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Abstract. Svenungsson E, Spaak J, Strandberg K,
Wallén HN, Agewall S, Brolin EB, et al. Antiphos-
pholipid antibodies in patients with myocardial
infarction with and without obstructive coronary
arteries. J Intern Med. 2021;00:1-11. https://doi.
org/10.1111/joim.13409

Background. Recent studies demonstrate that pro-
thrombotic antiphospholipid antibodies (aPL) are
overrepresented in patients with myocardial infarc-
tion (MI) due to coronary artery disease (MICAD).
However, it is not known whether aPL differ
between the two subsets of MI: MICAD and MI with
nonobstructive coronary arteries (MINOCA).

Objectives. To determine whether aPL are associated
with MINOCA or MICAD, or with hypercoagulabil-
ity as assessed by activated protein C–protein C
inhibitor (APC–PCI) complex.

Methods. Well-characterized patients with MINOCA
(n = 98), age- and gender-matched patients with
MICAD (n = 99), and healthy controls (n = 100)
were included in a cross-sectional case–control

study. Autoantibodies (IgA/G/M) targeting cardi-
olipin and β2glycoprotein-I and specific nuclear
antigens were analyzed by multiplexed bead tech-
nology. The concentration of APC–PCI was deter-
mined as a measure of hypercoagulability by an
immunofluorometric sandwich assay.

Results. Both prevalence and titers of aPL of
the IgG isotype (anti-cardiolipin and/or anti-
β2glycoprotein-I) were higher in patients with
MINOCA and MICAD than in controls. aPL IgG
positivity was twice as frequent among patients
with MICAD than MINOCA (11% vs. 6%, nonsignif-
icant). We observed no group differences regarding
aPL IgA/M or antibodies targeting specific nuclear
antigens. Levels of APC–PCI were elevated in aPL
IgG-positive compared to aPL IgG-negative MICAD
patients.

Conclusions. aPL IgG, but not IgA/M, are enriched
particularly in patients with MICAD but also
in patients with MINOCA, as compared to con-
trols. Interestingly, signs of hypercoagulability—
measured by increased levels of the APC–PCI

*Elisabet Svenungsson and Jonas Spaak contributed equally to this work.

© 2021 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

1

https://orcid.org/0000-0003-3396-3244
https://orcid.org/0000-0002-7529-1338
https://doi.org/10.1111/joim.13409
https://doi.org/10.1111/joim.13409
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjoim.13409&domain=pdf&date_stamp=2021-11-24


aPL in MINOCA, MICAD, and controls / E. Svenungsson et al.

complex—were present in aPL IgG-positive MICAD
patients, indicating an association with functional
disturbances of the coagulation system.

Keywords: antiphospholipid antibodies, arterioscle-
rosis, cardiovascular risk factors, coagulation,
immunology, myocardial infarction

Introduction

The antiphospholipid syndrome (APS) was first
described in the mid-1980s among patients with
systemic lupus erythematosus (SLE) [1], but was
later also recognized in the absence of autoim-
mune diseases. APS is defined by clinical and
laboratory criteria. Clinical classification criteria
comprise objectively verified arterial, venous, or
microvascular thrombosis and/or definedmanifes-
tations of obstetric morbidity. Laboratory criteria
consist of confirmed positive tests for antiphos-
pholipid antibodies (aPL), including anticardiolipin
(anti-CL) and/or anti-β2glycoprotein-I (anti-β2GPI)
antibodies and/or a positive functional lupus anti-
coagulant (LA) test [2]. Both IgG and IgM isotypes
are included in the criteria, but IgG aPL are more
strongly associated with events and thus regarded
as more pathogenic [3]. IgA antibodies are not
included in the present criteria [2], but have been
associated with thrombotic events, especially in
patients with SLE [4]. Many researchers believe
the plasma protein β2GPI with its five domains to
be the main aPL antigen. Conformational changes
occur when β2GPI binds to cardiolipin and other
negatively charged phospholipids, thus exposing
antigenic sites [5].

Long-term anticoagulation usually effectively pre-
vents new and recurrent thrombotic events in APS,
but because many patients remain undiagnosed,
they do not receive adequate treatment [6–8]. The
most frequent thrombotic manifestation in APS
is venous thromboembolism, while among arterial
events, stroke is more commonly reported than
ischemic heart disease [9]. Yet, a recent review
estimated the frequency of aPL in patients with
myocardial infarction (MI) to be as high as 11%
[10], though this figure is based mainly on early
studies using poorly standardized aPL determina-
tions. However, we recently confirmed this preva-
lence using modern standardized methods in a
large multicenter study. We showed that 11% of
805 patients with a first-time MI were positive for
either anti-CL or anti-β2GPI antibodies of the IgG
isotype 6–10 weeks after their acute event, as com-
pared to only 1% in individually age-, gender-, and
region-matched controls [11]. Another recent study

showed positive associations between aPL, sub-
clinical carotid atherosclerosis and cardiovascular
events in a large unselected Italian population [12].
Despite these findings, aPL are seldom tested and
are not recognized as a risk factor for myocardial
infarction in the general population.

The widespread use of rapid coronary angiography
in patients with MI has revealed that about 6% of
all patients presenting with and fulfilling current
criteria of MI have no evident obstructive coronary
artery disease, that is, >50% stenosis. This is
termed MI with nonobstructive coronary arteries
(MINOCA) and is a syndrome requiring further
workup aimed at finding a definite diagnosis
[13]. In a similar cohort with MINOCA as in the
present study, we recently showed that 35% of
these had Takotsubo syndrome, 22% actual MI,
17% myocarditis, while 23% showed a normal
myocardium [14]. Two case reports of the total
seven cases have suggested that SLE is a pos-
sible cause of MINOCA [15,16], but in a recent
registry-based study we could not confirm that
MINOCA was overrepresented in SLE patients
with MI [17]. Lacking further evidence, a position
paper issued by the European Society of Cardi-
ology in 2017 recommended that APS should be
considered in MINOCA [13]. Since then, Pasupathy
et al. have demonstrated that the levels of anti-CL
antibodies were similar and that LA was negative
in 25 patients with MINOCA and 25 patients with
MICAD [18].

The aim of the present study was to explore the
prevalence of aPL in patients with MINOCA and
MICAD and to compare these with healthy con-
trols. We used standardized methods to assess
prothrombotic aPL. Specifically, we measured
anti-CL and anti-β2GPI of IgA/G/M isotypes in
well-characterized patients from the Stockholm
Myocardial Infarction with Normal Coronaries
(SMINC) study [19]. To assess possible effects of
aPL on the coagulation system, we also measured
activated protein C–protein C inhibitor (APC–PCI)
complex as a marker of hypercoagulability. As
aPL are frequent in patients with SLE, we also
investigated a set of the most common anti-nuclear
antibodies (ANA).

2 © 2021 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Materials and methods

The study was performed in accordance with the
Declaration of Helsinki and Good Clinical Prac-
tice and was approved by the Stockholm Ethics
Committee. We used a cross-sectional case–control
design to address the study objectives. Patients ful-
filling the universal definition of acute MI, with no
or <30% stenosis on coronary angiography were
recruited from all five coronary care units serv-
ing the Stockholm urban area. From June 2007
to May 2011, 176 patients with MINOCA were
screened. Inclusion criteria were 35–70 years of
age and sinus rhythm at admission. Exclusion cri-
teria included history of structural or coronary
heart disease, pacemaker, severe chronic obstruc-
tive pulmonary disease, and severe renal failure
(serum creatinine >150 μmol/L). Of these, 152
patients underwent cardiac magnetic resonance
imaging to exclude myocarditis and cardiomyopa-
thy. Details on patient selection and definitions can
be found in a previous publication [19]. After all
inclusion and no exclusion criteria were met, 100
patients withMINOCA, and in parallel 100 age- and
gender-matched patients with MI with significant
stenosis and 100 healthy controls, were included.
Stored sample volume sufficient for the present
biochemistry analyses was missing in two patients
with MINOCA and one with MICAD.

Inflammatory conditions were defined as asthma,
chronic obstructive pulmonary disease, rheumatic
diseases, hepatitis, primary biliary cirrhosis, pan-
creatitis, diverticulitis, collagenous colitis, chronic
dental infections, and thromboembolic disor-
ders such as previous thromboembolic diagnoses
and known coagulopathy. To exclude pulmonary
embolism, the first 100 patients underwent com-
puted tomography (CT) of the chest, but because
all these investigations turned out negative, the
protocol was changed to measurement of D-dimer,
and CT only in case of high suspicion of pulmonary
embolism [19].

Vascular measurements

The degree of arteriopathy was assessed by intima-
media thickness (IMT) from images of the left and
right common carotid artery (CCA) using an ultra-
sound scanner (Vivid 7; General Electric [GE],
New York, NY) equipped with a 12-MHz trans-
ducer. The CCA far wall IMT was measured from
each side using semiautomatic analysis software,
as previously described [19]. Endothelial function
was determined using EndoPAT (Itamar-Medical

Ltd) and the postocclusion to preocclusion ratio,
called reactive hyperemia index (RHI), as previ-
ously described [19]. RHI measures endothelial
function in peripheral arteries, where a higher
number reflects a better function. In patients, IMT
and RHI were determined 3 months after the acute
event.

Laboratory analyses

Blood samples were taken 3 months after the
acute event in MINOCA and MICAD patients and
at a similar time in healthy controls. Autoantibod-
ies (IgA, IgG, IgM) targeting cardiolipin (anti-CL)
and β2glycoprotein-I (anti-β2GPI) and specific
anti-nuclear antigens (ANA) (dsDNA, nucleosomes,
ribosomal P, Smith [Sm], Smribonucleoprotein
[SmRNP], RNP 68, Sjögren’s syndrome antigen
A/B [SSA]/Ro52, SSA/Ro60, SSB) were analyzed
by multiplexed bead technology using the BioPlex
2200 system (Bio-Rad, Hercules, CA, USA) accord-
ing to the specifications of the manufacturer. The
coefficient of variation (CV) was <10.0% for all
isotypes; for ANA-specificity 8%–10%, and <8%
for aPL IgG also in the very low range. The cutoff
for anti-CL and anti-β2GPI antibodies was set at
the 99th percentile of population-based controls,
according to APS criteria [2]. Double aPL positivity
was defined as positivity for at least one of IgG or
IgM of anti-β2GPI and at least one of IgG or IgM
anti-CL. IgA antibodies, which are not included
in the APS criteria, were not considered when
determining double aPL positivity. Cutoffs for
ANA subspecificities were set according to the
manufacturer.

The concentration of the APC–PCI complex was
measured with a previously described immunoflu-
orometric sandwich assay [20]. The method uti-
lizes two mouse monoclonal antibodies that bind a
unique neoepitope in PCI that is formed as a result
of complex formation between APC and PCI.

Statistics

Continuous variables with a normal distribution
are reported as means with standard deviations
(SD), whereas aPL titers are reported as medians
with interquartile ranges due to substantial skew-
ing. Dichotomous variables are reported as counts
with percentages. Student’s t-test was used for nor-
mal distributions and the Mann–Whitney U test for
nonnormal distributions for comparison between
two groups. The chi-square test and Fisher’s
exact two-sided tests were used for comparison
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of dichotomous variables between groups. ANOVA
(overall) with Student’s t-test as post hoc was used
for comparisons between three groups. For com-
paring antibody titers between three groups, the
nonparametric Kruskal–Wallis test was used and
the Wilcoxon test was applied for post hoc analyses
between groups. SPSS version 25 (IBM, Armonk,
NY, USA) was used for statistical analyses. A p-
value of <0.05 was considered significant.

Results

Compared to MICAD patients, MINOCA patients
were less often current smokers, and they had a
lower prevalence of diabetes mellitus and hyperlipi-
demia. MINOCA patients had a higher prevalence
of inflammatory conditions than MICAD patients.
When compared to healthy controls, MINOCA
patients had a higher prevalence of all car-
diovascular risk factors (smoking, hypertension,

Table 1. Clinical characteristics of the three groups

MINOCA
(n = 98)

MICAD
(n = 99)

Healthy controls
(n = 100) p-Value

Mean age, years 58.0 ± 8.2 58.6 ± 8.1 58.9 ± 8.2 0.76
Female sex 71% 72% 72% 1.0
BMI, kg/m2 25.6 ± 4.6 27.0 ± 4.7 25.2 ± 3.6 0.02
Current smoker 20% 33% 7% <0.0001
Ex-smoker 30% 34% 40% 0.30
Hypertensiona 37% 47% 17% <0.001
Hyperlipidemiaa 9% 20% 4% 0.001
Diabetes mellitusa 4% 10% 0% 0.003
IGT or DM 38% 51% 20% <0.001
Thromboembolismb 6% 1% 2% 0.09
Any inflammatory diseasec 30%¤ 20% 10% 0.002
Hemoglobin (g/L) 137.4 ± 12.9 140.4 ± 13.8 136.6 ± 13.2 0.16
Platelets (109/L) 249.0 ± 61.0 248.7 ± 50.5 243.5 ± 52.5 0.76
CRP (mg/L) 7.94 ± 25.0 5.00 ± 12.5 n/a
Relative troponin 111 ± 177 273 ± 563 n/a
Hs-CRP* (mg/L) 2.24 ± 3.93 2.12 ± 2.45 1.68 ± 2.48 0.06
NT-proBNP* (ng/L) 133.2 ± 127.8 277.5 ± 462.2 71.8 ± 83.0 <0.001
Cystatin C* (μmol/L) 0.86 ± 0.17 0.89 ± 0.16 0.84 ± 0.15 0.02
Cholesterol* (mmol/L) 5.10 ± 0.96 5.35 ± 1.08 5.64 ± 1.01 0.003
Triglycerides* (mmol/L) 1.05 ± 0.51 1.43 ± 0.64 0.97 ± 0.57 <0.001
LDL* (mmol/L) 3.03 ± 0.85 3.44 ± 0.93 3.64 ± 0.92 <0.001
HDL* (mmol/L) 1.57 ± 0.55 1.28 ± 0.38 1.56 ± 0.51 <0.001
IMT* (mm) 0.71 ± 0.13 0.73 ± 0.15 0.70 ± 0.12 0.34
RHI* (units) 2.23 ± 0.67 2.08 ± 0.61 2.27 ± 0.64 0.09

Note: Values are expressed as proportions or mean ± standard deviation. All values determined at the index event except
those indicated by *, which were measured at 3 months follow up. p-Values are for Kruskal–Wallis test or chi-square test
as appropriate (overall).
Abbreviations: BMI, body mass index; CRP, C-reactive protein; DM, diabetes mellitus; HDL, high-density lipoprotein;
hs, high sensitive; Hs, high sensitivity; IGT, impaired glucose tolerance; IMT, intima-media thickness; LDL, low-density
lipoprotein; MICAD, myocardial infarction with coronary artery disease; MINOCA, myocardial infarction with nonobstruc-
tive coronary arteries; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; RHI, reactive hyperemia index.
Relative troponin was calculated as peak troponin I or T divided by the 99th percentile upper reference limit.
aDefined as on treatment for the diagnosis.
bPrevious thromboembolic diagnoses and known coagulopathy.
cAsthma, chronic obstructive pulmonary disease, rheumatic diseases, hepatitis, primary biliary cirrhosis, pancreatitis,
diverticulitis, collagenous colitis, and chronic dental infections. Relative troponin: ratio to normal level cutoff. Further
details on the cohort have been published previously [19].
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Fig. 1 Antiphospholipid antibodies (aPL) titers in the three groups. p-Values are based on Wilcoxon as post hoc test for
comparisons between groups. Dotted lines indicate positivity, set at 99th percentile of local population controls.

hyperlipidemia, and diabetes mellitus), but com-
parable concentrations of hs-CRP (Table 1).

The prevalence and titers of aPL of the IgG iso-
type were significantly higher both in patients with
MINOCA and MICAD when compared with con-
trols, and aPL IgG positivity (defined as either
anti-CL IgG and/or anti-β2GPI IgG) was twice
as frequent among patients with MICAD than
MINOCA, though this difference was not signif-

icant (p = 0.21). We observed no group differ-
ences regarding aPL of IgM and IgA isotypes (Fig-
ure 1, Table 2). Of ANA subspecificities, only
anti-SSB differed between groups and occurred
more commonly among controls (p = 0.04)
(Table 2).

aPL IgG-positive MICAD patients had higher levels
of the APC–PCI complex as compared to aPL IgG-
negative patients (Figure 2 and Table S1).
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Table 2. Titers of aPL, proportion-positive aPL and ANA subspecificities, and levels of APC–PCI

MINOCA
(n = 98)

MICAD
(n = 99)

Healthy controls
(n = 100) p-Value

Anti-β2GPI IgG 1.3 (1.3–1.3) 1.3 (1.3–1.3) 1.3 (1.3–1.3) 0.002
Proportion positive 6.1% 11.1% 0.0% 0.0003
Anti-β2GPI IgM 1.4 (0.5–3.3) 1.3 (0.5–3.1) 1.1 (0.6–3.4) 0.99
Proportion positive 0.0% 2.0% 1.0% 0.36
Anti-β2GPI IgA 0.7 (0.5–1.4) 0.7(0.5–1.4) 0.6 (0.5–1.1) 0.42
Proportion positive 3.1% 1.0% 3.0% 0.55
Anti-CL IgG 1.5 (1.5–1.5) 1.5 (1.5–1.5) 1.3 (1.3–1.3) 0.0007
Proportion positive 6.1% 11.1% 0.0% 0.0003
Anti-CL IgM 1.8 (0.6–3.9) 1.3 (0.6–4.2) 1.3 (0.6–1.8) 0.78
Proportion positive 0.0% 1.0% 1.0% 0.61
Anti-CL IgA 0.8 (0.4–1.4) 0.7 (0.4–1.4) 0.6 (0.4–1.2) 0.77
Proportion positive 2.0% 1.0% 2.0% 0.81
Proportion double aPL
positive

6.1% 12.1% 1.0% 0.006

Anti-dsDNA 0.9 (0.9–1.0) 1.0 (0.9–1.0) 0.9 (0.9–2.0 0.42
Proportion positive 4.1% 2.0% 1.0% 0.35
Anti-nucleosomes 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.1 (0.1–0.1) 1.00
Proportion positive 3.0% 3.0% 3.0% 1.00
Anti-ribosomal P 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.07
Proportion positive 1.0% 0.0% 4.0% 0.05
Anti-Sm 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.77
Proportion positive 2.0% 1.0% 1.0% 0.78
Anti-SmRNP 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.36
Proportion positive 2.0% 2.0% 0.0% 0.19
Anti-RNP 68 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.60
Proportion positive 1.0% 1.0% 0.0% 0.60
Anti-SSA/Ro52 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.36
Proportion positive 4.1% 4.0% 1.0% 0.28
Anti-SSA/Ro60 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.31
Proportion positive 6.1% 9.1% 4.0% 0.34
Anti-SSB 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.1 (0.1–0.1) 0.04
Proportion positive 1.0% 1.0% 6.0% 0.04
APC–PCI μg/L 0.24± 0.15 0.24 ± 0.11 0.27 ± 0.20 0.265

Abbreviations: Anti-β2GPI = anti-β2glycoprotein-I, Anti-CL = anticardiolipin, double aPL positivity is defined as positivity
for at least one of IgG or IgM of anti-β2GPI and at least one of IgG or IgM anti-CL, dsDNA = double stranded DNA, Sm
= Smith, SmRNP = Smith Ribonucleoprotein, RNP = Ribonucleoprotein, Sjögren’s syndrome Antigen A/B (SSA)/Ro52,
SSA/Ro60, SSB, APC–PCI = activated protein C–protein C inhibitor complex. Titers are given as median (interquartile
range) and proportion positive as% with the exception of APC–PCI which is given as mean ± standard deviation. P-values
are calculated by Kruskal-Wallis test (overall), except for APC–PCI where p was calculated with ANOVA.

Discussion

In the present study, well-characterized patients
with both MINOCA and MICAD were more often
positive for and had higher titers of aPL IgG than
healthy controls. The proportion of aPL IgG positiv-
ity was twice as high among patients with MICAD

compared to MINOCA, though this difference did
not reach significance. In general, we confirmed
a more frequent occurrence of aPL IgG, but not
IgM or IgA, in patients with MI as compared to
controls [11]. We observed no differences between
MINOCA and MICAD patients regarding hemosta-
sis as determined by the APC–PCI levels on a group

6 © 2021 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Fig. 2 Activated protein C–protein C inhibitor complex
(APC–PCI) in myocardial infarction (MI) subgroups
stratified by antiphospholipid antibodies (aPL) status,
and in controls. p-Values were calculated with ANOVA
(overall), with Student’s t-test as post hoc for
comparisons between groups.

level. Interestingly, among aPL IgG-positive MICAD
patients, we detected signs of hypercoagulability,
as measured by increased levels of the APC–PCI
complex, indicating that aPL IgG was not only asso-
ciated with MI but also with functional distur-
bances of the coagulation system.

A major objective for this study was to determine
whether patients with MINOCA had a more fre-
quent occurrence of aPL, as the pathogenesis of
these MIs is varied and includes a potential role
for thrombosis [15]. Patients with MICAD have a
higher plaque burden and thus more substrate
for thrombosis, which may potentially be more
harmful in patients with aPL. This contrasts with
patients with MINOCA, where a previous study
indicates that the plaque burden does not dif-
fer from healthy controls [21]. Among patients
with SLE, 30%–40% are known to have aPL [22].
In a recent large registry-based study, patients
with SLE without AMI before 1996 (n = 4.192)
and 10 matched controls without SLE and AMI
for each patient were identified. During a 20-year
follow-up in the Swedish national patient registry,
AMIs occurred at younger ages in patients with
SLE and the incidence was approximately twice
that of controls, but the proportion of MINOCA

was similar in both groups [17]. According to
our results, aPL IgG occurred in 6% of MINOCA
patients and were thus more common than in con-
trols, but numerically less frequent than in MICAD
(11%).

Though no direct comparisons with controls have
been made previously, a Polish study by Stepien
et al. investigated acquired and inherited throm-
bophilia in 84 MINOCA patients and 84 age-
matched patients with cryptogenic stroke. Higher
frequencies of aPL than in our cohort were detected
both in patients with MINOCA (15.5%) and crypto-
genic stroke (10.7%), though no comparisons with
MICAD or controls were made. Their samples were
taken 8 months after the acute event, as com-
pared to 3 months in our cohort, and the patients
were on average 12 years younger with more
frequent traditional risk factors, such as smok-
ing, hyperlipidemia, hypertension, and diabetes
[23]. In contrast, a small study that compared 25
MINOCA patients with 25 MICAD patients did not
detect any anti-CL antibodies or positive LA tests
[18]. Another small study from New York investi-
gated 40 patients diagnosed with APS and acute
coronary syndromes who had been subject to
cardiac catheterization. Among them, eight cases

© 2021 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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(20%) were diagnosed with MINOCA, but they had
no control group [24]. Davies and Hunt [15] also
reported five clinical cases of young adults who suf-
fered a first MI with normal coronary angiograms,
all with positive LA tests. Together these data indi-
cate that aPL may distinguish a small but separate
subset of MINOCA.

The association between aPL and accelerated
atherosclerosis is debated. We report that aPL of
the IgG isotype are positive in 11% of patients with
MICAD, confirming our previous report from a large
multicenter study of patients with a first-time MI
[11]. These results indicate that aPL may be more
common in MICAD than in MINOCA, suggesting an
association with coronary atherosclerosis. Inter-
estingly, we did not observe any association with
carotid IMT or endothelial function, as previously
reported [25]. Furthermore, both IMT and RHI were
similar in MICAD patients with and without aPL.
These findings are consistent with some previ-
ous studies, where IMT in patients with APS and
controls was similar [26,27], though others report
small increases in IMT in APS patients, compared
to controls [28,29]. In contrast, there are reports of
positive associations between aPL and atheroscle-
rotic plaques. Kravvariti et al. investigated carotid
and femoral plaques in patients with primary APS,
APS secondary to SLE, and diabetes mellitus. They
found that the occurrence of plaques was 2.5 times
more frequent as compared to matched controls in
both the APS and the diabetes groups [30]. One
meta-analysis reported that aPL are more common
in patients with carotid plaques, increased IMT,
and endothelial dysfunction [25]. The results of the
present study are inconclusive regarding the asso-
ciation between aPL and atherosclerosis/arterial
injury, as aPL were numerically more frequent
in patients with coronary atherosclerosis, that is,
MICAD, than in MINOCA, whereas aPL did not
impact IMT or measurements of endothelial func-
tion. One possible cause for this inconsistency is
that IMT and the endothelial function test do not
mirror coronary atherosclerosis, as discussed by
Spence et al. [31].

We observed higher levels of APC–PCI complex in
the aPL IgG-positive group than in the aPL IgG-
negative MICAD subgroup. Protein C is a vitamin
K-dependent zymogen of a serine protease that reg-
ulates coagulation. Protein C is activated (APC) in
the capillary bed by thrombin, a process which
requires two endothelial cell receptors, thrombo-

modulin (TM) and endothelial cell protein C recep-
tor (EPCR). The prime inhibitor of APC in plasma
is the protein C inhibitor (PCI), which is present
at 10,000 times higher concentrations than APC.
Thus, the concentration of the APC–PCI complex
reflects the APC concentration. The concentration
is elevated in hypercoagulable states such as deep
venous thrombosis [32], where it has been demon-
strated to be a more specific but less sensitive
biomarker than the commonly used D-dimer [33].
APC–PCI has also been demonstrated to be sensi-
tive, though less specific, for separating ischemic
(thrombotic or embolic) from hemorrhagic stroke
[34]. To our knowledge, APC–PCI complexes have
not been evaluated in the context of APS. However,
the protein C pathway was recently demonstrated
to be pivotal in an APS mouse model. Muller-
Calleja et al. demonstrated that some aPL can,
through binding to endothelial cell surface com-
plexes of lysobisphosphatidic acid (LBPA) and the
EPCR receptor, cause both systemic inflammation
and activation of toll-like receptor 7 (TLR7), which
contributes to interferon-α signaling and contin-
uous enhanced production of aPL. Blocking the
interaction between aPL and the LBPA–EPCR com-
plexes protected the investigated mice from aPL-
induced thrombosis [35].

Blood samples in this study were collected
3 months after the acute event and they were
not confirmed by a second measurement. From
the case–control design, it is neither possible to
know if the antibodies were present before the MI
nor if they are persistent or transient. It is pos-
sible that the observed antibodies are transient
and part of an immunological reaction to myocar-
dial damage. However, we did not see any asso-
ciation with the size of the MI, as measured by
troponin levels. Prior studies with repeated mea-
sures favor the concept that the antibodies are
persistent in patients with MI [36,37]. Moreover,
two prospective nested case–control studies have
demonstrated that anti-CL IgG antibodies precede
and predict MI. Vaarala et al. studied hyperlipi-
demic men in the Helsinki Heart Study [38], and
Wu et al. investigated 50-year-old men followed
prospectively during 20 years [39]. It is known that
transient aPL can be induced by infections [40],
but these aPL are generally not believed to be asso-
ciated with thrombotic events, despite lack of evi-
dence [41]. The assumption that transient aPL are
harmless should therefore be questioned, as sug-
gested by de Groot and Urbanus [42].
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Based on an extensive literature review, the Euro-
pean Alliance of Associations for Rheumatology
(EULAR) recently published recommendations for
the management of APS defining a “high-risk aPL
profile” as either double or triple aPL positivity—
defined as positivity for two or three of the follow-
ing tests: anti-β2GPI (either the IgG or IgM isotype),
anti-CL (either the IgG or IgM isotype), and the
LA test—or persistently high aPL titers. The aPL
IgG-positive patients in this study were all double
positive as anti-CL IgG and anti-β2GPI IgG corre-
lated perfectly. However, as participants were only
sampled once, we do not know if they also fulfilled
the persistency requirement stating that positivity
should be confirmed on at least two occasions with
a minimum of 12 weeks between them. We were
thus not able to fully assess the aPL profile accord-
ing to the EULAR recommendations, but if our
results could be confirmed, EULAR recommends
long-term anticoagulant treatment with warfarin,
which would introduce a new treatment strategy
to this subset of MI patients.

It has been a general belief that aPL are a risk fac-
tor for MI only in young individuals. Hamsten et al.
investigated men<45 years at 3, 12 and 36months
post-MI [37]. They reported elevated levels of IgG
anti-CL on two or more occasions in 21% of the
patients and observed that anti-CL positivity was
a risk factor for new cardiovascular events during
3–5 years follow-up. Meroni et al. detected anti-
β2GPI positivity (both IgG and IgM) 3–12 months
after MI in 14.5% of 172 women <45 years com-
pared to 1% in controls [43]. Urbanus et al. inves-
tigated 203 young women (<50 years) several years
after a first MI. LA positivity was present in 3%
of patients versus 0.6% in controls, whereas anti-
CL or anti-β2GPI did not differ between cases with
MI and controls [44]. Taken together, these stud-
ies [15,37,43,44] indicate that aPL are overrepre-
sented in young patients with MI. Considering the
present data, obtained from a group with a mean
age of 58 years, together with our larger previous
study of patients with a mean age of 62 years [11],
this assumption may need to be revised to accept
aPL positivity as a potential risk factor also in older
age groups.

As MINOCA is more common in women and the
first presentation is earlier than in MICAD, our
cohort was enriched with younger women. In our
cohort, 72% of the participants were women, but
the distribution of aPL positivity did not differ
between men and women. Equal aPL distribu-

tion among men and women was also reported in
two recent large studies [11,12]. In contrast, ear-
lier studies reported a higher percentage of aPL-
positive women, up to 80%, possibly due to enrich-
ment of patients with autoimmune disorders [9].

The main limitation of this study is that blood sam-
ples were collected only once, 3 months after the
acute event. As discussed above, it is not possi-
ble to know if the antibodies were present before
the MI or if they were persistent or transient. Fur-
thermore, we could not perform the LA test due to
lack of fresh frozen citrated plasma. Lastly, the het-
erogeneity of the MINOCA syndrome highlights the
need for larger studies to elucidate the exact mech-
anisms of subgroups.

To conclude, we demonstrate a novel finding of a
high proportion of aPL of the IgG isotype, especially
in patients with MICAD (11%) and also in patients
with MINOCA (6%), as compared to controls (0%).
In contrast, aPL of IgM and IgA isotypes and ANA
subspecificities—with the exception of anti-SSB,
which were more common in controls—did not dif-
fer between the groups. Together these data indi-
cate that aPL IgG may distinguish a small but sep-
arate subset of both MINOCA and MICAD. We also
observed a positive association between aPL IgG
positivity among MICAD patients and increased
levels of the APC–PCI complex, indicating a hyper-
coagulable state. These autoantibodies were mea-
sured 3 months after MI, and we cannot say if they
are persistent or transient. Prospective studies are
needed to further clarify the role of aPL in patients
with different types of MIs.

Acknowledgments

The authors want to thank all study partici-
pants and the multi-professional hospital staff,
who helped with many practical issues.

Conflict of interest

Jonas Spaak reports speaker honoraria from
AstraZeneca, AMGEN, NovoNordisk, Bayer, and
Vifor Pharma, is on the Advisory Board for Astra
Zeneca and Novo Nordisk, and has a minor
stock share in Astra Zeneca. Elisabet Svenungs-
son reports speaker honoraria from Janssen and
research grants from Merck. There are no other
conflicts of interest reported by the remaining
authors. The funders had no role in the design,
performance, interpretation of results or the pre-
sentation of this study.

© 2021 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2021, 0; 1–11

9



aPL in MINOCA, MICAD, and controls / E. Svenungsson et al.

Funding information

Swedish Research Council, Grant Number: 2018-
02535; Swedish Society of Medicine and the
Ingegerd Johansson Donation, Grant Number:
SLS-713911; The King Gustaf V 80th Birth-
day Fund, Grant Number: FAI-2019-0628;
Swedish Heart-Lung Foundation, Grant Numbers:
20170257, 20160785, 20190535, 20200552;
Stockholm County Council, Grant Numbers:
20200075, FoUI-948042; Swedish Rheumatism
Association, Grant Number: R-840401

Author contributions

Conception and design of study: Elisabet Sve-
nungsson, Jonas Spaak, Håkan N Wallén,
Stefan Agewall, Mats Frick, Karin Malmqvist,
Claes Hofman-Bang, Olov Collste, Maria Daniel,
Christina Ekenbäck, Loghman Henareh, Peder
Sörensson, and Per Tornvall. Acquisition of data:
Jonas Spaak, Stefan Agewall, Mats Frick, Karin
Malmqvist, Claes Hofman-Bang, Olov Collste,
Maria Daniel, Christina Ekenbäck, Loghman
Henareh, Peder Sörensson, Per Tornvall, Shams
Y-Hassan, and Elin B. Brolin. Analysis and/or
interpretation of data: Elisabet Svenungsson,
Jonas Spaak, Per Tornvall, Kerstin Elvin, and
Karin Strandberg. Drafting of the manuscript:
Elisabet Svenungsson, Jonas Spaak, and Per
Tornvall. Revising the manuscript critically for
important intellectual content: Elisabet Svenungs-
son, Jonas Spaak, Per Tornvall, Peder Sörensson,
Stefan Agewall, Christina Ekenbäck, Kerstin
Elvin, Karin Strandberg, Shams Y-Hassan, Elin
B. Brolin, and Loghman Henareh. All authors
approved the final version of the manuscript to be
published.

References

1 Harris EN, Gharavi AE, Boey ML, Patel BM, Mackworth-
Young CG, Loizou S, et al. Anticardiolipin antibodies: detec-
tion by radioimmunoassay and association with thrombosis
in systemic lupus erythematosus. Lancet. 1983;2:1211–4.

2 Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL,
Cervera R, et al. International consensus statement on an
update of the classification criteria for definite antiphospho-
lipid syndrome (APS). J Thromb Haemost. 2006;4:295–306.

3 Kelchtermans H, Pelkmans L, de Laat B, Devreese KM.
IgG/IgM antiphospholipid antibodies present in the classi-
fication criteria for the antiphospholipid syndrome: a crit-
ical review of their association with thrombosis. J Thromb
Haemost. 2016;14:1530–48.

4 Andreoli L, Fredi M, Nalli C, Piantoni S, Reggia R, Dall’Ara
F, et al. Clinical significance of IgA anti-cardiolipin and

IgA anti-beta2glycoprotein I antibodies. Curr Rheumatol Rep.
2013;15:343.

5 de Groot PG, Urbanus RT. The significance of autoantibodies
against beta2-glycoprotein I. Blood. 2012;120:266–74.

6 Garcia D, Erkan D. Diagnosis and management of the
antiphospholipid syndrome. N Engl J Med. 2018;378:2010–
21.

7 Schreiber K, Sciascia S, de Groot PG, Devreese K, Jacobsen S,
Ruiz-Irastorza G, et al. Antiphospholipid syndrome. Nat Rev
Dis Primers. 2018;4:17103.

8 Svenungsson E, Antovic A. The antiphospholipid syndrome -
often overlooked cause of vascular occlusions? J Intern Med.
2020;287:349–72.

9 Cervera R, Piette JC, Font J, Khamashta MA, Shoenfeld
Y, Camps MT, et al. Antiphospholipid syndrome: clinical
and immunologic manifestations and patterns of disease
expression in a cohort of 1,000 patients. Arthritis Rheum.
2002;46:1019–27.

10 Andreoli L, Chighizola CB, Banzato A, Pons-estel GJ, Jesus
GR, Erkan D. Estimated frequency of antiphospholipid anti-
bodies in patients with pregnancy morbidity, stroke, myocar-
dial infarction, and deep vein thrombosis: a critical review of
the literature. Arthritis Care Res (Hoboken). 2013;65:1869–
73.

11 Grosso G, Sippl N, Kjellstrom B, Amara K, de Faire U, Elvin K,
et al. Antiphospholipid antibodies in patients with myocardial
infarction. Ann Intern Med. 2019;170(4):277–80.

12 Selmi C, De Santis M, Battezzati PM, Generali E, Lari SA, Ceri-
belli A, et al. Anti-phospholipid antibody prevalence and asso-
ciation with subclinical atherosclerosis and atherothrombo-
sis in the general population. Int J Cardiol. 2020;300:209–13.

13 Agewall S, Beltrame JF, Reynolds HR, Niessner A, Rosano
G, Caforio AL, et al. ESC Working Group position paper on
myocardial infarction with non-obstructive coronary arteries.
Eur Heart J. 2017;38:143–53.

14 Sorensson P, Ekenback C, Lundin M, Agewall S, Bacsovics
Brolin E, Caidahl K, et al. Early comprehensive cardiovascu-
lar magnetic resonance imaging in patients with myocardial
infarction with nonobstructive coronary arteries. JACC Car-
diovasc Imaging. 2021;14:1774–83.

15 Davies JO, Hunt BJ. Myocardial infarction in young patients
without coronary atherosclerosis: assume primary antiphos-
pholipid syndrome until proved otherwise. Int J Clin Pract.
2007;61:379–84.

16 Rangel A, Lavalle C, Chavez E, Jimenez M, Acosta JL, Badui
E, et al. Myocardial infarction in patients with systemic lupus
erythematosus with normal findings from coronary arteriog-
raphy and without coronary vasculitis–case reports. Angiol-
ogy. 1999;50:245–53.

17 Tornvall P, Goransson A, Ekman J, Jarnbert-Pettersson
H. Myocardial infarction in systemic lupus erythematosus:
incidence and coronary angiography findings. Angiology.
2021;72:459–64.

18 Pasupathy S, Rodgers S, Tavella R, McRae S, Beltrame JF.
Risk of thrombosis in patients presenting with myocardial
infarction with nonobstructive coronary arteries (MINOCA).
TH Open. 2018;2:e167–72.

19 Daniel M, Ekenback C, Agewall S, Brolin EB, Caidahl K, Ced-
erlund K, et al. Risk factors and markers for acute myocardial
infarction with angiographically normal coronary arteries. Am
J Cardiol. 2015;116:838–44.

10 © 2021 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2021, 0; 1–11



aPL in MINOCA, MICAD, and controls / E. Svenungsson et al.

20 Strandberg K, Kjellberg M, Knebel R, Lilja H, Stenflo J. A
sensitive immunochemical assay for measuring the concen-
tration of the activated protein C-protein C inhibitor com-
plex in plasma: use of a catcher antibody specific for the
complexed/cleaved form of the inhibitor. Thromb Haemost.
2001;86:604–10.

21 Brolin EB, Jernberg T, Brismar TB, Daniel M, Henareh L,
Ripsweden J, et al. Coronary plaque burden, as determined
by cardiac computed tomography, in patients with myocar-
dial infarction and angiographically normal coronary arter-
ies compared to healthy volunteers: a prospective multicenter
observational study. PLoS One. 2014;9:e99783.

22 Gustafsson JT, Gunnarsson I, Kallberg H, Pettersson S, Zick-
ert A, Vikerfors A, et al. Cigarette smoking, antiphospholipid
antibodies and vascular events in systemic lupus erythemato-
sus. Ann Rheum Dis. 2015;74:1537–43.

23 Stepien K, Nowak K, Wypasek E, Zalewski J, Undas A. High
prevalence of inherited thrombophilia and antiphospholipid
syndrome in myocardial infarction with non-obstructive coro-
nary arteries: comparison with cryptogenic stroke. Int J Car-
diol. 2019;290:1-6.

24 Gandhi H, Ahmed N, Spevack DM. Prevalence of myocardial
infarction with non-obstructive coronary arteries (MINOCA)
amongst acute coronary syndrome in patients with antiphos-
pholipid syndrome. Int J Cardiol Heart Vasc. 2019;22:148–9.

25 Ambrosino P, Lupoli R, Di Minno A, Iervolino S, Peluso R,
Di Minno MN. Markers of cardiovascular risk in patients
with antiphospholipid syndrome: ameta-analysis of literature
studies. Ann Med. 2014;46:693–702.

26 Andrade D, Bortolotto L, Bonfa E, Borba E. Primary antiphos-
pholipid syndrome: absence of premature atherosclerosis in
patients without traditional coronary artery disease risk fac-
tors. Lupus. 2016;25:472–8.

27 Conti F, Spinelli FR, Alessandri C, Pacelli M, Ceccarelli F,
Marocchi E, et al. Subclinical atherosclerosis in systemic
lupus erythematosus and antiphospholipid syndrome: focus
on beta2GPI-specific T-cell response. Arterioscler Thromb
Vasc Biol. 2014;34:661–8.

28 Ames PR, Antinolfi I, Scenna G, Gaeta G, Margaglione M, Mar-
garita A. Atherosclerosis in thrombotic primary antiphospho-
lipid syndrome. J Thromb Haemost. 2009;7:537–42.

29 Benhamou Y, Bellien J, Armengol G, Brakenhielm E, Adri-
ouch S, Iacob M, et al. Role of Toll-like receptors 2 and 4
in mediating endothelial dysfunction and arterial remodel-
ing in primary arterial antiphospholipid syndrome. Arthritis
Rheumatol. 2014;66:3210–20.

30 Kravvariti E, Konstantonis G, Sfikakis PP, Tektonidou MG.
Progression of subclinical atherosclerosis in systemic lupus
erythematosus versus rheumatoid arthritis: the impact of low
disease activity. Rheumatology. 2018;57(12):2158–66.

31 Spence JD. IMT is not atherosclerosis. Atherosclerosis.
2020;312:117–8.

32 Bremme K, Hamad RR, Berg E, Strandberg K, Stenflo J. The
APC–PCI concentration as an early marker of activation of
blood coagulation: a study of women on combined oral con-
traceptives. Thromb Res. 2012;130:636–9.

33 Memon AA, Sundquist K, PirouziFard M, Elf JL, Strand-
berg K, Svensson PJ, et al. Identification of novel diagnos-
tic biomarkers for deep venous thrombosis. Br J Haematol.
2018;181:378–85.

34 Misra S, Kumar A, Kumar P, Yadav AK, Mohania D, Pan-
dit AK, et al. Blood-based protein biomarkers for stroke
differentiation: a systematic review. Proteomics Clin Appl.
2017;11:1700007.

35 Muller-Calleja N, Hollerbach A, Royce J, Ritter S, Pedrosa
D, Madhusudhan T, et al. Lipid presentation by the pro-
tein C receptor links coagulation with autoimmunity. Science.
2021;371:eabc0956.

36 Zuckerman E, Toubi E, Shiran A, Sabo E, Shmuel Z, Golan
TD, et al. Anticardiolipin antibodies and acute myocar-
dial infarction in non-systemic lupus erythmatosus patients:
a controlled prospective study. Am J Med. 1996;101:381–
6.

37 Hamsten A, Norberg R, Bjorkholm M, de Faire U, Holm
G. Antibodies to cardiolipin in young survivors of myocar-
dial infarction: an association with recurrent cardiovascular
events. Lancet. 1986;1:113–6.

38 Vaarala O, Mänttäri M, Manninen V, Tenkanen L, Puu-
runen M, Aho K, et al. Anti-cardiolipin antibodies and risk of
myocardial infarction in a prospective cohort of middle-aged
men. Circulation. 1995;91:23–7.

39 Wu R, Nityanand S, Berglund L, Lithell H, Holm G, Lefvert AK.
Antibodies against cardiolipin and oxidatively modified LDL
in 50-year-old men predict myocardial infarction. Arterioscler
Thromb Vasc Biol. 1997;17:3159–63.

40 Abdel-Wahab N, Lopez-Olivo MA, Pinto-Patarroyo GP, Suarez-
Almazor ME. Systematic review of case reports of antiphos-
pholipid syndrome following infection. Lupus. 2016;25:1520–
31.

41 Male C, Foulon D, Hoogendoorn H, Vegh P, Silverman E,
David M, et al. Predictive value of persistent versus transient
antiphospholipid antibody subtypes for the risk of thrombotic
events in pediatric patients with systemic lupus erythemato-
sus. Blood. 2005;106:4152–8.

42 de Groot PG, Urbanus RT. Antiphospholipid syndrome–
not a noninflammatory disease. Semin Thromb Hemost.
2015;41:607–14.

43 Meroni PL, Peyvandi F, Foco L, Bernardinelli L, Fetiveau R,
Mannucci PM, et al. Anti-beta 2 glycoprotein I antibodies and
the risk of myocardial infarction in young premenopausal
women. J Thromb Haemost. 2007;5:2421–8.

44 Urbanus RT, Siegerink B, Roest M, Rosendaal FR, de
Groot PG, Algra A. Antiphospholipid antibodies and risk of
myocardial infarction and ischaemic stroke in young women
in the RATIO study: a case-control study. Lancet Neurol.
2009;8:998–1005.

Correspondence
Elisabet Svenungsson, Division of Rheumatology, Department of
Medicine Solna, D2:01, Karolinska University Hospital, 171 76
Stockholm, Sweden.
Email: elisabet.svenungsson@ki.se

Supporting Information

Additional Supporting Informationmay be found in
the online version of this article:

Supporting Information

© 2021 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2021, 0; 1–11

11


