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Abstract

Background: Myocardial infarction with non-obstructive coronary arteries (MINOCA) represents a heterogeneous clinical entity with
an unclear pathophysiological basis. Fibrinogen is a key coagulation factor and inflammatory marker that has been associated with
atherosclerotic burden in myocardial infarction (MI). However, the role of fibrinogen in MINOCA remains to be established. Therefore,
this study aimed to investigate the association between plasma fibrinogen levels and the occurrence of MINOCA, and to evaluate the
potential value of fibrinogen assessment in clinical characterization and early identification. Methods: This retrospective study initially
screened 1759 patients diagnosed with acute myocardial infarction (AMI) who underwent coronary angiography. A total of 287 patients
were analyzed after applying the inclusion and exclusion criteria: 87 with MINOCA and 200 with the MI alongside obstructive coronary
artery disease (MI-CAD). A logistic regression analysis was used to assess the association between fibrinogen levels and MINOCA, with
subgroup and interaction analyses performed. Receiver operating characteristic (ROC) and restricted cubic spline (RCS) analyses were
conducted as supplementary evaluations. Results: Fibrinogen levels were significantly lower in the MINOCA group compared to the
MI-CAD group (p = 0.005). Lower fibrinogen levels were independently associated with increased odds of MINOCA in the multivariate
analysis (odds ratio (OR): 0.654, 95% confidence interval (CI): 0.483-0.885; p = 0.006). Quartile analysis revealed a significant inverse
trend between fibrinogen levels and risk of MINOCA (p for trend = 0.006), which was further confirmed by a consistent dose-response
relationship in the spline analysis (p for overall = 0.035; p for nonlinear = 0.590). The association remained robust across several
subgroups. Fibrinogen alone showed a limited discriminative ability (area under the curve (AUC) = 0.605, 95% CI: 0.534-0.675; p =
0.005). Conclusions: Lower plasma fibrinogen levels were independently associated with the occurrence of MINOCA, suggesting a
potential role in its pathophysiology and the early identification of this condition. Fibrinogen alone has limited discriminative utility;
however, fibrinogen may contribute to multi-marker approaches for determining and managing MINOCA patients.
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1. Introduction troduced the concept of myocardial infarction with non-
obstructive coronary arteries (MINOCA) in 2017, along
with diagnostic criteria [5]. Even with a standardized def-
inition, the identification and management of MINOCA
in clinical practice face many challenges due to its eti-
ologic heterogeneity and complexity. In addition, al-
onset and high fatality, AMI remains a significant public though MINOCA patients do not exhibit significant coro-
health concern worldwide. Early identification and timely nary artery obstruction, their long-term prognosis is not be-
intervention are essential for preserving myocardial tissue nign. Emerging evidence indicates that MINOCA carries
and improving patient outcomes. risks similar to CAD-related myocardial infarction (MI),

In the 1980s, DeWood et al. [1] reported that ap- including recurrent cardiovascular events and elevated in-
proximately 90% of AMI patients undergoing coronary  hospital and long-term mortality [6]. These findings high-
angiography had significant coronary obstruction, defined hght the substantial cardiovascular risk associated with
as >50% luminal stenosis. However, a small subset of =~ MINOCA and underscore the need for further investiga-
patients, accounting for about 5%—15%, were found to tion. However, most existing studies have focused on prog-
have angiographically normal (0-30% stenosis) or only nosis, with limited attention to the underlying pathophys-
mildly stenotic (30%—50%) coronary arteries [2—4]. With iological mechanisms and related clinical factors. A few

Acute myocardial infarction (AMI) is primarily
caused by atherosclerotic coronary artery disease (CAD),
which leads to luminal narrowing or occlusion and subse-
quent myocardial ischemia or necrosis. Due to its abrupt

the widespread application of invasive coronary angiogra-  recent reports have investigated metabolic or inflammatory
phy, such cases have become increasingly recognized. In ~ markers in non-obstructive coronary syndromes [7,8], of-
response, the European Society of Cardio]ogy (ESC) in- fering additional insights into this heterogeneous spectrum.
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AMI patients undergoing coronary angiography

(N=1759)

(The regional chest pain center, Oct 2015-Sep 2017)

Excluded (N =256):

a. Rehospitalized or duplicate patients (n = 224)

b. Thromboembolic disease within the past 3 months
or anticoagulant use (n = 5)

Patients included
(N =1503)

c. Hematologic disorders (n = 1)

d. Severe hepatic dysfunction (n = 4)

e. Severe renal dysfunction (n = 16)

f. History of organ transplantation (n = 6)

Coronary stenosis > 50%
(N=1416)

Set random seed for
simple random sampling in a 1:2 ratio

MINOCA group
normal or < 50% coronary stenosis
(N=287)

MI-CAD group
(N=200)

Statistical analysis

Fig. 1. Flowchart of patient selection and study design. MINOCA, myocardial infarction with non-obstructive coronary arteries;

MI-CAD, myocardial infarction with obstructive coronary artery disease; AMI, acute myocardial infarction.

Table 1. Baseline characteristics of the study subjects.

All subjects MINOCA MI-CAD
p value
N =287 N=_87 N =200
Age, years 64.0 (54.0, 73.0) 61.0 (52.0, 71.0) 66.0 (55.0, 73.0) 0.105
Male, n (%) 221 (77.0) 61 (70.1) 160 (80.0) 0.067
BMI, kg/m? 24.5(21.2,28.1) 24.1(20.4,27.1) 24.5(21.5,28.7) 0.307
Smoking, n (%) 164 (57.1) 45 (51.7) 119 (59.5) 0.221
Alcohol, n (%) 84 (29.3) 30 (34.5) 54 (27.0) 0.200
COPD, n (%) 23 (8.0) 7 (8.0) 16 (8.0) 0.989
Hypertension, n (%) 177 (61.7) 51(58.6) 126 (63.0) 0.483
Diabetes mellitus, n (%) 65 (22.6) 12 (13.8) 53 (26.5) 0.018
Hyperthyroidism, n (%) 7(2.4) 2(2.3) 5(2.5) >0.999
Atrial fibrillation, n (%) 21(7.3) 7 (8.0) 14 (7.0) 0.754
ST-segment elevation, n (%) 144 (50.2) 33 (37.9) 111 (55.5) 0.006
Family History of CAD, n (%) 22 (7.7) 7 (8.0) 15 (7.5) 0.873
Systolic BP, mmHg 145.0 (121.0, 162.5)  142.0 (121.5,161.0)  148.0 (120.8, 163.0) 0.972
Diastolic BP, mmHg 78.0 (63.0, 91.0) 74.0 (59.0, 90.5) 79.0 (65.0, 91.0) 0.166

Heart rate (times/min) 90.0 (75.0, 111.0)

91.0 (75.0, 112.0) 90.0 (75.0, 109.0) 0.885

Data are presented as mean (SD), median (Q1, Q3), or number of patients (%), as appropriate.

BMI, body mass index; COPD, chronic obstructive pulmonary disease; CAD, coronary artery disease; BP, blood

pressure; SD, standard deviation; Q1, first quartile; Q3, third quartile.

Against this background, exploring readily available labo-
ratory parameters may provide novel insights into the bio-
logical characteristics of MINOCA and support early recog-
nition of this entity.

Fibrinogen is a key coagulation factor and acute-phase
reactant that plays a critical role in thrombosis and inflam-
mation. A previous study demonstrated a positive corre-
lation between fibrinogen levels and the severity of CAD,
as assessed by the Gensini score [9]. In addition, elevated
fibrinogen has been closely associated with long-term mor-

tality in patients with CAD or obstructive AMI [10,11].
Nonetheless, the potential association between fibrinogen
level and MINOCA has yet to be specifically investigated.

In this context, the present study aims to character-
ize the clinical features of MINOCA patients, evaluate the
association between plasma fibrinogen level and the risk
of MINOCA, and explore potential interactions with other
clinical risk factors to improve clinical characterization and
support early identification of MINOCA.
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2. Methods
2.1 Study Population

A total of 1759 patients diagnosed with AMI [12] and
undergoing coronary angiography at our regional chest pain
center between October 2015 and September 2017 were
consecutively enrolled. After excluding 256 patients who
did not meet the inclusion criteria, 1503 patients were in-
cluded in the study cohort.

After a comprehensive evaluation of clinical and car-
diac magnetic resonance (CMR) imaging data to exclude
overt non-ischemic myocardial injury (e.g., Takotsubo car-
diomyopathy or myocarditis), a total of 87 patients with
<50% coronary artery stenosis or normal coronary arter-
ies were classified into the MINOCA group. Among the
1416 patients with >50% coronary artery stenosis, 200
were randomly selected at a 1:2 ratio to constitute the my-
ocardial infarction with obstructive coronary artery disease
(MI-CAD) group (see Fig. 1). Detailed definitions and in-
clusion/exclusion criteria are summarized in Supplemen-
tary Table 1.

2.2 Data Collection

The following data were collected from the hospital
database: demographic information, medical history, blood
test results on admission (including complete blood count
and related hematological parameters, biochemical mark-
ers, coagulation profile, and troponin I), and left ventricu-
lar ejection fraction (LVEF) on admission as measured by
transthoracic echocardiography (Philips Medical Systems
iE33, Andover, MA, USA). The coagulation profile was
based on test results obtained before the administration of
antithrombotic drugs or coronary angiography on the day of
admission. Data entry and verification were performed col-
laboratively by two investigators. Coronary angiography
was performed using a Philips digital subtraction angiogra-
phy (DSA) system (Philips Healthcare, Best, The Nether-
lands) after puncturing the right radial or femoral artery,
as per the standards set by the American Heart Association
(AHA) [13]. Two experienced interventional cardiologists
reviewed and confirmed the results, with each indepen-
dently performing over 50 coronary interventions annually.

Table 2. Logistic regression analysis of clinical parameters in MINOCA.

Univariate analysis

Multivariate analysis

Variables
OR (95% CI) p value OR (95% CI) p value
Age, years 0.587 (0.330-1.042) 0.069
Sex 0.985 (0.967-1.004) 0.115
BMI, kg/m? 0.969 (0.913-1.028) 0.298
Smoking 0.729 (0.439-1.210) 0.222
Alcohol 1.423 (0.828-2.445) 0.201
WBC (x109/L) 0.836 (0.765-0.915)  <0.001  0.998 (0.904-1.103) 0.971
PLT (x10°/L) 0.999 (0.996-1.002) 0.527
MPV, fL 1.047 (0.871-1.257) 0.625
PDW, % 1.000 (0.905-1.103) 0.992
Plateletcrit, % 0.459 (0.019-11.334)  0.634
Hemoglobin, g/L 0.993 (0.979-1.007) 0.301
RDW, % 0.847 (0.608-1.179) 0.325
Prothrombin Time, s 0.904 (0.725-1.128) 0.373
Fibrinogen, g/L 0.700 (0.540-0.908) 0.007  0.654 (0.483-0.885) 0.006
Calcium, mmol/L 1.585(0.398-6.313) 0.514
Potassium, mmol/L 0.581 (0.308-1.098) 0.094
BUN, mmol/L 0.957 (0.877-1.045) 0.331
Uric acid, pmol/L 1.000 (0.998-1.002) 0.824
Creatinine, pmol/L 0.992 (0.981-1.003) 0.140
Albumin, g/L 0.978 (0.914-1.046) 0.507
Globulin, g/L 0.990 (0.934-1.049) 0.732
TC, mmol/L 0.953 (0.702-1.294) 0.757
TG, mmol/L 0.894 (0.669-1.193) 0.447
Troponin I, ng/mL 0.946 (0.927-0.966)  <0.001  0.954 (0.934-0.974)  <0.001
NT-proBNP, pg/mL 1.000 (1.000-1.000) 0.260
LVEF, % 1.094 (1.061-1.128)  <0.001  1.056 (1.022-1.091) 0.001

WBC, white blood cell count; PLT, platelet count; MPV, mean platelet volume; PDW, platelet
distribution width; RDW, red cell distribution width; BUN, blood urea nitrogen; TC, total
cholesterol; TG, triglycerides; NT-proBNP, N-terminal pro-B-type natriuretic peptide; LVEF,

left ventricular ejection fraction; OR, odds ratio; CI, confidence interval.
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For patients with <50% coronary artery stenosis or normal
coronary arteries, two experienced cardiologists evaluated
the clinical records and CMR (MAGNETOM Skyra 3.0T,
Siemens Healthcare, Erlangen, Germany) findings to ex-
clude the possibility of non-ischemic myocardial injury.

2.3 Statistical Analysis

Normality was assessed using the Shapiro—Wilk test.
Continuous variables with a normal distribution were ex-
pressed as the mean (standard deviation, SD), while non-
normally distributed variables were expressed as the me-
dian (interquartile range, IQR). Categorical variables were
presented as a frequency (percentage). Statistical tests in-
cluded the #-test for continuous variables, the Chi-square
or Fisher’s exact test for categorical variables, and the
Mann—Whitney U test for non-normally distributed vari-
ables. All pairwise comparisons were conducted using one-
way ANOVA or the Kruskal-Wallis test, followed by Bon-
ferroni post hoc correction, or chi-square partitioning with
a Bonferroni-adjusted significance threshold of p < 0.0083.
To ensure consistency in sampling the MI-CAD group, an
initial random number was generated using Stata version
16.0 (StataCorp LLC, College Station, TX, USA), followed
by random sampling from the MI-CAD cohort to obtain a
new sample for analysis. Logistic regression analysis was
used to assess the relationship between MINOCA and var-
ious parameters. Variables with a p-value < 0.05 were
included in the multivariate analysis. Receiver operating
characteristic (ROC) analysis was conducted as a supple-
mentary evaluation of discriminative ability, and restricted
cubic spline (RCS) regression was used to examine po-
tential dose—response relationships. Statistical significance
was defined as a two-tailed p-value of <0.05. Data were an-
alyzed using SPSS Statistics version 25.0 (IBM Corp., Ar-
monk, NY, USA). R version 4.4.2 (R Foundation for Statis-
tical Computing, Vienna, Austria), GraphPad Prism version
9 (GraphPad Software, San Diego, CA, USA), and Adobe
Ilustrator 2023 (Adobe Inc., San Jose, CA, USA) were used
for data visualization.

3. Results
3.1 Baseline Characteristics

Of the 1759 AMI patients who underwent coronary
angiography during the study period, 1503 were included in
the cohort. Among them, 87 patients were identified as hav-
ing MINOCA. For comparative analysis, 200 patients with
MI-CAD were randomly selected at a 1:2 ratio. The base-
line characteristics of the study population are presented in
Table 1. No statistically significant differences were ob-
served between the two groups in terms of age, sex, or body
mass index (BMI). Similarly, heart rate, systolic blood pres-
sure, and diastolic blood pressure were comparable across
both groups. The prevalence of common cardiovascular
comorbidities and risk factors, including smoking, alcohol
consumption, hypertension, chronic obstructive pulmonary

disease (COPD), family history of CAD, hyperthyroidism,
and atrial fibrillation, did not differ significantly between
the two groups. However, the prevalence of diabetes mel-
litus (p = 0.018) and ST-segment elevation (p = 0.006) on
electrocardiogram was considerably lower in the MINOCA
group compared to the MI-CAD group. Notably, plasma
fibrinogen levels were significantly lower in patients with
MINOCA compared to those with MI-CAD (p = 0.005), as
shown in Fig. 2.
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MINOCA MI-CAD

Fig. 2. Comparison of plasma fibrinogen levels between pa-
tients with MINOCA and MI-CAD.

3.2 Relationship Between Clinical Parameters and the
Occurrence of MINOCA

As presented in Table 2, univariate logistic regression
analysis identified four clinical variables that were signifi-
cantly associated with the occurrence of MINOCA: white
blood cell count (WBC), fibrinogen, cardiac troponin I, and
LVEF. Specifically, the association with MINOCA were:
WBC (OR: 0.836, 95% CI: 0.765-0.915, p < 0.001), fib-
rinogen (OR: 0.700, 95% CI: 0.540-0.908, p = 0.007), tro-
ponin I (OR: 0.946, 95% CI: 0.927-0.966, p < 0.001),
LVEF (OR: 1.094, 95% CI: 1.061-1.128, p < 0.001). These
variables were subsequently included in a multivariate lo-
gistic regression model to adjust for potential confounders.
The results demonstrated that fibrinogen (OR: 0.654, 95%
CI: 0.483-0.885, p = 0.006), troponin I (OR: 0.954, 95%
CI: 0.934-0.974, p < 0.001), and LVEF (OR: 1.056, 95%
CI: 1.022-1.091, p = 0.001) remained independently asso-
ciated with the presence of MINOCA.
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Table 3. Characteristics of study participants according to fibrinogen quartiles.

Fibrinogen
Variables Q1 (£2.66) Q2 (2.66-3.17) Q3 (3.17-3.84) Q4 (>3.84) p value
N=72 N=73 N=71 N=71
Age, years 61.6 (13.4) 61.4(13.9) 65.8 (11.6) 63.1 (14.3) 0.127
Male, n (%) 59 (81.9) 59 (80.8) 56 (78.9) 47 (66.2) 0.093
BMI, kg/m?2 23.0 (19.8,27.2) 247 (21.6,27.8) 24.4(21.2,28.9) 25.8 (22.0, 28.7) 0.082
Smoking, n (%) 42 (58.3) 41(56.2) 39 (54.9) 42(59.2) 0.954
Alcohol, n (%) 21(29.2) 22 (30.1) 18 (25.4) 23 (32.4) 0.828
Atrial fibrillation, n (%) 4(5.6) 5(6.8) 7(9.9) 5(7.0) 0.792
COPD, n (%) 5(6.9) 5(6.8) 7(9.9) 6 (8.5) 0.898
Hypertension, n (%) 38 (52.8) 50 (68.5) 43 (60.6) 46 (64.8) 0.243
Diabetes mellitus, n (%) 15 (20.8) & 9(12.3)2 16 (22.5) 25 (35.2) b¢ 0.012
Hyperthyroidism, n (%) 0(0) 1(1.4) 34.2) 34.2) 0.238
ST-segment elevation, n (%) 39 (54.2) 30 (41.1) 41 (57.7) 34 (47.9) 0.200
Family History of CAD, n (%) 4(5.6) 6(8.2) 8(11.3) 4(5.6) 0.532
Systolic BP, mmHg 136.0 (119.0, 155.3)  148.0 (117.0, 167.0)  148.0 (117.0,163.5)  148.0 (127.5,163.0)  0.261
Diastolic BP, mmHg 75.0 (62.0, 95.0) 78.0 (65.0, 90.0) 80.0 (66.0, 93.0) 79.0 (60.5, 90.0) 0.634
Heart rate (times/min) 92.0(75.0, 111.0) 90.0 (76.0, 112.0) 88.0 (76.0, 106.50) 91.0 (74.0,112.5)  0.969
WBC (x10%/L) 7.9 (6.5, 10.6) ® 7.5(6.0,9.8)® 9.0(7.2,11.2)2 9.5(7.7,12.1) @ 0.001
PLT (x109/L) 196.5 (163.5,222.5)  195.0(155.0,238.0)  196.0 (150.0,238.5)  223.0(164.0,259.0)  0.102
MPV, fL 10.9 (10.3, 12.1) 10.8 (10.0, 11.7) 11.0 (10.2, 12.0) 10.9 (10.1, 11.9) 0.688
PDW, % 15.8 (127, 16.5) 15.9(12.9, 16.5) 15.8 (13.4, 16.5) 15.7 (13.4, 16.3) 0.985
Plateletcrit, % 0.2 (0.1, 0.2) 0.2(0.1,0.2) @ 0.2 (0.1, 0.2) * 0.2 (0.2, 0.3) b 0.044
Hemoglobin, g/L 136.4 £ 17.7 138.6 £ 21.7 134.6 £ 17.4 133.8 £ 15.2 0.397
RDW, % 12.8 (12.4, 13.3) 12.7 (12.4, 13.1) 12.9 (12.6, 13.4) 12.9 (12.5, 13.4) 0.257
Prothrombin Time, s 122 (11.6, 12.9) ® 11.9(11.3,12.5)® 122 (11.5,12.6) ® 12.7(12.0,13.5)®  <0.001
Calcium, mmol/L 22(2.1,2.3) 2.2(22,2.3) 22(2.1,2.3) 22(2.1,2.3) 0.195
Potassium, mmol/L 3.9(3.8,4.1) 3.7(3.6,4.1) 3.9(3.7,4.1) 3.9(3.6,4.1) 0.306
BUN, mmol/L 5.2(4.5,7.2) 5.3 (4.2,6.9) 5.1 (4.2, 6.6) 5.6 (4.6,7.7) 0.444
Uric acid, pmol/L 353.0(295.8,418.3)  369.0 (302.0,412.0)  325.0 (260.5,404.5)  375.0 (275.0,471.5)  0.211
Creatinine, pmol/L 74.0 (64.0, 81.0) 73.5 (65.0, 86.0) 72.0 (62.0, 83.0) 75.0 (64.0, 92.5) 0.801
Albumin, g/L 39.7 (3.5) 402 (3.3) 39.3 (4.1) 38.7 (3.9) 0.119
Globulin, g/L 249(22.4,27.0)*  25.9(23.5,28.4) % 25.6 (24.0, 28.3) & 28.1(24.9,31.3)%  <0.001
TC, mmol/L 45(3.9,5.1) 42 (3.5,5.0) 45(3.9,5.1) 43(3.8,5.1) 0.338
TG, mmol/L 1.3 (1.0, 1.8) 1.4(1.1,2.4) 1.2(0.9, 1.8) 1.4 (1.0, 1.8) 0.210
Troponin I, ng/mL 7.0 (1.4,78.4) 4.6(1.1,32.1) 15.5 (1.6, 48.3) 10.0 (2.2,31.1) 0.763

NT-proBNP, pg/mL
LVEF, %
MINOCA, n (%)

48.5 (45.0, 59.8) *
28 (38.9) 2

54.0 (48.0, 60.5) ®
29 (39.7)

51.0 (45.0, 60.0) ®
14 (19.7)

48.0 (41.0, 57.0) b
16 (22.5) 2

789.8 (234.5,971.8) ® 971.8 (371.5, 1450.0) ** 971.8 (553.0,2100.0) * 1521.0 (971.8,4302.0) * <0.001

0.024
0.010

Data are presented as mean (SD), median (Q1, Q3), or number of patients (%), as appropriate.

Ql, first quartile; Q2, second quartile; Q3, third quartile; Q4, fourth quartile. All pairwise comparisons were conducted using one-way

ANOVA or the Kruskal-Wallis test, followed by Bonferroni post hoc correction, or chi-square partitioning with a Bonferroni-adjusted sig-

nificance threshold of p < 0.0083. When an overall difference was significant among the four groups, superscript letters (a, b, ¢) indicate

Bonferroni-corrected pairwise differences (p < 0.0083). Groups sharing the same letter do not differ significantly, while different letters

denote significant differences.

3.3 Characteristics of Study Participants According to

Fibrinogen Quartiles

Participants were stratified into quartiles based on
plasma fibrinogen levels: Q1 (<2.66 g/L), Q2 (2.66-3.17
g/L), Q3 (3.17-3.84 g/L), and Q4 (>3.84 g/L). The clin-
ical characteristics across these quartiles are summarized

prevalence of diabetes mellitus, which increased progres-
sively across fibrinogen quartiles. Post hoc comparisons
indicated substantial differences between Q2 and Q4. WBC
counts also varied substantially between quartiles, with
higher counts observed in Q3 and Q4 compared to Q2.
Similarly, plateletcrit and prothrombin time showed sta-
tistically significant increases across fibrinogen quartiles,

in Table 3. A significant difference was observed in the
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Table 4. Association of fibrinogen quartiles with MINOCA.

OR (95% CI)

Models Q1 (<2.66) Q2 (2.66-3.17) Q3 (3.17-3.84) Q4 (>3.84) p for trend

N="72 N=173 N=171 N=171
Model 1 10 1.036 (0.532-2.017)  0.386 (0.182-0.819)  0.457 (0.220-0.950) 0.005
p value 0.918 0.013 0.036
Model 2 Lo 1.023 (0.520-2.015)  0.400 (0.186-0.863)  0.396 (0.186-0.844) 0.003
p value 0.947 0.019 0.016
Model 3 10 0.875 (0.435-1.760)  0.403 (0.184-0.881)  0.403 (0.185-0.878) 0.005
p value 0.708 0.023 0.022
Model 4 10 0.722 (0.316-1.652)  0.303 (0.123-0.745)  0.371 (0.153-0.902) 0.006
p value 0.441 0.009 0.029

Model 1: crude, no adjustment; Model 2: adjusting for age and sex; Model 3: adjusting for age, sex, ST-segment

elevation, and diabetes mellitus; Model 4: adjusting for age, sex, ST-segment elevation, diabetes mellitus,

troponin I, and left ventricular ejection fraction.

indicating enhanced prothrombotic profiles in higher fib-
rinogen groups. The levels of globulin and NT-proBNP
were also positively associated with increasing fibrinogen
quartiles. In contrast, LVEF was significantly lower in Q4
compared to Q2, indicating reduced cardiac function at el-
evated fibrinogen levels. Although the overall distribution
of MINOCA across fibrinogen quartiles reached statistical
significance, pairwise comparisons did not reveal signif-
icant differences. Nonetheless, a downward trend in the
prevalence of MINOCA was observed with increasing fib-
rinogen levels, in agreement with the inverse association
in multivariate analysis. No significant differences in other
clinical variables were observed across the fibrinogen quar-
tiles.

3.4 Association Between Fibrinogen Quartiles and the
Risk of MINOCA

The association between plasma fibrinogen levels and
the risk of MINOCA was further evaluated by stratify-
ing participants into quartiles and applying logistic regres-
sion models, as shown in Table 4. The lowest fibrinogen
quartile (Q1, <2.66 g/L) served as the reference group.
In the unadjusted model (Model 1), patients in Q3 (OR:
0.386,95% CI: 0.182-0.819, p=0.013) and Q4 (OR: 0.457,
95% CI: 0.220-0.950, p = 0.036) had significantly lower
odds of MINOCA compared to Q1. This inverse trend re-
mained statistically significant after adjusting for age and
sex (Model 2), as well as for additional variables, including
ST-segment elevation and diabetes mellitus (Model 3). The
inverse association remained statistically significant in the
fully adjusted model (Model 4), which accounted for age,
sex, ST-segment elevation, diabetes mellitus, troponin I,
and LVEF. The odds of MINOCA were significantly lower
in Q3 (OR: 0.303, 95% CI: 0.123-0.745, p = 0.009) and Q4
(OR: 0.371, 95% CI: 0.153-0.902, p = 0.029) compared
with Q1. A significant dose-response relationship was ob-
served across quartiles in all models (p for trend < 0.01),
indicating that higher fibrinogen levels were consistently

associated with lower odds of MINOCA. To further eval-
uate the dose—response relationship, restricted cubic spline
(RCS) analysis was performed, adjusted for age, sex, ST-
segment elevation, diabetes mellitus, troponin I, and LVEEF,
which demonstrated a consistent linear association between
fibrinogen level and the odds of MINOCA (p for overall =
0.035; p for nonlinear = 0.590) (Supplementary Fig. 1).

3.5 Stratified and Interaction Analyses of Fibrinogen and
Covariates on the Risk of MINOCA

Stratified analyses were conducted across key clini-
cal subgroups to explore the robustness of the association
between fibrinogen and MINOCA. The results are sum-
marized in Table 5. Statistically significant associations
were observed among patients aged <65 years (OR: 0.557,
95% CI: 0.357-0.868), male patients (OR: 0.582, 95% CI:
0.388-0.873), those without ST-segment elevation (OR:
0.502, 95% CI: 0.313-0.806), non-diabetic patients (OR:
0.679, 95% CI: 0.482-0.957), patients with lower troponin
I levels (OR: 0.547, 95% CI: 0.371-0.806), and those with
preserved LVEF (OR: 0.532, 95% CI: 0.355-0.798). No
statistically significant interactions were identified (p for in-
teraction > 0.05 for all), indicating the association between
lower fibrinogen levels and MINOCA was generally stable
across subgroups.

3.6 Predictive Performance of Fibrinogen for MINOCA

ROC analysis was performed as a supplementary eval-
uation, yielding an area under the curve (AUC) of 0.605
(95% CI: 0.534-0.675, p = 0.005), suggesting that fibrino-
gen alone has limited discriminatory ability for identifying
MINOCA.

4. Discussion
4.1 Principal Findings

This study evaluated the association between plasma
fibrinogen level and the risk of MINOCA. We found the
fibrinogen level was significantly lower in patients with
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Table S. Stratified analysis of associations between fibrinogen

and MINOCA.
Variables OR (95% CI) p for interaction
Age, years 0.385
<65,N=132 0.557 (0.357-0.868)
>65,N =155 0.736 (0.471-1.151)

Sex 0.477

Male, N =221 0.582 (0.388-0.873)
Female, N = 66 0.716 (0.416-1.231)

ST-segment elevation 0.127
Yes, N = 144 0.838 (0.533-1.316)
No, N =143 0.502 (0.313-0.806)

Diabetes mellitus 0.268
Yes, N =65 0.498 (0.198-1.247)
No, N =222 0.679 (0.482-0.957)

Troponin [, ng/mL 0.088
<9.73,N=144 0.547 (0.371-0.806)
>9.73, N =143 1.208 (0.665-2.194)

LVEF, % 0.108
<50, N =140 0.758 (0.421-1.365)
>50,N =147 0.532 (0.355-0.798)

Analyses were adjusted for age, sex, ST-segment elevation, di-
abetes mellitus, troponin I, and left ventricular ejection fraction,
except when used as stratification variables. Interaction terms
were also assessed for fibrinogen with these covariates, with ad-
justments for the same variables. Troponin I was categorized into
two groups based on the overall median.

MINOCA compared to those with MI-CAD. In univariate
and multivariate logistic regression analyses, lower fibrino-
gen level was independently associated with higher odds of
MINOCA. Further analysis using fibrinogen quartiles re-
vealed a consistent inverse trend, i.e., patients in higher
fibrinogen quartiles exhibited a significantly lower risk
of MINOCA, with a dose-response relationship confirmed
across multiple adjusted models. This inverse associa-
tion was further supported by RCS analysis, which demon-
strated a significant overall linear trend. Subgroup anal-
yses demonstrated this association remained stable across
various clinical strata. Although fibrinogen alone had only
limited predictive power, its significant independent asso-
ciation with MINOCA highlights its potential relevance as
a pathophysiological or early identification marker.

4.2 Understanding the Clinical Complexity of MINOCA

MINOCA is now recognized as a distinct clinical en-
tity within the AMI spectrum. Unlike obstructive CAD,
which is characterized by significant luminal narrowing
due to atherosclerotic plaque rupture, MINOCA occurs in
the absence of obstructive epicardial lesions (defined as
<50% stenosis). Nonetheless, it presents with typical fea-
tures of MI, including ischemic symptoms, electrocardio-
graphic changes, and elevated cardiac biomarkers [2—4].
Notably, growing evidence suggests it confers consider-
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able risk for recurrent cardiovascular events and mortal-
ity, warranting greater clinical awareness and vigilance.
The mechanisms underlying MINOCA are heterogeneous,
encompassing both atherosclerotic and non-atherosclerotic
processes. These range from plaque disruption that is un-
detectable by angiography to coronary microvascular dys-
function (CMD), epicardial coronary vasospasm, sponta-
neous coronary artery dissection (SCAD), and coronary
embolism [2,14—17]. Non-invasive and angiographic as-
sessments often fail to reveal the underlying substrate, ne-
cessitating the use of advanced intracoronary imaging tech-
niques such as intravascular ultrasound (IVUS) or opti-
cal coherence tomography (OCT) for further evaluation
[18,19]. However, these techniques have limitations, in-
cluding cost, invasiveness, operator dependence, and vari-
able diagnostic yield depending on timing and lesion type
[20]. Given the complex pathophysiology of MINOCA,
its early recognition in real-world clinical practice remains
suboptimal, which highlights the urgent need for accessible
and reliable biomarkers to assist with timely detection and
management in this heterogeneous population.

4.3 Biological Role and Clinical Relevance of Fibrinogen
in Coronary Disease

Fibrinogen is a key plasma glycoprotein involved in
both thrombosis and inflammation, two fundamental pro-
cesses in the pathophysiology of CAD. Upon vascular in-
jury, fibrinogen is cleaved by thrombin to form fibrin, the
backbone of the thrombus, which facilitates platelet aggre-
gation by binding to glycoprotein IIb/Illa receptors on ac-
tivated platelets [21]. Additionally, fibrinogen serves as an
acute-phase reactant, and its level is elevated in systemic
inflammatory states. High fibrinogen levels have been con-
sistently associated with an increased risk of atheroscle-
rotic cardiovascular disease and AMI. Several studies have
demonstrated that higher fibrinogen concentrations corre-
late with prothrombotic clot characteristics, such as dense
fibrin networks with reduced permeability and resistance
to fibrinolysis, which are predictive of worse cardiovascu-
lar outcomes [22]. These findings suggest that fibrinogen
is not merely a biomarker of inflammation but also an ac-
tive contributor to thrombus formation and stability, thus
playing a dual role in the development and progression of
CAD. Given these mechanistic links, fibrinogen may serve
as a valuable indicator of thrombotic risk and a potential tar-
get for cardiovascular risk stratification. Inevitably, as the
mechanisms of MINOCA may involve vascular inflamma-
tion, microvascular dysfunction, and transient thrombosis
with spontaneous lysis, it is reasonable to consider that fib-
rinogen could also play a role in this distinct form of CAD.

4.4 Potential Role of Fibrinogen in MINOCA and
Pathophysiological Implications

Although fibrinogen has been extensively studied in
obstructive MI, its relevance in the context of MINOCA
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is still not well defined. Unlike classic atherothrombotic
mechanisms in MI-CAD, MINOCA encompasses diverse
etiologies such as coronary vasospasm, microvascular dys-
function, and spontaneous thrombolysis, where the throm-
botic burden may be less prominent or qualitatively dif-
ferent. A previous study suggested a higher prevalence
of prothrombotic conditions, including antiphospholipid
syndrome (APS), among MINOCA patients, particularly
in younger and non-STEMI subgroups [23]. In contrast,
another investigation found no significant differences in
thrombin generation potential between MINOCA and MI-
CAD patients, meaning the thrombotic burden in MINOCA
is still an open question [24]. These uncertainties further
obscure the role of fibrinogen in MINOCA. A recent meta-
analysis reported elevated fibrinogen levels in MINOCA
patients compared to those with MI-CAD [25]. On the con-
trary, the present study revealed that MINOCA patients had
significantly lower fibrinogen concentrations compared to
those with MI-CAD. This inverse association remained ro-
bust after multivariable adjustment and across multiple sub-
groups. One reason for this discrepancy may be the di-
agnostic approach. Prior study used a working diagnosis
of MINOCA, which could include cases of non-ischemic
myocardial injury, such as myocarditis or Takotsubo syn-
drome. In our study, MINOCA was further confirmed by
CMR, thereby minimizing confounding factors and provid-
ing a clearer picture of fibrinogen levels in this group. Sev-
eral plausible mechanisms could underlie our observation.
First, in the absence of overt plaque rupture or large-vessel
thrombosis, as seen in many MINOCA cases, there may
be less acute-phase stimulation or fibrinogen consumption.
Second, the inflammatory response may be less intense in
vasospasm- or microvascular-driven MINOCA than in MI-
CAD. Third, subclinical coagulopathies, endothelial dys-
function, or early thrombus lysis may contribute to a lower
circulating fibrinogen profile. Collectively, these mecha-
nisms suggest that low fibrinogen levels may reflect a dis-
tinct biological phenotype within the MINOCA population,
potentially related to non-obstructive and non-thrombotic
pathways.

4.5 Sex Differences in MINOCA: Current Evidence and
Study Insights

Previous studies have consistently reported that
MINOCA disproportionately affects females [2—4]. Sev-
eral underlying mechanisms have been proposed to con-
tribute to this sex-specific vulnerability, including CMD,
endothelial dysfunction, and hormonal influences, such as
estrogen-mediated vasomotor modulation. Female patients
with MINOCA are also more likely to exhibit non-classical
presentations, such as atypical chest pain or emotional trig-
gers, and may have a higher prevalence of coronary va-
sospasm than male patients. In our study, although the
proportion of female patients in the MINOCA group was
higher than in the MI-CAD group (29.9% vs. 20.0%), the

difference did not reach statistical significance (p = 0.067).
Our findings appear to contradict the prevailing notion of
a female predominance in MINOCA. Several factors may
underlie this finding in our cohort. First, the relatively mod-
est sample size, particularly for the female subgroup (n =
66), may have limited the statistical power to detect sex-
based differences. Second, the use of CMR-confirmed cri-
teria rather than a working diagnosis, while enhancing di-
agnostic specificity, may have diluted the apparent female
predominance. Third, our cohort may underrepresent spe-
cific female-predominant pathophysiological subtypes of
MINOCA, such as SCAD or CMD. Accordingly, consid-
ering the established relevance of sex-based mechanisms
in MINOCA, sex was purposely included as an adjustment
factor in our multivariate models to enhance the robust-
ness of the observed association between fibrinogen and
MINOCA.

4.6 Clinical Implications, Limitations, and Future
Directions

We found that lower plasma fibrinogen levels were in-
dependently associated with the occurrence of MINOCA.
This inverse relationship, which differs from the well-
described positive association of fibrinogen with obstruc-
tive CAD and MI, suggests that fibrinogen may reflect a
distinct biological phenotype within the MINOCA spec-
trum, in which inflammation and thrombotic load are qual-
itatively different. Further research into the causal role of
fibrinogen across different pathophysiological subtypes of
MINOCA could provide new perspectives, potentially sup-
porting a fibrinogen-driven approach to more individual-
ized clinical management within this entity of AMI.

Several limitations must be acknowledged. First, the
study employed a retrospective, single-center design with a
moderate sample size, which may limit the generalizability
of our findings. Second, the lack of intracoronary imag-
ing (e.g., OCT, IVUS) limited the investigation of mech-
anisms underlying individual cases of MINOCA to deter-
mine whether the association of fibrinogen differs across
specific pathophysiological subtypes. Third, the lack of se-
rial fibrinogen measurements limited the assessment of its
dynamic changes and potential causal links with MINOCA.

Future studies should include larger, prospective, mul-
ticenter cohorts to validate our findings. In addition,
evaluating longitudinal changes in fibrinogen and their
associations with distinct pathophysiological subtypes of
MINOCA may provide deeper mechanistic insights and
help clarify causal relationships. Such knowledge could ul-
timately support more personalized and mechanism-based
management strategies for MINOCA patients. Further-
more, the development of multi-marker models incorporat-
ing fibrinogen and other readily available clinical parame-
ters may enhance the early recognition of MINOCA in rou-
tine practice.
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5. Conclusions

In this retrospective study, lower plasma fibrinogen
levels were independently associated with the occurrence
of MINOCA, and this inverse relationship remained ro-
bust after multivariable adjustment and across clinical sub-
groups. Although fibrinogen alone shows limited discrimi-
natory power, its biological plausibility suggests that it may
serve as an adjunctive biomarker for the early recognition
of MINOCA.
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