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Abstract

Introduction: Acute coronary syndrome (ACS) in younger individuals rep-
resents an important and growing clinical challenge, and is associated with
substantial long-term morbidity. This study aimed to evaluate the clinical
characteristics and predictors of premature ACS, with particular emphasis
on sex differences and cardiovascular (CV) risk factors.

Material and methods: We retrospectively analyzed 2,909 patients with ACS
treated at the University Clinical Centre of Kosovo. Of these, 587 (20.2%)
had premature ACS (men < 55 years; women < 65 years). Data on CV risk
factors, electrocardiographic, echocardiographic, and angiographic findings,
and medications were collected from medical records.

Results: Patients with premature ACS (mean age: 49.5 +5.4 years, men:
72.9%) had a higher prevalence of hypercholesterolemia (35.2 vs. 25.1%;
p < 0.001), uncontrolled hypercholesterolemia (40.4% vs. 26.9%; p < 0.001),
current smoking (41.1% vs. 22.9%; p < 0.001) and family history of coro-
nary artery disease (46.2% vs. 32.4%; p < 0.001), but a lower prevalence of
diabetes, hypertension, and uncontrolled diabetes (all p < 0.001) compared
with older patients. Among patients with premature ACS, women had lower
rates of current smoking (35.2% vs. 46.9%; p = 0.01), alcohol consumption
(2.9% vs. 14.7%; p < 0.001) and uncontrolled hypercholesterolemia (32.7%
vs. 45.5%) but a higher prevalence of diabetes, uncontrolled diabetes, and
hypertension compared with premature men. In multivariable analysis, cur-
rent smoking (OR = 1.59; p < 0.001), uncontrolled hypercholesterolemia (OR
= 1.71; p < 0.001), and family history (OR = 1.66; p < 0.001) were inde-
pendently associated with premature ACS, irrespective of sex. In women,
a more pronounced cardiometabolic profile was observed, with uncontrolled
diabetes (OR = 1.51; p < 0.001) and hypertension (OR = 1.49; p < 0.001) as
independent predictors. However, in men, premature ACS was mainly driven
by smoking (OR = 1.63; p < 0.001) and uncontrolled hypercholesterolemia
(OR = 1.73; p < 0.001).

Conclusions: Premature ACS, diagnosed in every fifth patient in Kosovo, is
mainly associated with uncontrolled hypercholesterolemia and smoking,
while diabetes, hypertension, and hyperglycemia are less common than in
older patients. Clear sex differences were observed, with a more cardiomet-
abolic profile in women and predominantly lifestyle-related risk factors in
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men. These findings highlight the distinct risk factor patterns in premature ACS and emphasize the impor-
tance of targeted prevention and early risk factor control in this population.
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cross-sectional, retrospective study.

Introduction

Coronary artery disease (CAD) represents the
most common form of cardiovascular (CV) disease.
It remains a leading cause of death, disability, and
reduced quality of life, largely due to atheroscle-
rotic processes, plaque instability, and thrombotic
events leading to myocardial ischemia and infarc-
tion [1]. The overall burden of CAD is expected to
increase further, because of the rising prevalence
of cardiometabolic conditions, particularly obesity,
diabetes, and metabolic syndrome, as well as de-
mographic aging, reflected by an increasing pro-
portion of older individuals who are at higher CV
risk, along with urbanization and lifestyle changes
[2]. Nevertheless, beyond the effects of aging, the
occurrence of acute coronary syndrome (ACS) at
a younger age has emerged as an important and
distinct clinical entity, with significant implica-
tions for both individuals and healthcare systems
[3]. Premature ACS, defined as onset before 55
years in men and 65 years in women, is associ-
ated with substantial clinical and socioeconomic
consequences [4, 5]. Elucidating the underlying
mechanisms and identifying key determinants are
essential for the development of effective preven-
tion and early intervention strategies [6, 7].

The prevalence and impact of CV risk factors
are not uniform across populations but vary wide-
ly depending on regional characteristics, lifestyle
patterns, cultural influences, and socioeconomic
conditions [8]. Differences in dietary habits, phys-
ical activity levels, use of tobacco, and access to
healthcare services contribute to considerable
heterogeneity in CV risk profiles, influencing both
disease onset and progression [9, 10].

In addition, important sex-related differences
exist in the presentation and determinants of
CV disease [11]. Women often exhibit distinct
behavioral and psychosocial risk profiles, includ-
ing higher levels of stress, depression, and other
psychosocial factors, which may adversely affect
clinical outcomes [12]. These disparities are fur-
ther amplified by socioeconomic inequalities, in-
cluding unequal access to healthcare, education,
and preventive resources that can influence dis-
ease recognition, management, and long-term
prognosis [13]. Such factors contribute to per-
sistent sex-related differences in CV outcomes
and disproportionately affect vulnerable popula-
tions [14].

Therefore, the aim of this study was to compre-
hensively evaluate CV risk factors and sex-related
differences in patients with premature acute cor-
onary syndrome.

Material and methods
Study design and patients

This retrospective study included 2,909 pa-
tients presenting with typical ACS from our cardi-
ac center in Kosovo. Participants were categorized
according to age into premature ACS (men < 55
years and women < 65 years; n = 587) and re-
maining ACS patients (men > 55 years and women
> 65 years; n = 2,322). Patient enrollment and data
collection were performed at the Clinic of Cardiol-
ogy, University Clinical Centre of Kosovo, between
January 2024 and August 2025. Individuals with
normal coronary angiograms, trauma-related con-
ditions, acute organ injury, or hemorrhagic shock
requiring surgical management were excluded.
The study was conducted in accordance with na-
tional and institutional regulations and the princi-
ples of the revised Declaration of Helsinki. Ethical
approval was obtained from the Institutional Eth-
ics Committee of the University Clinical Centre of
Kosovo and the Faculty of Medicine, University of
Prishtina (No. 1489/2025). Patient confidentiality
was strictly maintained, and all data were used
solely for research purposes.

Cardiovascular risk factor assessment

Cardiovascular risk factors were assessed using
clinical records obtained at the Clinic of Cardiolo-
gy, University Clinical Centre of Kosovo. Variables
included demographic characteristics (age and
sex), smoking status (categorized as current or
former), arterial hypertension (defined as systol-
ic blood pressure > 130 mm Hg and/or diastolic
blood pressure > 80 mm Hg on at least two sepa-
rate measurements, or a prior diagnosis or use of
antihypertensive therapy) [15], diabetes mellitus
(defined as fasting plasma glucose > 126 mg/d|,
HbAlc > 6.5%, or previously diagnosed or treat-
ed with glucose-lowering medications or insulin)
[16], hypercholesterolemia (defined as total cho-
lesterol > 200 mg/dl [5.2 mmol/l] and/or LDL-C
> 130 mg/dl [3.4 mmol/|] or ongoing lipid-lower-
ing therapy), uncontrolled hypercholesterolemia
(defined as total cholesterol > 200 mg/dl or LDL-C
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> 116 mg/dl despite lipid-lowering treatment)
[17], family history of coronary artery disease (de-
fined as the presence of the disease in a first- or
second-degree relative, irrespective of age at di-
agnosis), and alcohol consumption. Poor glycemic
control was defined as fasting plasma glucose
> 7.0 mmol/l (126 mg/dl) or HbAlc > 7.0% despite
ongoing therapy [18, 19].

Laboratory and imaging assessment

Laboratory assessments included a compre-
hensive panel of routine biochemical and hema-
tological parameters, such as complete blood
count, fasting plasma glucose, and a detailed lip-
id profile, including total cholesterol, low-density
lipoprotein cholesterol (LDL-C), high-density lipo-
protein cholesterol (HDL-C), and triglycerides. Ad-
ditional collected data comprised serum albumin,
total protein, and indicators of renal and hepatic
function. Routine biochemical parameters were
measured from blood samples collected in the
morning, according to standard clinical practice.
Cardiac structure and function were evaluated us-
ing standard transthoracic echocardiography per-
formed by experienced cardiologists at the Clinic
of Cardiology, University Clinical Centre of Kosovo.
Key parameters included left ventricular end-di-
astolic and end-systolic dimensions (LVEDD and
LVESD), left ventricular ejection fraction (LVEF),
and atrial dimensions [20].

Electrocardiographic (ECG) recordings were sys-
tematically reviewed to assess cardiac rhythm and
detect ischemic changes, including ST-segment
deviations and T-wave inversions. All measure-
ments were performed in accordance with current
international guidelines to ensure accuracy and
reproducibility. Information on CV medications, in-
cluding angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, B-blockers, anti-
platelet agents, and lipid-lowering therapies, was
obtained from patients’ medical records.

Statistical analysis

Descriptive statistics were used to summa-
rize the data, with categorical variables reported
as frequencies and percentages, and continuous
variables expressed as mean * standard deviation
(SD) or as median with interquartile range (IQR)
when appropriate. Differences between groups
were evaluated using the independent samples
t-test for continuous variables and the %2 test for
categorical variables. Relationships between vari-
ables were further examined using appropriate
correlation analyses, including point-biserial cor-
relation, where applicable.

To identify factors associated with premature
ACS, univariate analyses were initially performed,

followed by multivariable modeling to adjust for
potential co-founders. These analyses were con-
ducted both in the overall population and sepa-
rately according to sex. Statistical significance
was defined as a two-sided p-value < 0.05 [21].
All statistical analyses were performed using IBM
SPSS Statistics, version 26.0 (IBM Corp., Armonk,
NY, USA).

Results

Demographic and clinical indices in
premature compared to older ACS patients

Patients with premature ACS (n = 587, 20.2%;
men: 72.9%) had a mean age of 49.5 +5.4 years,
compared with 70.6 +4.2 years in those with older
ACS (men: 70.9%). Compared with older patients,
individuals with premature ACS more frequently
exhibited hypercholesterolemia (35.2% vs. 25.1%;
p < 0.001), uncontrolled hypercholesterolemia
(40.4% vs. 26.9%; p < 0.001), active smoking
(41.1% vs. 22.9%; p < 0.001), and a family histo-
ry of coronary artery disease (46.2% vs. 32.4%;
p < 0.001). In contrast, cardiometabolic conditions
were less prevalent among younger patients, in-
cluding diabetes (31.6% vs. 48.6%), hypertension
(46.6% vs. 68.6%), and hyperglycemia (43.7% vs.
62.1%) (all p < 0.001). Similarly, the burden of
non-CV comorbidities was lower in the premature
ACS group. Overall, these findings suggest a dis-
tinct risk profile in premature ACS, characterized
by a higher prevalence of lifestyle-related and lip-
id abnormalities, but a lower burden of traditional
age-related comorbidities.

Regarding treatment patterns, prasugrel use
was more frequently taken by patients with pre-
mature ACS (64.1% vs. 27.7%; p < 0.001). Con-
versely, older patients were more likely receiving
ACE inhibitors or angiotensin receptor blockers,
diuretics, and oral anticoagulants (NOAC/VKA) (all
p < 0.05), while the use of lipid-lowering therapy
did not differ significantly between groups (p =
0.66). Electrocardiographic findings demonstrated
that ST-segment changes were more prevalent in
patients with premature ACS compared with old-
er patients (74.1% vs. 61.1%; p < 0.001), where-
as T-wave inversion was observed less frequently
in the premature group. These patterns suggest
a more acute ischemic presentation among young-
er patients. Additionally, cardiac arrest and atrial
fibrillation were less common in younger patients
(all p < 0.05; Table I).

Laboratory and cardiac imaging data in
premature compared to older ACS patients

At presentation, patients with premature ACS
had higher levels of total cholesterol (5.9 vs. 3.7
mmol/l; p = 0.03) and LDL-C (3.61 +1.3 vs. 2.73
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Table I. Demographic and clinical characteristics of patients with premature ACS in comparison with those with

older ACS
Variable Premature ACS Older ACS P-value
(n = 587) (n = 2322)
Cardiac risk factors
Age [years] 49.5 +5.4 70.6 +4.2 < 0.001
Male gender, n (%) 428 (72.9) 1646 (70.9) 0.34
AH, n (%) 273 (46.6) 1593 (68.6) < 0.001
DM, n (%) 185 (31.6) 1128 (48.6) < 0.001
Uncontrolled DM, n (%) 257 (43.7) 1142 (62.1) < 0.001
Hypercholesterolemia, n (%) 207 (35.2) 583 (25.1) < 0.001
Uncontrolled hypercholesterolemia, n (%) 237 (40.4) 625 (26.9) < 0.001
Current smokers, n (%) 241 (41.1) 532 (22.9) < 0.001
Former smokers, n (%) 135 (23.1) 367 (15.8) < 0.001
Alcohol consumption, n (%) 7 (9.80) 121 (5.21) 0.02
Family history, n (%) 271 (46.2) 752 (32.4) < 0.001
Number of cardiac risk factors
0 risk factors (%) 107 (18.2) 186 (8.0) < 0.001
1-2 risk factors (%) 406 (69.1) 1695 (73) 0.17
> 3 risk factors (%) 70 (12) 485 (20.9) 0.02
Other risk factors
CRF (%) 64 (11) 787 (33.9) < 0.001
Thyroid disorders (%) 42 (7.1) 67 (2.9) 0.02
CLD (%) 95 (16.2) 559 (24.1) 0.01
COPD (%) 8(1.3) 167 (7.2) 0.02
Anemia (%) 64 (11.1) 399 (17.2) 0.03
Drugs
LLT (%) 575 (97.9) 2233 (96.2) 0.76
Aspirin (%) 551 (93.9) 2048 (88.2) 0.04
Clopidogrel (%) 168 (28.7) 348 (59.3) < 0.001
Prasugrel (%) 376 (64.1) 643 (27.7) < 0.001
NOAC/VKA (%) 8(1.3) 204 (8.8) < 0.001
ACEI/ARB (%) 273 (46.6) 1593 (68.6) < 0.001
MRA (%) 3(9.1) 341 (14.7) 0.32
Diuretic 122 (20.8) 938 (40.4) < 0.001
Number of coronaries included, n (%)
1 vessel 204 (34.7) 202 (8.15) < 0.001
2 vessels 265 (45.2) 168 (7.25) < 0.001
> 3 vessels 118 (20.1) 1871 (80.6) < 0.001
ECG changes (%)
T inversion 118 (20.2) 778 (33.5) < 0.001
ST depression/elevation 435 (74.1) 1430 (61.1) < 0.001
Previously cardiac events (%)
Myocardial infarction 25 (4.2) 130 (22.1) < 0.001
PCI/CABG 24 (4.1) 113 (19.3) < 0.001
Stroke 5 (0.9) 142 (6.1) < 0.001
PAD 6 (1.1) 114 (4.9) 0.04
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Table I. Cont.
Variable Premature ACS Older ACS P-value
(n =587) (n =2322)
Complication (%)
AF 10 (1.7) 144 (6.2) 0.01
VT 16 (2.7) 26 (1.1) 0.31
Cardiac arrest 13 (2.2) 128 (5.5) 0.02

AH — arterial hypertension, ACEl, angiotensin-converting enzyme inhibitors, ARB — angiotensin receptor blockers, AF — atrial fibrillation,
CABG - coronary artery bypass grafting, CRF — chronic renal failure, CLD — chronic liver disease, COPD — chronic obstructive pulmonary
disease, DM — diabetes mellitus, MRA — mineralocorticoid receptor antagonist, NOAC — non-vitamin K antagonist oral anticoagulant,
PAD — peripheral artery disease, PCl, percutaneous coronary intervention LLT — lipid-lowering therapy, VT — ventricular tachycardia,

VKA = vitamin K antagonists.

+1.6 mmol/l; p = 0.04), while HDL-C and triglycer-
ide levels were comparable between groups (1.1
+0.7 vs. 1.1 £0.9 mmol/l; p = 0.65, and 1.9 1.4
vs. 2.2 £1.7 mmol/l; p = 0.62, respectively). In
contrast, older patients demonstrated less favor-
able laboratory profiles, including higher fasting
glucose, impaired renal function, and increased
inflammatory markers (all p < 0.05; Table Il). Coro-

nary angiographic findings also differed between
groups. Premature ACS was more frequently as-
sociated with single-vessel disease, compared to
older patients, who frequently had multivessel
disease (38.2% vs. 30.9%; p < 0.001). Echocar-
diographic assessment revealed differences in
cardiac structure and function. Older patients had
larger left ventricular dimensions, increased left

Table Il. Echocardiographic and laboratory indices of patients with premature ACS in comparison with those with

older ACS

Variable Premature ACS Older ACS P-value

(n = 587) (n =2322)

Echocardiographic indices
LVEDD [mm] 49.2 +5.4 54.2 £6.4 < 0.001
LVESD [mm] 20.1 £5.1 323 6.1 < 0.001
EF (%) 54.4 +8.3 48.1 £9.3 0.007
RV [mm] 30.2 5.1 33.8 5.1 0.02
RA transversal [mm] 36.4 +5.3 39.3 +4.1 0.02
RA longitudinal [mm] 40.8 5.1 45.6 +6.1 0.01
LA transversal [mm] 38.1+5.1 41.1 +8.1 0.01
LA longitudinal [mm] 41.1+6.3 47.9 +7.3 < 0.001

Laboratory indices
WBC [103/ul] 10 £3.3 10.1 +3.3 0.34
RBC [10%/ul] 4.6+4.3 42+1.2 0.57
Hgb [g/dl] 15.4 +4.3 12.1 £3.3 0.04
Hematocrit (%) 42.3 +6.1 37.1+6.3 0.01
Platelets [10%/ul] 228 67 221 73 0.23
FPG [mmol/|] 7.3 4.7 10.6 £6.7 < 0.001
CRP [mg/l] 20.4 £39 59.5 #41 < 0.001
Urea [mmol/l] 6.48 +8.3 10.7 £20 0.02
Creatinine [umol/l] 98.1 +49 125 +83 0.02
TSH [ml/ul] 2314 3.6 £2.3 0.27
Total cholesterol [mmol/1] 59+1.2 4.7 £3.1 0.03
Triglycerides [mmol/l] 1.9 +1.4 2.2+1.7 0.62
LDL-C [mmol/l] 3.61 1.3 2.73 £1.6 0.041
HDL-C [mmol/l] 1.10.7 1.120.9 0.65

AH — arterial hypertension, AF — atrial fibrillation, CHD — coronary heart disease, CRP — C-reactive protein, DM — diabetes mellitus,
FPG — fasting plasma glucose, LV — left ventricle, LVEDD — left ventricular end-diastolic dimension, LVESD — left ventricular end-systolic
dimension, RV — right ventricle, RA — right atrium, LA — left atrium, TSH — thyroid-stimulating hormone, LDL-C - low-density lipoprotein,
HDL-C — high-density lipoprotein, Hgb — hemoglobin, RBC — red blood cell count, WBC — white blood cell count.
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Table I1l. Demographic and clinical characteristics of premature ACS, by sex

Variable Premature ACS Premature ACS P-value
(Male; n = 428) (Female; n = 159)
Cardiac risk factors
Age [years] 68.4 +3.3 70.4 £33 0.09
AH (%) 178 (41.5) 2(51.7) < 0.001
DM, n (%) 111 (25.9) 9 (37.2) 0.01
Uncontrolled DM 165 (38.6) 77 (48.8) < 0.001
Hypercholesterolemia (%) 157 (36.7) 4 (33.8) 0.09
Uncontrolled hypercholesterolemia 195 (45.5) 2 (32.7) < 0.001
Current smoking (%) 201 (46.9) 6 (35.2) < 0.001
Former smoking, n (%) 103 (24.1) 5(22.2) 0.22
Alcohol consumption (%) 63 (14.7) 5(2.9) < 0.001
Family history (%) 189 (44.2) 75 (47.2) 0.61
Number of cardiac risk factors (%)
0 risk factors 82 (19.1) 28 (17.6) 0.22
1-2 risk factors 292 (68.2) 111 (69.9) 0.29
> 3 risk factors 48 (11.2) 21 (13.2) 0.33
Other risk factors
CRF 42 (9.9) 20 (12.5) 0.12
Thyroid disorders 35(8.1) 23 (14.7) 0.01
CLD 67 (15.6) 27 (16.9) 0.31
COPD 8(1.9) 4(2.6) 0.16
Anemia 37 (8.7) 22 (13.9) 0.01
Drugs (%)
LLT 415 (97.1) 156 (98.2) 0.47
Aspirin 399 (93.2) 150 (94.4) 0.52
Clopidogrel 105 (24.5) 52 (32.9) < 0.001
Prasugrel 299 (69.8) 92 (58.2) < 0.001
NOAC/VKA 5(1.2) 3 (1.8) 0.14
ACE/ARB 205 (47.9) 70 (44.3) 0.34
MRA 36 (8.5) 16 (9.9) 0.22
Diuretic 73 (17.1) 39 (24.6) 0.01
Number of coronaries included, n (%)
1 vessel 163 (38.2) 49 (30.9) 0.001
2 vessels 193 (45.1) 71 (44.9) 0.19
> 3 vessels 73 (17.1) 38 (24.1) 0.001
ECG changes
T inversion 74 (17.2) 38 (24.1) 0.01
ST depression/elevation 330 (77.2) 112 (70.8) 0.01
Previously cardiac events (%)
Myocardial infarction 21 (4.9) 6 (3.9) 0.14
PCI/CABG 22 (5.1) 5(3.5) 0.22
Stroke 3(0.7) 2(1.3) 0.34
PAD 5 (1.2) 2 (1.1) 0.18
Complication
AF 6 (1.4) 3(2.1) 0.11
VT 12 (2.9) 4 (2.5) 0.29
Cardiac arrest 6 (1.5) 5(2.9) 0.18

AH — arterial hypertension, ACEl — angiotensin-converting enzyme inhibitors, ARB — angiotensin receptor blockers, AF — atrial fibrillation,
CABG - coronary artery bypass grafting, CRF — chronic renal failure, CLD — chronic liver disease, COPD — chronic obstructive pulmonary
disease, DM — diabetes mellitus, MRA — mineralocorticoid receptor antagonist, NOAC — non-vitamin K antagonist oral anticoagulant,
PAD — peripheral artery disease, PCl — percutaneous coronary intervention, LLT — lipid-lowering therapy, VT — ventricular tachycardia,
VKA - vitamin K antagonists.
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atrial size, and enlargement of the right ventricle
and right atrium, along with a modest reduction
in left ventricular ejection fraction (p < 0.05 for all;
Tables | and I1).

Sex differences in premature ACS patients

In the premature ACS cohort, women were
less likely than men to smoke (35.2% vs. 46.9%;
p = 0.01), consume alcohol (2.9% vs. 14.7%; p <
0.001), or have uncontrolled hypercholesterolemia
(32.7% vs. 45.5%). In contrast, cardiometabolic
conditions, including diabetes, hyperglycemia,
and hypertension, were more prevalent in women.
Among non-CV comorbidities, thyroid disorders
and anemia were also more common in women
(both p < 0.05). Electrocardiographic patterns dif-
fered by sex, with T-wave inversion more frequent
in women, whereas ST-segment changes were less
common. The prevalence of prior cardiac events
did not differ between sexes (Table Il1).

Predictors of premature ACS patients

In multivariable analysis, current smoking (OR =
1.59,95% Cl: 1.40 — 1.81; p < 0.001), uncontrolled
hypercholesterolemia (OR = 1.71, 95% Cl: 1.32 to
2.15; p < 0.001) and family history (OR = 1.66,
95% Cl: 1.34-2.06; p < 0.001) were independently
associated with increased risk of premature ACS.
In contrast, age < 45 years (OR = 0.61, 95% Cl:
0.11-0.88; p < 0.001) was associated with a lower
likelihood of premature ACS.

These associations were observed in both
sexes, although distinct risk patterns emerged.
Among women, a more pronounced cardiometa-
bolic profile was evident, with uncontrolled diabe-

Table IV. Predictors of premature ACS overall and by sex

tes (OR = 1.51; p < 0.001) and arterial hyperten-
sion (OR = 1.49; p < 0.001) identified as significant
predictors. In men, premature ACS was more
strongly associated with lifestyle and lipid-related
factors, particularly current smoking (OR = 1.63;
p < 0.001) and uncontrolled hypercholesterolemia
(OR =1.73; p < 0.001; Table IV).

Discussion

The present cohort analysis highlights three
main observations. The present cohort analysis
highlights three main observations. Premature
ACS was associated with a higher prevalence of
smoking, hypercholesterolemia, family history of
coronary artery disease, and alcohol consump-
tion, whereas diabetes and arterial hypertension
were less frequent compared with older patients.
These findings may reflect differences in underly-
ing pathophysiological mechanisms, with prema-
ture ACS more strongly driven by lifestyle-related
and genetic factors, while age-related comorbid-
ities accumulate over time [4, 17, 18]. Distinct
sex-related patterns were also observed, with
men more commonly presenting with smoking
and uncontrolled hypercholesterolemia, while
women showed a greater burden of diabetes and
hypertension. Current smoking and uncontrolled
hypercholesterolemia emerged as the most pow-
erful predictors of premature ACS, and these as-
sociations persisted after sex stratification, with
a particularly strong effect among women.

Premature ACS has gained increasing attention
as a distinct clinical condition due to its rising oc-
currence and growing burden on healthcare sys-
tems. Clarifying its pathophysiological mechanisms

Variable Univariate predictors P-value Multivariate predictors P-value
OR (95% CI) OR (95% CI)

All patients
Age < 45 years 0.499 (0.356 to 0.505) < 0.001 0.661 (0.119 to 0.881) < 0.001
Male gender 1.104 (1.008 to 1.352) 0.039 1.071 (0.832 to 1.292) 0.361
Uncontrolled diabetes 0.806 (0.682 to 0.981) < 0.001 0.819 (0.104 to 0.902) 0.023
Arterial hypertension 0.446 (0.341t0 0.557) < 0.001  0.827 (0.219 to 0.941) 0.011
Uncontrolled hypercholesterolemia  1.846 (1.482 to 2.298) < 0.001 1.710 (1.328 to 2.125) < 0.001
Current smoking 1.757 (1.585 t0 1.949) < 0.001 1.596 (1.403 to 1.816) < 0.001
Alcohol consumption 1.454 (1.130 t0 2.138) 0.007 1.016 (0.303 to 1.316) 0.311
Family history 1.753 (1.476 to 2.083) < 0.001 1.663 (1.346 to 2.064) < 0.001

Multivariate analysis Males P-value Females P-value
Current smoking 1.633 (1.118 t0 2.461) < 0.001 0.611 (0.421 to 0.901) < 0.001
Uncontrolled hypercholesterolemia  1.732 (1.181 to 2.641) <0.001 0.682 (0.492 t0 0.911) <0.001
Arterial hypertension 0.680 (0.461 t0 0.975) < 0.001 1.491 (1.031 to 2.192) < 0.001
Uncontrolled DM 0.673 (0.408 to 0.969) < 0.001 1.501 (1.031 to 2.191) < 0.001
Family history 0.893 (0.628 t0 1.289)  0.561 1.121 (0.781 to 1.691) 0.344
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and identifying key risk factors are essential steps
toward improving prevention and enabling earli-
er and more effective management [5-7]. Smok-
ing and hypercholesterolemia were more frequent
observed in premature ACS, highlighting their im-
portant contribution to early-onset coronary artery
disease. These findings underscore the key role of
modifiable lifestyle and lipid-related risk factors in
younger individuals, in contrast to the greater in-
fluence of cardiometabolic conditions in older pa-
tients. In this context, evidence from 52 countries
reported by Yusuf et al. highlights the role of income
level in shaping the distribution of conventional CV
risk factors. Notably, smoking and uncontrolled hy-
percholesterolemia appear to be more prevalent in
low- and middle-income countries, likely reflecting
limited access to screening, lipid-lowering therapies,
and suboptimal risk factor management [4, 22].
Despite the generally higher prevalence of alcohol
consumption among younger populations, the rate
observed in this study was relatively low, consistent
with reports indicating a declining burden of alcohol
consumption in Balkan countries [23]. Genetic sus-
ceptibility has been widely recognized as an import-
ant determinant of ACS, particularly in its premature
form [24, 25]. In our cohort, a positive family history
was more frequently observed among younger pa-
tients, supporting the notion that inherited factors,
together with shared environmental influences, play
a key role in the development of early-onset disease
and may account for a substantial proportion of cas-
es [26]. Given that atherosclerosis often begins early
and progresses sub-clinically over time, familial ag-
gregation may accelerate disease development even
in the absence of other major CV risk factors. This
may partly explain the more pronounced influence
of genetic predisposition in younger individuals [27].

The present findings show an important fea-
ture of premature ACS patients, in whom the risk
factor profile differs significantly according to sex.
While both sexes are exposed to common CV risk
factors, their distribution and associations with pre-
mature ACS differ. In women, premature ACS was
more strongly associated with cardiometabolic dis-
turbances, including diabetes, hyperglycemia, and
hypertension, whereas behavioral and lipid-related
factors appeared to play a more prominent role in
men. While smoking, alcohol consumption, and un-
controlled hypercholesterolemia were consistently
less frequent in women, non-cardiovascular condi-
tions such as thyroid disease and anemia were more
commonly observed. These sex-specific differences
suggest distinct underlying pathways contributing
to premature ACS[28]. In women, the predominance
of metabolic factors may influence disease manifes-
tation, whereas in men, lifestyle-related exposures
appear to be more relevant determinants [12]. Fi-
nally, our results identify smoking, uncontrolled hy-
percholesterolemia, and family history as the most

prominent independent determinants of premature
ACS. These associations were evident irrespective of
sex, although distinct patterns emerged. In women,
premature ACS was more strongly associated with
uncontrolled diabetes and arterial hypertension.
In contrast, in men, the condition appeared to be
driven predominantly by smoking and uncontrolled
hypercholesterolemia [29].

This study highlights specific clinical features
of patients with premature ACS, including fam-
ily history and other conventional risk factors
for atherosclerosis. These risk factors show clear
sex-related patterns, with men more commonly
presenting with smoking and uncontrolled hy-
percholesterolemia, while women have a greater
burden of diabetes and hypertension. Accordingly,
these findings emphasize the need for targeted
preventive strategies, including lifestyle modifica-
tion in men and stricter control of diabetes and
hypertension in women. Although these associ-
ations are not exclusive, they warrant particular
clinical attention.

Study strengths: This is the first study to in-
vestigate premature ASCVD in patients from
Kosovo. Because the university hospital is a ter-
tiary high-referral center, its catchment area also
includes patients from neighboring regions. Vari-
ations in therapy availability and healthcare sys-
tems may help explain the differences between
our findings and those reported in other Europe-
an countries, including those within the Greater
Western Balkans. Finally, to the best of our knowl-
edge, this is also the largest real-world evidence
analysis on this topic from the region.

Study limitations: The findings of this study
should be interpreted in light of several limita-
tions. The retrospective design, without longitudi-
nal follow-up, precluded evaluation of LDL-C target
achievement and treatment optimization over time.
In addition, LDL-C measurements were unavailable
in a notable proportion of patients, limiting assess-
ment of individualized lipid-lowering strategies. In-
formation on menopausal status was not available,
which may have influenced the interpretation of
sex-related differences in lipid profiles and CV risk.
Data on MASLD/MASH and metabolic syndrome
were also unavailable, limiting a more comprehen-
sive assessment of cardiometabolic risk. Finally,
although this single-center study reflects national
practice, it may still have limited generalizability.

In conclusion, premature ACS in Kosovo is pre-
dominantly driven by modifiable risk factors, par-
ticularly uncontrolled hypercholesterolemia and
smoking, while traditional age-related comorbid-
ities such as diabetes, hypertension, and hyper-
glycemia are less prevalent than in older patients.
Genetic susceptibility may further contribute to
early disease onset. Notably, sex-specific patterns
were observed, with a higher cardiometabolic bur-
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den in women and a predominance of lifestyle-re-
lated risk factors in men. These findings highlight
the need for early, targeted prevention strategies
and more aggressive lipid management to reduce
the burden of premature ACS.
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