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MAIN OUTCOMES AND MEASURES All-cause death at 1 year according to the factors associated
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with oxygen supply-demand imbalance among patients with type 2 myocardial infarction.

cause death.
Meaning The underlying factors

RESULTS Of 6096 patients (2602 women [43%]; median age, 70 years [IQR, 58-80 years]), 4981
patients had type 1 myocardial infarction, and 1115 patients had type 2 myocardial infarction. The
most common factor associated with oxygen supply-demand imbalance was tachyarrhythmia (616
of 1115 [55%]), followed by hypoxemia (219 of 1115 [20%]), anemia (95 of 1115 [9%]), hypotension (89

associated with oxygen supply-demand
imbalance among patients with type 2
myocardial infarction may provide
useful prognostic information.

of 1115 [8%]), severe hypertension (61 of 1115 [5%]), and coronary mechanisms (35 of 1115 [3%]). At
1 year, all-cause mortality occurred for 15% of patients (720 of 4981) with type 1 myocardial infarction
and 23% of patients (285 of 1115) with type 2 myocardial infarction. Compared with patients with
type 1 myocardial infarction, those with type 2 myocardial infarction owing to hypoxemia (adjusted
odds ratio [aOR], 2.35; 95% CI, 1.72-3.18) and anemia (aOR, 1.83; 95% CI, 1.14-2.88) were at greatest
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risk of death, whereas those with type 2 myocardial infarction owing to tachyarrhythmia (aOR, 0.83;
95% CI, 0.65-1.06) or coronary mechanisms (aOR, 1.07; 95% CI, 0.17-3.86) were at similar risk of
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this secondary analysis of a randomized clinical trial, mortality
after type 2 myocardial infarction was associated with the underlying etiologic factor associated with
oxygen supply-demand imbalance. Most type 2 myocardial infarctions were associated with
tachyarrhythmia, with better prognosis, whereas hypoxemia and anemia accounted for one-third of
cases, with double the mortality of type 1 myocardial infarction. These differential outcomes should
be considered by clinicians when determining which cases need to be managed if patient outcomes
are to improve.
TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT01852123
JAMA Network Open. 2022;5(7):e2220162. doi:10.1001/jamanetworkopen.2022.20162

Introduction
The definition of myocardial infarction has evolved because of improved sensitivity of cardiac
biomarkers.1-5 The Fourth Universal Definition of Myocardial Infarction classifies type 1 myocardial
infarction as being due to thrombotic occlusion after atherosclerotic plaque rupture or erosion and
type 2 myocardial infarction as being due to myocardial oxygen supply-demand imbalance in the
context of acute systemic or cardiac illnesses or an underlying coronary mechanism other than
plaque rupture.3
It is recognized that type 2 myocardial infarction is common6,7 and that it is associated with a
substantial risk of adverse clinical outcomes,8-10 with as few as 30% of patients alive at 5 years.11,12
Despite this fact, effective strategies for the investigation and management of type 2 myocardial
infarction have not been defined.3,8,13,14 Type 2 myocardial infarction is a heterogenous condition
encompassing multiple factors associated with reduced myocardial oxygen supply (coronary
embolism, dissection or vasospasm, hypotension, hypoxemia, and anemia) and increased myocardial
oxygen demand (hypertension and tachyarrhythmia).3,11 These etiologic factors may confer different
risks of adverse clinical outcomes and require distinct treatment strategies.15 In this secondary
analysis of a multicenter randomized clinical trial,16 we report the frequency of these factors
associated with oxygen supply-demand imbalance among patients with type 2 myocardial infarction,
and we compare their characteristics and outcomes with those of patients with type 1 myocardial
infarction.

Methods
Study Population and Trial Design
High-STEACS (High-Sensitivity Troponin in the Evaluation of Patients with Suspected Acute Coronary
Syndrome; NCT01852123)16 was a stepped-wedge cluster randomized clinical trial that evaluated
the implementation of a high-sensitivity cardiac troponin I assay (ARCHITECT STAT; Abbott) for
consecutive patients with suspected acute coronary syndrome across 10 hospitals in Scotland
between June 10, 2013, and March 3, 2016 (statistical analysis plan in Supplement 1). All patients
were screened prospectively by the usual care clinician using an electronic form integrated into the
clinical pathway, which captured the indication for cardiac troponin testing and presenting
symptoms. The Scotland Research Ethics Committee approved the trial. In the High-STEACS trial the
intervention (implementation of a high-sensitivity cardiac troponin I assay) was implemented at
hospital level; as such, individual patient consent was not required. In this secondary analysis, which
was not prespecified, we included trial patients with an adjudicated diagnosis of type 1 or type 2
myocardial infarctions for whom the underlying factors associated with oxygen supply-demand
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imbalance were recorded. The trial was conducted according to the Consolidated Standards of
Reporting Trials (CONSORT) reporting guideline.

Adjudication of Myocardial Infarction
All patients with high-sensitivity cardiac troponin I concentrations above the sex-specific 99th centile
(16 ng/L for women and 34 ng/L for men [to convert troponin I to micrograms per liter, multiply by
0.001])17 had their diagnosis adjudicated according to the Fourth Universal Definition of Myocardial
Infarction (eMethods in Supplement 2).3,5 Myocardial ischemia was defined as objective when there
was electrocardiographic evidence of new ischemic changes or subjective when symptoms were
present.18 Patients with symptoms or signs of ischemia and increased myocardial oxygen demand or
decreased supply were defined as having type 2 myocardial infarction.

Factors Associated With Oxygen Supply-Demand Imbalance
The primary etiologic factor associated with oxygen supply-demand imbalance among patients with
type 2 myocardial infarction was adjudicated (eMethods in Supplement 2). Coronary artery
dissection, embolism, and vasospasm were grouped as coronary mechanisms. In this secondary
analysis, we compared outcomes for all patients with an adjudicated diagnosis of type 1 or type 2
myocardial infarction among clinically relevant subgroups. Patients with myocardial infarction owing
to coronary artery plaque rupture and thrombosis, erosion, dissection, embolism, or vasospasm were
grouped in a “coronary mechanisms” category. Patients with myocardial infarction in response to an
acute systemic illness, presenting with anemia, hypotension, hypoxemia, or severe hypertension,
were grouped in a “systemic illnesses” category. Those with primary tachyarrhythmia comprised the
“tachyarrhythmias” category. Where admission observations were available, we determined the
proportion of patients with single vs multiple factors associated with oxygen supply-demand
imbalance using objective criteria as applied by the National Early Warning Score (heart rate >100
beats per minute, oxygen saturation <94%, and systolic blood pressure <120 or >180 mm Hg).19

Study Outcomes
National registries were used to ensure complete follow-up for the study population during a 1-year
period after index admission. The primary outcome was all-cause death at 1 year. We evaluated the
secondary outcomes of noncardiovascular death, the composite of myocardial infarction or
cardiovascular death, its individual components, and length of hospital admission. Secondary
outcome events, including the cause of death, were adjudicated by a panel, blinded to the index
diagnosis and study phase (eMethods in Supplement 2).

Statistical Analysis
Statistical analysis was performed from July 7 to 30, 2020. Baseline characteristics were summarized
in subgroups of patients according to the factors associated with oxygen supply-demand imbalance.
Continuous variables are reported as median (IQR) values. Categorical variables are reported as
percentages. Any categorical variables with a frequency of fewer than 5 are reported as less than 5
owing to data protection requirements. Groupwise comparisons were performed using the χ2 test or
the Kruskal-Wallis test. The frequency of the primary outcome of all-cause death at 1 year was
estimated using the Kaplan-Meier estimate for cumulative incidence, with the log-rank test for
comparisons. Based on previous observations of an excess of noncardiovascular deaths among
patients with type 2 myocardial infarction, we applied competing risk methods when considering the
secondary outcomes of myocardial infarction or cardiovascular death and the competing risk of
noncardiovascular death.12 Univariable logistic regression modeling and multivariable logistic
regression modeling were used to examine the association between the factors associated with
oxygen supply-demand imbalance and the primary outcome of all-cause death at 1 year with type 1
myocardial infarction as reference group. In the multivariable model, odds ratios were adjusted for
variables identified a priori, including age, sex, history of ischemic heart disease, type 1 or 2 diabetes,
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and kidney impairment.20,21 A complete case analysis was used for evaluating logistic regression
models. All P values were from 2-sided tests and results were deemed statistically significant at
P < .05. Statistical analysis was performed in R, version 3.5.1 (R Group for Statistical Computing).

Results
The High-STEACS trial enrolled 48 282 consecutive patients with suspected acute coronary
syndrome (22 562 women [47%]; median age, 61 years [IQR, 49-75 years]), of whom 22% (10 360 of
48 282) had high-sensitivity cardiac troponin I concentrations above the 99th centile. Among
patients with sufficient information to adjudicate the diagnosis, this was type 1 myocardial infarction
for 55% (4981 of 9115) and type 2 myocardial infarction for 12% (1121 of 9115). The primary etiologic
factor associated with oxygen supply-demand imbalance was determined for 1115 patients; therefore,
this secondary analysis included 6096 patients (2602 women [43%]; median age, 70 years [IQR,
58-80 years]) (Figure 1). Patients with type 2 myocardial infarction were older than those with type
1 myocardial infarction (median age, 77 years [IQR, 67-84 years] vs 68 years [IQR, 57-79 years]) and
more likely to be female than male (55% [616 of 1115] vs 40% [1986 of 4981]) (eTable 1 in
Supplement 2).

Factors Associated With Oxygen Supply-Demand Imbalance
Among patients with type 2 myocardial infarction, the primary mechanisms associated with oxygen
supply-demand imbalance were tachyarrhythmia (55% [616 of 1115]), hypoxemia (20% [219 of 1115]),

Figure 1. Trial Population
48 282 Patients with suspected
acute coronary syndrome

1251 Excluded because of insufficient data for adjudication
of diagnostic classification (n = 1245) or etiologic factors
associated with type 2 myocardial infarction (n = 6)

47 031 Patients with diagnosis per Fourth
UDMI including etiologic factors
associated with type 2 myocardial
infarction

40 935 Excluded
37 922 No myocardial injury
50 Type 4 myocardial infarction
1676 Acute myocardial injury
1287 Chronic myocardial injury
6096 Included

4981 With type 1 myocardial
infarction

1115 With type 2 myocardial infarction
according to the etiologic factors
associated with supply-demand imbalance

35 With coronary
mechanisms

5016 With coronary
mechanisms

95 With anemia

89 With hypotension

219 With hypoxemia

464 With systemic
illnesses

61 With severe
hypertension

616 With
tachyarrhythmia

616 With
tachyarrhythmias

UDMI indicates Universal Definition of Myocardial Infarction.
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anemia (9% [95 of 1115]), hypotension (8% [89 of 1115]), severe hypertension (5% [61 of 1115]), and
coronary mechanisms (3% [35 of 1115]) (Table 1). Among those with coronary mechanisms, 51% (18
of 35) had vasospasm, 37% (13 of 35) had dissection, and 11% (4 of 35) had embolism.

Baseline Characteristics
Patients with coronary mechanisms associated with type 2 myocardial infarction were younger than
those with type 1 myocardial infarction (median age, 53 years [IQR, 44-62 years] vs 68 years [IQR,
57-79 years]) (Table 1). In contrast to type 1 myocardial infarction (with 40% [1986 of 4981] women),
there were more women than men with type 2 myocardial infarction for most mechanisms
associated with oxygen supply-demand imbalance (69% [24 of 35] for coronary mechanisms, 56%
[122 of 219] for hypoxemia, 56% [34 of 61] for severe hypertension, and 58% [356 of 616] for
tachyarrhythmia) apart from anemia (38% [36 of 95]) and hypotension (49% [44 of 89]). Except for
those with coronary mechanisms, patients with type 2 myocardial infarction were older and had
higher rates of ischemic heart disease, cerebrovascular disease, heart failure, and kidney impairment
compared with patients with type 1 myocardial infarction (Table 1).

Clinical Presentation
Chest pain was the primary presenting symptom for 94% of patients (33 of 35) with a coronary
mechanism associated with type 2 myocardial infarction (Table 1). Clinical variables on admission
were consistent with the primary factors associated with oxygen supply-demand imbalance; patients
with tachyarrhythmia had a high median heart rate (118 beats per minute [IQR, 87-143 beats per
minute]) and those with hypoxemia had a low median oxygen saturation level (93% [IQR,
88%-96%]). However, some overlap in clinical measurements was observed; for instance, patients
with tachyarrhythmia had lower systolic blood pressure (eFigure 1 in Supplement 2). Median highsensitivity cardiac troponin I concentrations were highest among patients with a coronary
mechanism associated with oxygen supply-demand imbalance (1288 ng/L [IQR, 262-4663 ng/L])
and those with type 1 myocardial infarction (855 ng/L [IQR, 104-6775 ng/L]) (Table 1; Figure 2).

Clinical Management
Similar to patients with type 1 myocardial infarction, most patients with type 2 myocardial infarction
and a coronary mechanism associated with oxygen supply-demand imbalance received medical
treatment for suspected acute coronary syndrome (60% [21 of 35] vs 55% [2717 of 4981]) and
underwent coronary angiography (63% [22 of 35] vs 59% [2928 of 4981]) (Table 2). Patients with
coronary mechanisms associated with type 2 myocardial infarction had similar rates of new aspirin
prescriptions compared with patients with type 1 myocardial infarction (49% [17 of 35] vs 45% [2240
of 4981]), while fewer patients with other factors associated with oxygen supply-demand imbalance
had commenced antiplatelet therapy. Patients with type 2 myocardial infarction had higher rates of
new oral anticoagulant prescriptions compared with those with type 1 myocardial infarction (19%
[209 of 1115] vs 3% [129 of 4981]; eTable 2 in Supplement 2), and this was most common among
those with tachyarrhythmia (26% [161 of 616]) (Table 2).

Clinical Outcomes
The primary outcome of all-cause death at 1 year occurred for 15% (720 of 4981) of patients with type
1 myocardial infarction and 23% (258 of 1115) with type 2 myocardial infarction (eTable 2 in
Supplement 2). Patients with type 2 myocardial infarction owing to hypoxemia had the highest rates
of all-cause death at 1 year (37% [81 of 219]), and those with coronary mechanisms had the lowest
rates of all-cause death at 1 year (<14% [<5 of 35]) (Table 2; Figure 2). Patients with tachyarrhythmia
also had lower rates of all-cause death (16% [99 of 616]) (Figure 2; eFigure 2 in Supplement 2), similar
to patients with type 1 myocardial infarction. In univariable analysis, hypoxemia, anemia, severe
hypertension, and hypotension were associated with higher odds of all-cause death at 1 year
(eTable 3 in Supplement 2). When accounting for differences in age, sex, and comorbid conditions,
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Table 1. Baseline Characteristics of the Study Population According to Adjudicated Diagnosis and Factors Associated With Type 2 Myocardial Infarction
Patients, No. (%)a
Factors associated with type 2 myocardial infarction

Characteristic

Type 1 myocardial
infarction
(n = 4981)

Coronary
mechanisms
(n = 35)

Anemia (n = 95)

Hypotension (n = 89)

Hypoxemia
(n = 219)

Severe
hypertension
(n = 61)

Tachyarrhythmia
(n = 616)

Age, median (IQR), y

68 (57-79)

53 (44-62)

78 (70-84)

78 (69-85)

78 (70-85)

80 (69-85)

76 (67-83)

Female

1986 (40)

24 (69)

36 (38)

44 (49)

122 (56)

34 (56)

356 (58)

Male

2995 (60)

11 (31)

59 (62)

45 (51)

97 (44)

27 (44)

260 (42)

Sex

Presenting symptomb
Chest pain

4061 (89)

33 (94)

76 (86)

51 (61)

117 (59)

43 (81)

423 (75)

Dyspnea

171 (4)

<5 (<14)

8 (9)

8 (10)

56 (28)

<5 (<8)

42 (7)

Palpitation

17 (0.3)

<5 (<14)

<5 (<5)

<5 (<6)

<5 (<2)

<5 (<8)

64 (10)

Syncope

102 (2)

<5 (<14)

<5 (<5)

13 (15)

7 (4)

<5 (<8)

13 (2)

Other

221 (5)

<5 (<14)

<5 (<5)

12 (14)

16 (8)

<5 (<8)

25 (4)

Medical history
Myocardial infarction

667 (13)

<5 (<14)

16 (17)

13 (15)

32 (15)

7 (12)

91 (15)

Ischemic heart disease

1519 (31)

5 (14)

42 (44)

33 (37)

97 (44)

29 (48)

246 (40)

Cerebrovascular disease

368 (7)

<5 (<14)

14 (15)

14 (16)

30 (14)

5 (8)

72 (12)

Type 1 or 2 diabetes

802 (16)

<5 (<14)

21 (22)

13 (15)

41 (19)

6 (10)

64 (10)

Heart failure
hospitalization

792 (16)

<5 (<14)

33 (35)

22 (25)

80 (37)

22 (36)

130 (21)

Kidney impairment

1167 (23)

<5 (<14)

31 (33)

34 (38)

86 (39)

17 (28)

191 (31)

Percutaneous coronary
intervention

487 (10)

<5 (<14)

7 (7)

<5 (<6)

10 (5)

6 (10)

66 (11)

Coronary artery bypass
grafting

105 (2)

<5 (<14)

<5 (<5)

<5 (<6)

6 (3)

<5 (<8)

18 (3)

Aspirin

1694 (34)

8 (23)

47 (50)

35 (39)

91 (42)

24 (39)

263 (43)

Dual antiplatelet therapy

233 (5)

<5 (<14)

<5 (<5)

<5 (<6)

14 (6)

<5 (<8)

37 (6)

Lipid-lowering therapy

2377 (48)

11 (31)

61 (64)

45 (51)

125 (57)

36 (59)

351 (57)

ACE inhibitor or ARB

1995 (40)

10 (29)

47 (50)

41 (46)

100 (46)

27 (44)

286 (46)

β-Blocker

1598 (32)

8 (23)

43 (45)

31 (35)

80 (37)

21 (34)

303 (49)

Oral anticoagulant

292 (6)

<5 (<14)

16 (17)

12 (13)

28 (13)

9 (15)

105 (17)

Proton pump inhibitor

2037 (41)

8 (23)

64 (67)

45 (51)

102 (47)

34 (56)

292 (47)

Previous revascularization

Medications at
presentation

Admission
electrocardiogramc
Normal

1578 (36)

12 (36)

23 (31)

19 (24)

40 (21)

12 (21)

91 (15)

Myocardial ischemia

1872 (43)

17 (52)

32 (43)

41 (52)

108 (56)

14 (25)

171 (29)

ST-segment elevation

870 (20)

11 (33)

<5 (<5)

<5 (<6)

10 (5)

<5 (<8)

8 (1)

ST-segment depression

865 (20)

5 (14)

30 (41)

26 (33)

73 (38)

10 (18)

134 (23)

T-wave inversion

780 (18)

6 (18)

6 (8)

27 (34)

56 (29)

10 (18)

61 (10)

Heart rate, beats per
minute

76 (65-90)

78 (64-94)

86 (73-100)

82 (66-100)

95 (80-110)

78 (6-89)

118 (87-143)

Systolic blood pressure,
mm Hg

141 (124-160)

142 (128-153)

130 (114-146)

104 (90-152)

132 (115-150)

140 (122-162)

130 (111-149)

Respiratory rate, breaths
per minute

17 (16-19)

18 (16-20)

18 (16-20)

19 (1-24)

24 (18-30)

18 (17-23)

18 (16-20)

Oxygen saturation, %

97 (96-99)

98 (97-100)

97 (94-99)

96 (94-97)

93 (88-96)

96 (92-97)

97 (95-98)

Hemoglobin, g/dL

13.9 (12.4-15.1)

13.8
(13.3-15.1)

7.5 (6.6-8.3)

13.1 (11.4-14.2)

12.8 (11.2-14.0)

12.9
(11.4-14.5)

13.5 (12.2-14.8)

eGFR, mL/min/1.73 m2

60 (44-60)

55 (48-60)

42 (31-58)

40 (28-58)

50 (35-60)

57 (41-60)

52 (40-60)

Physiological parameters,
median (IQR)

Laboratory investigations,
median (IQR)

(continued)
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Table 1. Baseline Characteristics of the Study Population According to Adjudicated Diagnosis and Factors Associated With Type 2 Myocardial Infarction (continued)
Patients, No. (%)a
Factors associated with type 2 myocardial infarction

Hypotension (n = 89)

Hypoxemia
(n = 219)

Severe
hypertension
(n = 61)

Tachyarrhythmia
(n = 616)

78 (36-302)

81 (35-224)

76 (41-333)

48 (27-133)

40 (18-93)

204 (58-1181)

174 (64-727)

148 (51-935)

77 (38-187)

104 (45-433)

Type 1 myocardial
infarction
(n = 4981)

Coronary
mechanisms
(n = 35)

Anemia (n = 95)

Presentation hs-cTnI,
ng/L

102 (33-624)

205 (31-551)

Peak hs-cTnI, ng/L

855 (104-6775)

1288
(262-4663)

Characteristic

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker;
eGFR, estimated glomerular filtration rate; hs-cTnI, high-sensitivity cardiac troponin I.
SI conversion factor: To convert hemoglobin to grams per liter, multiply by 10.0; troponin
I to micrograms per liter, multiply by 0.001.
a

Cell counts of less than 5 are redacted in line with regulatory approvals.

b

Some data on presenting symptoms are missing. The total number of patients by
subgroup is type 1 myocardial infarction, 4572; coronary mechanisms, 35; anemia, 88;
hypotension, 84; hypoxemia, 198; severe hypertension, 53; and tachyarrhythmia, 567.

c

Some electrocardiogram data are missing. The total number of patients by subgroup is
type 1 myocardial infarction, 4380; coronary mechanisms, 33; anemia, 74;
hypotension, 79; hypoxemia, 187; severe hypertension, 56; and tachyarrhythmia, 605.

Figure 2. Factors Associated With Oxygen Supply-Demand Imbalance in Type 2 Myocardial Infarction (MI)
A Cumulative incidence curve for the primary

B

Density plot of maximal high-sensitivity cardiac
troponin I concentration by adjudicated diagnosis

outcome of all-cause death at 1 y

Type 1 MI
Coronary mechanisms
Anemia
Hypotension
Hypoxemia
Severe hypertension
Tachyarrhythmia

Log-rank P <.001
40
30

Density

Cumulative incidence, %

50

20
10
0
0

100

200

300

400

Time since index presentation, d
No. at risk
Type 1 MI
4981
Coronary mechanisms
35
Anemia
95
Hypotension
89
Hypoxemia
219
Severe hypertension
61
Tachyarrhythmia
616

4576
35
78
74
171
52
577

4432
33
71
67
154
48
559

0

5

50

500

5000

50 000

Maximal high-sensitivity cardiac troponin I concentration, ng/L

4322
33
66
65
148
45
534

A, Cumulative incidence curve for the primary outcome of all-cause death at 1 year. B,
Kernel density plot showing the distribution of maximal high-sensitivity cardiac troponin
I concentrations (ng/L [to convert to micrograms per liter, multiply by 0.001]) according

to adjudicated diagnosis and factors associated with oxygen supply-demand imbalance
in type 2 myocardial infarction (MI).

the risk of all-cause death at 1 year was twice as high for patients with hypoxemia (adjusted odds ratio
[aOR], 2.35; 95% CI, 1.72-3.18) and anemia (aOR, 1.83; 95% CI, 1.14-2.88) compared with patients
with type 1 myocardial infarction (eFigure 3 in Supplement 2). Conversely, a trend toward reduction
in risk was observed for patients with tachyarrhythmia (aOR, 0.83; 95% CI, 0.65-1.06) and similar risk
for those with a coronary mechanism (aOR, 1.07; 95% CI, 0.17-3.86). Patients with multiple etiologic
factors associated with oxygen supply-demand imbalance had higher rates of all-cause death at 1
year compared with those with a single etiologic factor (eFigure 4 in Supplement 2).
The rate of myocardial infarction or cardiovascular death at 1 year was lower among patients
with type 2 myocardial infarction secondary to tachyarrhythmia (12% [71 of 616]) or coronary
mechanisms associated with oxygen supply-demand imbalance (<5% [<5 of 35]) compared with
those with type 1 myocardial infarction (17% [863 of 4981]) (Table 2; eFigure 5 in Supplement 2). The
rates of noncardiovascular death were 3-fold to 4-fold higher among patients with anemia (21% [20
of 95]), hypoxemia (20% [44 of 219]), and hypotension (15% [13 of 89]) compared with those with
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type 1 myocardial infarction (5% [241 of 4981]; Table 2; eFigure 5 in Supplement 2). Overall, 8% of
patients (384 of 4981) with type 1 myocardial infarction and 4% of patients (42 of 1115) with type 2
myocardial infarction had a subsequent myocardial infarction at 1 year (eTable 2 in Supplement 2).
Patients with hypoxemia, hypotension, and anemia had a longer hospital stay (Table 2).

Subgroup Analysis
Patients with coronary mechanisms associated with type 1 or type 2 myocardial infarction (n = 5016)
were younger (median age, 68 years [IQR, 57-79 years]) and more likely to be male (3006 [60%])
compared with those with systemic illness (n = 464; median age, 78 years [IQR, 69-85 years]; 228
men [49%]) or tachyarrhythmia (n = 616; median age, 76 years [IQR, 67-83 years]; 260 men [42%])
(eTable 4 in Supplement 2). Patients with a concomitant systemic illness were more likely to have
underlying comorbid conditions. Compared with patients with a systemic illness or tachyarrhythmia,
twice as many patients with a coronary mechanism initially received medical therapy for suspected
acute coronary syndrome (55% [2738 of 5016] for coronary mechanism vs 27% [125 of 464] for
systemic mechanism and 24% [145 of 616] for tachyarrhythmia) (eTable 5 in Supplement 2).

Table 2. Investigations, Management, and Clinical Outcomes at 1 Year According to Adjudicated Diagnosis and Factors Associated With Type 2 Myocardial Infarction
Patients, No. (%)a
Factors associated with type 2 myocardial infarction
Type 1 myocardial
infarction (n = 4981)

Coronary
mechanisms
(n = 35)

Anemia
(n = 95)

Hypotension
(n = 89)

Hypoxemia
(n = 219)

Severe hypertension
(n = 61)

Tachyarrhythmia
(n = 616)

2717 (55)

21 (60)

21 (22)

28 (32)

63 (29)

13 (21)

145 (24)

New aspirin

2240 (45)

17 (49)

5 (5)

11 (12)

17 (8)

6 (10)

61 (10)

New P2Y12 inhibitor

3042 (61)

17 (49)

11 (12)

10 (11)

27 (12)

<5 (<8)

65 (11)

New DAPT

2969 (60)

15 (43)

9 (10)

7 (8)

27 (12)

<5 (<8)

54 (9)

New ACE inhibitor or ARB

1577 (32)

10 (29)

9 (10)

5 (6)

17 (8)

5 (8)

57 (9)

New β-blocker

1878 (38)

11 (31)

10 (11)

10 (11)

22 (10)

8 (13)

157 (26)

Characteristic
Investigations and
management
ACS treatment in the ED
Medical therapyb

New lipid-lowering therapy

1764 (35)

9 (26)

10 (11)

5 (6)

11 (5)

<5 (<8)

31 (5)

New oral anticoagulantc

129 (3)

5 (14)

<5 (<5)

9 (10)

25 (11)

8 (13)

161 (26)

New proton pump inhibitor

536 (11)

<5 (<14)

14 (15)

8 (9)

10 (5)

<5 (<8)

41 (7)

Coronary angiographyd

2928 (59)

22 (63)

<5 (<5)

7 (8)

13 (6)

17 (28)

53 (9)

PCI

2021 (41)

7 (20)

<5 (<5)

<5 (<6)

<5 (<2)

<5 (<8)

7 (1)

720 (14)

<5 (<14)

32 (34)

26 (29)

81 (37)

18 (30)

99 (16)

863 (17)

<5 (<14)

15 (16)

16 (18)

43 (20)

13 (21)

71 (12)

Myocardial infarction

384 (8)

<5 (<14)

<5 (<5)

<5 (<6)

6 (3)

<5 (<8)

27 (4)

Cardiovascular death

479 (10)

<5 (<14)

12 (13)

13 (15)

37 (17)

12 (20)

44 (7)

Noncardiovascular death

241 (5)

0

20 (21)

13 (15)

44 (20)

6 (10)

55 (9)

3 (1-5)

3 (2-4)

5 (2-9)

6 (1-14)

7 (3-14)

4 (1-9)

2 (1-6)

Coronary investigation or
intervention

Outcomes at 1-y follow-up
Primary outcome
All-cause death
Secondary outcomes
Myocardial infarction or
cardiovascular death

Length of hospital stay
Length of stay, median
(IQR), d

Abbreviations: ACE, angiotensin-converting enzyme; ACS, acute coronary syndrome;
ARB, angiotensin receptor blocker; DAPT, dual antiplatelet therapy; ED, emergency
department; PCI, percutaneous coronary intervention.
a

b

All medications are new prescriptions made during the index hospital admission.

c

Warfarin or direct oral anticoagulant.

d

Angiography and revascularization within 30 days of presentation.

Cell counts of less than 5 are redacted in line with regulatory approvals. All medications
are new prescriptions made during the index hospital admission.
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The rate of the primary outcome of all-cause death at 1 year was highest for patients with a
systemic illness (34% [157 of 464]) and was double the rate observed for patients with coronary
mechanisms (14% [722 of 5016]) and tachyarrhythmia (12% [71 of 616]) (Figure 3; eTable 5 in
Supplement 2). Among those with a systemic illness, approximately half the deaths were owing to a
cardiovascular factor (47% [74 of 157]) and half were owing to a noncardiovascular factor (53% [83 of
157]). The rate of noncardiovascular death among these patients was substantially higher than
among those with a coronary mechanism or tachyarrhythmia (18% [83 of 464] vs 5% [241 of 5016]
or 9% [55 of 616], respectively).

Discussion
Among consecutive hospitalized patients with myocardial infarction, we evaluated the prevalence
and outcomes of factors associated with oxygen supply-demand imbalance in type 2 myocardial
infarction. We made important observations relevant to practice. First, tachyarrhythmia is the most

Figure 3. Outcomes According to the Factors Associated With Myocardial Infarction
A All-cause death

B

50

Myocardial infarction or cardiovascular death
50

Cumulative incidence, %

Cumulative incidence, %

Log-rank P <.001
40

30
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0

Coronary causes
Systemic illnesses
Tachyarrhythmias

40
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0
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100
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Time since index presentation, d
No. at risk
Coronary causes 5016
Systemic illnesses 464
Tachyarrhythmias 616
C
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375
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200
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464
616
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587
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Noncardiovascular death
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40

30

20

10

0
0
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4836
391
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A, Cumulative incidence curves for the primary outcome of all-cause death at 1 year. B,
Cumulative incidence curves for the secondary outcomes of myocardial infarction or
cardiovascular death. C, Cumulative incidence curves for noncardiovascular death. The
“coronary mechanisms” category includes patients with myocardial infarction owing to
coronary artery plaque rupture or erosion (type 1) and coronary artery dissection,

embolism, or vasospasm (type 2); the “systemic illnesses” category includes patients
with myocardial infarction in response to an acute systemic illness, such as anemia,
hypotension, hypoxemia, and severe hypertension. Patients with myocardial infarction
owing to primary tachyarrhythmia comprise the “tachyarrhythmias” category.
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common factor associated with oxygen supply-demand imbalance, occurring in half of all patients
with type 2 myocardial infarction, and is associated with better outcomes. Second, systemic illnesses
associated with type 2 myocardial infarction—anemia, hypoxemia, hypotension, or severe
hypertension—are less common, but patients with these illnesses as a factor associated with type 2
myocardial infarction share similar characteristics and have the highest rates of all-cause death.
Third, while coronary mechanisms are the least prevalent etiologic factors associated with type 2
myocardial infarction, there are major similarities in the presentation, management, and outcomes
of patients with these etiologic factors compared with those with type 1 myocardial infarction. Taken
together, these findings suggest that for patients with type 2 myocardial infarction, it is important
to distinguish the primary cardiac etiologic factors from those associated with hemodynamic stresses
of a systemic illness to provide prognostic information.
The increasing frequency of type 2 myocardial infarction8,11 and the lack of evidence to guide
investigation and treatment for these vulnerable patients poses challenges to clinicians1,8,9,22 across
specialties, including emergency and general medicine,23 intensive care,24 and cardiology.9 There is
marked heterogeneity in referral to cardiology among patients with type 2 myocardial infarction,25
and the clinical implications of the different factors associated with type 2 myocardial infarction
generate uncertainty.26-29
In this secondary analysis of a prospective randomized clinical trial, we provide new insights into
the outcomes of type 2 myocardial infarction according to the factors associated with oxygen
supply-demand imbalance. Consistent with previous findings, patients with type 2 myocardial
infarction have higher rates of death than those with type 1 myocardial infarction.5,12,29-32 Our
analysis demonstrates that this higher rate is owing to an excess in noncardiovascular death, which is
confined to patients with type 2 myocardial infarction secondary to the pathophysiological
consequences of their systemic illness. These patients have similar risk profiles. In contrast, patients
with type 2 myocardial infarction owing to coronary mechanisms or tachyarrhythmia have fewer
noncardiovascular events and outcomes similar to those with type 1 myocardial infarction. In a
prospective community cohort study, Raphael et al15 evaluated rates of all-cause death according to
the underlying factors associated with oxygen supply-demand imbalance. They observed that
all-cause death was most frequent among patients with hypoxemia and least frequent among those
with arrhythmia. Our analysis provides additional insights into the specific cause of death, stratified
by etiologic factors.
Patients with hemodynamic stresses, such as anemia, hypotension, hypoxemia, or severe
hypertension, have particularly poor clinical outcomes, with a high 1-year mortality that is equally
associated with cardiovascular and noncardiovascular factors. The observed substantial excess in
noncardiovascular death reflects a poor physiological reserve in response to the systemic illness,
underlying frailty, or more severe noncardiovascular comorbid conditions with limited life
expectancy.33,34 Furthermore, among patients with a systemic illness associated with type 2
myocardial infarction, the excess in fatal outcomes was observed early after the index episode,
suggesting that type 2 myocardial infarction is an indicator of illness severity.24 Perhaps
unsurprisingly, these patients were less likely to undergo cardiac investigations or to receive new
treatments. Improving outcomes for this group of patients requires an individualized approach
guided by illness severity, comorbid conditions, and the probability that a cardiac investigation may
identify treatable disease.
The initial management strategy for patients with type 2 myocardial infarction should primarily
address the underlying factors associated with oxygen supply-demand imbalance. Although patients
with tachyarrhythmia had more favorable outcomes compared with those with type 1 myocardial
infarction or type 2 myocardial infarction owing to a systemic illness, more than 1 in 10 patients with
tachyarrhythmia had a further myocardial infarction or died owing to a cardiovascular factor at 1 year.
This finding likely reflects the risk of complications from tachyarrhythmia, such as thromboembolism
or structural heart disease.35,36 The use of antiarrhythmic therapies and anticoagulants could
plausibly reduce this risk.
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Although coronary mechanisms, such as spontaneous coronary artery dissection, embolism, or
vasospasm, were the least prevalent etiologic factor associated with type 2 myocardial infarction,
patients with these mechanisms comprise a distinct group. These patients are younger, with lower
prevalence rates of comorbid conditions; most present with chest pain and substantially elevated
cardiac troponin concentrations similar to those with type 1 myocardial infarction. They are initially
managed similarly to patients with type 1 myocardial infarction and undergo emergency coronary
angiography. Once the underlying coronary mechanism is defined during angiography, treatments
necessarily diverge.14,37 The rationale for including these patients in the same category as patients
with other factors associated with type 2 myocardial infarction has been questioned,38 with the
current classification causing confusion among patients and clinicians.
In addition to considering the primary factors associated with oxygen supply-demand
imbalance, it is crucial to recognize that patients who have a type 2 myocardial infarction secondary
to an acute illness may have more than 1 factor associated with oxygen supply-demand imbalance.
Our data support findings from Raphael et al15 suggesting that patients with multiple etiologic factors
are likely to have worse clinical outcomes. For example, a patient with sepsis from pneumonia may
have hypoxia but will also often have tachycardia and hypotension, adding to the magnitude of the
overall insult.39
Although our knowledge of the clinical characteristics and outcomes among patients with type
2 myocardial infarction continues to evolve, we now require randomized clinical trials to determine
the benefits or harms associated with investigation and treatment. Our findings have the potential to
inform the selection of patients for future trials. These data suggest that the competing risk of
noncardiovascular mortality associated with type 2 myocardial infarction is very likely to reduce the
effectiveness of proposed cardiovascular interventions. The Appropriateness of Coronary
Investigation in Myocardial Injury and Type 2 Myocardial Infarction (ACT-2) trial is a randomized
evaluation of the role of early invasive or computed tomography coronary angiography vs
conservative management in all-cause mortality in type 2 myocardial infarction.40

Strengths and Limitations
Our study has several strengths. We enrolled consecutive patients across 10 secondary and tertiary
care hospitals, ensuring that our findings are generalizable. Our study population was representative,
comprising individuals at low risk and individuals at high risk. Adjudication was informed by clinical
information, including medical history, discharge documentation, and investigations. Furthermore,
the factors associated with oxygen supply-demand imbalance were documented prospectively.
Our study also has some limitations. We acknowledge that few patients with type 2 myocardial
infarction underwent coronary angiography; as such, it is likely that some were misclassified.
Although the trial population included consecutive patients with suspected acute coronary
syndrome, this may have been associated with the prevalence of type 2 myocardial infarction and the
underlying factors associated with oxygen supply-demand imbalance, which may have been
different if consecutive hospitalized patients undergoing cardiac troponin testing for any indication
had been enrolled.41 Data on hemodynamic variables were missing for a proportion of patients,
which limits the scope of an analysis of those patients with multiple physiological stressors, and we
did not have information on clinical frailty.

Conclusions
Tachyarrhythmia was found to be the most common etiologic factor associated with type 2
myocardial infarction and was associated with a favorable prognosis compared with patients with
oxygen supply-demand imbalance owing to an acute systemic illness. In addition to offering
prognostic information, efforts to distinguish systemic factors associated with type 2 myocardial
infarction from primary cardiac etiologic factors may facilitate targeted investigation and treatment.

JAMA Network Open. 2022;5(7):e2220162. doi:10.1001/jamanetworkopen.2022.20162 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 07/22/2022

July 11, 2022

11/15

JAMA Network Open | Cardiology

Oxygen Supply-Demand Imbalance and Outcomes Among Patients With Type 2 Myocardial Infarction

ARTICLE INFORMATION
Accepted for Publication: May 17, 2022.
Published: July 11, 2022. doi:10.1001/jamanetworkopen.2022.20162
Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Bularga A
et al. JAMA Network Open.
Corresponding Author: Andrew R. Chapman, MD, PhD, BHF Centre for Cardiovascular Science, Edinburgh EH16
4SA, United Kingdom (a.r.chapman@ed.ac.uk).
Author Affiliations: British Heart Foundation Centre for Cardiovascular Science, University of Edinburgh,
Edinburgh, United Kingdom (Bularga, Taggart, Mendusic, Wereski, Lowry, Lee, Ferry, Stewart, Anand, Newby,
Mills, Chapman); Usher Institute, University of Edinburgh, Edinburgh, United Kingdom (Kimenai, Anand, Mills);
Institute of Health and Wellbeing, University of Glasgow, Glasgow, United Kingdom (McAllister); Department of
Non-communicable Disease, London School of Hygiene and Tropical Medicine, London, United Kingdom (Shah);
Department of Cardiology, Imperial College Healthcare NHS Trust, London, United Kingdom (Shah).
Author Contributions: Drs Bularga and Chapman had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.
Concept and design: Bularga, Wereski, McAllister, Shah, Mills, Chapman.
Acquisition, analysis, or interpretation of data: Bularga, Taggart, Mendusic, Kimenai, Lowry, Lee, Ferry, Stewart,
Anand, Newby, Mills, Chapman.
Drafting of the manuscript: Bularga, Taggart, Mendusic, Wereski, Ferry, Stewart, Mills, Chapman.
Critical revision of the manuscript for important intellectual content: Kimenai, Wereski, Lowry, Lee, McAllister, Shah,
Anand, Newby, Mills, Chapman.
Statistical analysis: Bularga, Taggart, Wereski, Chapman.
Obtained funding: Mills, Chapman.
Administrative, technical, or material support: Taggart, Wereski, Lowry, Lee, Stewart, Chapman.
Supervision: Newby, Mills, Chapman.
Conflict of Interest Disclosures: Dr Wereski reported receiving grants from the British Heart Foundation during
the conduct of the study and grants from the Medical Research Council outside the submitted work. Dr Shah
reported receiving personal fees from Abbott Diagnostics to the institution during the conduct of the study. Dr
Anand reported receiving a consultancy fee from AbbVie Ltd outside the submitted work. Dr Mills reported
receiving grants and personal fees from Abbott Diagnostics and Siemens Healthineers and personal fees from
Roche and LumiraDx outside the submitted work. No other disclosures were reported.
Funding/Support: The British Heart Foundation (grant SP/12/10/29922) funded the High-Sensitivity Troponin in
the Evaluation of Patients with Suspected Acute Coronary Syndrome (High-STEACS) trial with support from a
Research Excellence Award (grant RE/18/5/34216). Drs Bularga, Wereski, and Lowry are supported by Clinical
Research Training Fellowships (grants MR/V007254/1 [Dr Bularga], MR/V007017/1 [Dr Wereski], and
MR/W000598/1 [Dr Lowry]) from the Medical Research Council. Dr Kimenai is supported by a grant from Health
Data Research UK, which receives its funding from Health Data Research UK Ltd (HDR-5012) funded by the UK
Medical Research Council, Engineering and Physical Sciences Research Council, Economic and Social Research
Council, Department of Health and Social Care (England), Chief Scientist Office of the Scottish Government Health
and Social Care Directorates, Health and Social Care Research and Development Division (Welsh Government),
Public Health Agency (Northern Ireland), British Heart Foundation, and the Wellcome Trust. Dr Newby is
supported by the British Heart Foundation (grants CH/09/002, RG/16/10/32375, and RE/18/5/34216) and is the
recipient of a Wellcome Trust Senior Investigator Award (WT103782AIA). Dr Mills is supported by a Chair Award
(CH/F/21/90010), a Programme Grant (RG/20/10/34966), and a Research Excellence Award (RE/18/5/34216)
from the British Heart Foundation. Dr Chapman receives support from a Starter Grant for Clinical Lecturers by the
Academy of Medical Sciences (SGL021/1075). Abbott Laboratories provided high-sensitivity cardiac troponin I
assay reagents, calibrators, and controls without charge.
Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.
Group Information: The High-STEACS Investigators are listed in Supplement 3.
Data Sharing Statement: See Supplement 4.
Additional Contributions: The High-STEACS Investigators contributed to the concept and design of the work and
the acquisition, analysis, and interpretation of data for the work. They were involved in drafting and revising the
article and have given final approval of the version to be published. The High-STEACS investigators are

JAMA Network Open. 2022;5(7):e2220162. doi:10.1001/jamanetworkopen.2022.20162 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 07/22/2022

July 11, 2022

12/15

JAMA Network Open | Cardiology

Oxygen Supply-Demand Imbalance and Outcomes Among Patients With Type 2 Myocardial Infarction

accountable for the work. We thank researchers from the Emergency Medicine Research Group Edinburgh for
their support during the conduct of this trial.
Additional Information: The High-STEACS trial makes use of multiple routine electronic health care data sources
that are linked, deidentified, and held in our national safe haven, which is accessible by approved individuals who
have undertaken the necessary governance training. Summary data and the analysis code can be made available
upon request from the corresponding author.
REFERENCES
1. Thygesen K, Alpert JS, White HD, et al; Joint ESC/ACCF/AHA/WHF Task Force for the Redefinition of Myocardial
Infarction. Universal definition of myocardial infarction. Circulation. 2007;116(22):2634-2653. doi:10.1161/
CIRCULATIONAHA.107.187397
2. Thygesen K, Alpert JS, Jaffe AS, et al; Writing Group on the Joint ESC/ACCF/AHA/WHF Task Force for the
Universal Definition of Myocardial Infarction; ESC Committee for Practice Guidelines (CPG). Third universal
definition of myocardial infarction. Eur Heart J. 2012;33(20):2551-2567. doi:10.1093/eurheartj/ehs184
3. Thygesen K, Alpert JS, Jaffe AS, et al; ESC Scientific Document Group. Fourth Universal Definition of Myocardial
Infarction (2018). Eur Heart J. 2019;40(3):237-269. doi:10.1093/eurheartj/ehy462
4. Shah AS, McAllister DA, Mills R, et al. Sensitive troponin assay and the classification of myocardial infarction. Am
J Med. 2015;128(5):493-501.e3. doi:10.1016/j.amjmed.2014.10.056
5. Chapman AR, Adamson PD, Shah ASV, et al; High-STEACS Investigators. High-sensitivity cardiac troponin and
the universal definition of myocardial infarction. Circulation. 2020;141(3):161-171. doi:10.1161/CIRCULATIONAHA.
119.042960
6. Saaby L, Poulsen TS, Hosbond S, et al. Classification of myocardial infarction: frequency and features of type 2
myocardial infarction. Am J Med. 2013;126(9):789-797. doi:10.1016/j.amjmed.2013.02.029
7. Sandoval Y, Smith SW, Sexter A, et al. Type 1 and 2 myocardial infarction and myocardial injury: clinical transition
to high-sensitivity cardiac troponin I. Am J Med. 2017;130(12):1431-1439. doi:10.1016/j.amjmed.2017.05.049
8. DeFilippis AP, Chapman AR, Mills NL, et al. Assessment and treatment of patients with type 2 myocardial
infarction and acute non-ischemic myocardial injury. Circulation. 2019;140(20):1661-1678. doi:10.1161/
CIRCULATIONAHA.119.040631
9. Baron T, Hambraeus K, Sundström J, Erlinge D, Jernberg T, Lindahl B; TOTAL-AMI study group. Type 2
myocardial infarction in clinical practice. Heart. 2015;101(2):101-106. doi:10.1136/heartjnl-2014-306093
10. Reid C, Alturki A, Yan A, et al. Meta-analysis comparing outcomes of type 2 myocardial infarction and type 1
myocardial infarction with a focus on dual antiplatelet therapy. CJC Open. 2020;2(3):118-128. doi:10.1016/j.cjco.
2020.02.005
11. Sandoval Y, Jaffe AS. Type 2 myocardial infarction: JACC review topic of the week. J Am Coll Cardiol. 2019;73
(14):1846-1860. doi:10.1016/j.jacc.2019.02.018
12. Chapman AR, Shah ASV, Lee KK, et al. Long-term outcomes in patients with type 2 myocardial infarction and
myocardial injury. Circulation. 2018;137(12):1236-1245. doi:10.1161/CIRCULATIONAHA.117.031806
13. Chapman AR, Sandoval Y. Type 2 myocardial infarction: evolving approaches to diagnosis and riskstratification. Clin Chem. 2021;67(1):61-69. doi:10.1093/clinchem/hvaa189
14. Collet JP, Barbato E. The “Ten Commandments” for the 2020 ESC guidelines for the management of acute
coronary syndromes in patients presenting without persistent ST-segment elevation. Eur Heart J. 2020;41(37):
3495-3497. doi:10.1093/eurheartj/ehaa624
15. Raphael CE, Roger VL, Sandoval Y, et al. Incidence, trends, and outcomes of type 2 myocardial infarction in a
community cohort. Circulation. 2020;141(6):454-463. doi:10.1161/CIRCULATIONAHA.119.043100
16. Shah ASV, Anand A, Strachan FE, et al; High-STEACS Investigators. High-sensitivity troponin in the evaluation
of patients with suspected acute coronary syndrome: a stepped-wedge, cluster-randomised controlled trial.
Lancet. 2018;392(10151):919-928. doi:10.1016/S0140-6736(18)31923-8
17. Shah ASV, Griffiths M, Lee KK, et al. High sensitivity cardiac troponin and the under-diagnosis of myocardial
infarction in women: prospective cohort study. BMJ. 2015;350:g7873. doi:10.1136/bmj.g7873
18. Sandoval Y, Smith SW, Sexter A, Schulz K, Apple FS. Use of objective evidence of myocardial ischemia to
facilitate the diagnostic and prognostic distinction between type 2 myocardial infarction and myocardial injury. Eur
Heart J Acute Cardiovasc Care. 2020;9(1):62-69. doi:10.1177/2048872618787796
19. Patterson C, Maclean F, Bell C, et al. Early warning systems in the UK: variation in content and implementation
strategy has implications for a NHS early warning system. Clin Med (Lond). 2011;11(5):424-427. doi:10.7861/
clinmedicine.11-5-424

JAMA Network Open. 2022;5(7):e2220162. doi:10.1001/jamanetworkopen.2022.20162 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 07/22/2022

July 11, 2022

13/15

JAMA Network Open | Cardiology

Oxygen Supply-Demand Imbalance and Outcomes Among Patients With Type 2 Myocardial Infarction

20. Fox KAA, Dabbous OH, Goldberg RJ, et al. Prediction of risk of death and myocardial infarction in the six
months after presentation with acute coronary syndrome: prospective multinational observational study
(GRACE). BMJ. 2006;333(7578):1091. doi:10.1136/bmj.38985.646481.55
21. Singh A, Gupta A, DeFilippis EM, et al. Cardiovascular mortality after type 1 and type 2 myocardial infarction in
young adults. J Am Coll Cardiol. 2020;75(9):1003-1013. doi:10.1016/j.jacc.2019.12.052
22. Mariathas M, Allan R, Ramamoorthy S, et al. True 99th centile of high sensitivity cardiac troponin for hospital
patients: prospective, observational cohort study. BMJ. 2019;364:l729. doi:10.1136/bmj.l729
23. Furie N, Israel A, Gilad L, et al. Type 2 myocardial infarction in general medical wards: clinical features,
treatment, and prognosis in comparison with type 1 myocardial infarction. Medicine (Baltimore). 2019;98(41):
e17404. doi:10.1097/MD.0000000000017404
24. Carroll I, Mount T, Atkinson D. Myocardial infarction in intensive care units: a systematic review of diagnosis
and treatment. J Intensive Care Soc. 2016;17(4):314-325. doi:10.1177/1751143716656642
25. McCarthy CP, Olshan DS, Rehman S, et al. Cardiologist evaluation of patients with type 2 myocardial infarction.
Circ Cardiovasc Qual Outcomes. 2021;14(1):e007440. doi:10.1161/CIRCOUTCOMES.120.007440
26. Sandoval Y, Smith SW, Thordsen SE, Apple FS. Supply/demand type 2 myocardial infarction: should we be
paying more attention? J Am Coll Cardiol. 2014;63(20):2079-2087. doi:10.1016/j.jacc.2014.02.541
27. Januzzi JL, Sandoval Y. The many faces of type 2 myocardial infarction. J Am Coll Cardiol. 2017;70(13):
1569-1572. doi:10.1016/j.jacc.2017.07.784
28. Gaggin HK, Liu Y, Lyass A, et al. Incident type 2 myocardial infarction in a cohort of patients undergoing
coronary or peripheral arterial angiography. Circulation. 2017;135(2):116-127. doi:10.1161/CIRCULATIONAHA.116.
023052
29. Thygesen K, Jaffe AS. The gloomy long-term prognosis of patients with type 2 myocardial infarction or
myocardial injury. J Am Coll Cardiol. 2020;75(9):1014-1016. doi:10.1016/j.jacc.2020.01.004
30. Nestelberger T, Boeddinghaus J, Badertscher P, et al; APACE Investigators. Effect of definition on incidence
and prognosis of type 2 myocardial infarction. J Am Coll Cardiol. 2017;70(13):1558-1568. doi:10.1016/j.jacc.2017.
07.774
31. Saaby L, Poulsen TS, Diederichsen AC, et al. Mortality rate in type 2 myocardial infarction: observations from
an unselected hospital cohort. Am J Med. 2014;127(4):295-302. doi:10.1016/j.amjmed.2013.12.020
32. Lambrecht S, Sarkisian L, Saaby L, et al. Different causes of death in patients with myocardial infarction type 1,
type 2, and myocardial injury. Am J Med. 2018;131(5):548-554. doi:10.1016/j.amjmed.2017.11.043
33. Rothnie KJ, Quint JK. Chronic obstructive pulmonary disease and acute myocardial infarction: effects on
presentation, management, and outcomes. Eur Heart J Qual Care Clin Outcomes. 2016;2(2):81-90. doi:10.1093/
ehjqcco/qcw005
34. DuGoff EH, Canudas-Romo V, Buttorff C, Leff B, Anderson GF. Multiple chronic conditions and life expectancy:
a life table analysis. Med Care. 2014;52(8):688-694. doi:10.1097/MLR.0000000000000166
35. Michaud GF, Stevenson WG. Atrial fibrillation. N Engl J Med. 2021;384(4):353-361. doi:10.1056/
NEJMcp2023658
36. Odutayo A, Wong CX, Hsiao AJ, Hopewell S, Altman DG, Emdin CA. Atrial fibrillation and risks of cardiovascular
disease, renal disease, and death: systematic review and meta-analysis. BMJ. 2016;354:i4482. doi:10.1136/
bmj.i4482
37. Hayes SN, Kim ESH, Saw J, et al; American Heart Association Council on Peripheral Vascular Disease; Council
on Clinical Cardiology; Council on Cardiovascular and Stroke Nursing; Council on Genomic and Precision Medicine;
and Stroke Council. Spontaneous coronary artery dissection: current state of the science: a scientific statement
from the American Heart Association. Circulation. 2018;137(19):e523-e557. doi:10.1161/CIR.
0000000000000564
38. de Lemos JA, Newby LK, Mills NL. A proposal for modest revision of the definition of type 1 and type 2
myocardial infarction. Circulation. 2019;140(22):1773-1775. doi:10.1161/CIRCULATIONAHA.119.042157
39. McCarthy CP, Kolte D, Kennedy KF, Vaduganathan M, Wasfy JH, Januzzi JL Jr. Patient characteristics and
clinical outcomes of type 1 versus type 2 myocardial infarction. J Am Coll Cardiol. 2021;77(7):848-857. doi:10.1016/
j.jacc.2020.12.034
40. Lambrakis K, French JK, Scott IA, et al. The appropriateness of coronary investigation in myocardial injury and
type 2 myocardial infarction (ACT-2): a randomized trial design. Am Heart J. 2019;208:11-20. doi:10.1016/j.ahj.
2018.09.016

JAMA Network Open. 2022;5(7):e2220162. doi:10.1001/jamanetworkopen.2022.20162 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 07/22/2022

July 11, 2022

14/15

JAMA Network Open | Cardiology

Oxygen Supply-Demand Imbalance and Outcomes Among Patients With Type 2 Myocardial Infarction

41. Shah ASV, Sandoval Y, Noaman A, et al. Patient selection for high sensitivity cardiac troponin testing and
diagnosis of myocardial infarction: prospective cohort study. BMJ. 2017;359:j4788. doi:10.1136/bmj.j4788
SUPPLEMENT 1.
Trial Protocol and Statistical Analysis Plan
SUPPLEMENT 2.
eMethods.
eTable 1. Characteristics of the Study Population According to Adjudicated Diagnosis (Type 1 and Type 2
Myocardial Infarction)
eTable 2. Investigations, Management and Clinical Outcomes at 1 Year According to Adjudicated Diagnosis
eTable 3. Associations of the Etiology of Type 2 Myocardial Infarction and All-Cause Death at 1 Year
eTable 4. Characteristics of the Study Population According to Etiology Subgroups of Type 1 and Type 2 Myocardial
Infarction
eTable 5. Investigations, Management and Clinical Outcomes at 1 Year According to Etiology Subgroups of Type 1
and Type 2 Myocardial Infarction
eFigure 1. Panel of Scatter Plots Showing the Distributions of Patients According to Etiology of Supply-Demand
Imbalance in Type 2 Myocardial Infarction and Their Clinical Parameters at Presentation
eFigure 2. Cumulative Incidence Curves for the Primary Outcome of All-Cause Death at 1 Year in Patients With
Tachyarrhythmia and Available Admission Electrocardiogram (n = 593), Stratified by Underlying Rhythm on
Admission Electrocardiogram
eFigure 3. Forest Plot Showing Adjusted Odds Ratios (aOR) and 95% CIs for All-Cause Death at 1 Year Stratified by
Etiology of Supply-Demand Imbalance as Compared With Type 1 Myocardial Infarction
eFigure 4. Cumulative Incidence Curves for the Primary Outcome of All-Cause Death at 1 Year Stratified According
to the Number of Underlying Etiologies of Supply-Demand Imbalance in Type 2 Myocardial Infarction (Single vs
Multiple)
eFigure 5. Panel Plot of Cumulative Incidence Curves for the Secondary Outcomes of Myocardial Infarction or
Cardiovascular Death and Noncardiovascular Death at 1 Year Stratified by the Underlying Etiology of SupplyDemand Imbalance in Type 2 Myocardial Infarction and the Reference Group of Type 1 Myocardial Infarction
SUPPLEMENT 3.
Nonauthor Collaborators
SUPPLEMENT 4.
Data Sharing Statement

JAMA Network Open. 2022;5(7):e2220162. doi:10.1001/jamanetworkopen.2022.20162 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 07/22/2022

July 11, 2022

15/15

