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Abstract

Background: Myocardial infarction with nonobstructive coronary arteries (MINOCA)

is a heterogeneous condition. Recent studies suggest that MINOCA patients may

have a proinflammatory disposition. The role of inflammation in MINOCA may thus

be distinct to myocardial infarction with significant coronary artery disease

(MI-CAD).

Hypothesis: We hypothesized that inflammation reflected by C-reactive protein

(CRP) levels might carry unique clinical information in MINOCA.

Methods: This retrospective registry-based cohort study (SWEDEHEART) included

9916 patients with MINOCA and 97 970 MI-CAD patients, used for comparisons.

Multivariable-adjusted regressions were applied to investigate the associations of

CRP levels with clinical variables, all-cause mortality and major cardiovascular events

(MACE) during a median follow-up of up to 5.3 years.

Results: Median admission CRP levels in patients with MINOCA and MI-CAD were

5.0 (interquartile range 2.0–9.0) mg/dl and 5.0 (interquartile range 2.1–10.0 mg/dl),

respectively. CRP levels in MINOCA exhibited independent associations with various

cardiovascular risk factors, comorbidities and estimates of myocardial damage. The

association of CRP with peripheral artery disease tended to be stronger compared to

MI-CAD. The associations with female sex, renal dysfunction and myocardial damage

were stronger in MI-CAD. CRP independently predicted all-cause mortality in MIN-

OCA (hazard ratio 1.22 [95% confidence interval 1.17–1.26]), similar to MI-CAD (p

interaction = 0.904). CRP also predicted MACE (hazard ratio 1.08 [95% confidence

interval 1.04–1.12]) but this association was weaker compared to MI-CAD

(p interaction<.001).

Conclusions: We found no evidence indicating the presence of a specific inflamma-

tory pattern in acute MINOCA compared to MI-CAD. However, CRP levels were

independently, albeit moderately associated with adverse outcome.

K E YWORD S

C-reactive protein, inflammation, MINOCA, myocardial infarction, prognosis

Received: 8 February 2021 Revised: 12 May 2021 Accepted: 18 May 2021

DOI: 10.1002/clc.23651

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2021 The Authors. Clinical Cardiology published by Wiley Periodicals LLC.

Clin Cardiol. 2021;44:1019–1027. wileyonlinelibrary.com/journal/clc 1019

https://orcid.org/0000-0002-8806-5778
mailto:kai.eggers@ucr.uu.se
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/clc


1 | INTRODUCTION

Myocardial infarction with nonobstructive coronary arteries

(MINOCA) is a condition that is gaining increasing interest.1,2 The

term MINOCA refers to a myocardial infarction (MI) fulfilling

the criteria outlined in the Universal Definition3 but without coronary

stenosis ≥50%. Around 5%–10% of all MI are MINOCA.1,4 The etiol-

ogy of MINOCA is heterogenous with a multitude of causative or con-

tributing mechanisms.1 However, recent studies suggest that

MINOCA patients as well may be characterized by a proinflammatory

disposition in terms of more common inflammatory disorders5,6 or as

reflected by circulating biomarkers.7

Inflammation also represents a key pathobiological mechanism in

acute coronary syndromes. C-reactive protein (CRP), a sensitive

downstream marker of the inflammation cascade, has been linked in

various studies to adverse outcome in this condition.8,9 Given the

considerations above, we hypothesized that CRP levels might provide

clinical and prognostic information that is unique in MINOCA and at

difference to myocardial infarction with significant coronary artery

disease (MI-CAD).

The aims of the present study were to closer investigate the asso-

ciations of CRP levels in MINOCA with clinical findings and outcome

overall, and in comparison to CRP levels in MI-CAD. For this purpose,

a large cohort of Swedish MI patients with data available in the

SWEDEHEART (Swedish Web-system for Enhancement and Develop-

ment of Evidence-based care in Heart disease Evaluated According to

Recommended Therapies) registry was assessed.

2 | METHODS

2.1 | Study population

This study is part of the TOTAL-AMI (Tailoring Of Treatment in All

comers with Acute Myocardial Infarction) project. The primary aim of

TOTAL-AMI is to study the mechanisms and implications of different

MI subtypes3 and of comorbidities (e.g. chronic obstructive pulmonary

disease, atrial fibrillation, renal dysfunction) in MI. TOTAL-AMI uses

data from SWEDEHEART which is a Swedish registry collecting infor-

mation from consecutive patients admitted to coronary care units or

other specialized facilities because of suspected acute coronary syn-

drome. SWEDEHEART provides almost nationwide coverage and life-

long follow-up. Upon hospital admission, patients receive written

information about the registry, have the right to deny participation

and to get their data erased upon request. Written informed consent

is not required according to Swedish law.

The population for the present study included all MI patients,

admitted between January 2005 and May 2018, with available data

for levels of CRP. Only first-time admissions were considered. To be

regarded having MINOCA, MI patients were required to have normal

or near-normal coronary arteries (<50% stenosis), to be free from a

history of MI or coronary intervention and not to have undergone

a coronary intervention during the index hospitalization. MI patients

with significant (≥50%) coronary stenoses were regarded having MI-

CAD. MI-CAD patients with a history of MI or coronary intervention

were excluded from the analyses to avoid the confounding impact of

pre-existing coronary artery disease in comparisons with MINOCA

patients.

All data had been made pseudonymized before the statistical ana-

lyses. The study was conducted according to the principles of the

1975 Declaration of Helsinki and had been approved by the Regional

Ethical Review Board in Stockholm (2012/60–31/2).

2.2 | Measurement of CRP levels

The CRP levels used in this analysis had been obtained upon admis-

sion as part of clinical routine practice in Sweden. Measurements

were performed using standard assays at the central laboratories of

the respective hospitals participating in SWEDEHEART.

2.3 | Prognostic evaluation

Information on patient outcome was obtained by merging

SWEDEHEART with data from the mandatory Swedish Patient Regis-

try (hospitalization dates and discharge diagnoses based on Interna-

tional Classification of Diseases, 10th revision, Clinical Modification

[ICD-10-CM] codes) and the Swedish Cause of Death Registry, both

held by the Swedish Board of Health and Welfare. The outcomes con-

sidered for this analysis were all-cause mortality with available data

until May 2018 and major cardiovascular adverse events (MACE),

defined as the composite of cardiovascular mortality, readmissions for

recurrent MI (ICD-10-CM code I21), hospitalization for heart failure

(ICD-10-CM code I50) and ischemic stroke (ICD-10-CM code I63).

During the first 30 days after the index hospitalization, it is not possi-

ble to separate a new MI from the index MI in the Patient Registry.

Therefore, only MI occurring at least 30 days after the hospitalization

were counted to avoid 'contamination' from the index event. Informa-

tion on MACE was only available until December 2017 since there is

a time lag for processing hospitalization data within the Swedish

Patient Registry.

2.4 | Statistical analysis

All continuous variables were skewed and are reported as medians

with interquartile ranges (IQR). Differences were tested using the

Pearson χ2 test. Categorical variables are expressed as frequencies

and percentages with differences being assessed using the Kruskal-

Wallis test.

Multiple linear regressions were used to investigate the associa-

tions of CRP levels with clinical variables in MINOCA and MI-CAD,

respectively. Model 1 included age, sex, current smoking, hyperten-

sion, diabetes mellitus, hyperlipidemia, estimated glomerular filtration

rate (Chronic Kidney Disease Epidemiology Collaboration equation),
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previous heart failure, previous stroke, peripheral artery disease,

chronic obstructive pulmonary disease, previous or present cancer,

dementia and atrial fibrillation on the admission ECG. In addition,

adjustment was made for medications on admission (antiplatelets,

betablockers, inhibitors of the renin-angiotensin-aldosterone system

[angiotensin-converting-enzyme inhibitors and angiotensin II receptor

blockers] and statins), admission year and hospital. In model 2, previ-

ous heart failure was replaced by left-ventricular ejection fraction esti-

mated by in-hospital echocardiography. Model 3 was adjusted as

model 1 with addition of high-sensitivity cardiac troponin T (hs-cTnT)

as covariate. Values of CRP and hs-cTnT were highly skewed and ln-

transformed in alla analyses to achieve normality.

The associations of CRP (ln) with adverse events were studied

with the use of Cox regression models. We applied a similar adjust-

ment set as for the multiple linear regressions including ST-segment

changes on the admission ECG but without considering medications

upon admission. The prognostic implications of CRP (ln) relative to the

MI type (MINOCA vs. MI-CAD) were assessed by forcing an interac-

tion term CRP (ln)*MI type into model 1 with additional adjustment

for in-hospital coronary revascularization. Prognostic estimates are

presented as hazard ratios (HR) with 95% confidence intervals (CI).

Cumulative probability curves were constructed using the Kaplan–

Meier method, and the log-rank test was used to compare the occur-

rence of adverse outcome across CRP quartiles.

In all tests, a two-sided p value <.05 was considered significant.

The software package SPSS 27.0 (SPSS Inc., Chicago, IL) was used for

the analyses.

3 | RESULTS

The MINOCA cohort investigated in the present analysis consisted of

9916 patients. Out of totally 125 713 MI-CAD patients in the dataset,

97 970 (77.9%) had no history of coronary revascularization or MI

and were used for comparative analyses.

The median CRP levels were 5.0 (IQR 2.0–9.0) mg/dl in MINOCA

and 5.0 (IQR 2.1–10.0) mg/dl in MI-CAD. Information on clinical char-

acteristics in MINOCA patients in relation to CRP quartiles is pres-

ented in Table 1. Increasing CRP quartiles exhibited significant

associations across many cardiovascular risk factors and com-

orbidities, apart from hyperlipidemia and previous stroke. Increasing

CRP quartiles were also associated with more adverse ECG findings,

poorer left-ventricular ejection fraction and higher hs-cTnT levels. The

clinical characteristics of MI-CAD patients are presented in

the Table S1.

Upon multivariable adjustment, significant and consistent associa-

tions were noted between CRP (ln) and current smoking, diabetes

mellitus, lower glomerular filtration rate, estimates of myocardial dam-

age (i.e. lower left-ventricular ejection fraction and higher hs-cTnT

levels), peripheral artery disease, chronic obstructive pulmonary dis-

ease, previous or present cancer and atrial fibrillation (Table 2). As

illustrated by the non-overlapping 95% confidence intervals of the

regression coefficients in model 2, the association of CRP (ln) with

peripheral artery disease tended to be stronger in MINOCA compared

to MI-CAD, and there was a trend towards a stronger association with

chronic obstructive pulmonary disease (Table S2B). Among patients

with MI-CAD, CRP (ln) exhibited stronger associations with female

sex, lower glomerular filtration rate and depressed left-ventricular

ejection fraction (Table S2B). Even the extent of coronary artery dis-

ease (categorized as 1- or 2-vessel disease, 3-vessel or left main

disease, inconclusive angiographic findings) was associated with CRP

(ln) in MI-CAD when added as additional variable to model 2

(β = 0.041; p < .001).

During a median follow-up of 5.3 (2.3–8.6) years, 1854 (18.7%)

MINOCA patients died. Totally 1939 (20.1%) MINOCA patients suf-

fered a MACE during a median follow-up of 4.2 (1.5–7.6) years.

Increasing CRP quartiles were significantly associated with both out-

comes with continuously diverging Kaplan–Meier curves, in particular

for patients in the top vs. the lower three CRP quartiles (Table 1; Fig-

ures 1(A),(B)). The associations of CRP quartiles with MACE were

mainly driven by higher rates of mortality and hospitalizations for

heart failure (Table 1). The multivariable-adjusted HR of CRP (ln) were

1.21 (95% CI 1.17–1.26) regarding all-cause mortality and 1.08 (95%

CI 1.04–1.12) regarding MACE (Table 3). Further adjustments for left-

ventricular ejection fraction or hs-cTnT (ln) did not alter these associa-

tions. The corresponding HR in MI-CAD patients were 1.22 (95% CI

1.20–1.23) regarding all-cause mortality and 1.17 (95% CI 1.16–1.18)

regarding MACE. The interactions of the type of MI (MINOCA vs. MI-

CAD) on the associations of CRP (ln) were non-significant regarding

all-cause mortality but reached significance regarding MACE.

4 | DISCUSSION

In the present analysis investigating a large cohort of MINOCA

patients, CRP levels yielded moderate but independent prognostic

information. Increases of one standard deviation in ln-transformed

CRP levels were associated with 21–23% risk increases regarding all-

cause mortality and 8%–9% risk increases regarding MACE in models

considering cardiovascular risk factors, comorbidities and estimates of

myocardial damage.

However, contrasting to our hypothesis, CRP levels did not pro-

vide unique prognostic information compared to patients with

MI-CAD. The prognostic value of CRP was similar for MINOCA and

MI-CAD patients regarding all-cause mortality, and its magnitude

regarding MACE was relatively lower in MINOCA patients compared

to those with MI-CAD. This is likely explained by the fact that CRP

levels in MI at least in part reflect an acute-phase reaction resulting

from myocardial necrosis. Patients with MI-CAD from our cohort suf-

fered greater myocardial damage compared to those with MINOCA,

as demonstrated by more than 3-fold higher hs-cTnT levels and more

severely depressed left-ventricular ejection fraction, strengthening

the association between CRP and MACE. Still, CRP provided similar

prognostic information regarding all-cause mortality in both MI types.

The predictive value of CRP in MINOCA should thus, not be

neglected.
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Our findings corroborate with data reported by Ciliberti et al.

from a small MINOCA cohort demonstrating that CRP predicted

MACE independently of the extent of coronary atheromatosis.10 This

raises the question whether CRP levels might represent other disease

mechanisms compared to those being relevant in MI-CAD. However,

the multiple linear regressions did not reveal a clear MINOCA-specific

pattern of contributing entities. Accordingly, the null hypothesis of

CRP levels providing distinct clinical information in MINOCA was not

rejected. In this context, it should be acknowledged that CRP levels

do not necessarily reflect the proinflammatory disposition that may

exist in MINOCA patients. Indirect support comes from a recent anal-

ysis from our group investigating a large array of circulating bio-

markers in a stable post-MINOCA cohort.7 Here, various pro- and

anti-inflammatory biomarkers other than CRP were found to discrimi-

nate MINOCA from both MI-CAD and healthy controls.

The greatest clinical value of CRP, besides prognostication,

appears to lie in the distinction of true MINOCA from myocarditis

mimicking MI. While cardiac magnetic resonance imaging is regarded

as gold standard in this regard,1 CRP levels may guide early diagnostic

work-up. CRP >10 mg/dl for example, strongly suggested the pres-

ence of myocarditis in a pooled cohort of 556 patients regarded hav-

ing MINOCA.11 Likewise, CRP <5 mg/dl was shown to be associated

with the presence of findings consistent with small-vessel obstruction

in another study investigating 135 patients with presumed MIN-

OCA.12 It can sometimes also be difficult to distinguish MINOCA from

Takotsubo cardiomyopathy. Even in this regard, CRP may provide a

clue. Takotsubo cardiomyopathy is characterized by a myocardial and

systemic inflammatory reaction13 associated with an elevation in CRP

levels rather seen in ST-segment elevation MI14 than in MINOCA.

Our study has several strengths. We assessed a large cohort of

MINOCA patients with information on various clinically relevant out-

comes. Because of the unique Swedish personal identification number

and mandatory health registries, we have complete information on

outcome in all patients over several years of follow-up. There are also

some limitations that need to be considered. This was a retrospective

investigation from a registry with inherent selection bias. Although all

hospitals participating in SWEDEHEART are annually monitored, the

data cannot be of the same quality as in a prospective observational

study. However, the agreement between the information entered in

the registry and the medical records is around 96%.15 We lack

detailed information on the assays used for CRP measurements. We

would not regard this as a major shortcoming since guidelines recom-

mend the use of uniform prognostic CRP thresholds despite inter-

assay variations in detection ranges.16 We are unable to comment on

the potential associations of the severity of atheromatosis with CRP

levels in MINOCA since the data available in SWEDEHEART do not

allow for a subclassification of patients with coronary stenosis <50%.

Moreover, we lack information on intravascular imaging which might

have identified high-risk plaque morphologies contributing to higher

CRP levels in some MINOCA patients. We do not have data on the

TABLE 2 Predictors of CRP levels in
patients with MINOCA

Model 1 (n = 9716) Model 2 (n = 8061) Model 3 (n = 4098)

β p value β p value β p value

Age (10 years) 0.042 .001 0.025 .070 0.072 <.001

Male sex 0.019 .056 0.020 .070 0.009 0.557

Current smoking 0.061 <.001 0.052 <.001 0.067 <.001

Hypertension �0.001 0.962 0.006 0.655 0.018 0.372

Diabetes 0.061 <.001 0.053 <.001 0.072 <.001

Hyperlipidemia 0.029 0.567 0.037 0.514 0.211 .011

eGFR �0.075 <.001 �0.053 <.001 �0.033 .070

Heart failure 0.025 .016 - - 0.015 0.347

Previous stroke 0.001 0.928 �0.006 0.615 �0.009 0.560

PAD 0.056 <.001 0.068 <.001 0.069 <.001

COPD 0.103 <.001 0.090 <.001 0.122 <.001

Previous/present cancer 0.030 .003 0.030 .006 0.046 .002

Dementia �0.010 0.288 �0.002 0.835 �0.014 0.351

Atrial fibrillation 0.042 <.001 0.040 .001 0.043 .009

LVEF - - 0.115 <.001 - -

hs-cTnT (ln) - - - - 0.111 <.001

Abbreviations: COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate;

LVEF, left-ventricular ejection fraction; hs-cTnT: high-sensitivity cardiac troponin T; PAD, peripheral

artery disease.

Note: Model 1: Analyses were adjusted for all assessed variables, medications at admission (as listed in

Table 1), hospital and admission year. Model 2: adjusted as model 1 with replacement of heart failure by

left-ventricular ejection fraction, categorized as ≥0.50, 0.40–0.49, 0.30–0.39 and < 0.30. Model 3:

adjusted as model 1 with additional adjustment for high-sensitivity cardiac troponin T (ln).
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results of examinations performed after the hospitalization period.

Thus, some MINOCA patients may have subsequently been diagnosed

with myocarditis, Takotsubo cardiomyopathy or any other less com-

mon diagnosis on the basis of post-discharge cardiac magnetic reso-

nance imaging. CRP is an unspecific biomarker of inflammatory

activity. SWEDEHEART provides no information on infectious or non-

cardiovascular inflammatory disorders that may have contributed to

higher CRP levels. Finally, data on MACE were only available until

December 2017.

Our results in conclusion, demonstrate that CRP is independently,

albeit moderately associated with adverse outcome in MINOCA. Con-

trasting to our primary hypothesis, we found no evidence indicating

F IGURE 1 Cumulative probability of (A) all-cause mortality and )B) major cardiovascular events in patients with myocardial infarction with
nonobstructive coronary arteries (MINOCA) in relation to C-reactive protein (CRP) quartiles
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that acute MINOCA might be characterized by a specific inflammatory

pattern, as reflected by CRP levels.
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