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IMPORTANCE Patients with peripheral artery disease (PAD) are at high risk for myocardial
infarction (MI).

OBJECTIVE To characterize the incidence and types of MI in a PAD population, identify factors
associated with MI, and determine the association of MI with cardiovascular mortality and
acute limb ischemia.

DESIGN, SETTING, AND PARTICIPANTS The Study Comparing Cardiovascular Effects of
Ticagrelor and Clopidogrel in Patients With Peripheral Artery Disease (EUCLID) was a
double-blind randomized clinical trial conducted at 811 sites in 28 countries that randomized
13 885 patients with symptomatic PAD to monotherapy with ticagrelor or clopidogrel.
Participants had an ankle-brachial index (ABI) of 0.80 or less or previous lower extremity
revascularization. Median follow-up was 30 months. For these analyses, patients were
evaluated for MI occurrence during follow-up irrespective of treatment. Data were analyzed
from June 2017 to September 2018.

MAIN OUTCOMES AND MEASURES An adjudication clinical events committee classified MI as
type 1 (spontaneous), type 2 (secondary), type 3 (sudden cardiac death), type 4a (less than
48 hours after percutaneous coronary intervention), type 4b (definite stent thrombosis), or
type 5 (less than 72 hours after coronary artery bypass graft). A multivariate regression model
was developed by stepwise selection to identify factors associated with MI, and a
time-dependent multivariate Cox regression analysis was performed to determine the
association of MI with cardiovascular death and acute limb ischemia requiring hospitalization.

RESULTS Of the 13 885 patients included in this analysis, 9997 (72.0%) were male, and the
median (interquartile range) age was 66 (60-73) years. Myocardial infarction occurred in 683
patients (4.9%; 2.4 events per 100 patient-years) during a median follow-up of 30 months.
Patients experiencing MI were older (median [interquartile range] age, 69 [62-75] vs 66
[60-72] years), more likely to have diabetes (349 of 683 [51.1%] vs 4996 of 13 202 [37.8%])
or a previous lower extremity revascularization (466 of 683 [68.2%] vs 7409 of 13 202
[56.1%]), and had a lower ABI (if included by ABI) compared with censored patients. Of the
683 patients with MI during follow-up, the most common MI type was type 1 (405 [59.3%]),
followed by type 2 (236 [34.6%]), type 4a (14 [2.0%]), type 3 (12 [1.8%]), type 4b (11 [1.6%]),
and type 5 (5 [0.7%]). Postrandomization MI was independently associated with
cardiovascular death (adjusted hazard ratio, 9.0; 95% CI, 7.3-11.2; P < .001) and acute limb
ischemia requiring hospitalization (adjusted hazard ratio, 2.5; 95% CI, 1.3-5.0; P = .008).

CONCLUSIONS AND RELEVANCE Approximately 5% of patients with symptomatic PAD had
an MI during a median follow-up of 30 months. Type 1 MI (spontaneous) was the most common MI
type; however, one-third of MIs were type 2 MI (secondary). More research is needed to identify
therapies to reduce the risk of MI in patients with PAD and to improve management of type 2 MI.
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P eripheral artery disease (PAD) is a manifestation of
systemic atherosclerosis. Compared with patients with-
out PAD, those with PAD have a higher prevalence of

comorbidities and atherosclerosis in other vascular beds, such
as the coronary vessels.1 The risk of myocardial infarction (MI)
is elevated in patients with PAD.2-5 Traditionally, MI is related
to coronary artery disease (CAD) and the rupture of an
atherosclerotic plaque resulting in an intraluminal throm-
bus. Partial or complete occlusion of the vessel decreases the
blood flow and leads to myocyte necrosis. Conditions other
than CAD, such as tachycardia, bradycardia, respiratory fail-
ure, hypotension, or anemia, can contribute to an imbalance
of oxygen supply and/or demand with myocardial necrosis,
especially in patients with comorbidities. Recent efforts have
attempted to improve the diagnosis of MI through a universal
definition of MI (UDMI).6,7 However, to our knowledge, the
characterization of type, size, and relevance of MI in a popu-
lation with PAD has not been extensively evaluated.

In the Study Comparing Cardiovascular Effects of
Ticagrelor and Clopidogrel in Patients With Peripheral Artery
Disease (EUCLID) trial,8 13 885 patients with symptomatic
PAD were randomly assigned to receive either ticagrelor or
clopidogrel. Compared with clopidogrel, ticagrelor did not
reduce the risk of the primary efficacy end point—a compos-
ite of adjudicated cardiovascular death, MI, or ischemic
stroke (hazard ratio, 1.02; 95% CI, 0.92-1.13; P = .65). The risk
of MI was not significantly different between the groups
(hazard ratio, 1.06; 95% CI, 0.91-1.23; P = .48).

This study sought to characterize the incidence and types
of MI in patients with PAD from the EUCLID trial. Further-
more, this study aimed to identify factors associated with these
events, and determine their association with cardiovascular
mortality and acute limb ischemia (ALI).

Methods
Study Design
Data from patients enrolled in the EUCLID trial8 were included
(ClinicalTrials.gov identifier: NCT01732822). Eligible partici-
pants had an ankle-brachial index of 0.80 or less or had under-
gone revascularization of the lower limbs.9 In the double-
blind, event-driven EUCLID trial,8 13 885 patients were randomly
assigned to receive monotherapy with ticagrelor or clopido-
grel. All patients provided written informed consent, and the
protocol was approved by ethics committees at participating
sites. The EUCLID publications committee approved the post
hoc analysis with a waiver of informed consent. For these analy-
ses, we evaluated MI events after randomization and during
follow-up irrespective of treatment.

End Point Definitions
Myocardial Infarction
Myocardial infarction was adjudicated by a central clinical
events committee blinded to treatment assignment.9 The
MI events were characterized by type, electrocardiographic
changes, and peak troponin elevation. The MI definitions in the
EUCLID trial were based on the third UDMI.6 Since then, the

fourth UDMI has been published with similar definitions.7 Type
1 MI was defined as spontaneous MI; type 2, MI secondary to
an ischemic imbalance; type 3, sudden cardiac death; type 4a,
MI related to percutaneous coronary intervention (PCI); type
4b, MI related to stent thrombosis; and type 5, MI related to
coronary artery bypass graft (CABG) surgery. For the detailed
MI definitions used in the EUCLID trial, see the eMethods in the
Supplement. Electrocardiographic changes were classified
by ST-segment elevation MI (STEMI) or non-STEMI. Q-wave
status was assessed by the site investigator only. The peak
troponin elevation was measured as the ratio of the peak value
to the upper limit of normal.

Cardiovascular Death
All deaths were adjudicated by the clinical events committee
to be either cardiovascular or noncardiovascular in nature.
Cardiovascular death included sudden cardiac death, death
due to acute MI, death due to heart failure, death due to
ischemic stroke, death due to other cardiovascular causes
(eg, dysrhythmia unrelated to sudden cardiac death, pulmo-
nary embolism, cardiovascular intervention, aortic aneu-
rysm rupture, or PAD), and deaths for which there was no
clearly documented noncardiovascular cause (ie, presumed
cardiovascular death). Any death with unknown or uncertain
cause within 30 days of an ischemic stroke, MI, or a procedure/
surgery was considered a death due to ischemic stroke, MI,
or procedure/surgery, respectively.

Acute Limb Ischemia
Acute limb ischemia was defined as requiring hospitalization
with the clinical history of a symptomatic rapid or sudden
decrease in limb perfusion. Additionally, either (1) a new pulse
deficit with associated new rest pain, pallor, paresthesia, or
paralysis or (2) confirmation of arterial obstruction by imaging,
intraoperative findings, or pathological evaluation, including
amputation findings was required.

Statistical Analysis
Categorical variables are summarized as frequencies and per-
centages, and continuous variables are summarized as medi-
ans and interquartile ranges or means and standard deviations,

Key Points
Question What are the incidence, characteristics, and relevance
of myocardial infarction (MI) in patients with peripheral artery
disease (PAD)?

Findings In this secondary analysis of the randomized clinical
EUCLID trial, of 13 885 patients with symptomatic PAD, 683
(4.9%) experienced MI during a median follow-up of 30 months;
type 1 MI (spontaneous) was the most common type of MI, and
one-third of MIs were type 2 MI (secondary). Myocardial infarction
was associated with an increased risk of cardiovascular death and
acute limb ischemia events.

Meaning More research is needed to identify therapies to reduce
the risk of MI in patients with PAD and to improve management
of type 2 MI.
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as appropriate. Hypothesis tests comparing patients with and
without MI were performed using a univariate Cox regression
model, with time to first MI censoring as the response variable
and each covariate as the explanatory variables. We character-
ized the first incidence of type 1 MI or type 2 MI because these
subtypes represented most events. A multivariate model was
developed for the association of first MI (any subtype), first
type 1 MI, or first type 2 MI with baseline variables that were se-
lected by stepwise regression using an inclusion and removal
criteria of α = .10. The Fine-Gray method was used to model MI,
taking into account the competing risk of death with the cho-
sen factors in the model. Results included hazard ratios and
95% CIs for all the variables included in the final model, χ2

statistics and associated P values for each variable, and C index
values as a measure of discrimination. Continuous variables
were tested for linearity, and linear piecewise splines were added
as needed. The proportional hazards assumption was tested
using Schoenfeld scaled residuals.

To assess the association of any MI during follow-up with
cardiovascular death and subsequent ALI events, we used a
multivariate Cox regression model with MI during follow-up
as a time-dependent covariate. Once MI occurred, the indica-
tor for MI was turned on for the remainder of follow-up.
Unadjusted and adjusted hazard ratios for the association of
MI with cardiovascular death and ALI events were derived.
Adjustment variables were based on factors most associated
with MI from the multivariate model and on factors identi-
fied to be important for cardiovascular death and ALI events
(eTable 1 in the Supplement). All P values were 2-sided, and a
P value less than .05 was considered statistically significant.
All analyses were conducted by the Duke Clinical Research
Institute using SAS version 9.4 (SAS Institute).

Results
Cohort and Baseline Characteristics
A total of 13 885 patients were analyzed; 9997 (72.0%) were male,
and the median (interquartile range) age was 66 (60-73) years.
Myocardial infarction occurred in 683 patients (4.9%; 2.4 MIs per
100patient-years)duringamedianfollow-upof30months.Base-
line characteristics of patients with and without MI during the
study are presented in Table 1. Patients with MI were typically
older, had more advanced limb symptoms, and more frequently
had a history of other cardiovascular conditions and revascular-
ization. Cardiovascular risk factors were more prominent in pa-
tients with MI. Most patients were being treated with medica-
tions for cardiovascular disease or risk factors (ie, antiplatelet
agents, β-blockers, angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, and statins). The baseline char-
acteristics of patients by region are shown in eTable 2 in the
Supplement. The MI incidence rates per 100 patient-years of
follow-up by baseline Rutherford classification were 1.9 for
asymptomatic patients (grade 0), 1.8 for patients with mild or
moderate claudication (grade I or II), 2.4 for patients with severe
claudication (grade III), 3.4 for patients with ischemic rest pain
(grade IV), 2.9 for patients with minor tissue loss (grade V), and
2.5 for patients with major tissue loss (grade VI).

Table 1. Baseline Characteristics by Myocardial Infarction (MI)

Characteristic

MI During Follow-up,
No. (%) Univariate Cox

Regression,
HR (95% CI)

Yes
(n = 683)

No
(n = 13 202)

Age, median (IQR), y 69 (62-75) 66 (60-72) 1.03 (1.02-1.04)a

Female 175 (25.6) 3713 (28.1) 0.88 (0.74-1.04)

Region

Asia 71 (10.4) 1531 (11.6) 1.17 (0.90-1.51)

Central/
South America

26 (3.8) 1714 (13.0) 0.41 (0.28-0.62)

Europe 294 (43.0) 7204 (54.6) 1 [Reference]

North America 292 (42.8) 2753 (20.9) 2.50 (2.12-2.94)

Weight,
median (IQR), kg

79 (67-90) 76 (66-88) NAb

Inclusion criteria
for randomization

Previous
revascularization

466 (68.2) 7409 (56.1) 1.63 (1.38-1.91)

ABI value, mean (SD) 0.77 (0.24) 0.78 (0.23) NA

ABI or TBI criteria 217 (31.8) 5793 (43.9) 1 [Reference]

ABI value, mean (SD) 0.60 (0.13) 0.63 (0.15) NA

TBI value, mean (SD) 0.47 (0.18) 0.52 (0.22) NA

Limb symptoms
by Rutherford
classification

Asymptomatic 121 (17.7) 2480 (18.8) 1 [Reference]

Mild or moderate
claudication

333 (48.8) 7077 (53.6) 0.98 (0.80-1.21)

Severe claudication 184 (26.9) 3044 (23.1) 1.29 (1.02-1.62)

Pain while at rest 29 (4.2) 349 (2.6) 1.82 (1.21-2.73)

Minor tissue loss 13 (1.9) 194 (1.5) 1.54 (0.87-2.72)

Major tissue loss 3 (0.4) 55 (0.4) 1.35 (0.43-4.24)

Major amputation
above the ankle

22 (3.2) 317 (2.4) 1.44 (0.94-2.21)

Minor amputation 38 (5.6) 567 (4.3) 1.40 (1.01-1.95)

No. of vascular
beds affected

1 232 (34.0) 7572 (57.4) 1 [Reference]

2 292 (42.8) 4396 (33.3) 2.14 (1.80-2.54)

3 159 (23.3) 1234 (9.3) 4.03 (3.30-4.94)

Prior comorbidity

Stroke 80 (11.7) 1063 (8.1) 1.53 (1.21-1.94)

TIA 48 (7.0) 459 (3.5) 2.04 (1.52-2.73)

CAD 349 (51.1) 3683 (27.9) 2.64 (2.27-3.07)

MI 228 (33.4) 2294 (17.4) 2.37 (2.02-2.78)

PCI 218 (31.9) 1955 (14.8) 2.60 (2.21-3.05)

CABG 159 (23.3) 1377 (10.4) 2.52 (2.11-3.01)

Carotid stenosis/
revascularization

211 (30.9) 2316 (17.5) 2.04 (1.73-2.40)

Atrial fibrillation/
flutter

39 (5.7) 457 (3.5) 1.73 (1.25-2.39)

CHF 136 (19.9) 1792 (13.6) 1.61 (1.34-1.95)

CCS angina class

0 578 (84.6) 11 441 (86.7) 1 [Reference]

I 62 (9.1) 863 (6.5) 1.44 (1.11-1.87)

II 32 (4.7) 709 (5.4) 0.92 (0.64-1.31)

III 10 (1.5) 175 (1.3) 1.16 (0.62-2.16)

IV 1 (0.1) 12 (0.1) 1.55 (0.22-11.0)

Chronic kidney diseasec 253 (38.3) 3052 (23.9) 2.03 (1.74-2.37)

Family history of CHD 137 (27.0) 1873 (19.4) 1.50 (1.23-1.82)

Diabetes type 1 or 2 349 (51.1) 4996 (37.8) 1.73 (1.49-2.01)

Hypertension 586 (85.8) 10 271 (77.8) 1.69 (1.36-2.09)

Hyperlipidemia 568 (83.2) 9912 (75.1) 1.57 (1.28-1.91)

(continued)
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Types of MI
Types of first MI that occurred in 683 patients during the
median follow-up of 30 months were adjudicated by the
clinical events committee using the UDMI (Figure 1). Most of
the MIs were type 1 MI (405 [59.3%]), but more than one-
third were type 2 MI (236 [34.6%]). Few MIs were type 3
(12 [1.8%]), type 4a (14 [2.0%]), type 4b (11 [1.6%]), or type 5
(5 [0.7%]). Type 4a MI occurred in 14 of 651 patients (2.2%)
undergoing a PCI procedure during follow-up. Type 5 MI
occurred in 5 of 181 patients (2.8%) undergoing CABG.
Figure 2 shows the time to first MI, first type 1 MI, and first
type 2 MI. The incidence rates of MI by region are shown in
eTable 3 in the Supplement.

Electrocardiographic changes and the ratio of the tropo-
nin I/T peak value to the upper limit of normal for the first MI,
first type 1 MI, and first type 2 MI are shown in eTable 4 in the
Supplement. A total of 522 of 683 first MIs (76.4%) were
non-STEMI. Electrocardiography status was unknown in 98
patients (14.3%).

Q-wave status was assessed by the site investigator only
and was available in 413 of 683 patients (60.5%) who had an
MI, as adjudicated by the clinical events committee. Of these
413 patients, Q-waves were detected in 22 patients (5.3%). In
66 of 413 patients (16.0%), the site investigator determined
that no electrocardiographic data were available for Q-wave
assessment.

A peak troponin elevation greater than 10-fold the upper
limit of normal was found in 312 of 683 first MIs (45.7%). Peak
troponin values tended to be higher in type 1 MI vs type 2 MI

(type 1: 221 of 405 [54.6%] with an elevation greater than
10-fold the upper limit of normal; type 2: 70 of 236 [29.7%] with
an elevation greater than 10-fold the upper limit of normal).

Factors Associated With MI
The factors independently associated with first MI, first type
1 MI, and first type 2 MI are shown in Table 2. We identified
region, age, diabetes, chronic kidney disease, current
tobacco use, prior MI, prior revascularization procedures,
severe claudication or prior minor amputation, use of
β-blockers or angiotensin receptor blockers, and male sex as
major factors associated with MI in this patient population.
Most factors associated with first MI were also associated
with first type 1 MI or with first type 2 MI. Prior PCI and prior
MI were associated with first type 1 MI but not with first type
2 MI. Age, heart failure, sex, pain while at rest, β-blocker use,
weight (<80 kg), and transient ischemic attack were associ-
ated with first type 2 MI but not with first type 1 MI. The

Figure 1. Classification of the First Myocardial Infarction (MI)
by the Universal Definition of MI

First MIs During Follow-up, %
0 10 20 30 40 50 60 70

Type 1

Type 2

Type 3

Type 4a

Type 4b

Type 5

Type of MI

Myocardial infarction occurred in 683 of 13 885 patients (4.9%; 2.4 MIs per 100
patient-years) with symptomatic peripheral artery disease during a median
follow-up of 30 months. A total of 405 patients (59.3%) had type 1 MI;
236 (34.6%), type 2 MI; 12 (1.8%), type 3 MI; 14 (2.0%), type 4a MI; 11 (1.6%),
type 4b MI; and 5 (0.7%), type 5 MI.

Figure 2. Kaplan-Meier Estimated Occurrence
of First Myocardial Infarction (MI)
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Myocardial infarction, type 1 MI, and type 2 MI occurred continuously over
follow-up time.

Table 1. Baseline Characteristics by Myocardial Infarction (MI)
(continued)

Characteristic

MI During Follow-up,
No. (%) Univariate Cox

Regression,
HR (95% CI)

Yes
(n = 683)

No
(n = 13 202)

Tobacco use

Never 121 (18.0) 2863 (21.8) 1 [Reference]

Former 337 (50.0) 6193 (47.2) 1.24 (1.01-1.53)

Current 216 (32.0) 4073 (31.0) 1.21 (0.97-1.52)

Medications before
randomization

Aspirin 519 (76.0) 8752 (66.3) 1.58 (1.33-1.89)

Clopidogrel 288 (42.2) 4185 (31.7) 1.55 (1.33-1.80)

Statin 544 (79.6) 9637 (73.0) 1.39 (1.15-1.67)

ACE inhibitor 300 (43.9) 5335 (40.4) 1.14 (0.98-1.33)

Angiotensin
receptor blocker

200 (29.3) 3288 (24.9) 1.23 (1.04-1.45)

β-Blocker 393 (57.5) 5247 (39.7) 2.00 (1.72-2.33)

Cilostazol 95 (13.9) 2000 (15.1) 0.93 (0.75-1.16)

Abbreviations: ABI, ankle-brachial index; ACE, angiotensin-converting enzyme;
CABG, coronary artery bypass graft; CAD, coronary artery disease;
CCS, Canadian Cardiovascular Society; CHD, coronary heart disease;
CHF, congestive heart failure; HR, hazard ratio; IQR, interquartile range;
PCI, percutaneous coronary intervention; TBI, toe-brachial index;
TIA, transient ischemic attack.
a The HR of age refers to the risk per 1-year increase.
b This HR was not computed because of the nonlinear relationship between

weight and the outcome.
c Chronic kidney disease was defined as an estimated glomerular filtration rate

of less than 60 mL/min/1.73m2.
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C indices for the prediction model of MI, type 1 MI, and type
2 MI were 0.72, 0.71, and 0.77, respectively.

Association With Outcome
Table 3 shows the association of MI, type 1 MI, and type 2 MI
with cardiovascular death and ALI requiring hospitalization.
Myocardial infarction, type 1 MI, and type 2 MI were associ-
ated with a 6-fold to 9-fold increased risk of cardiovascular
death and a 1.5-fold to 5-fold increased risk of ALI requiring
hospitalization.

Discussion

This study characterized the types of MI in a large PAD
population. The main findings are (1) 5% of patients with
symptomatic PAD experienced MI during a median
follow-up of 30 months; (2) most of the first MIs in these
patients were type 1 MI (spontaneous) but more than
one-third were type 2 MI (secondary), and peak troponin
values tended to be higher in type 1 MI vs type 2 MI;

Table 2. Factors Associated With Myocardial Infarction (MI) in Patients With Peripheral Artery Disease

Variablea

MI (n = 683) Type 1 MI (n = 415) Type 2 MI (n = 267)

χ2 HR (95% CI) P Value χ2 HR (95% CI) P Value χ2 HR (95% CI) P Value

North America vs Europe 33.0 1.72 (1.43-2.07) <.001 10.2 1.47 (1.16-1.85) .001 35.8 2.58 (1.89-3.52) <.001

Central America vs Europe 22.6 0.36 (0.24-0.55) <.001 13.4 0.39 (0.23-0.64) <.001 9.8 0.27 (0.12-0.61) .002

Diabetes 22.0 1.48 (1.26-1.74) <.001 22.7 1.65 (1.34-2.02) <.001 14.7 1.65 (1.28-2.14) <.001

Chronic kidney disease 20.4 1.48 (1.25-1.76) <.001 19.0 1.61 (1.30-1.99) <.001 15.3 1.72 (1.31-2.26) <.001

Ageb 16.8 1.12 (1.06-1.18) <.001 NA NA NA 20.7 1.22 (1.12-1.32) <.001

Prior PCI 16.0 1.49 (1.23-1.81) <.001 15.9 1.64 (1.29-2.10) <.001 NA NA NA

Prior MI 13.8 1.46 (1.20-1.78) <.001 20.2 1.75 (1.37-2.23) <.001 NA NA NA

Inclusion criteria:
prior revascularization
vs ABI/TBI

10.9 1.36 (1.13-1.64) .001 6.2 1.34 (1.06-1.70) .01 5.7 1.43 (1.07-1.91) .02

Carotid revascularization
or stenosis

10.2 1.33 (1.12-1.58) .001 7.5 1.36 (1.09-1.70) .006 6.4 1.42 (1.08-1.86) .01

Severe claudication
vs asymptomatic

7.3 1.41 (1.10-1.81) .007 8.7 1.62 (1.18-2.23) .003 3.7 1.49 (0.99-2.24) .05

Current tobacco use
vs never

6.0 1.37 (1.06-1.76) .01 3.5 1.34 (0.99-1.81) .06 NA NA NA

Prior minor amputation 5.8 1.54 (1.09-2.20) .02 NA NA NA NA NA NA

Prior CABG 5.3 1.28 (1.04-1.57) .02 3.5 1.28 (0.99-1.65) .06 NA NA NA

β-Blockers within
30 d prior

5.0 1.22 (1.02-1.46) .03 NA NA NA 7.6 1.46 (1.12-1.92) .006

Prior angiotensin
receptor blocker

4.5 1.21 (1.02-1.43) .03 NA NA NA NA NA NA

Female vs male 4.2 0.82 (0.68-0.99) .04 NA NA NA 9.2 0.60 (0.43-0.83) .002

Pain while at rest
vs asymptomatic

3.5 1.54 (0.98-2.42) .06 <1.0 1.14 (0.58-2.26) .71 8.2 2.42 (1.32-4.43) .004

Prior TIA 3.4 1.33 (0.98-1.81) .07 NA NA NA 4.1 1.60 (1.02-2.51) .04

Minor tissue loss
vs asymptomatic

2.6 1.66 (0.89-3.08) .11 <1.0 1.38 (0.58-3.30) .46 3.4 2.32 (0.95-5.63) .06

Major tissue loss
vs asymptomatic

1.1 1.90 (0.58-6.25) .29 <1.0 1.13 (0.15-8.27) .91 3.3 3.80 (0.90-16.0) .07

Mild or moderate
claudication
vs asymptomatic

<1.0 1.12 (0.89-1.40) .33 1.5 1.20 (0.90-1.61) .22 1.0 1.21 (0.84-1.74) .31

Former tobacco use
vs never

<1.0 1.05 (0.83-1.32) .68 <1.0 1.02 (0.76-1.36) .91 NA NA NA

Asia vs Europe <1.0 1.04 (0.78-1.38) .79 1.3 1.22 (0.87-1.71) .25 <1.0 0.91 (0.54-1.53) .73

Prior CHF NA NA NA NA NA NA 10.4 1.65 (1.22-2.24) .001

Weightb

<80 kg NA NA NA NA NA NA 4.9 0.91 (0.83-0.99) .03

>80 kg NA NA NA NA NA NA <1.0 1.01 (0.94-1.08) .79

Abbreviations: ABI, ankle-brachial index; CABG, coronary artery bypass graft;
CHF, congestive heart failure; HR, hazard ratio; NA, not applicable;
PCI, percutaneous coronary intervention; TBI, toe-brachial index;
TIA, transient ischemic attack.
a Ordered by decreasing χ2 value for MI. For variables not selected as a

predictor, no value is provided.
b Age and weight were included as continuous variables in the model and shown

per 5-year or 5-kg increase, respectively.
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(3) region, age, diabetes, atherosclerotic disease, and prior
procedures were independently associated with MI in this
patient population, and advanced limb symptoms appeared
to be associated more strongly with type 2 MI than with
type 1 MI; and (4) MIs were independently associated
with an increased risk for cardiovascular death and ALI
requiring hospitalization.

Risk of MI in Patients With PAD
Patients with PAD have high rates of comorbidities and ath-
erosclerosis in other vascular beds.1,3 In registry data, 40%
of patients with PAD had no other vascular bed affected.10 In
the EUCLID trial,8 55% of patients had PAD only. One-third
of patients had a total of 2 vascular beds affected, and 10% of
patients had 3 vascular beds affected. Despite these lower
rates of atherosclerotic disease in more than 1 vascular bed
and the frequent use of drugs for secondary prevention (eg,
75% of patients were receiving statin therapy) in the EUCLID
trial, 5% of patients experienced an MI during a median
follow-up of 30 months. This is similar to previously
described MI rates.11 It has been described before that death
from cardiovascular causes for patients with PAD (even
without history of MI) is similar to patients with a prior car-
diac event.3,12 However, many patients with PAD are
undertreated.3 This study confirms the high risk of MI in a
large PAD population.

Types of MI
Risk factors and diagnostic assessment, treatment strategies,
and prognostic information are mostly suited for type 1 MI,
the typical clinical picture of MI. As expected, most first MIs
during follow-up in our study were type 1 MI; however,
one-third of first MIs were classified as type 2 MI. This rate
seems high in comparison with reports in the literature from
other MI populations. In acute coronary syndrome trials
with MI adjudication, the proportion of type 4a MI is higher,
and the prevalence of type 2 MI can be less than 5%.13,14

In cohort studies of a high-risk population, the incidence
might even be higher than the rates observed here.15 In a
trial subanalysis of more than 20 000 patients with stable
atherosclerotic disease (prior MI, 86%; symptomatic PAD,
14%), Kidd et al16 found that 10% of the MIs were type 2 MI.
Taken together, the incidence of type 2 MI varies among dif-
ferent populations and seems high among patients with

PAD. The higher rate in patients with PAD might be
explained by the frequent comorbidities among patients
with PAD contributing to the occurrence of type 2 MI.17 The
high rate of type 2 MI during follow-up in this study of a PAD
population highlights the ongoing need for evidence-based
management of type 2 MI.

The optimal interpretation of type 2 MI has been some-
what controversial.18,19 Unfortunately, we had little informa-
tion about the clinical context of these type 2 MIs that could
add to the discussion regarding the differentiation between
myocardial injury and MI.

Electrocardiography Criteria, Biomarker, and Size
Overall, the electrocardiography characteristics for first MIs
in patients with PAD were similar to reports from general
populations.13,16,20 Most first MIs in our study were non-
STEMI and were in the highest UDMI category of peak bio-
marker elevation (greater than 10-fold the upper limit of
normal). These observations are similar to results from a
mixed population of patients with stable atherosclerosis
(symptomatic PAD, 14%).16 Similar to our observations, type
1 MI tended to be larger than type 2 MI in an acute coronary
syndrome trial population.21

Factors Associated With MI
Age, diabetes, atherosclerotic disease, prior procedures, and
chronic kidney disease were identified as major factors
associated with MI in this patient population and represent
known risk factors comparable with those in a general
population.22,23 We speculate that the reason region is a
major factor associated with MI relies on the differences
in ascertainment, treatment paradigms, or diagnostic
evaluations.

We identified differences in the multivariate models for
type 1 MI vs type 2 MI. First, in contrast to the model for type
1 MI, the model for type 2 MI did not include history of MI or
PCI. History of MI and history of revascularization have been
identified as effect modifiers for antiplatelet agents for sec-
ondary prevention of thrombotic events, including MI, in
trials with patients with atherosclerosis.24-26 To our knowl-
edge, the manner in which this effect modification relates to
MI type has not been evaluated. Second, there has been dis-
cussion about whether the definition of type 2 MI should
require CAD.27-29 Saaby et al30 reported that up to half of

Table 3. Risk of Cardiovascular Death and Acute Limb Ischemia (ALI) Requiring Hospitalization
Following a Myocardial Infarction (MI) During Follow-up Period

Outcome

Events, No./Total No. (%)
Adjusted HR
(95% CI) P ValueWith MIa Without MI

Cardiovascular death

MI 122/683 (17.3) 584/13 202 (1.8) 9.0 (7.3-11.2) <.001

Type 1 MI 78/415 (17.1) 628/13 470 (1.9) 8.1 (6.2-10.4) <.001

Type 2 MI 41/267 (17.1) 665/13 618 (2.0) 6.3 (4.5-8.8) <.001

ALI requiring hospitalization

MI 11/669 (1.6) 221/13 216 (0.7) 2.5 (1.3-5.0) .008

Type 1 MI 4/411 (0.9) 228/13 474 (0.7) 1.7 (0.6-4.6) .32

Type 2 MI 8/259 (3.6) 224/13 626 (0.7) 5.1 (2.2-11.8) <.001

Abbreviation: HR, hazard ratio.
a The index event is the first MI of

each category that occurred during
the follow-up period.
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patients with type 2 MI do not have CAD. Our results affirm
that known CAD, prior MI, or prior PCI are not present in
many patients with type 2 MI. However, since the primary
condition in the EUCLID trial was PAD, CAD status was not
assessed angiographically in many patients. Third, age and
heart failure were independently associated with type 2 MI
but not with type 1 MI, indicating the relevance of comor-
bidities for type 2 MI and a potential benefit from multidisci-
plinary care for patients at risk.15,31 Fourth, advanced limb
symptoms were major factors independently associated
with type 2 MI and appeared to be associated more strongly
with type 2 MI than with type 1 MI. This may be of relevance
to identify patients at risk for type 2 MI. Studies are needed
to test whether further diagnostic assessments and treat-
ment strategies can help to prevent these events.

Outcome
Most treatment strategies are optimally suited for type 1 MI.
It has been shown that both type 1 MI and type 2 MI are inde-
pendently associated with cardiovascular death.15,16,21

We confirmed these associations in a large PAD population
over a median follow-up of 30 months. The risk of cardio-
vascular death was high for patients with type 2 MI
but appeared to be even higher for those with type 1 MI.
Other studies reported opposite trends16,21 but relied on
fewer type 2 MI events, and most patients had prior CAD.
Our results highlight the need for further studies to identify
and test treatment strategies for type 2 MI to prevent cardio-
vascular death.

Type 2 MI was independently associated with ALI
requiring hospitalization. This information may be helpful
for clinicians to identify patients at increased risk for these
events. Whether this risk simply reflects advanced athero-
sclerosis or if MI has a causal relationship is unknown. How-
ever, there were only 4 ALI events requiring hospitalization
after a first type 1 MI and only 8 after a first type 2 MI. The
large confidence intervals indicate that these numbers
should be interpreted with caution. Although MI treatment
is mostly suited for type 1 MI, it seems unlikely that the
infarction itself increases the risk for ALI (eg, through heart
failure or emboli). Common risk factors or comorbidities not
included in our model might explain this increased risk.
Whether multidisciplinary care can avoid ALI in these

comorbid patients at risk or whether this increased risk
would justify revascularization despite low event rates
deserves further studies.

Limitations
Our study had limitations. The generalizability of results
from randomized clinical trials can be limited.32 For
example, patients receiving long-term anticoagulation and
those requiring dialysis were excluded from the EUCLID
trial, and our observations might underestimate or overesti-
mate the occurrence of MI in a general PAD population. The
members of the clinical events committee responsible for MI
adjudication were highly trained. However, adjudication of
MI as type 2 MI often relies on physician judgment. The eti-
ology of type 2 MI was not specified but would have been
helpful to add important insights to the discussion around
myocardial injury vs MI. For this trial, contemporary tropo-
nin assays were used. High-sensitivity troponin might iden-
tify more MI events, particularly type 2 MI. Since ticagrelor
was not shown to reduce cardiovascular events compared
with clopidogrel in the EUCLID trial, we did not look at treat-
ment effects on MI for this analysis. The association of MI
with subsequent events relies on observational data and
does not imply causation.

Conclusions
Approximately 5% of patients with symptomatic PAD experi-
enced MI during a median follow-up of 30 months. Type 1
MI was the most common MI type, but one-third of MIs were
type 2 MI. Non–ST-segment elevation MI occurred more fre-
quently than STEMI. Peak troponin values tended to be
higher in type 1 MI vs type 2 MI. A multivariate model identi-
fied region, age, diabetes, chronic kidney disease, athero-
sclerotic disease, and prior procedures as major predictors of
MI in this patient population. Advanced limb symptoms
appeared to be stronger predictors of type 2 MI than of type 1
MI. Myocardial infarction in patients with PAD was associ-
ated with an increased risk for cardiovascular death and ALI
events requiring hospitalization. More research is needed to
identify therapies to reduce the risk of MI in patients with
PAD and to improve the management of type 2 MI.
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