients with PAD and diabetes
(mostly type 2) as compared with those with PAD
alone in the EUCLID trial.

METHODS

PRIMARY AIM AND HYPOTHESIS. The primary aim of
this analysiswas to assess the risk ofCVand limbevents
in patients with PAD and diabetes (mostly type 2)
as compared with those with PAD alone in the EUCLID
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TABLE 1 Baseline Characteristics by History of Diabetes

Diabetes
(n ¼ 5,345)

No Diabetes
(n ¼ 8,538) p Value

Age, yrs 66.0 (61.0–73.0) 66.0 (60.0–73.0) 0.01

Female 1,571 (29.4) 2,317 (27.1) <0.01

Weight, kg 80.0 (69.0–91.8) 75.0 (65.0–85.0) <0.01

BMI, kg/m2 28.0 (25.0–31.6) 26.0 (23.3–29.1) <0.01

Prior revascularization as inclusion criteria 2,834 (53.0) 5,040 (59.0) <0.01

ABI value 0.77 (0.60–0.93) 0.78 (0.62–0.95) 0.51

ABI/TBI as inclusion criteria* 2,511 (47.0) 3,498 (41.0) <0.01

ABI value 0.65 (0.55–0.74) 0.65 (0.54–0.73) <0.01

TBI value 0.52 (0.37–0.59) 0.55 (0.42–0.61) 0.21

Type 1 diabetes 211 (3.9) 0 (0.0)

Type 2 diabetes 5,134 (96.1) 0 (0.0)

Diet 430 (8.0) 0 (0.0)

Oral agent(s) 2,963 (55.4) 0 (0.0)

Insulin† 1,952 (36.5) 0 (0.0)

HbA1c, % 7.2 (6.4–8.3) 5.8 (5.5–6.1) <0.01

HbA1c, mmol/mol 55.2 (46.5–67.4) 39.9 (36.6–43.2) <0.01

Limb symptoms <0.01

Asymptomatic 834 (15.6) 1,767 (20.7)

Mild or moderate claudication 2,844 (53.2) 4,566 (53.5)

Severe claudication 1,349 (25.2) 1,879 (22.0)

Critical limb ischemia 317 (5.9) 326 (3.8)

Major amputation above the ankle 201 (3.8) 138 (1.6) <0.01

Minor amputation below the ankle 449 (8.4) 156 (1.8) <0.01

Medical history

History of CAD 1,865 (34.9) 2,167 (25.4) <0.01

History of stroke 538 (10.1) 605 (7.1) <0.01

History of TIA 214 (4.0) 293 (3.4) 0.08

History of carotid stenosis
or carotid revascularization

940 (17.6) 1,517 (17.8) 0.79

Prior MI 1,128 (21.1) 1,394 (16.3) <0.01

Prior coronary revascularization
(PCI or CABG)

1,541 (28.8) 1,678 (19.7) <0.01

Number of vascular beds‡ <0.01

1 2,724 (51.0) 5,078 (59.5)

2 1,955 (36.6) 2,733 (32.0)

3 666 (12.5) 727 (8.5)

Hypertension 4,583 (85.7) 6,274 (73.5) <0.01

Hyperlipidemia 4,253 (79.6) 6,227 (72.9) <0.01

Continued on the next page

Low Wang et al. J A C C V O L . 7 2 , N O . 2 5 , 2 0 1 8

CV and Limb Outcomes in Diabetes and PAD D E C E M B E R 2 5 , 2 0 1 8 : 3 2 7 4 – 8 4

3276
trial. The diabetes subgroup was further examined for
diabetes-specific factors such as HbA1c that might
affect risk for major CV and limb outcomes. The hy-
pothesis was that patients with PAD and diabetes
would have an increased risk of CV and limb events as
compared with those with PAD alone, and this risk
would increase with increasing HbA1c.

STUDY DESIGN AND PARTICIPANTS. The EUCLID
trial randomized 13,885 patients with PAD to mono-
therapy with ticagrelor (90 mg twice daily) or clopi-
dogrel (75 mg once daily). Patients were enrolled with
an abnormal ankle-brachial index (ABI) #0.80 or toe-
brachial index (TBI) #0.60 (43%) or a prior history of
lower extremity revascularization (57%) and followed
for a median duration of approximately 30 months
(9). The primary efficacy endpoint was a composite of
adjudicated CV death, MI, or ischemic stroke. The
primary safety endpoint was Thrombolysis In
Myocardial Infarction (TIMI) major bleeding.
Details of the study design have been previously
published (9).

The trial did not show superiority of ticagrelor over
clopidogrel or a difference in the primary safety
endpoint of major bleeding (13), but provided an op-
portunity to evaluate the natural history of the clinical
subgroup of patients with diabetes and PAD within the
trial, while on contemporary medical management.

DIABETES POPULATION. Presence or absence of
diabetes, type of diabetes, and diabetes treatment at
enrollment was determined using the “Medical His-
tory” case report form at screening or baseline visits.
If information regarding diabetes history was
missing, the patient was not included in these ana-
lyses. The diagnosis of diabetes and the type of dia-
betes (type 2 or type 1) were self-reported. Type of
diabetes treatment included the following 3 cate-
gories: diet-only, oral agent(s), and insulin (with or
without noninsulin diabetes treatments).

CARDIOVASCULAR AND LIMB OUTCOMES. The
clinical endpoints committee adjudicated the primary
and several secondary endpoints, including CV death,
MI, stroke, unstable angina, acute limb ischemia
leading to hospitalization, and bleeding events
(excluding minimal). Major amputations were
confirmed. Further details of the trial design have
been published previously (9).

In this analysis of the EUCLID population, the pri-
mary hypothesis was that patients with diabetes and
PAD have a higher risk of MACE (MI, ischemic stroke,
or CV death) and ischemic limb events than patients
with PAD without diabetes, after adjustment for po-
tential confounding factors. The secondary hypothe-
sis was that the risk of MACE is modified within
the diabetes subpopulation of the EUCLID trial
depending on diabetes treatment or HbA1c. The
interaction of diabetes with treatment (ticagrelor vs.
clopidogrel) was also analyzed, although the primary
analysis in the EUCLID trial did not show a difference
between treatments on the primary endpoint (13).

The primary safety endpoint was TIMI major
bleeding with additional analyses for intracranial
bleeding, fatal bleeding, TIMI minor bleeding, and
study drug discontinuation due to adverse events.

STATISTICAL ANALYSIS. For baseline and clinical
characteristics, continuous variables are presented as
medians with 25th, 75th percentiles, and categorical



TABLE 1 Continued

Diabetes
(n ¼ 5,345)

No Diabetes
(n ¼ 8,538) p Value

Tobacco use <0.01

Never smoked 1,454 (27.2) 1,530 (17.9)

Current smoker 1,242 (23.2) 3,047 (35.7)

Former smoker 2,624 (49.1) 3,906 (45.7)

Medications at baseline

Aspirin 3,560 (66.6) 5,711 (66.9) 0.73

Clopidogrel 1,728 (32.3) 2,745 (32.2) 0.83

Statins 3,996 (74.8) 6,185 (72.4) <0.01

ACE inhibitor 2,466 (46.1) 3,169 (37.1) <0.01

ARB 1,601 (30.0) 1,887 (22.1) <0.01

ACE inhibitor or ARB 3,894 (72.9) 4,915 (57.6) <0.01

Values are median (interquartile range) or n (%). *The ABI and TBI were calculated as the average of mea-
surements obtained at enrollment and at randomization, in which the lowest of the right-side and left-side values
were selected at each visit. Among the patients who were included in the trial on the basis of ABI or TBI criteria,
the enrollment of 82 patients (1.2%) in the ticagrelor group and 93 (1.3%) in the clopidogrel group was based on
TBI criteria. †For subjects with medical history of diabetes, this information was collected as management. ‡A
vascular bed is defined as either peripheral artery disease, prior CAD (prior MI, prior PCI, or prior CABG), or prior
cerebrovascular disease (prior stroke, prior TIA, prior carotid artery stenosis, or prior carotid revascularization).

ABI ¼ ankle-brachial index; ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker;
BMI ¼ body mass index; CABG ¼ coronary artery bypass grafting; CAD ¼ coronary artery disease;
HbA1c ¼ glycosylated hemoglobin; MI ¼ myocardial infarction; PCI ¼ percutaneous coronary intervention;
TBI ¼ toe-brachial index; TIA ¼ transient ischemic attack.
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variables are presented as counts and proportions. p
Values compare patients with history of diabetes
versus those with no history using the Wilcoxon test
for continuous variables and chi-square test for cat-
egorical variables. To determine the effect of dia-
betes, we first used an unadjusted Cox proportional
hazards model, which included the presence of dia-
betes at baseline (yes/no) and treatment (ticagrelor/
clopidogrel). This model was then adjusted by
including variables in Table 1 that met the stepwise
SLENTRY and SLSTAY criteria of 0.05. Treatment for
diabetes, diabetes type, and HbA1c values were not
included because they were unique to the diabetes
subgroup. The angiotensin-converting enzyme in-
hibitor group or the angiotensin-receptor blocker
group was tested as 2 separate variables, with 1 group
for each medication. Estimated glomerular filtration
rate (eGFR), calculated using the Modification of Diet
in Renal Disease formula, was also tested as a po-
tential adjustment variable. The resulting model for
the primary endpoint was adjusted for the following
variables: sex (female), inclusion criterion (ABI/prior
revascularization), geographic region, number of
involved vascular beds, Rutherford class at baseline,
prior MI, prior stroke, statin use, tobacco use, major
amputation, minor amputation, age, eGFR, ABI, and
weight. A vascular bed was defined as either PAD,
prior coronary artery disease (prior MI, prior percu-
taneous coronary intervention, or prior coronary ar-
tery bypass graft), or prior cerebrovascular disease
(prior stroke, prior transient ischemic attack, prior
carotid artery stenosis, or prior carotid revasculari-
zation). Even if study treatment (ticagrelor/clopi-
dogrel) was not selected by the stepwise process, it
was added to the model. Interaction terms of treat-
ment for diabetes and the randomized treatment
were included only if statistically significant at a p
value of 0.05. Kaplan-Meier curves were created for
the rate of the primary endpoint in those with dia-
betes versus those without diabetes. Rates per 100
patient-years of follow-up and their confidence in-
tervals (CIs) for patients with and without diabetes
were computed by study treatment in the entire
study population. Hazard ratios (HRs), 95% CIs, and p
values were derived comparing treatment groups. For
those with diabetes, adjusted Cox models with each
of the 3 covariates of interest (type of diabetes, dia-
betes treatment type, HbA1c level), study drug treat-
ment (ticagrelor/clopidogrel), and their interaction
was created for the primary endpoint. This model was
adjusted for the same variables as the previous anal-
ysis. Other characteristics were not tested if treat-
ment and its interaction with diabetes history were
not statistically significant. Interaction terms were
included only if statistically significant at a p value of
0.05.

The study was performed in accordance with
ethical principles consistent with the Declaration of
Helsinki, International Conference on Harmonisation
Good Clinical Practice guidelines, and applicable
regulatory requirements (9). The final study protocol
and informed consent were reviewed and approved
by corresponding health authorities, and ethics
boards or institutional review boards for participating
study sites. All patients gave written informed con-
sent before participation in the trial.

ROLE OF THE FUNDING SOURCE. The EUCLID study
was designed by the trial executive committee (which
included 2 members from the study funder) in coop-
eration with the Duke Clinical Research Institute and
the study funder (9). The executive committee had
free and complete access to all trial data and sub-
mitted results of the primary study for publication in
a peer-reviewed medical journal (13). The funder of
the study had no role in data analysis for this report.
All analyses were done independently by the Duke
Clinical Research Institute in accordance with the
pre-specified statistical analysis plan. Dr. Jones,
Lopes, and Rockhold had full access to the blinded
trial data during the study and unblinded raw trial
data after the study ended. Drs. Low Wang and Hiatt
were responsible for drafting and initial editing of the
manuscript; all authors reviewed the manuscript and
approved the final version for submission. The cor-
responding author had full access to the data analyses
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in this study and had final responsibility for the de-
cision to submit for publication.

RESULTS

PAD AND DIABETES. Baseline clinical characteristics
for patients with PAD with and without diabetes are
listed in Table 1. No information regarding presence of
diabetes was collected for 2 patients, and they were
excluded from the analysis. A total of 5,345 patients
(38.5%) enrolled in the EUCLID trial had diabetes, the
majority of whom had type 2 diabetes (n ¼ 5,134)
(Table 1). Patients with diabetes were equally
distributed between the ticagrelor and clopidogrel
treatment groups, with 2,639 (38.1%) in the ticagrelor
group, and 2,706 (38.9%) in the clopidogrel group).
There was no statistically significant interaction be-
tween study treatment and history of diabetes. At
baseline, 36.5% of patients with diabetes were treated
with insulin and 8.0% were treated with diet alone.
Among patients with diabetes, there was a slightly
higher rate of statin use (74.8% vs. 72.4%; p < 0.01)
and a higher rate of angiotensin-converting enzyme
inhibitor or angiotensin-receptor blocker use (72.9%
vs. 57.6%; p < 0.01) as compared with those without
diabetes. Patients with diabetes compared with those
without diabetes were less likely to be current or
former tobacco users (72.3% vs. 81.4%). The median
value of pulse pressure was slightly higher in patients
with diabetes than those without (60 mm Hg vs.
58 mm Hg, respectively; p < 0.01; data not shown).

In the EUCLID trial, 53.0% of patients with diabetes
and 59.0% of those without diabetes were enrolled
using prior revascularization as the inclusion crite-
rion, whereas 47.0% of patients with diabetes and
41.0% of those without diabetes were enrolled under
the ABI/TBI criterion. The median ABI and TBI values
were similar in those with and without diabetes
whether subjects were enrolled using ABI/TBI or prior
revascularization as the inclusion criterion. Despite
similar limb hemodynamic disease severity (by ABI or
TBI), limb symptoms were more severe in patients
with diabetes compared with those without diabetes
(31.1% vs. 25.8%) (Table 1) (severe claudication and
CLI combined). More patients with diabetes had a
history of both major and minor amputations (3.8%
vs. 1.6% and 8.4 vs. 1.8%) as compared with those
without diabetes.

CLINICAL OUTCOMES IN PAD WITH DIABETES.

There was an increased risk of the primary efficacy
endpoint in patients with diabetes as compared with
those without diabetes (cumulative incidence 15.9 vs.
10.4% by 36 months). This resulted in an unadjusted
HR for the primary endpoint of 1.56 (95% CI: 1.41 to
1.72; p < 0.001) (Central Illustration). Patients with
diabetes had a significantly higher risk of the com-
posite primary endpoint than those without diabetes
(5.68 vs. 3.65 per 100 patient-years). After adjust-
ment, the HR was 1.41 (95% CI: 1.25 to 1.59;
p < 0.0001) (Table 2). The cumulative incidence by
36 months of the composite secondary endpoint of
MACE plus hospitalization for acute limb ischemia
was 17.1% in those with diabetes and 11.9% in those
without diabetes (unadjusted HR: 1.45; 95% CI: 1.32 to
1.60; p < 0.01) (Figure 1). Risk of each of the separate
components of the primary endpoint of CV death, MI,
major amputation, and all-cause mortality was
increased significantly in patients with diabetes
compared with those without diabetes (Table 2). The
unadjusted rate of mortality in patients with diabetes
was 4.21 per 100 patient-years (95% CI: 3.87 to 4.57) as
compared with 3.19 (95% CI: 2.96 to 3.43) in patients
without diabetes, whereas the rate of CV death was
2.53 (95% CI: 2.27 to 2.81) in those with diabetes as
compared with 1.71 (95% CI: 1.54 to 1.89) in patients
without diabetes. Patients with diabetes had a 96%
increased risk for major amputation (p < 0.0001),
a 25% increased risk for lower extremity revasculari-
zation (p < 0.0001), and a 35% increased risk for ca-
rotid revascularization (p ¼ 0.0002) as compared with
those without diabetes. There was no interaction in
the effect of ticagrelor compared with clopidogrel on
the primary composite or secondary endpoints be-
tween patients with and without diabetes (Online
Table 1).

Conversely, the unadjusted risk for on-treatment
TIMI major bleeding in patients with diabetes was
similar to those without diabetes (0.81 vs. 0.70 per
100 patient-years, with an adjusted HR of 1.03;
95% CI: 0.76 to 1.38; p ¼ 0.87). The cumulative
incidence by 36 months of on-treatment TIMI major
bleeding was 2.3% in patients with diabetes (91 of
5,327 patients in the safety analysis set) compared
with 2.0% in those without diabetes (131 of 9,515
patients in the safety analysis set) (HR: 1.15; 95% CI:
0.88 to 1.50; p ¼ 0.32) (Online Figure 1). By contrast,
patients with diabetes had an adjusted 68% increase
in intracranial hemorrhage (p ¼ 0.054) and a nonsig-
nificant 99% increase in fatal bleeding compared with
those without diabetes.

LACK OF DIFFERENTIAL EFFECT OF DIABETES

ACROSS SUBGROUPS. The increased HR for the pri-
mary endpoint observed in patients with diabetes in
EUCLID was seen across the subgroups examined:
sex, weight (< or $80 kg), age (# or >70 years), prior
CAD, prior stroke, tobacco use (never vs. current vs.
former), inclusion criterion (ABI/TBI vs. prior

https://doi.org/10.1016/j.jacc.2018.09.078
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CENTRAL ILLUSTRATION Cardiovascular and Limb Outcomes in Diabetes and Peripheral Artery Disease:
Kaplan-Meier Plot of Primary Efficacy Endpoint
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These data are a composite of cardiovascular death, myocardial infarction, and ischemic stroke (full analysis set). C ¼ diabetes group; CI ¼ confidence interval;

DM ¼ diabetes mellitus; HR ¼ hazard ratio; N ¼ no diabetes group.
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revascularization), eGFR (< or $45 ml/min), and
treatment with ticagrelor or clopidogrel (Figure 2). No
significant statistical interactions were observed in
any of these subgroups.

EFFECT OF DIABETES-SPECIFIC FACTORS ON

CLINICAL OUTCOMES. Analysis of the diabetes sub-
group in EUCLID was limited by a smaller number of
events, thus decreasing the power of the model.
There was no differential effect of type of diabetes
(type 1 vs. type 2) on risk for the primary composite
outcome (adjusted HR: 0.79; 95% CI: 0.52 to 1.21;
p ¼ 0.27 for type 1 diabetes). By contrast, for every
1 mmol/mol difference in HbA1c at baseline, there was
a 1.2% increased risk for the primary composite
endpoint (HR: 1.012; 95% CI: 1.008 to 1.017;
p < 0.0001), and a 14.2% increase in risk for every
percentage point difference in HbA1c level at baseline
(HR: 1.142; 95% CI: 1.088 to 1.198; p < 0.0001)
(Table 3). Using diet-only as the reference, neither
insulin treatment nor oral agent treatment was
associated with a significant HR for the primary
endpoint (adjusted HR: 1.19; 95% CI: 0.88 to 1.61;
p ¼ 0.25; HR: 0.99; 95% CI: 0.74 to 1.33; p ¼ 0.95,
respectively). There was no statistically significant
association between HbA1c and HR for major ampu-
tation (Online Table 2).

DISCUSSION

The EUCLID trial enrolled patients with symptomatic
PAD, including a substantial number with concomi-
tant diabetes. Patients with PAD and diabetes had an
increased risk of the composite primary endpoint of
CV death, MI, or ischemic stroke, as well as a similarly
increased risk of limb events including lower ex-
tremity major amputations and revascularizations as
compared with patients with PAD and no diabetes.
This increased risk was not modified by ticagrelor as
compared with clopidogrel.

HbA1c elevation increased the risk of the primary
endpoint in the patients with diabetes and PAD. In the

https://doi.org/10.1016/j.jacc.2018.09.078


FIGURE 1 Kaplan-Meier Plot of Composite of CV Death, MI, Ischemic Stroke, and ALI (Full Analysis Set)
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TABLE 2 Association Between History of Diabetes and Major Endpoints (in All Patients, but in Safety Population for Safety Endpoints)

100 Pt-Yrs Rate (95% CI) Unadjusted Adjusted*

DM No DM HR (95% CI) p Value HR (95% CI) p Value

Primary endpoint 5.68 (5.28–6.11) 3.65 (3.40–3.92) 1.557 (1.406–1.723) <0.0001 1.410 (1.252–1.589) <0.0001

Secondary endpoint† 6.20 (5.78–6.65) 4.26 (3.99–4.55) 1.454 (1.321–1.601) <0.0001 1.350 (1.205–1.512) <0.0001

CV death 2.53 (2.27–2.81) 1.71 (1.54–1.89) 1.481 (1.277–1.716) <0.0001 1.305 (1.102–1.546) 0.0021

MI 2.72 (2.45–3.02) 1.57 (1.41–1.75) 1.727 (1.486–2.006) <0.0001 1.518 (1.278–1.804) <0.0001

Ischemic stroke 1.10 (0.94–1.30) 0.73 (0.62–0.85) 1.512 (1.206–1.896) 0.0003 1.519 (1.178–1.959) 0.0013

CV death, MI, all-cause stroke 5.85 (5.44–6.28) 3.72 (3.47–3.99) 1.573 (1.422–1.739) <0.0001 1.427 (1.269–1.606) <0.0001

Major amputation 0.94 (0.78–1.12) 0.44 (0.36–0.54) 2.119 (1.619–2.773) <0.0001 1.956 (1.425–2.684) <0.0001

Lower extremity revascularization 5.92 (5.51–6.37) 5.07 (4.77–5.39) 1.164 (1.058–1.281) 0.0018 1.253 (1.126–1.395) <0.0001

Carotid revascularization 2.85 (2.57–3.16) 1.93 (1.76–2.13) 1.473 (1.279–1.697) <0.0001 1.347 (1.151–1.576) 0.0002

All revascularization 8.80 (8.28–9.35) 7.32 (6.95–7.71) 1.198 (1.106–1.298) <0.0001 1.238 (1.132–1.355) <0.0001

All-cause death 4.21 (3.87–4.57) 3.19 (2.96–3.43) 1.320 (1.182–1.475) <0.0001 1.224 (1.075–1.394) 0.0022

TIMI major bleed 0.81 (0.66–0.99) 0.70 (0.59–0.83) 1.147 (0.878–1.499) 0.3153 1.025 (0.762–1.380) 0.8693

Intracranial bleeding 0.33 (0.24–0.45) 0.17 (0.12–0.24) 1.970 (1.223–3.176) 0.0053 1.681 (0.992–2.850) 0.0538

Fatal bleeding 0.15 (0.09–0.24) 0.07 (0.04–0.12) 2.157 (1.048–4.442) 0.0369 1.988 (0.913–4.328) 0.0836

TIMI minor bleeding 0.57 (0.45–0.73) 0.47 (0.38–0.58) 1.212 (0.878–1.674) 0.2431 1.065 (0.739–1.536) 0.7346

*Each model was adjusted for a subset of the following baseline characteristics depending on the endpoint: female, inclusion criteria, region, number of vascular beds,
Rutherford class at baseline, prior MI, statins, tobacco use, major amputation, minor amputation, age, estimated glomerular filtration rate, ABI, weight. The diabetes treatment
and study treatment variables were included in every model. †Primary endpoint plus ALI.

ALI ¼ acute limb ischemia; CI ¼ confidence interval; CV ¼ cardiovascular; DM ¼ diabetes mellitus; HR ¼ hazard ratio; MI ¼ myocardial infarction; PT-Yrs ¼ patient-years;
TIMI ¼ Thrombolysis In Myocardial Infarction.
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FIGURE 2 Adjusted HRs for the Primary Composite Endpoint in Subgroups of Patients With PAD
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EUCLID trial, quantification of the effect of HbA1c on
the risk for the primary endpoint revealed that for
every 1 mmol/mol increase in HbA1c, there was a 1.2%
increase in risk for the primary endpoint, or a 14.2%
increased risk for MACE for every 1% increase in HbA1c.
As demonstrated recently, there is an association be-
tween increasing blood glucose concentration and
increased risk of vascular disease involving different
vascular territories, including PAD (14). The effect
of HbA1c on MACE was also examined in the
SAVOR-TIMI 53 (Saxagliptin Assessment of Vascular
Outcomes Recorded in Patients with Diabetes
Mellitus–Thrombolysis In Myocardial Infarction 53)
trial (15), which found that a baseline HbA1c of$7%was
associatedwith an increased risk ofMACE as compared
with a baseline HbA1c of <7% (adjusted HR: 1.35; 95%
CI: 1.17 to 1.58). In the EUCLID trial, there was no sig-
nificant interaction between diabetes treatment
(insulin or oral agents compared with diet alone) and
risk of the primary endpoint. This analysis does not
exclude the possibility that an interaction exists,
because the diet-controlled diabetes treatment group
was small, and when used as the reference group,
resulted in a large confidence interval.

The hemodynamic severity of PAD defined by
median ABI and TBI values was similar in those with



TABLE 3 Effect of Diabetes-Specific Factors on Primary Endpoint After Adjusting for

Other Covariates, Only in Patients With Diabetes

Factor of Interest Comparison Level Adjusted HR (95% CI)* p Value

DM type* Type I 0.790 (0.517–1.206) 0.2745

HbA1c, mmol/mol† 1.012 (1.206–1.017) <0.0001

HbA1c, %† 1.142 (1.088–1.198) <0.0001

DM treatment Overall — 0.0905

Insulin vs. diet-only 1.192 (0.884–1.608) 0.2492

Oral agents vs. diet-only 0.991 (0.742–1.325) 0.9539

*Each model was adjusted for a subset of the following baseline characteristics: diabetes treatment,
dm*groupvar (diabetes and treatment group [ticagrelor/clopidogrel] variables) female, inclusion criteria, region,
number of vascular beds, Rutherford class at baseline, prior MI, statins, tobacco use, major amputation, minor
amputation, age, estimated glomerular filtration rate, ABI, weight. †The HR refers to every 1 mmol/mol increment
in HbA1c or every 1% increment in HbA1c, respectively.

Abbreviations as in Tables 1 and 2.
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and without diabetes, but the diabetes subgroup had
more severe presenting symptoms and a higher
baseline prevalence of major and minor lower ex-
tremity amputations. A higher proportion of patients
with PAD and diabetes had more severe claudication
or CLI (31.1% vs. 25.8%) compared with those with
PAD and no diabetes (Table 1). Whether the subgroup
of patients with diabetes had more severe arterial
obstruction not reflected in the ABI values due to
calcification with subsequent noncompressibility of
blood vessels, or whether there were other factors
that contributed to more severe limb symptoms is
unknown; the slightly higher pulse pressure in pa-
tients with diabetes lends support to the former
explanation, but the small absolute difference is of
questionable clinical significance. Patients with dia-
betes had a higher prevalence of polyvascular dis-
ease, which is a likely driver of the higher risk for
MACE events. Details regarding the performance and
limitations of ABI can be found elsewhere (16,17).

Diabetes is known to increase the risk for athero-
sclerotic CV disease, but the magnitude of risk that
diabetes confers differs depending on concomitant
conditions. In the EUCLID trial, patients with diabetes
compared with those without diabetes had more se-
vere limb symptoms and higher risks for cardiac and
limb ischemic events, similar to those in the POPA-
DAD (Prevention Of Progression of Arterial Disease
And Diabetes) trial (18) and in the ADVANCE-ON trial
(Action in Diabetes and Vascular Disease Preterax and
Diamicron MR Controlled Evaluation Post Trial
Observational Study), the follow-up to the ADVANCE
(Action in Diabetes and Vascular disease: preterAx
and diamicroN modified-release Controlled Evalua-
tion) trial (19). In the ADVANCE-ON trial, the risk for
MACE was increased by 59% in patients with type 2
diabetes and concomitant PAD as compared with
those without PAD. In a recent analysis of the Scottish
Heart Health Extended Cohort trial, presence of dia-
betes was found to have a higher predictive power for
PAD than for coronary heart disease (20).

The risk of major amputation was almost doubled
in patients with PAD and diabetes (adjusted HR: 1.96;
95% CI: 1.43 to 2.68; p < 0.0001). The incidence of
lower extremity amputation in U.S. adults $20 years
of age has decreased over the past 20 years (21), but
still occurs at a rate of 28.4 amputations per 10,000
adults with diabetes (95% CI: 19.4 to 37.3), or a 10-fold
higher relative risk as compared with those without
diabetes (relative risk: 10.5; 95% CI: 6.0 to 15.0) (21).
This increased risk likely reflects macrovascular
atherosclerosis, microvascular disease manifest as
neuropathy, and the disordered metabolism of dia-
betes. Lower extremity amputations have been
termed a “sentinel outcome” (22) because the risk is
affected by the management of glycemia, blood
pressure, and tobacco use, in addition to the effec-
tiveness of health systems to identify and treat pa-
tients with diabetic foot disease.

There was an increased need for re-
vascularizations in all vascular territories in patients
with diabetes in the EUCLID trial. The increased
prevalence of atherosclerosis in different vascular
territories among those with diabetes has been
shown previously, even after adjustment for base-
line demographic characteristics and risk factors
(23). However, it is unclear whether this finding in
diabetes reflects increased severity of arterial
occlusive disease, more severe limb symptoms, or
other reasons. Interpretation of this finding is
limited because the rationale and symptom status
for these events were not captured.

Patients with diabetes had a HR of 1.03 for TIMI
major bleeding, which was not statistically
increased; the estimated HR for intracranial bleeding
was 1.68, and fatal bleeding was 1.99 as compared
with those without diabetes. Although these risks
were not statistically increased due to their relative
infrequency, the potential magnitude of the risk for
intracranial bleeding (defined as the upper bound of
the 95% CI) was up to 3-fold higher, and the risk for
fatal bleeding was up to 4.3-fold higher. These
findings suggest that patients with PAD and diabetes
could be at a higher risk for the most severe, life-
threatening bleeds.

The population of patients with diabetes in the
EUCLID trial had a higher risk of MACE and all-cause
mortality than patients with diabetes examined in
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several recent CV outcome trials of glucose-lowering
agents for diabetes. For example, in the CANVAS tri-
als (CANVAS [CANagliflozin cardioVascular Assess-
ment Study] and CANVAS-R [A Study of the Effects of
Canagliflozin (JNJ-28431754) on Renal Endpoints in
Adult Participants With Type 2 Diabetes Mellitus])
(24), 20.8% had PAD, and combined data showed that
the incidence of MACE in the placebo group was
estimated at 3.15 per 100 patient-years, whereas all-
cause mortality occurred in 1.95 patients per 100
patient-years. In the TECOS trial (Trial Evaluating
Cardiovascular Outcomes with Sitagliptin) (25) the
secondary composite endpoint of MACE (CV death,
nonfatal MI, or nonfatal stroke) occurred in 10.2% in
the placebo group over the 3-year follow-up period, or
3.62 MACE events per 100 patient-years. A similar
event rate was observed in the LEADER (Liraglutide
Effect and Action in Diabetes: Evaluation of Cardio-
vascular Outcome Results) trial (26) with 3.9 MACE
events observed per 100 patient-years in the placebo
group, and in the SUSTAIN-6 (Trial to Evaluate Car-
diovascular and Other Long-term Outcomes with
Semaglutide in Subjects with Type 2 Diabetes) (27)
with 4.44 MACE events per 100 patient-years in
the placebo group. Although more than two-thirds
of patients in the EUCLID trial had only asymp-
tomatic, mild, or moderate PAD, those with
concomitant diabetes had a higher risk for MACE
than patients in the EMPA-REG OUTCOME (BI 10773
[Empagliflozin] Cardiovascular Outcome Event Trial
in Type 2 Diabetes Mellitus Patients), all of whom
had diabetes, with >99% having established CV
disease (28).

Numerous factors contribute to the increased risk
of CV events in patients with diabetes and PAD as
shown in the EUCLID population, which consisted
mostly of patients with type 2 diabetes. In an analysis
of CV event rates in patients with diabetes in clinical
trials, the weighted mean event rate for CV death was
16.7 per 1,000 patient-years (1.67 per 100 patient-
years) for those with diabetes and baseline CV dis-
ease, and 3.6 per 1,000 patient-years (0.36 per 100
patient-years) for those without (10). The higher risk
for the primary composite endpoint in patients with
diabetes in the EUCLID trial was not affected by age,
sex, weight, prior coronary artery disease, stroke,
tobacco use, or eGFR, even after adjustment (Central
Illustration). Type 2 diabetes increases the risk for
atherosclerotic CV disease via multiple mechanisms,
including insulin resistance and hyperinsulinemia,
hyperglycemia with development of advanced
glycation end-products and reactive oxygen species,
diabetic dyslipidemia, and inflammation (3,29).

STUDY LIMITATIONS. Limitations of this analysis
include the following: 1) although diabetes was pre-
specified as a baseline variable for subgroup anal-
ysis, diabetes remains a subgroup; 2) more detailed
aspects of diabetes diagnosis such as fasting blood
glucose and HbA1c values, history, and treatment
were not captured in all subjects; and 3) conclusions
regarding limitation of the external validity of this
analysis must be acknowledged because the popula-
tion enrolled was limited to individuals with symp-
tomatic PAD and may not apply to all patients with
asymptomatic PAD. Furthermore, the ABI cutoff
of #0.80 excluded patients with mild hemodynamic
occlusive PAD because even an ABI of 0.90 or 0.95 is
likely to be associated with PAD. Therefore, these
findings may be more applicable to patients with
more severe PAD.

CONCLUSIONS

Patients with PAD and diabetes had a higher com-
posite risk of MACE (CV death, MI, and ischemic
stroke), all-cause mortality, and adverse limb events
as compared with those without diabetes despite
contemporary risk reduction therapies including sta-
tins, blood pressure–lowering medications, and anti-
platelet therapy. In the diabetes subgroup in the
EUCLID trial, increasing HbA1c was associated with
increased risk for the primary composite endpoint.
Conversely, the risk of TIMI major bleeding was
similar among patients with and without diabetes,
but fatal and intracranial bleeds were not statistically
increased. These data support the conclusion that
current strategies inadequately address the increased
risk for MACE associated with diabetes, which sug-
gests that more aggressive treatment strategies may
be needed along with further research and develop-
ment of novel approaches.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: In pa-

tients with PAD and diabetes receiving statins, angiotensin-

converting enzyme inhibitors/angiotensin receptor

blockers, and aspirin, diabetes is still associated with sub-

stantially increased risk of adverse cardiovascular events,

mortality, and major amputation. Increasing glycated

hemoglobin is associated with stepwise escalation of risk.

COMPETENCY IN PRACTICE-BASED LEARNING

AND IMPROVEMENT: One-quarter of patients with

PAD and diabetes were not receiving a statin in this

controlled clinical trial despite strong evidence for benefit

in this population, and this is a potential focus for

improvement in patient care.

TRANSLATIONAL OUTLOOK: Future investigations

should address the mechanisms underlying the high risk

of major adverse cardiovascular and limb events in

patients with diabetes and PAD, and seek pragmatic

strategies to reduce this risk.
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