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Abstract. Carotid intima-media thickness, epicardial/pericardial fat, and non-traditional biomarkers in acute
coronary syndrome: a case-control study. Gishto T., Rruci E., Shuka N., Methoxha S., Vyshka G. Acute coronary
syndrome (ACS) can occur even when the burden of traditional cardiovascular risk factors is limited, highlighting
residual risk and the potential value of non-traditional markers. The purpose of this study was to assess carotid intima-
media thickness and echocardiographic epicardial/paracardial adipose tissue thickness, together with selected
biomarkers, in acute coronary syndrome compared with coronary angiography or coronary computed tomography-
negative controls. Carotid intima-media thickness (CIMT) and epicardial adipose tissue (EAT) capture structural and
metabolic alterations that may cluster with systemic inflammatory and metabolic markers in patients with acute coronary
syndrome.In this hospital-based case—control study, we enrolled 150 patients with ACS and 150 control subjects in whom
obstructive coronary artery disease was ruled out by invasive coronary angiography or coronary CT angiography.
Demographic and clinical data, carotid ultrasound for CIMT, transthoracic echocardiography for EAT and pericardial
adipose tissue (PAT), and biochemical markers (C-reactive protein, fibrinogen, white blood cell and neutrophil counts,
serum uric acid) were collected. Group comparisons, correlation analyses and receiver operating characteristic (ROC)
curves were used to assess associations and discriminative performance. Compared with controls, ACS patients had
significantly higher mean CIMT (1.02 vs 0.65 mm), thicker EAT (6.5 vs 3.7 mm) and PAT (5.8 vs 3.1 mm) and higher
levels of all non-traditional biochemical markers (all p<0.001). CIMT, EAT and PAT correlated positively with
fibrinogen, C-reactive protein, leukocyte and neutrophil counts, serum uric acid and body mass index, with positive
correlations observed in both groups. CIMT demonstrated excellent discrimination for ACS (area under the curve
[AUC] >0.90; sensitivity >93%, specificity >85%,), with an optimal cut-off around 0.72 mm. EAT and PAT also showed
strong discrimination (AUC 0.902 and 0.875, respectively), while serum uric acid achieved an AUC of 0.860 with high
specificity.Patients with ACS exhibit a distinct non-traditional risk profile characterised by increased CIMT,
epicardial/pericardial fat and heightened inflammatory—metabolic activation. CIMT and EAT are structural expressions
of this adverse milieu and, when combined with selected non-traditional biochemical markers, demonstrate strong
discrimination in this cohort. Prospective studies are needed to validate structural-inflammatory phenotypes and define
their role in personalised risk stratification and prevention.

Pedepar. ToBmmHa KoOMIUIEKCY iHTHMAa-Melia COHHHMX apTepii, emikapaianbHui/mepukapaiaJbHuii *KuUp Ta
HeTpaauuiiiHi 6ioMapkepu MpPU rocTPOMy KOPOHAPHOMY CHHIAPOMi: JAOCTIIUKEHHA THNY «BHMAAOK-KOHTPOJbY.
Timrro T., Ppyui E., lllyka H., Merxomxka C., Bumka JIsk. Iocmpuii Koponapruti cunopom Modice sUHUKAmu Haeimb
3a BIOHOCHO HeBEIUK020 MA2apsi MPAOUYIUHUX Cepyeo-CyOUHHUX QAKMOpI6 PusuKy, wo NIOKPecuoe HAAEHICHb
Pe3udyaIbHO20 PU3UKY Ma NOMEHYIUHY YIHHICMb Hempaouyiihux mapkepis. Memoio yb02o 00cioxNceHHs 610 oyiHumu
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MEAIIIHA

MOBWUHY KOMNIJLEKCY THmuma-media conHux apmepiu (carotid intima-media thickness, CIMT) ma exoxapodioepaghiuro
BU3HAYEHY MOBWUHY enikapoianbHol/napaxkapoianvhol (nepuxapoianvhoi) oicuposoi mrawunu (epicardial adipose
tissue/pericardial adipose tissue, EAT/PAT), a maxooic eubpani b6iomapkepu 8 RAYICHMIE 3 20CMPUM KOPOHAPHUM
CUHOPOMOM NOPIGHAHO 3 KOHMPOJLHOW 2PYNOI0, Y SKIU 0OCMPYKMUBHY TWeMiuHy X80poby cepys 0Y10 BUKTIOUEHO 34
00noMo2010 1H8a3UEHOI Koponapozpadii abo xoponapnoi KT-ancioepaghii. CIMT ma enikapoianvha dcupoéa mKaHuHda
8i000pacaromv CmpyKmypHi 1l MemaOOAiuHi 3MIHU, AKI MOJCYMb NOEOHYBAMUCS 13 CUCMEMHUMU 3aNATbHUMU md
MemabonTUHUMU MAPKePAMU ) X80PUX 3 20CIMPUM KOPOHAPHUM CUHOPOMOM. ¥ YyboMy 20CHIMaAnbHOMY 00CAIOHCEHHT Muny
«BUNAOOK-KOHMPObY 0yn0 3anyueno 150 nayienmisg 3 eocmpum Koporapuum curopomom ma 150 oci6 konmponvHol
epynu. 3bupanu Oemocpaghiuni i KAIHIYHI Oami, GUKOHYBANU YIbMPA3EYKOGe OOCTIONCEHHs COHMUX apmepii O7s
susnayennss CIMT, mpancmopaxanvry exoxapoiozpaghito ons oyinku EAT i PAT, a makoac 1abopamophi nokasHuKu
(C-peaxmusnuil 6in0x, Qibpunozen, Kinbkicms aetikoyumie i Heumpoinie, cevosa xucioma cuposamiu). /s ananizy
3aCcmoco8ysany nopieHsaHHs epyn, kopeasyiunui ananiz i ROC-kpusi 015 oyin06anHs acoyiayii ma OUCKPUMIHAYITIHOT
30amuocmi. [lopienano 3 Kkonmponem, y nayieHmie 3 oOCMpum KOPOHAPHUM CUHOPOMOM OYau OOCMOGIPHO SUUUMU
cepeoni snauennss CIMT (1,02 npomu 0,65 mm), moswuna EAT (6,5 npomu 3,7 mm) i PAT (5,8 npomu 3,1 mm), a maxooc
pisHi 6cix 0ocniodxcenux Hempaouyitinux oioximiunux mapkepie (yci p<0,001). CIMT, EAT i PAT nozumusHo kopeniosanu
3 gibpunozenom, C-peakxmusHuM OIIKOM, KIIbKICMIO JeUKOYUmie i Heumpoginie, ceu080r KUCIOMOK CUPOBAMKU Md
iHOekcom macu mina;, No3umugHi xopenayii cnocmepieanucsi ¢ obox epynax. CIMT npodemoncmpysana 8iOMiHHY
30amuicmb  PO3PI3HAMU  20CMPULl  KOPOHApHuti cunopom (niowa nio kpueoio, AUC>0,90; uymausicms >93%;
cneyugiunicmos >85%) 3 onmumanshum nopoeogum 3navenuam onusvko 0,72 mm. EAT i PAT maxooic manu 8ucoxky
ouckpuminayitiny 30amuicmo (AUC 0,902 i 0,875 8ionosiono), modi ax cevosa kucioma cuposamku oocsiena AUC 0,860
3 8ucoxoio cneyugiunicmio. Iayienmu 3 20cmpum KOPOHAPHUM CUHOPOMOM XAPAKMEPUIYIOMbCIL GUPANCEHUM NPOopitem
Hempaouyiiino2o pusuxy, wo exmouac 30invuennss CIMT, enikapoianbhoi/mepukapoianbhoi sHcupoeoi mxanunu ma
nocuneny 3ananvho-wemaboniyny akmusayito. CIMT ma EAT € cmpykmypHumu nposeamu yb020 HEeCHPUSMIUEO20
cepedosuwya i, y NOEOHAHHI 3 GUOPAHUMU HEMPAOUYIUHUMU OIOXIMIMHUMU MaPKepamu, OeMOHCMPYIOMb CUTbHY
Ouckpuminayitiny soamuicme y yii koeopmi. I[lompibni npocnexmusHi 00CiOxNceHHs Oisi 6anioayii cmpyKmypHo-

3ananbHUX YeHOMuUnNie i 6U3HAYEHHs IX POJIL 8 NEPCOHANI308aHITE cmpamugikayii pusuxy ma npoginaxmuyi.

Acute coronary syndrome (ACS) refers to a
continuum of myocardial ischemia comprising uns-
table angina and acute myocardial infarction [1].

According to the Fourth Universal Definition,
acute myocardial infarction is myocardial necrosis
secondary to prolonged ischemia [2].

Acute myocardial infarction may occur even in
individuals without traditional cardiovascular risk
factors and may represent distinct underlying
mechanisms [3].

Atherosclerosis is the dominant substrate for most
acute coronary events, and contemporary evidence
highlights inflammation-driven pathways as major
therapeutic targets [4].

Epicardial adipose tissue (EAT) and pericardial
adipose tissue (PAT) represent metabolically active
visceral fat depots that surround the coronary arteries
and myocardium. EAT is in direct contact with the
vascular adventitia and lacks a fascial barrier, allo-
wing paracrine interactions through adipokines,
cytokines and free fatty acids that can promote local
inflammation, endothelial dysfunction and plaque
vulnerability. Several studies and meta-analyses have
shown that increased epicardial fat thickness or
volume is associated with the presence and severity
of coronary artery disease (CAD) and improves
prediction of obstructive CAD and coronary events
beyond traditional risk factors and coronary calcium
score. Systematic reviews focused on ACS suggest that
EAT thickness correlates with angiographic severity
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scores and established ACS risk scores, but hetero-
geneity between studies remains substantial [9,10].

Despite this evidence, the interplay between
carotid intima-media thickness (CIMT), EAT/PAT
and non-traditional circulating risk markers in the
specific context of ACS has not been fully clarified.
Most studies have examined these markers in
isolation, in stable CAD populations or in general
community cohorts, and only a minority have
evaluated how structural vascular changes and
epicardial fat relate simultaneously to systemic
inflammatory and metabolic risk markers in patients
with acute coronary events. Furthermore, data from
South-Eastern Europe and other middle-income
settings remain scarce, although these regions face a
growing burden of premature cardiovascular disease.

In this case-control study, we investigated patients
with confirmed ACS and individuals without ACS in
whom obstructive coronary disease had been ruled out
by coronary angiography or coronary CT angiography.
Within this population, we measured CIMT and
echocardiographic indices of EAT and PAT alongside
a panel of non-traditional risk markers, including
inflammatory and metabolic parameters. This design
allowed us to explore whether structural vascular
markers and epicardial fat depots are closely linked to
non-traditional biochemical risk factors and whether
their combined assessment provides discrimination
between ACS and non-ACS individuals.
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Primary aim — to compare CIMT, EAT and PAT
between ACS cases and angiography/CT-negative
controls.

Secondary aims — to evaluate the relationships
between CIMT and EAT/PAT and a panel of non-
traditional risk markers (e.g. inflammatory and
metabolic parameters such as fibrinogen, leukocyte
and neutrophil counts, C-reactive protein and serum
uric acid); to evaluate the discriminative performance
of CIMT, EAT/PAT and selected non-traditional
biochemical markers for discriminating ACS from
non-ACS individuals, using receiver operating
characteristic (ROC) analysis.

MATERIALS AND METHODS OF RESEARCH

This was a hospital-based case-control study de-
signed to explore the relationship between non-
traditional risk markers and structural vascular phe-
notypes — carotid intima-media thickness (CIMT) and
epicardial/pericardial fat — in patients with acute
coronary syndrome (ACS). The study was conducted
at the Cardiology Service of the University Hospital
Center “Mother Teresa” in Tirana, Albania, between
January 2024 and May 2025.

Study population and groups

A total of 300 participants were enrolled and
divided into two groups: 150 consecutive patients
hospitalized with confirmed ACS (ST-elevation myo-
cardial infarction [STEMI], non-ST-elevation myo-
cardial infarction [NSTEMI] or unstable angina), and
150 controls without ACS, selected from the same
hospital population. ACS was diagnosed according to
contemporary ESC guidelines, based on compatible
symptoms, electrocardiographic  changes and
elevated cardiac troponin 1.

Controls had no clinical/ECG/troponin evidence
of ACS, and obstructive coronary artery disease was
excluded by invasive coronary angiography or coro-
nary CT angiography. Controls underwent angio-
graphy/CT as part of routine clinical evaluation for
suspected coronary artery disease (e.g., chest pain)
and were recruited from the same hospital service.

Inclusion criteria: age >18 years and, for the case
group, a confirmed diagnosis of ACS; for the control
group, no current or previous ACS (no clini-
cal/ECG/troponin evidence of ACS).

Exclusion criteria: active inflammatory or malig-
nant disease, end-stage renal failure and other severe
systemic illnesses such as hepatic cirrhosis or
systemic lupus erythematosus [1,2].

Clinical and demographic data

Demographic and basic clinical variables col-
lected for all participants included age, sex, body
mass index (BMI) and place of residence (urban vs
rural). BMI was calculated as weight (kg) divided by
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height squared (m?) and classified into four categories:
underweight (<18.5 kg/m?), normal weight (18.5-
24.9 kg/m?), overweight (25.0-29.9 kg/m?) and
obesity (=30 kg/m?).

Laboratory measurements and non-traditional
biochemical markers

Venous blood samples were obtained on
admission after standard clinical stabilization. Rou-
tine hematological and biochemical analyses were
performed according to hospital laboratory protocols.
For the purposes of this analysis, the main non-
traditional biochemical markers of interest were:

* Serum uric acid (mg/dL);

* C-reactive protein (CRP, mg/L);

* Fibrinogen (mg/dL);

* Total white blood cell (WBC) count (x10°/L);

* Absolute neutrophil count (x10%/L).

Markers were pre-specified based on biological
plausibility and routine availability in our setting.
Cardiac troponin I (TPI) was measured for diagnostic
confirmation of ACS but was not treated as a “non-
traditional” marker in the main models.

Ultrasonographic assessment of carotid intima-
media thickness

Carotid ultrasound was performed in all parti-
cipants using high-resolution B-mode ultrasono-
graphy by trained operators, blinded to clinical and
laboratory information (including angiography/CT
results) whenever feasible. CIMT measurements
were obtained bilaterally from the common carotid
arteries (right and left), following a standardized
protocol based on the Mannheim consensus. For each
artery, CIMT was measured along predefined seg-
ments of the distal common carotid, at the far wall,
over a plaque-free segment of at least 10 mm. Multiple
measurements were taken in anterior and posterior
projections and averaged to derive segment-specific
values as well as mean CIMT for each side. Summary
vascular parameters such as mean right CIMT and
mean left CIMT were then calculated and used in the
statistical analyses as continuous variables [7, §].

Echocardiographic assessment of epicardial and
pericardial fat

Epicardial adipose tissue (EAT) and pericardial
adipose tissue (PAT) were assessed via transthoracic
echocardiography. Standard parasternal long-axis
and short-axis views were acquired in left lateral
decubitus position. Epicardial fat thickness was
defined as the echo-free space between the outer wall
of the myocardium and the visceral layer of the
pericardium, measured perpendicularly on the free
wall of the right ventricle at end-systole over three
consecutive cardiac cycles; the average value was
recorded as EAT thickness. Pericardial fat (PAT) was
measured as the hypoechoic space external to the
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parietal pericardium in the same projections, again
averaged over three cycles [9,10].

For ROC reporting, EAT and PAT were analysed
as continuous variables; where dichotomisation was
presented, cut-offs were derived using the Youden
index.

Definition of non-traditional risk marker set for
this analysis

For this first paper, “non-traditional risk markers”
were operationalized as the combination of:

1. Structural vascular markers: mean CIMT of the
right and left common carotid arteries.

2. Cardiac adiposity markers: echocardiographic
EAT and PAT thickness.

3. Inflammatory and metabolic markers: fibrino-
gen, WBC and neutrophil counts, serum uric acid and
CRP.

Traditional cardiovascular risk factors were not
analysed in detail in this paper and are outside the
scope of the present report. Detailed analysis of
standard modifiable risk factors is planned for a
separate report.

Ethical approval was obtained from the respon-
sible institutional ethics committee of Faculty of
Medicine, Tirana Medical University (Protocol
no 337/2, date 21.12.2023). The study was conducted
in accordance with the Declaration of Helsinki and
applicable national regulations. All participants
provided written informed consent prior to enrolment.
Clinical and imaging data were analysed in anony-
mised form to protect confidentiality.

All analyses were conducted using MedCalc®
Statistical Software version 23.3.7 (MedCalc Software
Ltd, Ostend, Belgium; https://www.medcalc.org;
2025). Continuous variables are presented as mean +
standard deviation (SD) or, when non-normally
distributed, as median (interquartile range [IQR]);
categorical variables are presented as counts and
percentages. Normality of distributions was assessed
with the Kolmogorov-Smirnov test.

Comparisons between ACS cases and controls
were performed using the independent-samples Stu-
dent’s t-test for continuous variables (or the Mann-
Whitney U test when normality assumptions were not
met) and the > test or Fisher’s exact test for categorical
variables, as appropriate. Correlations between struc-
tural markers (CIMT, EAT and PAT) and biochemical
non-traditional markers were explored with Spearman
correlation coefficients (p). Binary logistic regression
was used with ACS status (ACS vs controls) as the
dependent variable to assess whether CIMT, EAT and
PAT were independently associated with ACS. Each
imaging marker (CIMT, EAT and PAT) was entered
in a separate model and adjusted for age, sex and BMI.
To improve interpretability, CIMT was rescaled and
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odds ratios were reported per 0.1-mm increase (EAT
and PAT per 1-mm increase).

The discriminative ability of CIMT, EAT, PAT
and key inflammatory/metabolic markers for ACS
was assessed using receiver operating characteristic
(ROC) curve analysis according to standard metho-
dology [11]. For each marker, the area under the
curve (AUC) was calculated, and optimal cut-off
values were derived from the Youden index, with
corresponding sensitivity, specificity, positive predic-
tive value (PPV) and negative predictive value
(NPV). A two-sided p-value < 0.05 was considered
statistically significant for all analyses. PPV and NPV
were calculated within the study sample and are
interpreted cautiously given the case—control design
and prevalence dependence. Given the number of
correlations and ROC analyses, findings are inter-
preted as exploratory and no formal adjustment for
multiplicity was applied.

RESULTS AND DISCUSSION

A total of 300 individuals were included: 150 pa-
tients with acute coronary syndrome (ACS) and
150 controls without ACS, in whom obstructive
coronary artery disease had been ruled out by
invasive coronary angiography or coronary CT angio-
graphy. Demographic characteristics are presented in
Table 1. ACS patients were older and more frequently
male than controls.

Cardiac troponin I was higher in the ACS group
(p<0.001). CRP, fibrinogen, WBC, absolute neu-
trophil count and uric acid were also higher in ACS
(all p<0.001) (Fig. 1).

When CIMT was summarized as a global mean
value, the ACS group showed a mean CIMT of
1.02 mm versus 0.65 mm in controls (p<0.001). This
represents a substantial absolute difference in
carotid wall thickness between individuals with and
without ACS. Cardiac adipose depots followed the
same direction. Mean epicardial adipose tissue
(EAT) thickness was 6.5 mm in ACS patients and
3.7 mm in controls (p<0.001), while mean peri-
cardial adipose tissue (PAT) thickness was 5.8 mm
versus 3.1 mm, respectively (p<0.001). All mean
EAT and PAT measurements across the three
cardiac cycles were significantly higher in the case
group (p<0.001 for every comparison).

In multivariable binary logistic regression
models adjusted for age, sex and BMI, all three
imaging markers remained independently asso-
ciated with ACS. CIMT showed a strong asso-
ciation with ACS (adjusted OR 3.52 per 0.1-mm
increase, 95% CI 2.46-5.04, p<0.001). Similarly,
higher epicardial adipose tissue thickness was
independently associated with ACS (adjusted
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OR 2.17 per 1-mm increase, 95% CI 1.69-2.79,
p<0.001), and pericardial adipose tissue thickness
also remained independently associated (adjusted
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Demographic characteristics of participants by groups (Controls vs Cases)

OR 2.77 per 1-mm increase, 95% CI 2.00-3.83,
p<0.001). There was no evidence of problematic
multicollinearity among predictors (all VIFs <2).

Table 1

Variables ?l:):;g(())l)s (fzals;s))
Sex, n (%)
Female 51 (34.0) 38 (25.3)
Male 99 (66.0) 112 (74.7)
Age, mean (SD), years 57.4+10.9 66.1+10.7
BMI, mean (SD), kg/m?> 27.74£3.5 27.4+3.9
BMI category, n (%)
Underweight 0 (0.0) 2(1.3)
Normal weight 27 (18.0) 33 (22.0)
Overweight 84 (56.0) 81 (54.0)
Obesity 39 (26.0) 34 (22.7)
Place of residence, n (%)

Rural 31 (20.7) 42 (28.0)
Urban 119 (79.3) 108 (72.0)

Cases Controls

CIMT L Mean A CIMT L Mean P CIMT R Mean A
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w T T
0.0 ©] 3
0.8 54 o
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Cases Controls

Group

Cases Controls

Fig. 1. Carotid intima-media thickness and epicardial/pericardial fat thickness in patients
with acute coronary syndrome and controls. All CIMT segments
and mean EAT/PAT values were significantly higher in the ACS group (all p<0.001)
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In correlation analyses, both carotid thickness and
cardiac fat were strongly linked to non-traditional risk
markers. BMI showed a positive relationship with
carotid wall thickness and with EAT and PAT. Across
the cohort, ACS cases exhibited higher CIMT and
EAT/PAT values than controls, suggesting that ACS is
associated with a heavier structural and adipose burden
beyond adiposity alone. All inflammatory and meta-
bolic markers — serum uric acid, CRP, fibrinogen,

WBC and neutrophils — demonstrated positive asso-
ciations with carotid thickness across all four CIMT
indicators, in both groups. Similarly, these markers
were positively correlated with both EAT and PAT, in
both groups, indicating that accumulation of epicardial
and pericardial adipose tissue is closely linked to
systemic inflammation, particularly among individuals
with elevated cardiovascular risk (Fig. 2).
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| °
m
-
0 8 1

i
6 0 20 40
PAT*BMI
- ’: o Group
s° m" — Cases
¥= | — = - Controls

oi% m = m |
b 0 40

Fig. 2. Associations between structural markers and inflammatory/metabolic parameters.
Higher CIMT and EAT values were positively correlated with serum uric acid and fibrinogen levels,
with positive correlations observed in both groups, illustrating the clustering of structural atherosclerosis,
cardiac adiposity and systemic inflammation

In clinical terms, these patterns indicate that non-
traditional biochemical markers and structural indices
(CIMT, EAT, PAT) cluster together: higher inflam-
matory and metabolic burden is paralleled by thicker
carotid walls and greater epicardial/pericardial fat.

Discriminative performance for differentiating
ACS from controls

Receiver operating characteristic (ROC) analysis
showed that structural and biochemical non-tra-
ditional markers provided strong discrimination bet-
ween ACS patients and controls. Mean CIMT
indicators demonstrated AUC values above 0.90,
with sensitivity >93% and specificity >85%, and po-
sitive likelihood ratios up to 9.93, indicating out-
standing discriminative performance within this
cohort. A global CIMT cut-off around 0.72 mm emer-
ged as a useful threshold for differentiating ACS from
non-ACS individuals in this cohort; this cut-off
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should be externally validated before clinical use.
Mean EAT and PAT thickness also showed strong
discrimination, with AUC 0.902 and 0.875, respec-
tively (both p<0.001). An EAT cut-off of approxi-
mately 4.8 mm showed high sensitivity in this cohort;
this cut-off should be externally validated before
clinical use (Fig. 3).

Among biochemical non-traditional markers,
serum uric acid yielded an AUC of 0.860, with high
specificity (around 88.9%) and a positive likelihood
ratio of 6.46, although sensitivity (around 71.8%) was
lower than that of the morphological parameters.
Overall, the combination of increased CIMT, ele-
vated EAT/PAT and higher levels of inflamma-
tory/metabolic markers clearly distinguished ACS
patients from controls. These markers showed good
within-sample discrimination between cases and
controls; cut-offs require external validation.
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Fig. 3. Receiver operating characteristic (ROC) curves
for carotid intima-media thickness (CIMT), epicardial
adipose tissue (EAT), pericardial adipose tissue (PAT)
and serum uric acid in discriminating acute coronary
syndrome (ACS) from controls. CIMT indicators
showed AUC values >0.90, EAT and PAT achieved
AUC:Ss of 0.902 and 0.875, respectively, and uric acid
an AUC of 0.860, indicating excellent discriminative
performance of structural and metabolic markers

This case-control study demonstrates that patients
with acute coronary syndrome exhibit a characteristic
non-traditional risk profile that integrates structural
vascular changes, cardiac adiposity and systemic
inflammatory/metabolic activation. Compared with
angiographically negative controls, ACS patients had
strikingly higher CIMT, thicker epicardial and
pericardial fat layers, and consistently elevated in-
flammatory and metabolic biomarkers. The discri-
minative performance of these markers — particularly
CIMT and EAT/PAT was excellent, with CIMT AUC
values above 0.90 and EAT AUC around 0.90 for
discriminating ACS from non-ACS individuals. Ta-
ken together, the data support the concept of an “un-
conventional” structural — inflammatory phenotype
that complements classical risk factors in ACS [12].

CIMT as a structural expression of cumulative risk

Our findings reinforce the role of carotid intima-
media thickness as a robust marker of generalized
atherosclerotic burden. The difference in mean CIMT
between ACS patients and controls (1.02 mm vs
0.65 mm) is clinically meaningful and aligns with
large meta-analyses showing that higher CIMT
predicts myocardial infarction, stroke and cardio-
vascular death. The fact that all four CIMT indicators
(left-right, anterior-posterior) were uniformly ele-
vated among ACS cases suggests a diffuse pattern of
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arterial remodeling rather than focal changes limited
to a single segmen [13].

From a risk-prediction standpoint, our ROC
analyses confirm that CIMT carries substantial dis-
criminative information for distinguishing ACS from
non-ACS populations, with AUC values above 0.90
and very high likelihood ratios. This is consistent with
previous work indicating that CIMT improves risk
stratification when added to traditional risk scores,
particularly in intermediate-risk individuals. In set-
tings where advanced coronary imaging is not routi-
nely available, standardised CIMT assessment —
when measured using a standardized far-wall proto-
col — could therefore serve as a practical tool to
capture cumulative vascular damage and identify
patients with a heavier atherosclerotic profile.

Epicardial/pericardial fat and the inflammatory—
metabolic milieu

The markedly higher EAT and PAT thickness in
ACS patients, together with their strong correlation
with inflammatory markers, highlight the importance
of cardiac visceral adipose tissue as a metabolically
active organ rather than a passive fat depot. Epicardial
fat shares the coronary blood supply and is in direct
anatomical continuity with the myocardium and
coronary arteries. Experimental and clinical data
show that EAT secretes pro-inflammatory cytokines
and adverse adipokines and has reduced adiponectin
production in obesity and metabolic syndrome,
shifting its profile towards a pro-atherogenic, pro-
inflammatory phenotype. These mechanisms provide
a plausible biological link between increased EAT
thickness and coronary plaque development, vulne-
rability and thrombosis [14,15].

Our results fit well with meta-analyses and cohort
studies reporting that higher EAT thickness or
volume is independently associated with coronary
artery disease, plaque vulnerability and major adverse
cardiac events. In the present study, mean EAT
achieved an AUC of 0.902 for ACS discrimination,
and values below approximately 4.8 mm were
associated with a lower probability of ACS within
this dataset. However, predictive values are pre-
valence-dependent and should not be extrapolated to
clinical rule-out decisions without external validation
in representative cohorts. PAT showed slightly lower
but still very good discriminative performance,
indicating that pericardial fat also captures adverse
cardiometabolic burden, even though its direct
paracrine impact on coronary arteries is less pro-
nounced than that of EAT [16,17].

Biochemical non-traditional markers: uric acid
and inflammation

The biochemical profile of ACS patients in this
study is consistent with the structural findings.

69



MEAIIIHA

Fibrinogen, CRP, WBC and neutrophil counts were
substantially higher in cases, and all these markers
correlated positively with both CIMT and EAT/PAT.
This reinforces the idea that low-grade systemic
inflammation  and  structural  atherosclerotic
remodeling are tightly linked processes rather than
independent domains [18, 19, 20].

Serum uric acid, in particular, emerged as a useful
non-traditional marker, with an AUC of 0.860, high
specificity and a positive likelihood ratio around 6.5
for ACS discrimination. Meta-analyses have reported
that elevated uric acid is associated with higher risk
of ACS and poorer short-term outcomes, even after
adjustment for classical risk factors, supporting its
role as a marker of oxidative stress and endothelial
dysfunction. In our cohort, the positive correlations
between uric acid, CIMT and EAT/PAT suggest that
hyperuricaemia may be one of the biochemical
signatures of the structural-inflammatory phenotype
we describe [21].

Interplay between structural and non-traditional
markers

A key message of this work is the interplay
between structural measures (CIMT, EAT, PAT) and
non-traditional biochemical markers, rather than their
isolated performance. Higher BMI, inflammatory
markers and uric acid levels clustered with thicker
carotid walls and increased epicardial/pericardial fat,
especially among ACS cases. This clustering pattern
supports the view that what we often treat as separate
domains — obesity, inflammation, structural athero-
sclerosis — are in practice different faces of the same
underlying pathophysiology [22].

For clinical practice, this means that CIMT and
EAT/PAT should not necessarily be seen merely as
“add-on imaging tests” but as structural readouts of a
broader inflammatory and metabolic environment. In
patients with intermediate risk or with few classical
risk factors, the presence of thickened CIMT and high
EAT/PAT, together with elevated fibrinogen and uric
acid, could justify more aggressive prevention or
earlier imaging, even when traditional scores appear
only moderately elevated [23].

Strengths and limitations

The study has several strengths and a clear novelty:
it combines CIMT, echocardiographic EAT/PAT, and
a targeted inflammatory — metabolic panel within the
same ACS cohort, using angiography/CT-negative
controls to minimise disease misclassification. This
integrated design enables the description of a struc-
tural — inflammatory phenotype relevant for hypo-
thesis generation and future risk stratification in a
South-Eastern European, middle-income setting.

However, some limitations must be acknowled-
ged. First, inter- and intra-observer reproducibility for

70

CIMT and EAT/PAT measurements was not formally
quantified, which may affect measurement precision.
This is a single-centre, hospital-based case—control
study with a moderate sample size, which may limit
generalisability. The analyses are mainly unadjusted;
therefore, residual confounding (including differences
in age and sex) cannot be excluded, and the incre-
mental value of each marker beyond conventional risk
factors cannot be fully quantified. Biomarkers mea-
sured during the acute presentation may partly reflect
the inflammatory response to the index event rather
than baseline risk. Finally, ROC-derived cut-offs are
cohort-specific and require external validation in
independent cohorts. Positive and negative predictive
values are prevalence-dependent and may not be
directly generalisable due to the case—control design.

Clinical implications and future directions

Despite these limitations, the present findings
have clear clinical implications. In resource-con-
strained environments where advanced coronary
imaging is not universally available, simple non-
invasive measures such as CIMT and EAT/PAT may
enhance risk stratification, particularly when inter-
preted alongside inflammatory and metabolic
markers such as fibrinogen, neutrophils and uric acid.
Our findings support incorporating structural-inflam-
matory markers into risk stratification and pheno-
typing frameworks for patients with suspected ACS
or those at high cardiovascular risk, particularly when
conventional risk scores and routine tests leave
residual uncertainty. In this context, CIMT and
EAT/PAT may help identify residual risk and
prioritise patients for intensified preventive strategies
and/or further diagnostic testing, rather than serving
as acute stand-alone diagnostic tests. These may
complement existing clinical assessment and bio-
marker-based pathways, but should not be considered
stand-alone diagnostic tools [8,12,13].

Future work should validate these findings in larger,
prospective cohorts, evaluate the incremental prognostic
value of combined CIMT/EAT — inflammation pheno-
types for long-term outcomes and formally test
phenotype-based approaches (structural, inflammatory,
combined) for guiding personalised therapy. In parallel,
implementation studies will be needed to define
standardised protocols, training requirements and cost-
effectiveness of incorporating CIMT and EAT/PAT into
routine cardiovascular risk assessment.

CONCLUSIONS

1. Patients with acute coronary syndrome demon-
strate a distinct non-traditional cardiovascular risk
profile characterized by increased carotid intima—
media thickness, increased epicardial and pericardial
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adipose tissue thickness, and enhanced inflammatory
and metabolic activity.

2. Carotid intima-media thickness and cardiac
adipose tissue thickness reflect structural and meta-
bolic alterations that are closely associated with syste-
mic inflammatory markers, including C-reactive
protein, fibrinogen, leukocyte and neutrophil counts,
serum uric acid levels, and body mass index.

3. Carotid intima-media thickness shows excellent
discriminative ability for the identification of acute
coronary syndrome, while epicardial and pericardial
adipose tissue thickness also demonstrate strong
diagnostic performance.

4. The combination of vascular imaging markers,
cardiac adipose tissue assessment, and selected non-tra-
ditional biochemical markers may improve risk strati-

fication beyond traditional cardiovascular risk factors in
patients presenting with acute coronary syndrome.

5. Further prospective studies are required to
validate these structural and inflammatory phenoty-
pes and to clarify their role in personalized cardio-
vascular risk assessment and prevention strategies.
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