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Abstract

IMPORTANCE Whether the diagnostic classifications proposed by the universal definition of
myocardial infarction (MI) to identify type 1 MI due to atherothrombosis and type 2 MI due to
myocardial oxygen supply-demand imbalance have been applied consistently in clinical practice
is unknown.

OBJECTIVE To evaluate the application of the universal definition of MI in consecutive patients with
possible MI across 2 health care systems.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from 2 prospective cohorts
enrolling consecutive patients with possible MI in Scotland (2013-2016) and Sweden (2011-2014) to
assess accuracy of clinical diagnosis of MI recorded in hospital records for patients with an
adjudicated diagnosis of type 1 or type 2 MI. Data were analyzed from August 2022 to February 2023.

MAIN OUTCOMES AND MEASURES The main outcome was the proportion of patients with a
clinical diagnosis of MI recorded in the hospital records who had type 1 or type 2 MI, adjudicated by
an independent panel according to the universal definition. Characteristics and risk of subsequent MI
or cardiovascular death at 1 year were compared.

RESULTS A total of 50 356 patients were assessed. The cohort from Scotland included 28 783
(15 562 men [54%]; mean [SD] age, 60 [17] years), and the cohort from Sweden included 21 573
(11 110 men [51%]; mean [SD] age, 56 [17] years) patients. In Scotland, a clinical diagnosis of MI was
recorded in 2506 of 3187 patients with an adjudicated diagnosis of type 1 MI (79%) and 122 of 716
patients with an adjudicated diagnosis of type 2 MI (17%). Similar findings were observed in Sweden,
with 970 of 1111 patients with adjudicated diagnosis of type 1 MI (87%) and 57 of 251 patients with
adjudicated diagnosis of type 2 MI (23%) receiving a clinical diagnosis of MI. Patients with an
adjudicated diagnosis of type 1 MI without a clinical diagnosis were more likely to be women (eg, 336
women [49%] vs 909 women [36%] in Scotland; P < .001) and older (mean [SD] age, 71 [14] v 67
[14] years in Scotland, P < .001) and, when adjusting for competing risk from noncardiovascular
death, were at similar or increased risk of subsequent MI or cardiovascular death compared with
patients with a clinical diagnosis of MI (eg, 29% vs 18% in Scotland; P < .001).

CONCLUSIONS AND RELEVANCE In this cohort study, the universal definition of MI was not
consistently applied in clinical practice, with a minority of patients with type 2 MI identified, and type
1 MI underrecognized in women and older persons, suggesting uncertainty remains regarding the
diagnostic criteria or value of the classification.
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Key Points
Question How is the universal

definition of myocardial infarction (MI),

which differentiates type 1

(atherothrombosis) from type 2 (oxygen

supply-demand imbalance) MI, applied

in clinical practice?

Findings In this cohort study of 50 356

patients, few patients meeting the

diagnostic criteria for type 2 MI received

a clinical diagnosis of MI in practice, and

type 1 MI was underdiagnosed in women

and older people.

Meaning These findings suggest that

uncertainty remains regarding the

diagnostic criteria or value of the

universal definition of MI.
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Introduction

The universal definition of myocardial infarction (UDMI) is endorsed by the World Health
Organization and encourages the use of standard criteria for the diagnosis of MI worldwide.1-3 In
2007, a classification into subtypes was introduced that recognized there are different underlying
pathophysiological mechanisms of MI.4 Type 1 MI due to coronary atherothrombosis is well
established in practice, and clear guidance is available for management and treatment of this
condition.2 In contrast, type 2 MI due to oxygen supply-demand imbalance may be triggered by
multiple conditions, and the implications of this diagnosis in practice are less certain.5-9

Outcomes for patients with type 2 MI are variable and are often worse than for patients with
type 1 MI.10-14 Patients with type 2 MI often are older and have more comorbidities,15 but differences
in outcome may also reflect uncertainty in practice and variation in the management of patients with
type 2 MI. It is currently unclear whether the diagnostic criteria proposed by the UDMI are
consistently applied in clinical practice.

In consecutive patients with possible MI presenting to secondary or tertiary care hospitals
across 2 different countries, we evaluated the proportion of patients with a clinical diagnosis of MI
recorded in the hospital records who had type 1 and type 2 MI as adjudicated by an independent
panel according to the UDMI. We compared the characteristics and outcomes in patients with and
without a clinical diagnosis MI.

Methods

This cohort study was conducted according to the Declaration of Helsinki and approved by local
research ethics committees in Scotland and Sweden. These approvals did not require individual
patient consent, as both Scotland and Sweden allow for research to take place without consent in
limited circumstance.16,17 All data were linked and deidentified within an approved secure data
environment (DataLoch). We adhered to the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) reporting guideline.

Study Populations
For the cohort from Scotland, we used data from High-Sensitivity Troponin in the Evaluation of
Patients With Suspected Acute Coronary Syndrome (High-STEACS) trial.18 High-STEACS evaluated
the implementation of a high-sensitivity cardiac troponin I assay in consecutive patients with
suspected MI across 10 secondary and tertiary care hospitals in Scotland between 2013 and 2016.
Patients were eligible for inclusion if they presented with suspected MI and had paired contemporary
and high-sensitivity cardiac troponin measurements. Patients were excluded if they had been
admitted previously during the trial period or were not residents of Scotland.

For the cohort from Sweden, we used data from a prospective observational cohort study of
patients with suspected MI who attended the emergency department (ED) of Karolinska University
Hospital in Stockholm between 2011 and 2014.19 All patients older than 25 years attending the ED
with chest pain in whom at least 1 measurement of high-sensitivity cardiac troponin was available
were eligible for inclusion.

For this study, we excluded patients where adjudicators determined there was insufficient
clinical information to enable adjudication of diagnosis. This was a result of not having access to
linked records describing presentation to ED or hospital admission. For the cohort from Scotland, we
also excluded patients admitted during the validation phase of the trial, as care was not guided by a
high-sensitivity troponin assay.

Adjudicated Diagnosis of MI
All patients with evidence of myocardial injury were adjudicated and classified according to the
fourth UDMI (eMethods in Supplement 1). In the cohort from Scotland, myocardial injury was defined
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as any high-sensitivity troponin I concentration above the sex-specific 99th percentile threshold.
Cardiac troponin was measured using the ARCHITECTSTAT high-sensitive troponin I assay (Abbott
Diagnostics), with the 99th percentile defined as 34 ng/L in men and 16 ng/L in women (to convert
to nanograms per milliliter, multiply by 0.001).20 In the cohort from Sweden, myocardial injury was
defined as any high-sensitivity cardiac troponin T concentration above the uniform 99th percentile
threshold. Cardiac troponin was measured using the Elecsys high-sensitivity troponin T (Roche
Diagnostics), with the 99th percentile defined as 14 ng/L.21

Clinical Diagnosis of MI
Clinical diagnoses were listed by the consultant overseeing patients care on hospital discharge letter.
Letters were reviewed by a team of professional coders at each hospital site who classified clinical
diagnoses according to the International Statistical Classification of Diseases and Related Health
Problems, Tenth Revision (ICD-10) system. The classification was then reviewed and finalized by
Public Health Scotland and the original patient’s consultant to create the Scottish Morbidity Record
and Swedish Patient Register. For primary analysis, we identified patients with MI if an I21 or I22 code
was listed in the first or any subsequent position.

Clinical Outcomes
For the cohort from Scotland, regional and national registries were used to collect data on outcomes,
and all subsequent hospital admissions with myocardial injury or deaths were adjudicated by
clinicians blinded to the index diagnosis and study phase as previously described.18 For the cohort
from Sweden, the Swedish National Patient Register and Causes of Death Register were used to
identify subsequent hospital admissions and cause-specific deaths. For this analysis, the primary
outcome was subsequent MI after index hospital presentation (ICD-10 codes I22-I22) or
cardiovascular death at 1 year. Secondary outcomes included subsequent MI, cardiovascular death,
or all-cause death at 1 year.

Statistical Analysis
We calculated sensitivity, specificity, negative predictive value, and positive predictive value of
clinical diagnosis of MI for any adjudicated diagnosis of MI and for type 1 and type 2 MI separately. The
95% CIs were determined using a bayesian approach by sampling from a binomial likelihood with
noninformative Jeffreys prior (both β-distribution shape parameters = 0.5). We used the Cohen κ to
evaluate concordance between clinical and adjudicated diagnosis of MI.

In patients with an adjudicated diagnosis of type 1 or type 2 MI, we conducted univariable and
multivariable logistic regression analyses to quantify the association between clinical characteristics
and the odds of a clinical diagnosis of MI. We adjusted for age, sex, hemoglobin and estimated
glomerular filtration rate (eGFR) at presentation, peak cardiac troponin concentrations as well as a
previous diagnosis of ischemic heart disease, previous cerebrovascular disease, diabetes, previous
heart failure hospitalization, and myocardial ischemia. To achieve a normal distribution, we log2

transformed cardiac troponin.
We estimated the cumulative incidence of the primary outcome, and group comparisons were

made using log-rank test. Cox regression analyses were conducted to evaluate the association
between receiving a clinical diagnosis of MI and the primary outcome. In multivariable analyses, we
adjusted for age and sex and subsequently added the covariates to the model used in logistic
regression analysis. Noncardiovascular death was considered a competing risk.

We conducted several exploratory analyses. We evaluated whether the position of ICD-10 code
within the hospital record from the first up to the sixth position influenced agreement with
adjudicated diagnosis. Second, we assessed agreement between clinical and adjudicated diagnoses
in patients with ST-segment elevation (STEMI) and non-STEMI separately. Finally, we evaluated
differences between patients who did and did not receive a clinical diagnosis of MI in association with
secondary outcomes.
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Multiple imputation by chained equations was used to impute missing covariate data using
other clinical characteristics and outcomes. All analyses were undertaken between August 2022 and
February 2023 using R software version 3.6.3 (R Project for Statistical Computing). Comparisons with
a 2-sided P < .05 were considered statistically significant.

Results

Study Populations
A total of 50 356 patients were assessed. The cohort from Scotland included 28 783 patients (15 562
men [54%]; mean [SD] age, 60 [17] years), and the cohort from Sweden included 21 573 patients
(11 110 men [51%]; mean [SD] age, 56 [17] years) (Figure 1; eTable 1 in Supplement 1). In Scotland, 3187
patients (11%) had an adjudicated diagnosis of type 1 MI and 716 patients (3%) had an adjudicated
diagnosis of type 2 MI (Table 1). In Sweden, 1111 patients (5%) had an adjudicated diagnosis of type 1
MI and 251 patients (1%) had an adjudicated diagnosis of type 2 MI (Table 1).

Clinical Diagnosis of MI
A clinical diagnosis of MI was recorded in 2657 of 3941 patients (67%) with any adjudicated MI
diagnosis in Scotland (κ = 0.757) and 1027 of 1362 patients (75%) with any adjudicated MI diagnosis
in Sweden (κ = 0.839) (Table 2). In Scotland, a clinical diagnosis of MI was recorded in 2506 patients
(79%) with an adjudicated type 1 MI diagnosis and 122 patients (17%) with an adjudicated type 2 MI
diagnosis (Figure 2). Findings were consistent in the cohort from Sweden, with 970 patients (87%)
with a type 1 MI diagnosis and 57 patients (23%) with a type 2 MI diagnosis receiving a clinical

Figure 1. Flowcharts of Identification of Patients in Scottish and Swedish Cohorts
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diagnosis of MI. A small number of patients received a clinical diagnosis of MI but not an adjudicated
diagnosis of any type of MI (Scotland: 169 patients [0.4%]; Sweden: 33 patients [0.2%]). No
differences were observed in the proportion of patients receiving a clinical diagnosis of MI over time
(eFigure 1 in Supplement 1).

Characteristics of Patients With an Adjudicated Diagnosis of Type 1 and Type 2 MI Not Identified
in Clinical Practice
In Scotland, patients with an adjudicated diagnosis of type 1 MI without a clinical diagnosis of MI were
more likely to be women (336 patients [49%] vs 909 patients [36%]; P < .001) and to be older
(mean [SD] age, 71 [14] years vs 67 [14] years; P < .001) than patients who received a clinical
diagnosis of MI. In contrast, no differences were observed in the clinical characteristics between
patients with an adjudicated diagnosis of type 2 MI with and without a clinical diagnosis of MI. After
adjustment for cardiovascular comorbidities and clinical features, age and sex were no longer
associated with a clinical diagnosis of MI (eTable 2 in Supplement 1). In Scotland, higher cardiac

Table 1. Clinical Characteristics of Patients With and Without a Clinical Diagnosis of MI in Scotland and Sweden

Adjudicated diagnosis

Scotlanda Sweden

Type 1 MI Type 2 MI Type 1 MI Type 2 MI
With
clinical
diagnosis
(n = 2506)

Without
clinical
diagnosis
(n = 681)

With
clinical
diagnosis
(n = 122)

Without
clinical
diagnosis
(n = 594)

With
clinical
diagnosis
(n = 970)

Without
clinical
diagnosis
(n = 141)

With
clinical
diagnosis
(n = 57)

Without
clinical
diagnosis
(n = 194)

Age, mean (SD), y 67 (14) 71 (14) 74 (15) 74 (14) 69 (13) 70 (12) 76 (14) 71 (13)

Sex

Female 909 (36) 336 (49 63 (52) 317 (53) 298 (31) 54 (38) 26 (46) 102 (53)

Male 1597 (64) 345 (51) 59 (48) 277 (47) 672 (69) 87 (62) 31 (54) 92 (47)

Chest pain at presentation 2282 (91) 554 (81) 93 (76) 426 (72) 970 (100) 141 (100) 57 (100) 194 (100)

Past medical history

Aspirin 752 (30) 267 (39) 56 (46) 229 (39) 355 (37) 72 (51) 26 (46) 75 (39)

Lipid-lowering therapy 1096 (44) 381 (56) 64 (52) 329 (55) 305 (31) 67 (48) 16 (28) 72 (37)

ACE inhibitor or ARB blocker 941 (38) 305 (45) 56 (46) 250 (42) 396 (41) 72 (51) 30 (53) 101 (52)

β-Blocker 702 (28) 252 (37) 48 (39) 239 (40) 381 (39) 77 (55) 30 (53) 111 (57)

MI 250 (10) 123 (18) 24 (20) 72 (12) 158 (16) 34 (24) 8 (14) 40 (21)

Ischemic heart disease 591 (24) 282 (41) 55 (45) 211 (36) 229 (24) 48 (34) 16 (28) 52 (27)

Cerebrovascular disease 155 (6) 81 (12) 19 (16) 61 (10) 62 (6) 9 (6) 5 (9) 14 (7)

Diabetes 395 (16) 107 (16) 19 (16) 68 (11) 182 (19) 31 (22) 14 (25) 42 (22)

HF hospitalization 290 (12) 137 (20) 35 (29) 138 (23) 111 (11) 24 (17) 16 (28) 38 (20)

Revascularization 244 (10) 112 (16) 21 (14) 55 (7) 173 (18) 42 (30) 12 (21) 43 (22)

Electrocardiographic findings

Myocardial ischemia 1165 (51) 145 (24) 58 (51) 202 (36) 265 (27) 36 (26) 18 (32) 48 (25)

ST segment elevation 599 (26) 41 (7) 11 (10) 15 (3) NA NA NA NA

ST depression 511 (22) 75 (13) 42 (37) 140 (25) NA NA NA NA

T wave inversion 411 (18) 89 (15) 22 (19) 83 (15) NA NA NA NA

Heart rate, mean (SD), bpm 78 (20) 79 (20) 100 (28) 106 (35) 76 (17) 76 (17) 94 (33) 95 (31)

SBP, mean (SD), mm Hg 143 (28) 142 (28) 134 (31) 132 (30) 154 (28) 151 (27) 151 (38) 138 (33)

Hemoglobin, mean (SD), g/dL 13.9 (1.9) 13.2 (2.0) 12.2 (3.3) 13.1 (2.2) 13.9 (1.7) 13.6 (1.8) 12.1 (3.1) 12.8 (2.5)

eGFR, mean (SD), mL/min/1.73 m2 76 (25) 67 (26) 63 (28) 64 (25) 75 (23) 68 (25) 63 (27) 66 (24)

Peak troponin I, median (IQR), ng/L 1928
(269-11 822)

84
(37-865)

1205
(266-3910)

103
(44-292)

NA NA NA NA

Peak troponin T, median (IQR), ng/L NA NA NA NA 217
(65-679)

38
(23-108)

139
(77-460)

60
(28-131)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker;
bpm, beats per minute; eGFR, estimated glomerular filtration rate; HF, heart failure; MI,
myocardial infarction; NA, not applicable; SBP, systolic blood pressure.

SI conversion factor: To convert hemoglobin to grams per liter, multiply by 10; troponin
to nanograms per milliliter, multiply by 0.001.

a Missing values were less than 5% if applicable in both cohorts, except for SBP (1509/
3903 [39%]), heart rate (740/3903 [19%]), and electrocardiographic findings (359/
3903 [9%)] in the Scottish cohort.
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troponin concentrations were associated with a clinical diagnosis of MI, and a similar association was
found in Sweden (Table 1).

Management and Clinical Outcomes of Patients With an Adjudicated Diagnosis
of Type 1 and Type 2 MI Not Identified in Clinical Practice
For both type 1 and type 2 MI, the frequency of coronary angiography at 30 days was higher in
patients with a clinical diagnosis compared with patients without a clinical diagnosis in Scotland (type
1: 1883 patients [75%] vs 176 patients [26%]; P < .001; type 2: 25 patients [20%] vs 57 patients
[10%]; P < .001) (eTable 3 in Supplement 1) . Findings were consistent in Sweden (eTable 3 in
Supplement 1). Similarly in both countries, use of secondary prevention was higher in patients with a
clinical diagnosis of MI for both type 1 and type 2 MI.

In Scotland, the primary outcome occurred more often in patients with an adjudicated diagnosis
of type 1 MI who did not have a clinical MI diagnosis compared with those with a clinical diagnosis of
MI (29% vs 18%; P < .001) (Figure 3). The primary outcome for patients with type 1 MI with and
without a clinical diagnosis in Sweden was similar (18% vs 16%; P = .51). In contrast, patients with an
adjudicated diagnosis of type 2 MI who did not have a clinical diagnosis of MI had a lower cumulative
incidence of the primary outcome compared with patients with a clinical diagnosis (Scotland: 24%
vs32%; P < .001; Sweden: 21% vs 42%; P < .001). Differences between groups were attenuated after
adjustment for sex, age, and other known cardiovascular risk factors (eTable 4 in Supplement 1).

Table 2. Diagnostic Performance of a Clinical Diagnosis of MI in the Hospital Record Stratified by the Universal Definition

Adjudicated diagnosis

Clinical diagnosis of MI in Scotland Clinical diagnosis of MI in Sweden

Any (n = 3941) Type 1 (n = 3187) Type 2 (n = 716) Any (n = 1362) Type 1 (n = 1111) Type 2 (n = 251)
True positives 2657 2506 122 1027 970 57

False positives 169 320 2704 33 90 1003

True negatives 24 673 25 276 25 363 20 178 20 372 20 319

False negatives 1284 681 594 335 141 194

Sensitivity (95% CI) 67.4 (65.9-68.8) 78.6 (77.2-80.0) 17.1 (14.4-20.0) 75.4 (73.1-77.6) 87.3 (85.3-89.2) 22.8 (17.9-28.2)

Specificity (95% CI) 99.3 (99.2-99.4) 98.7 (98.6-98.9) 90.4 (90.0-90.7) 99.8 (99.8-99.9) 99.6 (99.5-99.6) 95.2 (95.0-95.6)

NPV (95% CI) 95.1 (94.8-95.3) 97.4 (97.2-97.6) 97.8 (97.5-97.9) 98.4 (98.2-98.5) 99.3 (99.2-99.4) 99.1 (98.9-99.2)

PPV (95% CI) 94.0 (93.1-94.9) 88.7 (87.5-89.8) 4.3 (4.0-5.1) 96.8 (95.7-97.8) 91.5 (89.7-93.1) 5.4 (4.1-6.9)

Cohen κ 0.757 0.814 0.030 0.839 0.888 0.069

Abbreviations: MI, myocardial infarction; NPV, negative predictive value; PPV, positive predictive value.

Figure 2. Proportion of Patients With an Adjudicated Diagnosis of Type 1 and Type 2 Myocardial Infarction (MI)
With and Without a Clinical Diagnosis of MI in Scotland and Sweden
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Exploratory Analyses
For primary analysis, we identified patients with MI if an I21 or I22 code was listed in any position.
Findings were consistent in our exploratory analysis when we restricted the diagnostic code for MI to
the first position, with excellent agreement between adjudicated and clinical diagnosis for type 1 MI
but not for type 2 MI (eTable 5 in Supplement 1). Diagnostic accuracy and outcomes were similar in
the cohort from Scotland when patients with STEMI were excluded (eTable 6 and eFigure 2 in
Supplement 1). A clinical diagnosis of MI was recorded in 93% of all patients with an adjudicated
diagnosis of type 1 or type 2 STEMI in Scotland, and neither sex nor age were associated with
receiving a clinical diagnosis in this subgroup (eTable 7 in Supplement 1). As for primary outcome, we
observed similar findings for our secondary outcomes at 1 year in both cohorts (eFigures 3-6 in
Supplement 1).

Discussion

In this cohort study among consecutive patients across 2 different countries, we evaluated how the
UDMI has been applied in practice. Our main finding was that fewer than 1 in 5 patients who met the
diagnostic criteria for type 2 MI received the diagnosis in practice. In contrast, 4 in 5 patients with an
adjudicated diagnosis of type 1 MI were identified in practice. Patients meeting the diagnostic criteria

Figure 3. Cumulative Incidence of Myocardial Infarction (MI) or Cardiovascular (CV) Death at 1 Year in Patients With an Adjudicated Diagnosis of MI Stratified
According Receipt of a Clinical Diagnosis of MI
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for type 1 MI but not classified as having MI in practice were more likely to be women, be older, or
have had a small increase in cardiac troponin. Despite these patients being less likely to undergo
coronary angiography or to receive secondary prevention, they were at similar or higher risk of
subsequent MI or cardiovascular death than those with a clinical diagnosis of MI.

Our study has several strengths. First, we evaluated this research question in 2 prospective
cohort studies from countries with universal health care. In both countries, hospital discharge codes
are used for public health surveillance rather than financial reimbursement, reducing the risk of
ascertainment bias. Second, in both cohorts the criterion standard was adjudicated according to
UDMI. Third, our study comprised consecutive patients with possible MI evaluated using cardiac
troponin I and T; therefore, our findings are likely to apply to health care systems using either assay.

Only a minority of patients who met the diagnostic criteria for type 2 MI received this diagnosis
in clinical practice. This observation is consistent with findings from registries, which have reported
that the diagnosis of MI was recorded in one-third of patients with type 2 MI identified by
adjudication.22 Patients with type 2 MI were more often treated outside the coronary care unit,
which may have contributed to misclassification.22 Together these studies suggest considerable
uncertainty as to how to apply the diagnostic criteria for type 2 MI in practice. The current
classification encompasses a broad range of patients, from those with coronary mechanisms of MI to
those without any underlying coronary artery disease.8,15,23,24 Furthermore, the diagnosis requires
evidence of symptoms or signs of myocardial ischemia, which can be more difficult to ascertain in
patients presenting with another acute condition. As such, alternative classifications have been
proposed with more objective diagnostic criteria recognizing that MI can arise spontaneously,
secondary to another condition or as a complication of a cardiac procedure.25

Our findings raise another more fundamental question about the value of a diagnosis of type 2
MI in practice. The classification of any disease should inform the patient of their prognosis and guide
the approach to treatment.26 Currently we lack evidence-based recommendations for management
and treatment of patients with type 2 MI.9 While there is little doubt that patients with type 2 MI are
at risk of major cardiovascular events,10,24 until there are well-defined management and treatment
implications for patients with this condition, it is likely that clinicians will prioritize management of
the primary presenting condition and be less likely to recognize type 2 MI in practice.

In Scotland, patients meeting the diagnostic criteria for type 1 MI but not classified as having MI
in practice were more likely to be women or to be older. However, these observed differences were
not independent of differences in other clinical features, suggesting that the presence of comorbidity
or magnitude of troponin increase is more likely to influence clinical diagnosis than age and sex per
se. Our observations are consistent with previous work demonstrating sex- and age-associated
differences in diagnosis of MI27-29 and underline the need to increase awareness to prevent
inequalities in care.

Misclassified patients with type 1 and type 2 MI underwent fewer investigations and were less
likely to receive preventative therapies. The risk of future MI or cardiovascular death was higher or as
high in patients with type 1 MI who did not receive a diagnosis of MI in practice. While we observed
that patients with type 1 MI who were not diagnosed with MI in practice in Scotland remained at
higher risk after adjustment for risk factors, we did not observe this in Sweden. This may be a
consequence of the reliability of the primary outcome measure between 2 cohorts. All subsequent
events where patients reattended with evidence of myocardial injury were adjudicated in Scotland,
while we relied on ICD-10 coding to identify events in Sweden. Variation could also be due to
differences in the troponin assay, diagnostic pathway, application of sex-specific criteria or the use of
cardiac investigations. In contrast, we observed that patients with type 2 MI who did not receive a
clinical diagnosis of MI were at lower risk of future events than those recognized in practice in both
countries. It appears that clinicians are more likely to use the term MI in the setting of myocardial
oxygen supply demand mismatch if they recognize the patient to be at particularly high risk of future
cardiovascular events.
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Hospital discharge codes for MI are based on ICD-10 rather than the UDMI. Unfortunately,
ICD-10 does not recognize the 5 subtypes of MI described in the UDMI. While some health care
systems or insurance providers have recently introduced an additional digit for ICD-10 codes to
identify patients with type 2 MI (I21.A1) this is not universally applied and the accuracy of these codes
is unknown.30-32

Limitations
Our study has several limitations. First, no data on race or ethnicity were available. On a national level,
both cohorts included predominantly a White population, which may limit the generalizability of our
findings. Second, we could not determine whether misclassification was a result of the responsible
clinician not applying the diagnosis or whether it arose due to errors in hospital discharge coding.
Third, we were not able to evaluate accuracy of the new ICD-10 diagnostic code for type 2 MI (I21.A1),
which was introduced for billing purposes in the US in 2017, as this code is not used in either United
Kingdom or Sweden.

Conclusions

This cohort study found that the diagnostic classification proposed by the UDMI was not consistently
applied in clinical practice. Our findings suggest uncertainty remains regarding the diagnostic criteria
or value of this classification in practice.
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