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Evaluation of demographic and clinical
characteristics of female patients presenting with
MINOCA and differences between male patients:
A subgroup analysis of MINOCA-TR registry

MINOCA ile basvuran kadin hastalarin demografik ve
klinik 6zelliklerinin degerlendirilmesi ve erkek hastalarla
farkllklari: MINOCA-TR calsmasinin grup analizi

ABSTRACT

Objective: Although the prevalence and rate of myocardial infarction with non-obstructive
coronary arteries (MINOCA) are higher in women than in men in previous cohorts, potential
demographic and clinical differences between women who are diagnosed with MINOCA versus
myocardial infarction with obstructive coronary arteries (MIOCA) have not been studied till
date. In this study, we aimed to document these characteristics and to compare them between
female patients with MINOCA and MIOCA.

Methods: The study was a subgroup analysis of the MINOCA-TR study. The study was a
multi-center, observational cohort study that was conducted in Turkey between March 2018
and October 2018. In this study, 477 (29.3%) female patients who had been diagnosed with
acute myocardial infarction were evaluated.

Results: Of these women, 49 (10.3%) were diagnosed with MINOCA (mean age 58.9+12.9
years) and 428 (89.7%) had a final diagnosis of MIOCA (mean age 67.4%11.8 years). The
prevalence of hypertension, hyperlipidemia, and diabetes mellitus was significantly lower in the
MINOCA group than in the MIOCA group. In addition, the MINOCA group had higher rates of
recent flu history and non-ST elevation myocardial infarction (NSTEMI) presentation than the
MIOCA group. There were significant clinical differences in patients with MINOCA in terms of
sex. The female patients were older, had higher systolic blood pressures, and lower hemoglobin
levels than male patients.

Conclusion: The study revealed that the prevalence of traditional coronary artery disease risk
factors was lower in female patients with MINOCA than in those who had final diagnosis of
MIOCA.

Keywords: Female, MINOCA, demographics, risk factor
OzZET

Amag: Daha 6nceki kohortlarda kadin hastalarda obstriktif olmayan koroner arterlerle miyo-
kart enfarktist (MINOCA) erkeklere gére daha yiiksek oranda olmasina ragmen, MINOCA ve
obstriiktif koroner arterli miyokart enfarkt(st (MIOCA) tanisi alan kadin hastalar arasindaki po-
tansiyel demografik ve klinik farklliklar bugtine kadar galisitmamistir. Bu calisma, bu ézellikleri
arastirmayi ve kadin MINOCA ve MIOCA hastalari arasinda karsilastirmay1 amacladi.

Yontemler: Calisma, Turk popUlasyonu (MINOCA-TR) kayitlarinin subgrup analizidir. Kayit, Trki-
ye'de Mart 2018-Ekim 2018 tarihleri arasinda yUrGttlen ¢ok merkezli, gézlemsel bir kohort calis-
mastydi. Bu calismada 477 (%29.3) akut miyokart enfarkt(ist tanisi alan kadin hasta degerlendirildi.

Bulgular: Kadinlardan 49'u (%710.3) MINOCA (ortalama yas: 58.9+12.9 yil) ve 428'i (%89.7)
MIOCA (ortalama yas: 67.4+11.8 yil) tanisi almisti. MINOCA grubunda hipertansiyon, hiperlipide-
mi ve diabetes mellitus prevalanslar MIOCA grubuna gdre anlamli olarak daha dustikty. Ek olarak,
MINOCA grubunda MIOCA grubuna kiyasla daha yliksek oranlarda yakin zamanl grip dykUsl ve
ST ylikselmesiz miyokart enfarktlst (NSTEMI) prezentasyonu vardi. MINOCA hastalarinda cinsi-
yet acisindan 6nemli klinik farklliklar vardi. Erkek vakalarla karsilastinldiginda, kadin hastalar daha
yasliydi, daha yUksek sistolik kan basincina ve daha distik hemoglobin seviyelerine sahipti.

Sonug: Calisma, MIOCA kesin tanisi almis kadin hastalara gore, kadin MINOCA hastalarinda gele-
neksel koroner arter hastaligi risk faktoriintin daha distk prevalansta oldugunu ortaya koymustur.

Anahtar Kelimeler: Kadin, MINOCA, demografik 6zellikler, risk faktorleri
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MINOCA in females

A total occlusion or critical stenosis of the coronary artery
because of abrupt plaque rupture/erosion is the main un-
derlying pathophysiological mechanism in patients who
present with acute myocardial infarction (AMI). However,
the evidence of obstructive coronary artery disease (CAD) is
not detected on coronary angiography (CAG) in about 5%
of such patients, and the underlying cause of the AMI is
not always apparent.['! Therefore, patients who have less
than 50% coronary artery stenosis on CAG are defined as
myocardial infarction with non-obstructive coronary artery
disease (MINOCA). This clinical entity usually has distinct
clinical characteristics and outcomes compared with myo-
cardial infarction with obstructive coronary artery disease
(MIOCA)."2' The incidence of MIOCA is higher in men owing
to the higher atherosclerotic plaque burden, and MINOCA
is more commonly observed in women, and its mortality
is significantly higher in women than in men.B-%! The ex-
istence of such a sex difference is thought to be related to
vascular abnormalities, such as coronary vasomotor disorder
or microvascular dysfunction, which predispose women to
MINOCA development.

Although the prognosis of MINOCA looks better than that
of MIOCA, it may have adverse clinical outcomes, especially
in women.!! According to the Women's Ischemia Syndrome
Evaluation database, 31% of all cardiovascular deaths that
occurred in women were because of MINOCA."”! More fe-
male patients with MINOCA may present with major ad-
verse cardiac events, such as non-fatal AMI, non-fatal
stroke, and heart failure (HF) hospitalization, than male
patients with MINOCA.®! To understand why major adverse
cardiac event rates and deaths are higher in women, it is
important to know the general characteristics of female pa-
tients with MINOCA as well as the differences in clinical and
demographic characteristics and cardiovascular risk factors

ABBREVIATIONS

AMI Acute myocardial infarction

CAD Coronary artery disease

CAG Coronary angiography

CRO Contracted research organization

ECG Electrocardiography

EUROASPIRE  European Action on Secondary and Primary

Prevention by Intervention to Reduce Events
HF Heart failure

LVEF Left ventricular ejection fraction

MINOCA Myocardial infarction with non-obstructive
coronary arteries

MINOCA-TR  MINOCA in Turkish population

MIOCA Myocardial infarction with obstructive
coronary arteries

NSTEMI Non-ST elevation myocardial infarction

PCI Percutaneous coronary intervention
VIRGO Variation in Recovery: Role of Gender on
Outcomes of Young AMI Patients
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compared with male patients with MINOCA. Investigating
these differences also has an important role in risk factor
control and determination of treatment strategy.

Even though both types of AMiIs are related to adverse out-
comes, the treatment strategies and diagnostic tools are
mainly focused on the male-dominant pattern of obstruc-
tive CAD; and these individuals are generally undertreat-
ed with no specific treatment.® Although there have been
studies that highlight the differences in those patterns of
AMI, there are still discrepancies in describing sex differenc-
es and clinical characteristics of female patients diagnosed
with MINOCA in our population. To our knowledge, there is
no prior study describing the clinical characteristics and de-
mographics of female patients with MINOCA. Hence, in this
study, we aimed to investigate the demographic and clinical
features of female patients diagnosed with MINOCA and to
compare them with male patients with MINOCA in Turkey.

METHODS

Study cohort

The MINOCA in Turkish population (MINOCA-TR) was a
multi-center, observational cohort study that was con-
ducted in Turkey between March and October 2018. A total
of 1,793 patients diagnosed with AMI on the basis of the
Third Universal Definition of Myocardial Infarction and who
had undergone a diagnostic CAG were screened. Of them,
1,626 patients (male 70.7%, mean age 61.5+12.5 years)
with a diagnosis of acute MI from 18 universities and four
private hospitals across 10 cities were enrolled in the study
(Figure 1).0'91 Consecutive patients older than 18 years of
age who had been diagnosed with AMI on the basis of the
Third Universal Definition of Myocardial Infarction and who
had undergone a diagnostic CAG were included.!? The di-
agnosis of AMI criteria included a positive cardiac biomarker
and corroborative clinical evidence of an AMI, such as isch-
emic symptoms, new ischemic electrocardiography (ECG)
changes, development of pathological Q waves, and imag-
ing evidence of a new loss of viable myocardium, or a new
regional wall-motion abnormality. Each patient enrolled in
the study was managed according to the European Soci-
ety of Cardiology consensus paper and guidelines.!"2-"* Each
participating physician solely arranged the management of
treatment on their own. Potential study patients were in-
formed about the study, and they signed informed consent
after CAG (or percutaneous coronary intervention [PCI] if
needed).

Exclusion criteria included patients with stable CAD, those
with unstable angina pectoris, those with coronary revas-
cularization history (PCl or coronary artery bypass grafting),
patients with type 4 or type 5 AMI, patients younger than
18 years of age, patients who did not sign the informed
consent, and the presence of non-cardiac cause for acute
presentation.
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Data collection

The design and primary results of the MINOCA-TR study
were previously described.[''1 In this study, 477 female
patients (29.3%) were evaluated. Our study was a sub-
group analysis of the MINOCA-TR and mainly examined
the clinical features of female patients who presented
with MINOCA. Baseline demographics, risk factors, and

MINOCA in females

comorbidities of patients, such as history of hyperten-
sion, diabetes mellitus, flu history in the last three weeks,
and smoking, were questioned and recorded. In addi-
tion, patients' vital signs, baseline electrocardiographic
findings on admission, relevant echocardiographic data,
laboratory parameters, and coronary angiographic results
were recorded. The design of the study was reviewed

Assessed for eligibility (n=1793)

e Excluded (n=167)
e Previous history of

SCAD (n=47)

e Declined to participate
(n=42)

e Previous

revascularization
history (n=78)

Recruited (n=1626)

MINOCA (n=109)

Male (n=60)
Female (n=49)

Figure 1. Flow chart of the study participants.

MIOCA (n=1517)

Male (n=1089)

Female (n=428)

MINOCA: myocardial infarction with non-obstructive coronary artery disease; MIOCA: myocardial infarction with obstructive coronary artery disease.
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Table 1. Comparison of clinical characteristics and electrocardiography and laboratory results of women with MINOCA versus those

with MIOCA
MINOCA (n=49) MIOCA (n=428) P
Demographic and clinical characteristics of patients
Age, years, median (Q1-Q3) 55 (48-69) 68 (59-77) <0.001
BMI, kg/m?, median (Q1-Q3) 27.5(25.3-32) 28.25 (25.3-31.3) 0.929
Non-smoker, n (%) 38 (77.6) 355 (82.9) 0.362
Alcohol use, n (%) 2(4.1) 19 (4.4) 1.000
History of flu, n (%) 9(18.4) 38(8.9) 0.044
Family history of CAD, n (%) 14 (28.6) 99 (23.1) 0.405
Hypertension, n (%) 22 (44.9) 298 (69.6) <0.001
Hyperlipidemia, n (%) 9(18.4) 163 (38.1) 0.004
Diabetes mellitus, n (%) 9(18.4) 181 (42.3) 0.001
STEMI, n (%) 1(2.0) 183 (42.8) <0.001
NSTEMI, n (%) 48 (98.0) 245 (57.2) <0.001
P2Y12 antagonist received, n (%) 32 (65.3) 390 (91.1) <0.001
Oral anti-coagulant agents, n (%) 1(2.0) 7 (1.6) 0.583
Electrocardiography findings
ST elevation, n (%) 1(2.0) 186 (43.5) <0.001
ST depression, n (%) 15 (30.6) 110 (25.7) 0.459
Echocardiography findings
Performed echocardiography, n (%) 49 (100.0) 358 (83.6) 0.002
Mitral regurgitation +1-2, n (%) 17 (34.7) 230 (53.7) 0.011
Mitral regurgitation +3-4, n (%) 2(4.1) 10 (2.3) 0.354
Left ventricular ejection fraction, (%) 58+7.4 48.3+10.4 <0.001
Coronary angiography results
Access site femoral, n (%) 47 (95.9) 413 (96.5) 0.690
Radial, n (%) 2(4.1) 15(3.5) 0.690
PCl, n (%) 0 (0) 345 (80.6) <0.001
CABG, n (%) 0 (0) 57 (13.3) <0.001
Monitored with medical treatment, n (%) 49 (100) 26 (6.1) <0.001

Laboratory data

Index Hs-troponin-T, ng/mL, median (Q1-Q3) 7.70 (0.41-128.5) 9.88 (0.91-121) 0.591
Hemoglobin, g/dL 12.45%£1.99 12.38+1.74 0.792
Random blood glucose, mg/dL, median (Q1-Q3) 116 (98-150) 139 (110-203) <0.001
eGFR, ml/min/1.73 m?2 median (Q1-Q3) 92.3 (70.2-102.5) 83.4 (65.2-109) 0.768

BMI: body mass index; CABG: coronary artery bypass grafting; CAD: coronary artery disease; eGFR: estimated glomerular filtration rate; MINOCA: myocardial
infarction with non-obstructive coronary artery disease; MIOCA: myocardial infarction with obstructive coronary artery disease; NSTEMI: non-ST elevation
myocardial infarction; PCl: percutaneous coronary intervention; STEMI: ST elevation myocardial infarction.

and approved by Dokuz Eyltl University Clinical Research
Ethic Committee on February 22, 2018 (423-SBKAEK).
The study was also registered on www.clinicaltrials.gov
(NCT03364387).

CAG was performed according to the standard protocols
of each participating laboratory. All the patients were
evaluated according to the stenosis level on CAG by each
participating physician. A digital copy of the CAG of these

patients was collected and shipped to a contracted re-
search organization (CRO) office for evaluation by the
MINOCA adjudication committee, consisting of three
invasive cardiologists. Digital copies were evaluated and
reviewed for a possible overlook of Takatsubo syndrome
or type | AMI. The Modified Mayo Clinic criteria for the
diagnosis of Takatsubo syndrome were used. The pres-
ence of all four criteria was accepted as Takatsubo syn-

7
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Table 2. Comparison clinical characteristics and electrocardiography and laboratory results of women with MINOCA versus men

with MINOCA
Women (n=49) Men (n=60) p
Demographic and clinical characteristics
Age, mean, years 58.9+12.9 51.5%15.9 0.010
BMI, kg/m? 289153 26.4+£3.8 0.005
Active smoker, n (%) 8(16.3) 28 (46.7) 0.001
Alcohol use, n (%) 2(4.1) 7 (11.7) 0.182
History of flu, n (%) 9(18.4) 16 (26.7) 0.302
Family history of CAD, n (%) 14 (28.6) 9 (15.0) 0.084
Hypertension, n (%) 22 (44.9) 11(18.3) 0.003
Hyperlipidemia, n (%) 9(18.4) 11 (18.3) 0.996
Diabetes mellitus, n (%) 9(18.4) 9 (15.0) 0.638
Systolic blood pressure, mm Hg 133.1¥25.4 124.1x16.5 0.028
Diastolic blood pressure, mm Hg 78.9+14.2 76.9£9.5 0.386
P2Y12 antagonist received, n (%) 32 (65.3) 41 (68.3) 0.738
Electrocardiography findings
Atrial fibrillation, n(%) 2(4.1) 2(3.3) 1.000
ST elevation, n (%) 1(2.0) 5(8.3) 0.220
ST depression, n (%) 15 (30.6) 19 (31.7) 0.906
STEMI, n (%) 1(2.0) 5(8.3) 0.220
NSTEMI, n (%) 48 (98.0) 55(91.7) 0.220
Echocardiography findings
Performed echocardiography, n (%) 49 (100) 60 (100) <0.999
Left ventricular ejection fraction, n (%) 58.1t7.4 58.617.6 0.756
Mitral regurgitation +1 and +2, n (%) 17 (34.7) 20 (33.3) 0.881
Coronary angiography results
Access site femoral, n (%) 47 (95.9) 52 (86.7) 0.180
Radial, n (%) 2(4.1) 8(13.3) 0.180

Laboratory data

Index-high-sensitive troponin T, ng/mL, median (Q1-Q3) 7.70 (0.41-128) 4.09 (0.48-103) 0.333
Hemoglobin, g/dL 12.4£2.0 14.1£2.0 <0.001
Random blood glucose, mg/dL, median (Q1-Q3) 116 (98-150) 110 (91.7-152) 0.876
eGFR, mL/min/1.73 m? 92.3 (70-102.4) 111 (95-137.4) <0.001

BMI: body mass index; CAD: coronary artery disease; eGFR: estimated glomerular filtration rate; MINOCA: myocardial infarction with non-obstructive
coronary artery disease; MIOCA: myocardial infarction with obstructive coronary artery disease; NSTEMI: non-ST elevation myocardial infarction; STEMI: ST

elevation myocardial infarction.

drome; 1) transient hypokinesia, dyskinesia, or akinesia of
the LV mid-segments with or without apical involvement;
regional wall-motion abnormalities extending beyond a
single epicardial vascular distribution, and a stressful trig-
ger is often, but not always, present; 2) absence of ob-
structive CAD or angiographic evidence of acute plaque
rupture; 3) new ECG abnormalities (either ST-segment
elevation and/or T-wave inversion) or modest elevation in
the cardiac troponin level; and 4) absence of pheochro-
mocytoma or myocarditis.["%]

8

Definitions

AMI was defined as the increase of cardiac biomarkers
at least >99th percentile of the upper reference along
with clinical evidence of acute myocardial ischemia,
including symptoms, ECG changes, development of
pathological Q waves, and imaging evidence of a new
loss of viable myocardium or a new regional wall-mo-
tion abnormality.

MINOCA was accepted based on the current opinion pa-
per of the ESC working group that focused on the clinical



MINOCA in females

context of MINOCA."! In our study, MINOCA was accepted
following CAG in patients who presented with features that
were consistent with those of acute MI as detailed by the
following criteria: AMI criteria (Third Universal Definition of
Myocardial Infarction); non-obstructive coronary arteries
on CAG; and the absence of a clinically overt, specific cause
for acute presentation. The term non-obstructive coronary
arteries on CAD referred to the absence of obstructive CAD
on angiography (i.e., no coronary artery stenosis of 250%)
in any possible infarct-related artery. The term includ-
ed angiographically normal coronary arteries (no stenosis
>30%) and mild coronary atherosclerosis (stenosis >30%
but <50%).

Statistical analysis

Continuous variables were presented as mean (SD) or me-
dian (25%-75% percentile). The Kolmogorov-Smirnov test
was performed to assess whether continuous variables had
a normal distribution. Levene's test was performed to de-
termine variance equality. The variables with normal dis-
tribution were compared with the Student's t-test, and
those without normal distribution were compared with
the Mann-Whitney U test. The categorical variables were
reported as numbers and percentages (%). The nominal
data were compared using the chi-squared or Fisher's exact
tests. Univariate logistic regression analysis was performed
to identify the association between associates and MINO-
CA. Variables with a p<0.25 in univariate logistic regression
analysis were entered into a multivariate logistic regression
using the backward LR method. The goodness of fit for the
logistic regression model was assessed by the Hosmer-Le-
meshow statistic. The Hosmer-Lemeshow statistic did not
suggest a lack of fit (x?=2.565, p=0.959). p value <0.05 was
determined as statistically significant. Statistical analyses
were performed with the SPSS version 20.0 software (IBM
Corp., Armonk, NY, USA).

RESULTS

Of the study population (1,626 patients [men 70.7% and
mean age 61.5+x12.5 years]), 109 patients were diagnosed
with MINOCA. The female proportion of patients diagnosed
with MINOCA was higher than that of the MIOCA group.
Female patients with MINOCA were significantly younger
than those with MIOCA (n=49 [45%], mean age 58.9£12.9
years versus n=428 [28.2%], mean age 67.4%11.8 years,
p<0.001, respectively). The frequencies of hypertension,
hyperlipidemia, and diabetes mellitus were significantly
lower in female patients with MINOCA than in the MIOCA
group (Table 1). The female patients with MINOCA also had
a higher incidence of a previous history of flu and high-
er rates of presentation with non-ST elevation myocardi-
al infarction (NSTEMI) compared with those of the MIOCA
group (Table 1). Nearly one-third of the female patients
with MINOCA had an ST depression on ECG upon admission,
which was higher than the MIOCA group. The clinical pre-

Turk Kardiyol Dern Ars 2022;50(1):4-13

sentation of all the patients was mostly Killip class I, which
was not statistically different between the groups. Echocar-
diography was performed in almost 95.9% of patients with
MINOCA. The mean left ventricular ejection fraction (LVEF)
values were higher in female patients with MINOCA than
in those with MIOCA. Female patients diagnosed with MI-
NOCA were less likely to receive a loading dose of a P2Y12
inhibitor before CAG.

CAG results

After the diagnostic CAG, all female patients with MI-
NOCA were followed up with medical treatments and did
not require revascularization strategies, including PCI or
CABG. However, the majority of the patients with MIOCA
were revascularized via PCl (80.6%). CABG was the pre-
ferred revascularization technique in only 13.3% of pa-
tients with MIOCA. The preferred access site for diagnos-
tic CAG was mostly femoral in both the groups (95.9%
versus 96.5%).

The comparison of clinical features between female and
male patients diagnosed with MINOCA is shown in Table
2. Female patients were older, obese, and more likely to
have hypertension compared with male patients. However,
alcohol and smoking habits were more common in male
patients. Both groups were not different in terms of ECG
and echocardiographic findings. Laboratory results showed
that female patients with MINOCA had lower hemoglobin
and estimated glomerular filtration rate than male patients
with MINOCA. However, their index-high-sensitive tropo-
nin T and random blood glucose levels were similar.

Both univariate and multivariate logistic regression anal-
yses were performed to predict independent predictors of
MINOCA. In univariate analyses, age and a previous history
of flu, NSTEMI, hypertension, hyperlipidemia, and diabetes
were predictors of MINOCA. These variables were included
into the multivariate logistic regression analyses. According
to multivariate logistic regression analyses, age (Odds ratio
[OR]: 0.950, 95% confidence interval [Cl]: 0.925-0.975;
p<0.001), hypertension (OR: 2.151, 95% CI 1.100-4.208;
p=0.025), hyperlipidemia (OR: 2.660, 95% Cl: 1.186-
5.967; p=0.018), presentation with NSTEMI (OR: 36.963
95% Cl: 4.964-275.229; p<0.001), and diabetes mellitus
(OR: 2.978, 95% Cl 1.331-6.663; p=0.008) were predic-
tors of MINOCA in female patients.

DISCUSSION

In this study, we observed that female patients with MINO-
CA were older, obese, and hypertensive than male patients
with MINOCA. In addition, age, hypertension, hyperlipid-
emia, diabetes, and NSTEMI were independent predictors of
MINOCA in our study.

There were significant clinical differences between female
patients with MINOCA and MIOCA. Similar to other stud-

9
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ies, female patients with MINOCA were younger with fewer
cardiac risk factors and more commonly presented with ST
depression on ECG than those with MIOCA.[5-81 There were
also significant clinical differences in patients with MINO-
CA in terms of sex. Female patients were older, had higher
systolic blood pressures, and lower hemoglobin levels than
male patients with MINOCA.

In both sexes, cardiovascular risk factors were found to
increase with age. However, the increase in cardiovascular
risk factors was sharper in women than in men.l"®! Ac-
cordingly, in our study, female patients with MINOCA were
older and had higher rates of cardiovascular risk factors
compared with male patients with MINOCA. This could be
owing to a greater proportion of increase in cardiovascular
risk factors with aging in female patients with MINOCA
than in male patients with MINOCA. Despite having less
obstructive CAD, women with MINOCA had higher rates
of cardiovascular disease risk factors. This finding might be
related to the older age of female patients with MINOCA
compared with male patients with MINOCA.I'®! Age has
also been found to be the most associated risk factor for
CAD in the Turkish population in the TEK-HARF study.['”!
In the European Action on Secondary and Primary Pre-
vention by Intervention to Reduce Events (EUROASPIRE)
study that was conducted in patients hospitalized with
acute coronary syndrome, conditions such as hyperten-
sion, hyperlipidemia, diabetes mellitus, and obesity were
higher in women than in men.!"® The prevalence of car-
diovascular disease risk factors was also higherin the Turk-
ish female population.!"™ Similarly, in our study, female
patients with MINOCA had higher rates of hypertension
and obesity than male patients with MINOCA. However,
the prevalence of hyperlipidemia and diabetes mellitus
was similar. This might be related to non-plaque-medi-
ated mechanisms of MINOCA. Plaque-mediated coronary
obstructions are mainly related to having cardiovascular
risk factors, including hyperlipidemia and diabetes melli-
tus. The pathophysiologic mechanism might likely explain
the differences in the clinical profile of female patients
with MINOCA.5!

Our study also found that the smoking rates in female pa-
tients with MINOCA were higher compared with the general
smoking rates in women, according to the Turkish Statisti-
cal Institute data (16.3% versus 14.9%).2% The prevalence
of diabetes mellitus was higher in female patients with MI-
NOCA than in the study conducted in the general Turkish
population (18.4% versus 8.9%).12" The mean body index
of female patients with MINOCA was higher than that of

the general female population in Turkey (28.9 versus 26.4).
[21]

Female patients with MIOCA were also older than those
with MINOCA. Accordingly, cardiovascular risk factors, in-
cluding hyperlipidemia, diabetes mellitus, and hyperten-

10
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sion, were higher in female patients with MIOCA than in
female patients with MINOCA. However, in studies compar-
ing obstructive and non-obstructive CAD in young patients,
cardiovascular risk factors were high in those with obstruc-
tive CAD. In the Variation in Recovery: Role of Gender on
Outcomes of Young AMI Patients (VIRGO) study' that was
conducted in relatively young patients, cardiovascular risk
factors were higher in patients with obstructive CAD than
in those with non-obstructive CAD even though the mean
age was similar in both the groups. Therefore, higher car-
diovascular risk factors in obstructive CAD compared with
non-obstructive CAD may not be attributable only to ad-
vanced age.

In our study, female patients with MINOCA were older
than male patients. This finding was similar to that of the
study conducted by Sedlak et al.l¥! The association of older
age in female patients with MINOCA may be attributable
to the protective effect of estrogen at an early age in the
pre-menopausal period.[??! During the menopause tran-
sition, blood pressure begins to rise in women. Elevated
blood pressure often disrupts endothelial and microvascu-
lar functions, which have an additive role in the impaired
vascular structure in female patients with MINOCA. As the
specific mechanism of MINOCA is thought to be associat-
ed with the presence of impaired vascular structure and/
or endothelial dysfunction, the presence of higher blood
pressure in female patients with MINOCA compared with
that of male patients with MINOCA may support the high-
er rate of vascular dysfunction in women in our study. This
finding was similar to the study conducted by Murthy et
al.’3!In our study, male patients with MINOCA had a high-
er rate of smoking than female patients with MINOCA.
This finding was similar to the results of the EUROASPIRE
IV study of Turkey.['®! Obesity is also one of the important
cardiovascular risk factors causing microvascular dysfunc-
tion.?# In parallel, in our study, body mass index was high-
er in female patients with MINOCA than in male patients
with MINOCA.

Similar to previous studies, the clinical presentation was
mostly NSTEMI in our study.!?>-2® The rate of ST depression
on admission was significantly higher in female patients
with MINOCA than in those with MIOCA. This result may be
related to patchy areas of subendocardial ischemia because
of either microvascular dysfunction, spasm, microthrom-
bosis, or inflammation, which contribute to subendocardial
myocardial ischemia.l>??! Although the specific mechanism
is not fully understood, the presence of impaired vascu-
lar structure and/or endothelial dysfunction appears to be
more frequent in female patients, which may be respon-
sible for the more common observation of ST depression
on ECG. In addition, according to the study by Reynolds
et al.,’*®! the underlying mechanism of MINOCA was isch-
emic (because of either plaque rupture, intraplaque cavity,
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or layered plaque) in approximately 75.5% of women with
non-obstructive coronary arteries. Consequently, ECG find-
ings among these patients might be owing to the presence
of ischemia.

The presence of less obstructive CAD in women with MI-
NOCA should not be viewed as having a good prognosis. It
is noteworthy that women with MINOCA have an increased
risk of future HF hospitalizations, which ultimately increas-
es the burden of healthcare cost expenditure./”? Therefore,
standard echocardiography is recommended to rule out
other pathologies in patients without obstructive CAD on
CAG.B% Considering these recommendations, echocardiog-
raphy was performed in almost all the patients with MINO-
CA in our study, and preserved LV systolic functions were
found in those patients.

We believe that our study will increase the awareness
of differences in sex in patients with MINOCA. Our
results warrant further studies to investigate the un-
derlying pathophysiologic mechanism in women with
MINOCA.

Limitations

Our study had some limitations, including mainly the rel-
atively small number of women with MINOCA. Second,
the short- and medium-term prognoses of women with
MINOCA were not included. Women having specific risk
factors, such as pregnancy-associated complications
(gestational hypertension, diabetes mellitus, preeclamp-
sia, and miscarriages), were not evaluated in this study.
Autoimmune diseases, menstrual history, menopause,
polycystic ovarian disease, and hypercoagulopathy syn-
dromes were not studied, which was another important
limitation. This study was a national registry across Turkey
and may not reflect the global perspective. In addition,
medication usages of the patients were not recorded;
and their laboratory values including lipid, C-reactive pro-
tein, D-dimer, and NT-proBNP levels were not recorded.
Another limitation was that troponin assays used in lab-
oratories might differ between the centers. Finally, oth-
er possible mechanisms of MINOCA, including coronary
dissection, thromboembolism, coronary artery spasm,
and plaque rupture or erosion, were not assessed using
non-invasive (coronary computed tomography angiogra-
phy or cardiac magnetic resonance imaging) and invasive
(intravascular ultrasonography, optical coherence tomog-
raphy, ergonovine/acetylcholine test, and endomyocardial
biopsy) diagnostic modalities on the basis of the suspect-
ed diagnosis during the index hospitalization because of
the observational nature of the study.

CONCLUSION
In our study, there were significant differences, including age

and cardiovascular risk factors such as hypertension, hyper-
lipidemia, and diabetes mellitus, between female patients
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with MINOCA and with MIOCA in the Turkish population.
There were also important clinical differences in terms of
age, obesity, cardiovascular risk factors, and baseline hemo-
globin levels in patients with MINOCA according to sex. Our
results showed that age, hypertension, hyperlipidemia, di-
abetes, and NSTEMI independently predicted the presence
of MINOCA.

Ethics Committee Approval: Ethics committee approval was re-
ceived for this study from the Dokuz Eylul University Clinical Re-
search Ethics Committee (Approval Date: February 2, 2018; Ap-
proval Number: 423-SBKAEK).

Informed Consent: Written informed consent was obtained from
all participants of this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - A.O.E.; Design - M.Z.; Data Col-
lection and/or Processing - S.K., M.Y.; Analysis and/or Interpreta-
tion - 0.0., A.C., T.C., A.0.; Literature Search - C.E.; Writing - G.G.;
Critical Revision - U.0.T.

Collaborators: Gokhan Aydin, Yasemin Kilavuz Dogan, Yunus Ce-
lik, Stimeyya Ozer, Abdullah Ozcelik, Zeynel inan, Ahmet Soylu,
Abdullah icli, Ahmet Glrblz, Siho Hidayet, ismail Ungan, Mus-
tafa Tascanov, Ramazan DUz, Veli Polat, Hakan Ozkan, Mehmet
("')zyagar, Kamil TulGice, Devrim Kurt, Nurullah Cetin, Murat Gul,
Sinan inci, Fatma Yilmaz Coskun, Hasan Ari, Asli Vural, inan Mul-
tu, Yigit Yilincioglu, Ahmet Karag6z, LUtfG Bekar, Ayse Akdeniz,
0guz Kilic, Ali Dogan, Ebru Ozpelit, Osman Karaaslan, Fikret Keles,
Samet Yilmaz

Funding: This study was sponsored by the Cardiovascular Academy
Society.

Conflict of Interest: None.

REFERENCES

1. Tamis-Holland JE, Jneid H, Reynolds HR, Agewall S, Brilakis
ES, Brown TM, et al. American Heart Association Interven-
tional Cardiovascular Care Committee of the Council on
Clinical Cardiology;Council on Cardiovascular and Stroke
Nursing;Council on Epidemiology and Prevention;and

Council on Quality of Care and Outcomes Research Con-

temporary Diagnosis and Management of Patients With

Myocardial Infarction in the Absence of Obstructive Cor-

onary Artery Disease: A Scientific Statement From the

American Heart Association. Circulation. Circulation
2019;139:e891-08. [Crossref]

2. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR,
White HD, et al. Joint ESC/ACCF/AHA/WHF Task Force for
the Universal Definition of Myocardial Infarction Third uni-
versal definition of myocardial infarction. J] Am Coll Cardiol
2012;60:1581-98. [Crossref]

3. Beltrame JF. Assessing patients with myocardial infarction
and nonobstructed coronary arteries (MINOCA). J Intern Med

2013;273:182-5. [Crossref]

1


https://doi.org/10.1161/CIR.0000000000000670
https://doi.org/10.1016/j.jacc.2012.08.001
https://doi.org/10.1111/j.1365-2796.2012.02591.x

Turk Kardiyol Dern Ars 2022;50(1):4-13

4.

10.

11.

12.

13.

14.

12

Safdar B, Spatz ES, Dreyer RP, Beltrame JF, Lichtman JH, Sper-
tus JA, et al. Presentation, clinical profile, and prognosis of
young patients with myocardial infarction with nonobstructive
coronary arteries (MINOCA): results from the VIRGO Study. |
Am Heart Assoc 2018;7:e009174. [Crossref]

Waheed N, Elias-Smale S, Malas W, Maas AH, Sedlak TL,
Tremmel J, et al. Sex differences in non-obstructive coronary
artery disease. Cardiovasc Res 2020;116:829-40. [Crossref]
Min JK, Dunning A, Lin FY, Achenbach S, Al-Mallah M, Budoff
MJ, et al; CONFIRM Investigators. Age- and sex-related differ-
ences in all-cause mortality risk based on coronary computed
tomography angiography findings results from the Internation-
al Multicenter CONFIRM (Coronary CT Angiography Evaluation
for Clinical Outcomes: An International Multicenter Registry)
of 23,854 patients without known coronary artery disease. )
Am Coll Cardiol 2011;58:849-60. [Crossref]

Kenkre TS, Malhotra P, Johnson BD, Handberg EM, Thompson
DV, Marroquin OC, et al. Ten-Year Mortality in the WISE Study
(Women's Ischemia Syndrome Evaluation). Circ Cardiovasc
Qual Outcomes 2017;10:e003863. [Crossref]

Sedlak TL, Lee M, Izadnegahdar M, Merz CN, Gao M, Hum-
phries KH. Sex differences in clinical outcomes in patients with
stable angina and no obstructive coronary artery disease. Am
Heart) 2013;166:38-44. [Crossref]

Maddox TM, Ho PM, Roe M, Dai D, Tsai TT, Rumsfeld JS. Utili-
zation of secondary prevention therapies in patients with non-
obstructive coronary artery disease identified during cardiac
catheterization: insights from the National Cardiovascular Data
Registry Cath-PCl Registry. Circ Cardiovasc Qual Outcomes
2010;3:632-41. [Crossref]

Turk UO, Zoghi M, Alioglu E, Ergene O. Rationale and design of
the Myocardial Infarction with Non-obstructive Coronary Ar-
teries in Turkish Population (MINOCA-TR) study. Turk Kardiyol
Dern Ars 2019;47:662-8. [Crossref]

Kilic S, Aydin G, Coner A, Dogan VY, Arican Ozliik O, Celik Y, et
al; MINOCA-TR. Prevalence and clinical profile of patients with
myocardial infarction with non-obstructive coronary arteries
in Turkey (MINOCA-TR): a national multi-center, observational
study. Anatol] Cardiol 2020;23:176-82 [Crossref]

Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci
C, Bueno H, et al; ESC Scientific Document Group. 2017 ESC
Guidelines for the management of acute myocardial infarc-
tion in patients presenting with ST-segment elevation: The
Task Force for the management of acute myocardial infarction
in patients presenting with ST-segment elevation of the Eu-
ropean Society of Cardiology (ESC). Eur Heart ) 2018;39:119-
77. [Crossref]

ColletJP, Thiele H, Barbato E, Barthélémy O, Bauersachs ), Bhatt
DL.et al; ESC Scientific Document Group. 2020 ESC Guidelines
for the management of acute coronary syndromes in patients
presenting without persistent ST-segment elevation. Eur Heart
) 2021;42:1289-367. [Crossref]

Agewall S, Beltrame JF, Reynolds HR, Niessner A, Rosano G, Ca-
forio AL, et al. WG on Cardiovascular Pharmacotherapy ESC
working group position paper on myocardial infarction with
non-obstructive coronary arteries. Eur Heart ] 2017;38:143-
53. [Crossref]

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

MINOCA in females

Kawai S, Kitabatake A, Tomoike H. Guidelines for diagnosis of
takotsubo (ampulla) cardiomyopathy. Circ ) 2007;71:990-
2. [Crossref]

Jousilahti P, Vartiainen E, Tuomilehto J, Puska P. Sex, age, car-
diovascular risk factors, and coronary heart disease: a prospec-
tive follow-up study of 14 786 middle-aged men and women
in Finland. Circulation 1999;99:1165-72. [Crossref]

Onat A, Keles i, Cetinkaya A, Basar O, Yildinm B, Erer B,
et al. Prevalence of all-cause and coronary mortality in
Turkish adults as assessed by 10-year follow-up data of
the Turkish adult risk factor study. Turk Kardiyol Dern Ars
2001;29:8-19.

Tokgbzoglu L, Kayikgioglu M, Altay S, Aydogdu S, Bargin C,
Bostan C, et al: EUROASPIRE-IV: Avrupa Kardiyoloji Dernegi'nin
koroner arter hastalarinda yasam tarzi, risk faktorleri ve tedavi
yaklasimi Uzerine calismasi: TUrkiye verileri [EUROASPIRE-IV:
European Society of Cardiology study of lifestyle, risk factors,
and treatment approaches in patients with coronary artery dis-
ease: Data from Turkey. Turk Kardiyol Dern Ars 2017;45:134-
44, [Crossref]

Tokgbzoglu L, Kayikgioglu M, Ekinci B. The landscape of pre-
ventive cardiology in Turkey: challenges and successes. Am )
Prev Cardiol 2021;6:100184. [Crossref]

istatislerle Kadin. TUIK. Accessed July 9, 2021. Available at:
https://data.tuik.gov.tr/Bulten/Index? p=Istatistiklerle-Ka-
din-2020-37221.

Onat A. Risk factors and cardiovascular disease in Turkey. Ath-
erosclerosis 2001;156:1-10. [Crossref]

Paul TK, Sivanesan K, Schulman-Marcus J. Sex differenc-
es in nonobstructive coronary artery disease: recent insights
and substantial knowledge gaps. Trends Cardiovasc Med
2017;27:173-9. [Crossref]

Murthy VL, Naya M, Taqueti VR, Foster CR, Gaber M, Hainer,
et al. Effects of sex on coronary microvascular dysfunction and
cardiac outcomes. Circulation 2014;129:2518-27. [Crossref]
Bajaj NS, Osborne MT, Gupta A, Tavakkoli A, Bravo PE, Vita T, et
al. Coronary microvascular dysfunction and cardiovascular risk
in obese patients. )] Am Coll Cardiol 2018;72:707-17. [Crossref]
Pepine CJ, Ferdinand KC, Shaw LJ, Light-McGroary KA, Shah
RU, Gulati M, et al. Emergence of nonobstructive coronary
artery disease: a woman's problem and need for change in
definition on angiography. ] Am Coll Cardiol 2015;66:1918-
33. [Crossref]

Reis SE, Holubkov R, Conrad Smith AJ, Kelsey SF, Sharaf BL,
Reichek N, et al. Coronary microvascular dysfunction is highly
prevalent in women with chest pain in the absence of coronary
artery disease: results from the NHLBI WISE study. Am Heart )
2001;141:735-41. [Crossref]

Johnston N, Jénelid B, Christersson C, Kero T, Renlund H,
Schenck-Gustafsson K, et al. Effect of gender on patients
with ST-elevation and non-ST-elevation myocardial infarc-
tion without obstructive coronary artery disease. Am J Cardiol
2015;115:1661-6. [Crossref]

Abdu FA, Liu L, Mohammed AQ, Luo Y, Xu S, Auckle R, et al.
Myocardial infarction with non-obstructive coronary arteries
(MINOCA) in Chinese patients: Clinical features, treatment and
1 year follow-up. Int ] Cardiol 2019;287:27-31. [Crossref]


https://doi.org/10.1161/JAHA.118.009174
https://doi.org/10.1093/cvr/cvaa001
https://doi.org/10.1016/j.jacc.2011.02.074
https://doi.org/10.1161/CIRCOUTCOMES.116.003863
https://doi.org/10.1016/j.ahj.2013.03.015
https://doi.org/10.1161/CIRCOUTCOMES.109.906214
https://doi.org/10.5543/tkda.2019.24804
https://doi.org/10.14744/AnatolJCardiol.2019.46805
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1093/eurheartj/ehaa575
https://doi.org/10.1093/eurheartj/ehw149
https://doi.org/10.1253/circj.71.990
https://doi.org/10.1161/01.CIR.99.9.1165
https://doi.org/10.5543/tkda.2016.82352
https://doi.org/10.1016/j.ajpc.2021.100184
https://doi.org/10.1016/S0021-9150(01)00500-7
https://doi.org/10.1016/j.tcm.2016.08.002
https://doi.org/10.1161/CIRCULATIONAHA.113.008507
https://doi.org/10.1016/j.jacc.2018.05.049
https://doi.org/10.1016/j.jacc.2015.08.876
https://doi.org/10.1067/mhj.2001.114198
https://doi.org/10.1016/j.amjcard.2015.03.006
https://doi.org/10.1016/j.ijcard.2019.02.036

MINOCA in females

29. Reynolds HR, Maehara A, Kwong RY, Sedlak T, Saw J, Smilowitz
NR, et al. Coronary optical coherence tomography and cardiac
magnetic resonance imaging to determine underlying causes
of myocardial infarction with nonobstructive coronary arteries
in women. Circulation 2021;143:624-40. [Crossref]

Turk Kardiyol Dern Ars 2022;50(1):4-13

30. Pacheco Claudio C, Quesada O, Pepine CJ, Noel Bairey Merz C.
Why names matter for women: MINOCA/INOCA (myocardial
infarction/ischemia and no obstructive coronary artery dis-
ease). Clin Cardiol 2018;41:185-93. [Crossref]

13


https://doi.org/10.1161/CIRCULATIONAHA.120.052008
https://doi.org/10.1002/clc.22894

