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Aims Whilst the risk factors for type 1 myocardial infarction due to atherosclerotic plaque rupture and thrombosis are
established, our understanding of the factors that predispose to type 2 myocardial infarction during acute illness is
still emerging. Our aim was to evaluate and compare the risk factors for type 1 and type 2 myocardial infarction.

...................................................................................................................................................................................................
Methods
and results

We conducted a secondary analysis of a multi-centre randomized trial population of 48 282 consecutive patients
attending hospital with suspected acute coronary syndrome. The diagnosis of myocardial infarction during the index
presentation and all subsequent reattendances was adjudicated according to the Universal Definition of Myocardial
Infarction. Cox regression was used to identify predictors of future type 1 and type 2 myocardial infarction during
a 1-year follow-up period. Within 1 year, 1331 patients had a subsequent myocardial infarction, with 924 and 407
adjudicated as type 1 and type 2 myocardial infarction, respectively. Risk factors for type 1 and type 2 myocardial
infarction were similar, with age, hyperlipidaemia, diabetes, abnormal renal function, and known coronary disease
predictors for both (P < 0.05 for all). Whilst women accounted for a greater proportion of patients with type 2 as
compared to type 1 myocardial infarction, after adjustment for other risk factors, sex was not a predictor of type 2
myocardial events [adjusted hazard ratio (aHR) 0.82, 95% confidence interval (CI) 0.66–1.01]. The strongest pre-
dictor of type 2 myocardial infarction was a prior history of type 2 events (aHR 6.18, 95% CI 4.70–8.12).

...................................................................................................................................................................................................
Conclusions Risk factors for coronary disease that are associated with type 1 myocardial infarction are also important predic-

tors of type 2 events during acute illness. Treatment of these risk factors may reduce future risk of both type 1
and type 2 myocardial infarction.
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Introduction

Myocardial infarction is a clinical diagnosis based on the presence of
symptoms or signs of myocardial ischaemia in conjunction with acute
myocardial injury, as indicated by a rise or fall in cardiac biomarker

concentrations.1 The Fourth Universal Definition recognizes that
myocardial infarction can result from a number of different patho-
physiological mechanisms.1–3 Type 1 myocardial infarction occurs in
those with atherosclerotic plaque rupture and thrombosis,
whereas type 2 myocardial infarction occurs due to myocardial
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Determining vulnerability to future type 2 myocardial infarction events. The role of illness severity, risk factors for cardiovascular disease, and presence of
coronary artery disease in those with type 2 myocardial infarction.
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oxygen supply and demand imbalance in the context of an acute ill-
ness causing tachyarrhythmia, hypoxia, or hypotension without acute
atherothrombosis.

The risk factors for type 1 myocardial infarction have been well
characterized in a number of large trials.4,5 Pre-existing conditions
such as hypertension, diabetes mellitus, and hyperlipidaemia have
been shown to increase future atherothrombotic risk. Risk factors
that predict type 2 myocardial infarction are likely to be more com-
plex, with an acute illness responsible for supply or demand imbal-
ance and myocardial infarction in a population of susceptible patients.
Supply or demand imbalance itself is often multifactorial and may
arise from any acute process leading to sustained tachycardia, hyp-
oxia, or hypotension. However, type 2 myocardial infarction is not
ubiquitous during acute illness, and some patients may tolerate signifi-
cant haemodynamic stress without cardiac consequence (Graphical
Abstract).

Our knowledge of the risk factors and patient characteristics that
predispose to type 2 myocardial infarction during acute illness is lim-
ited.6–11 Meanwhile, clinical outcomes after type 2 myocardial infarc-
tion remain poor, with as many as two-third of patients dying within
5 years.7,9,12–14 A greater understanding of risk factors for type 2
myocardial infarction could facilitate targeted intervention and per-
haps reduce the long-term risk of future events in this population.
Here, we evaluate the predictors of future type 1 and type 2 myocar-
dial infarction events during 1-year follow-up of a population of con-
secutive patients who attended hospital with suspected acute
coronary syndrome.

Methods

Study population
Between June 2013 and March 2016, a total of 48 282 consecutive
patients with suspected acute coronary syndrome who attended one of
the 10 secondary and tertiary care hospitals in Scotland were enrolled in
the High-Sensitivity Troponin in the Evaluation of patients with Acute
Coronary Syndrome (High-STEACS) trial.15 All patients attending the
emergency department were screened for suspected acute coronary
syndrome by the attending clinician. To avoid selection bias and ensure a
representative population we used an enrolment tool embedded into the
electronic health care system. Patients were eligible for inclusion if they
presented with suspected acute coronary syndrome and had cardiac
troponin measured using a high-sensitivity cardiac troponin I assay (hs-
cTnI; ARCHITECTSTAT high-sensitive troponin I assay; Abbott Park, IL,
USA). This assay has an inter-assay coefficient of variation of <10% at
4.7 ng/L, the limit of detection of 1.2 and 1.9 ng/L, and a sex-specific 99th
centile thresholds of 16 and 34 ng/L for women and men, respective-
ly.16,17 Standardized practice guidelines were in place across all recruiting
centres during study enrolment. In accordance with guidelines, myocar-
dial infarction was ruled out when cardiac troponin concentrations were
<99th percentile at presentation if symptom onset was >6 h from pres-
entation or after serial testing 6–12 h from symptom onset in those pre-
senting earlier.18,19 Patients were excluded if they were not resident in
Scotland or had been enrolled in the trial previously. Following discharge,
all patients who reattended with suspected acute coronary syndrome
were identified using the same electronic screening tool.15 We used re-
gional and national registries to ensure complete follow-up for the study
population over a 1-year period from the date of the index admission.

Adjudication of myocardial infarction
All diagnoses in patients with hs-cTnI concentrations above the sex-
specific 99th centile were adjudicated using the hs-cTnI assay and classi-
fied according to the Fourth Universal Definition of Myocardial
Infarction.1 Two physicians independently reviewed all clinical informa-
tion, blinded to study phase, with discordant diagnoses resolved by a third
reviewer. Type 1 myocardial infarction was defined as myocardial necro-
sis (any hs-cTnI concentration above the sex-specific 99th centile with a
rise or fall in hs-cTnI concentration where serial testing was performed)
in the context of a presentation with suspected acute coronary syndrome
and either symptoms of myocardial ischaemia or signs on the electrocar-
diogram. Patients with myocardial necrosis, symptoms, or signs of myo-
cardial ischaemia and evidence of increased myocardial oxygen demand
or decreased supply secondary to an alternative condition without evi-
dence of acute atherothrombosis were defined as type 2 myocardial in-
farction. Patients with hs-cTnI concentrations above the 99th centile
without symptoms or signs of myocardial ischaemia were classified as
having myocardial injury. Here, the final clinical diagnosis was also adjudi-
cated according to prespecified criteria. All non-ischaemic myocardial in-
jury was classified as acute, unless a change of <_20% was observed on
serial testing, or the final adjudicated diagnosis was chronic heart failure
or chronic renal failure, where the classification was chronic myocardial
injury. Abnormal renal function was defined in patients with an estimated
glomerular filtration rate <60 mL/min/1.73 m2. A detailed summary of the
adjudication procedures is provided in the Supplementary material on-
line, Appendix.

Statistical analysis
Baseline characteristics were summarized for the whole population, and
in those with and without myocardial infarction during follow-up.
Continuous variables are presented as mean (standard deviation) or me-
dian [interquartile range (IQR)], as appropriate. Categorical variables are
presented as absolute numbers (%). Group-wise comparisons were per-
formed using v2, Kruskal–Wallis, or one-way analysis of variance tests as
appropriate. Multivariable Cox proportional hazard models were used to
determine the predictors of type 1 or type 2 myocardial infarction
accounting for the competing risk of all-cause mortality. Adjusted hazard
ratios (aHRs) are reported with 95% confidence intervals (CIs) and P-val-
ues for the individual outcomes of type 1 or type 2 myocardial infarction.
Baseline clinical variables for the models were selected based on their
clinical relevance and included age, sex, previous history of coronary ar-
tery disease, previous history of cerebrovascular disease, diabetes melli-
tus, hyperlipidaemia, creatinine concentration, and coronary
revascularization history.6,10,12,20,21 We also included an additional term
for the diagnosis at index admission and calculated the hazard of subse-
quent type 1 or type 2 for each index diagnosis vs. patients with no myo-
cardial injury. Age and creatinine concentration were modelled as
continuous variables. Data were assessed for systematic missingness, and
complete case analysis was used in Cox regression models with no data
imputation. We examined for non-proportional hazards graphically and
by calculating deviation from linearity over time using Schoenfeld resid-
uals, where individual covariate P-values >0.05 were considered satisfac-
tory to meet the proportional hazards assumption. Statistical analysis was
performed in R (version 3.5.1).

Approvals and ethics
This study was conducted in accordance with the Declaration of Helsinki
and approved by the Scotland A Research Ethical Committee. All data
were collected prospectively from the electronic patient records, deiden-
tified, and linked within secure NHS Safe Havens (Supplementary material
online, Table S4).
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In 48 282 patients with 1 year of follow-up, 2839 patients reattended
the emergency department with suspected acute coronary syn-
drome and were found to have a hs-cTnI concentration above the
99th centile. It was possible to adjudicate the index and subsequent
diagnosis in 88% and 92% of patients, respectively, with moderate
agreement between adjudicators for the index (Cohen’s kappa coeffi-
cient, K = 0.8) and subsequent diagnoses (K = 0.7). During follow-up,
there were 924 patients with an adjudicated diagnosis of type 1 myo-
cardial infarction, 407 with type 2 myocardial infarction, and 1169
and 77 patients adjudicated as acute or chronic myocardial injury,
respectively.

Patients with either type 1 or type 2 myocardial infarction had a
similar prevalence of known coronary disease (56% vs. 58%), cere-
brovascular disease (12% vs. 13%), hyperlipidaemia (63% vs. 67%),
and diabetes mellitus (22% vs. 21%) (Table 1). However, compared
to those with type 1 myocardial infarction, those with type 2 myocar-
dial infarction were marginally older [median age 77 (IQR 69–83) vs.
74 (IQR 62–83)] and were more likely to have abnormal renal func-
tion (44% vs. 39%).

It was possible to determine the cause of subsequent type 2 myo-
cardial infarction in 98% (397/407) of patients. Tachyarrhythmia
(50%), hypoxia (22%), hypotension (12%), and anaemia (11%) were
the most common causes, with coronary causes (<2%) and hyper-
tension (2%) less frequent (Supplementary material online, Figure S1
and Table S1). There was no difference in age, sex, prior history of
coronary disease, cerebrovascular disease, hyperlipidaemia, or dia-
betes mellitus between different causes of type 2 myocardial infarc-
tion (Supplementary material online, Table S2).

In a multivariable model, the factors associated with increased sus-
ceptibility for future type 1 or type 2 myocardial infarction were simi-
lar (Figure 1). Risk factors for type 1 myocardial infarction were
increased age (aHR 1.34, 95% CI 1.28–1.42) and a prior history of
coronary artery disease (aHR 1.13, 95% CI 1.10–1.16), diabetes melli-
tus (aHR 1.36, 95% CI 1.14–1.61), or increased creatinine concentra-
tion (aHR 1.49, 95% 1.26–1.76 per log increase) (Figure 1). Similarly,
type 2 myocardial infarction was more likely in those with increased
age (aHR 1.52, 95% CI 1.40–1.65), or a prior history of coronary ar-
tery disease (aHR 1.11, 95% CI 1.07–1.16), hyperlipidaemia (aHR
1.27, 95% CI 1.01–1.61), diabetes mellitus (aHR 1.46, 95% CI 1.12–
1.90), or increased creatinine concentration (aHR 1.40, 95% CI 1.08–

....................................................................................................................................................................................................................

Table 1 Characteristics of patients with and without myocardial infarction during follow-up

All patients No myocardial

infarction

Type 1 myocardial

infarction

Type 2 myocardial

infarction

Number of participants 48 282 (100) 46 929 (97) 924 (2) 407 (1)

Age (years), median (IQR) 61 (49–65) 61 (17) 74 (62–83) 77 (69–83)

Male sex 25 720 (53) 24 996(53) 521 (56) 189 (46)

Medical history prior to index presentation

Coronary artery disease 11 912 (25) 11 147 (24) 521 (56) 236 (58)

Cerebrovascular disease 2949 (6) 2783 (6) 112 (12) 53 (13)

Hyperlipidaemia 19 366 (40) 18 502 (39) 581 (63) 273 (67)

Diabetes mellitus 3518 (7) 3229 (7) 201 (22) 85 (21)

Abnormal renal function 9325 (20) 8798 (19) 348 (39) 175 (44)

Creatinine concentration (lmol/L), median (IQR) 75 (66–91) 73 (65–86) 83 (71–105) 92 (72–122)

PCI 3682 (8) 3451 (7) 164 (18) 63 (16)

CABG 782 (2) 732 (2) 39 (4) 11 (3)

Prior myocardial infarction or injury

Type 1 MI 4981 (11) 4477 (10) 409 (46) 83 (21)

Type 2 MI 1121 (2) 1007 (2) 39 (4) 75 (19)

Acute myocardial injury 1676 (4) 1592 (4) 46 (5) 38 (10)

Chronic myocardial injury 1287 (3) 1219 (3) 43 (5) 25 (7)

No myocardial injury 37 922 (79) 37 404 (82) 344 (39) 166 (43)

Medical therapies

ACE inhibitor/ARB 18 329 (38) 17 453 (37) 607 (66) 254 (62)

Beta blocker 17 589 (36) 16 717 (36) 599 (65) 262 (64)

Aspirin 17 124 (36) 16 189 (35) 654 (71) 265 (65)

P2Y12 inhibitor 8705 (18) 8087 (17) 478 (52) 135 (32)

Oral anticoagulant 4730 (10) 4502 (10) 124 (13) 103 (25)

Spironolactone 1612 (3) 1496 (3) 74 (8) 42 (10)

Lipid-lowering therapy 22 427 (47) 21 406 (46) 706 (76) 297 (73)

Values are shown as n (%) unless otherwise stated.
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft; IQR, interquartile range; MI, myocardial infarction; PCI, percutan-
eous coronary intervention.

4 R. Wereski et al.108130
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1.82 per log increase). Sex was not a significant predictor of type 1
(aHR 1.08, 95% CI 0.94–1.24) or type 2 (aHR 0.82, 95% CI 0.66–
1.01) myocardial infarction.

A prior diagnosis of type 1 or type 2 myocardial infarction was the
strongest predictor of future type 1 or type 2 events, respectively.
Patients with a prior type 1 myocardial infarction had the highest risk
of a future type 1 myocardial infarction event (aHR 5.80, 95% CI
5.06–6.65) with a subsequent type 1 event occurring in 8% (409/
4981) of those with a prior type 1 myocardial infarction, as compared
to 3% (39/1121) of those with a prior type 2 event (Figure 2).
Similarly, patients with a prior type 2 myocardial infarction were at
increased risk of a future type 2 event (aHR 6.18, 95% CI 4.70–8.12).
Future type 2 events occurred in 7% (75/1121) of patients with a
prior type 2 event, as compared to 2% (83/4981) of those with a
prior type 1 myocardial infarction (Figure 2).

Patients with a future type 1 or 2 myocardial infarction during
follow-up were on similar preventative medication including aspirin

(71% vs. 65%), lipid-lowering therapy (76% vs. 73%), beta-blockers
(65% vs. 64%), and angiotensin-converting enzyme inhibitors (66% vs.
62%, Table 1).

Further details of patients with recurrent myocardial infarction can
be found in the Supplementary material online, Table S3.

Discussion

In 48 282 patients with suspected acute coronary syndrome, we
determined the risk factors associated with development of future
type 1 or type 2 myocardial infarction. We report several observa-
tions that are informative for clinical practice. We observed that risk
factors traditionally associated with type 1 myocardial infarction,
including diabetes mellitus, hyperlipidaemia, abnormal renal function,
and a prior history of coronary artery disease, were also important
predictors of type 2 myocardial infarction. Whilst all patients with a

Figure 1 Predictors of future type 1 myocardial infarction and type 2 myocardial infarction. Age is per 10 years, modelled as a continuous variable.
CI, confidence interval; CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention.

Risk factors for type 1 and 2 MI 5109131
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.
prior history of myocardial infarction were at increased risk of recur-
rent events, patients with a previous type 2 myocardial infarction
were six times more likely to have a subsequent type 2 event. The
similar cardiovascular risk factor profile of patients with future type 1
or type 2 myocardial infarction suggests that shared underlying
pathophysiological mechanisms may increase the susceptibility for
type 2 myocardial infarction. Identifying and targeting these risk fac-
tors in patients with type 2 myocardial infarction, for example,
through optimizing glycaemic control, blood pressure, lipid levels,
and ensuring those with underlying coronary disease are on optimal
secondary prevention, could reduce the risk of future events.

The risk factors for type 1 myocardial infarction were established
in a number of large studies predating the introduction of high-
sensitivity cardiac troponin and the Universal Definition of
Myocardial Infarction.4,5 In these studies, enrolment was either se-
lective or restricted to patients in coronary care units, and those with
significant comorbidities were excluded. This resulted in preferential
recruitment of those with atherothrombotic type 1 myocardial in-
farction. Pre-existing conditions such as hypertension, diabetes melli-
tus, and hyperlipidaemia increase the risk of type 1 myocardial
infarction, and the modification of these risk factors through lifestyle
intervention and pharmacotherapy has been shown to reduce future
type 1 myocardial infarction events and improve survival.5,22

In contrast, knowledge of the factors that predispose to type 2
myocardial infarction is still emerging. A number of cross-sectional
studies have compared the characteristics of patients classified with
either type 1 or type 2 myocardial infarction,6–11,23 but to date there
have been no prospective studies evaluating the risk factors for future
type 1 or type 2 myocardial infarction events during follow-up.
Unlike type 1 myocardial infarction, which is caused by atherothrom-
botic plaque rupture, type 2 myocardial infarction has a more diverse
and complex aetiology. Our findings are consistent with those of
Saaby et al.24 who demonstrated that patients with type 2 myocardial

infarction most commonly presented with tachyarrhythmia (29%),
anaemia (21%), hypoxia (21%), or hypotension (6%).

Although the underlying conditions responsible for myocardial
oxygen supply or demand imbalance are heterogeneous, our analysis
is the first to demonstrate that a number of common cardiovascular
risk factors are associated with susceptibility to type 2 myocardial in-
farction. We demonstrate that several risk factors usually associated
with coronary disease and atherothrombotic type 1 myocardial in-
farction, including hyperlipidaemia, diabetes mellitus, and a prior his-
tory of coronary artery disease, are also important predictors of
future type 2 myocardial infarction (Figure 1). Our findings are con-
sistent with prior studies of consecutive patients with myocardial in-
farction where investigators demonstrated that >50% of patients
undergoing coronary angiography had evidence of obstructive coron-
ary disease.24,25 Whilst a number of studies have reported that cor-
onary artery disease and its risk factors are common in patients
presenting with type 2 myocardial infarction,26,27 only one previous
study has prospectively evaluated the link with future type 2 events.
CASABLANCA is a prospective cohort study that enrolled patients
who underwent peripheral or coronary angiography and were fol-
lowed up for incident myocardial infarction events. This demon-
strated that patients with future type 2 myocardial infarction were
more likely to have multivessel obstructive disease at baseline, com-
pared to those without a future type 2 myocardial infarction event
(47.7% vs. 35.3%).12

Our observation that traditional cardiovascular risk factors were
common and shared predictors of future type 1 or type 2 myocardial
infarction suggests that the presence of coronary artery disease, or
risk factors for the progression of atherosclerosis, confers increased
susceptibility to type 2 events. Whilst the risk of supply or demand
imbalance leading to type 2 myocardial infarction is primarily driven
by the severity of acute physiological stress, the threshold at which is-
chaemia occurs may be related to the extent of flow limitation from

Figure 2 Cumulative incidence curves illustrating the risk of future type 1 (left panel) and future type 2 myocardial infarction (right panel), stratified
by prior diagnosis, with number at risk of event in corresponding tables. MI, myocardial infarction.

6 R. Wereski et al.110132
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.
atherosclerotic coronary disease. In contrast to a patient with ob-
structive coronary artery disease and attenuated flow reserve, a pa-
tient with no coronary disease may have a higher ischaemic
threshold, and a similar physiological stress may not lead to cardiac
consequences.28 This underlines the importance of considering the
magnitude of supply or demand imbalance and probability of coron-
ary artery disease relative to each individual patient (Graphical
Abstract). Furthermore, coronary artery disease in those with type 2
myocardial infarction could explain why the incidence of future car-
diac death is broadly comparable to patients with type 1 events.7,10

This raises the possibility that therapies and interventions to reduce
the burden of coronary disease, including coronary revascularization,
could modify the risk of myocardial ischaemia and play an important
role in reducing the risk of type 2 myocardial infarction and adverse
outcomes.

Currently, there is no consensus on how patients with type 2 myo-
cardial infarction should be managed. In contrast to type 1 myocardial
infarction where �60% patients undergo coronary angiography and
80% are prescribed preventative pharmacotherapies at discharge, in
those with type 2 myocardial infarction, <20% of patients undergo
coronary angiography and >40% are discharged without antiplatelet
or lipid-lowering therapies.23,29 In the present study, we observed
that the majority of patients hospitalized for type 2 myocardial infarc-
tion were already established on cardioprotective pharmacothera-
pies. This is not overly surprising given a previous myocardial
infarction was the most important predictor of future events during
follow-up. It is likely that the proportion of patients with type 2 myo-
cardial infarction already established on preventative therapies would
be much lower in the general population as has been observed in
prior studies.8,9,29

Whether the systematic use of preventative therapies or treat-
ments for coronary artery disease, or its risk factors, can reduce the
risk of type 2 myocardial infarction is uncertain. Indeed, widespread
use of antiplatelet medication could be harmful in type 2 myocardial
infarction, including, for example, where acute supply or demand im-
balance has been triggered by bleeding.30 Careful selection of patients
with type 2 myocardial infarction for any therapies should be under-
taken after recovery from acute illness. The use of registry and co-
hort studies to evaluate this question is inherently challenging with
significant confounding by indication, and dedicated randomized con-
trolled trials of drug therapies in selected patients with type 2 myo-
cardial infarction are needed.

Despite the paucity of trials in type 2 myocardial infarction, ex-
ploratory analyses from trials in other populations have shown that
the treatment of risk factors for coronary artery disease may reduce
the risk of type 2 myocardial infarction. The ODYSSEY OUTCOMES
trial recently observed that alirocumab, a proprotein convertase sub-
tilisin/kexin type 9 inhibitor used in the treatment of hypercholester-
olaemia, could reduce both future type 1 and type 2 myocardial
infarction by 13% and 22%, respectively, as compared to placebo.31

Furthermore, in the DECLARE-TIMI 58 trial, dapagliflozin, an
sodium-glucose co-transporter 2 inhibitor, reduced future type 1 and
type 2 myocardial infarction in patients with a history of myocardial
infarction and type 2 diabetes mellitus.32 These observations suggest
that interventions that reduce cardiovascular risk through multiple
mechanisms, including reducing the burden of hypercholesterolaemia
or optimizing management of diabetes, should be evaluated for their

effectiveness in dedicated trials of carefully selected patients with
type 2 myocardial infarction.

Our observation that type 2 myocardial infarction begets type 2
myocardial infarction could be a consequence of the lower rates of
coronary angiography, revascularization, and pharmacotherapy pre-
scriptions in these patients.29 Failure to identify and treat important
coronary disease in patients with type 2 myocardial infarction could
result in progressive worsening of ischaemic burden and increased
risk of recurrent infarction during future acute illness. It is therefore
plausible that wider use of both invasive and non-invasive coronary
imaging could facilitate improved identification of coronary disease
and help target treatments designed to improve outcomes and re-
duce the risk of future events in patients with type 2 myocardial in-
farction. The Appropriateness of Coronary Investigation in
Myocardial Injury and Type 2 Myocardial Infarction (ACT-2) random-
ized controlled trial will assess whether computed tomography or in-
vasive coronary angiography might improve the prescription of
secondary prevention therapy and impact on future cardiovascular
outcomes.33

In our study, we also evaluated whether sex was associated with
the risk of myocardial infarction. Male sex is an established risk factor
for type 1 myocardial infarction,34 but the role of sex in type 2 myo-
cardial infarction is unclear. Consistent with previous studies, we
observed that, when compared to type 1 myocardial infarction,
women account for a higher proportion of patients with type 2
events.6–11,24,35,36 However, when adjusting for cardiovascular risk
factors and comorbidities, sex was not an important predictor of
type 2 myocardial infarction. This observation may not be entirely
surprising given the acute triggers for type 2 events, such as tachycar-
dia, hypoxia, and hypotension, are perhaps less likely to be influenced
by patient sex. Although this observation contrasts the findings of
Neumann et al.11 who reported in a cross-sectional analysis that fe-
male sex was associated with type 2 myocardial infarction, data from
the CASABLANCA study, which is the only other prospective evalu-
ation of risk factors for type 2 myocardial infarction, support our con-
clusion that coronary disease risk factors, rather than patient sex, are
more important determinants of type 2 myocardial infarction.12

Our study has several limitations. First, we recognize that our
study population is limited to patients attending a secondary or ter-
tiary care hospital with suspected acute coronary syndrome, and the
prevalence of subsequent myocardial infarction is therefore higher
than would be anticipated in the general population. As the incidence
of type 2 myocardial infarction in the general population is low, we
conducted this analysis in a higher-risk population to enable a fully
adjusted multivariable analysis. Nevertheless, we believe that our
population is relevant to address this question since all patients
enrolled in our study were hospitalized for an acute illness, which is a
prerequisite for type 2 myocardial infarction. Second, we did not
have access to information on all cardiovascular risk factors, notably
smoking status, and hypertension, nor did we have access to lipid
profiles or blood pressure readings to evaluate the role of risk predic-
tion tools such as the Framingham risk score. Further studies in a
population undergoing screening for cardiovascular risk factors are
needed to confirm our findings. Third, although all diagnoses in
patients with troponin concentrations above the 99th centile were
adjudicated according to the Universal Definition, there was moder-
ate agreement between adjudicators (K = 0.7–0.8) and potential for
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.
diagnostic misclassification, especially in patients without serial tropo-
nin testing. Finally, our study was limited to a single healthcare system,
and the prevalence of type 2 myocardial infarction is highly depend-
ent on the approach to patient selection for troponin testing.37 As
such, validation of our results in other healthcare settings is needed
to confirm the generalizability of our findings.

Conclusions

Traditional cardiovascular risk factors usually associated with type 1
myocardial infarction are also important predictors of type 2 myocar-
dial infarction. Treatment and optimization of these risk factors may
reduce the future risk of both type 1 and type 2 myocardial
infarction.

Supplementary material

Supplementary material is available at European Heart Journal online.
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