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Abstract

Background: Coronary artery disease (CAD) is a major health concern
that also affects younger individuals, yet data on this population remain
limited. We aimed to analyze trends, clinical features, and risk factors in
patients aged =40 years undergoing invasive coronary angiography (ICA)
at a high-volume Italian center.

Methods: We retrospectively analyzed all patients aged =40 years who
underwent ICA from January 2010 to March 2024, assessing
demographics, cardiovascular risk factors (CVRFs), and clinical
presentations. We compared patients with significant CAD requiring
revascularization and those without, exploring gender and ethnic
differences.

Results: Of 38,304 ICA procedures, 441 (1.2%) involved young patients,
with a decreasing trend over time. Males comprised 74.1% of the cohort.
CAD requiring intervention was found in 100 procedures (22.7%), while
341 (77.3%) had no significant disease. The most prevalent CVRFs were
hypertension (30.6%), active smoking (28.8%), family history of ischemic
heart disease (26.8%), and hypercholesterolemia (24.9%). Diabetes
prevalence was lower (8.6%). CAD patients had a higher CVRF burden,
except for diabetes, which showed no significant difference. Notably,

10.0% of CAD patients lacked traditional CVRFs, while peripheral artery



disease was more prevalent in patients with CAD. In particular, non-
Caucasian patients had higher rates of hypertension,
hypercholesterolemia, diabetes, and CAD. Males had higher rates of ST-
segment elevation acute coronary syndrome and CAD, whereas nearly
half of females had no CVRFs. Results were consistent in a sensitivity
analysis restricted to the first procedure per patient.

Conclusions: In very young patients undergoing ICA, age and
hypercholesterolemia were the only independent predictors of
angiographic CAD, while ethnicity was not independently associated
after multivariable adjustment. Clinical presentation—particularly acute
coronary syndromes and typical angina— were strongly associated with
obstructive disease.

Keywords: coronary artery disease, young patients, invasive coronary
angiography, single center
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1. Intr ion
Coronary artery disease (CAD) is a significant health concern even
among younger individuals, though its low prevalence in this population
has resulted in a paucity of data. Despite this, CAD in a younger
population is associated with considerable morbidity, psychological
impact, socioeconomic burden, and a notable loss of Disability-Adjusted
Life Years (DALYSs), as it affects people in their most productive years!.2.
The age limit for defining a "young population" varies in the literature;
some studies establish a threshold of 45 years34, while others designate
it at 40 years. -6 For our study, we have opted for a threshold of 40 years
to select a very young population and to have a betier definition of
clinical characteristics and risk factors with a heavy impact from the
earliest age.
While age is widely recognized as a significant determinant for
cardiovascular disease (CVD), traditional risk factors, such as active
smoking, hypercholesterolemia, hypertension, diabetes, and family
history of CAD, have a more pronounced impact on younger individuals’.
Approximately 30 years of age appears to represent a threshold for these
risk factors to start having a major impact on the population. In fact, in
15-19-year-olds, only 2% of males and 0% of females exhibited major risk
factors, in contrast to the 30-34 age group, where they escalated to 20%
and 8%, respectively8. The distribution and predictive power of
cardiovascular risk factors (CVRFs) for acute myocardial infarction (MI)
differs across studies. The INTERHEART study’, showed that the classic

CVRFs had a greater relative impact on the risk of acute MI in younger



individuals compared to their older counterparts. This finding suggests
that many premature MIs could be preventable, highlighting the
potential for prevention in younger populations.

The Framingham study® reported a 10-year MI rate of 12.9 per 1000 men
aged 30-34 and 5.2 per 1000 women aged 35-44. Globally, it is estimated
that 2-6% of patients with MI are younger than 40 years old!0.11,
Although alternative diagnoses often receive more attention, CAD
accounts for over half of all sudden cardiac deaths (SCDs) in individuals
in their fourth decade of life!2.13, Furthermore, the incidence of acute MI
in younger patients has significantly increased over the past two to three
decades, as demonstrated by the Atherosclerosis Risk in Communities
(ARIC) Surveillance, particularly in developing countries!4.

The most common clinical presentation of CAD in younger patients is ST-
segment elevation acute coronaiy syndrome (ST-ACS), along with single-
vessel disease as identified through invasive coronary angiography
(ICA)>15,

The aim of the present study is to characterize the temporal trend, the
clinical features and the risk factors of individuals aged 40 years or
younger who underwent coronary angiography at our institution’s

catheterization laboratory (Cath-lab).

2. Methods

2.1 P lation



We conducted a retrospective analysis involving consecutive patients
aged 40 years or younger who underwent ICA (in both the acute and
chronic setting) at our institution (Policlinico Universitario Agostino
Gemelli IRCCS, Rome, Italy) from January 2010 to March 2024 (Figure

1).

Indications for ICA included suspected acute or chronic coronary
syndrome. All patients underwent ICA according to the contemporary
guideline recommendations valid at the time of the procedure and the
treating cardiologist’s clinical judgment; when available and appropriate,
non-invasive testing (exercise ECG, perfusion imaging, or coronary CT
angiography) or functional tests were performed prior to ICA in

accordance with prevailing local practice and guidelines.

The exclusion criteria were as follows: (1) procedures performed in
patients aged <18 years or >40 years; 2) planned percutaneous coronary
interventions (PCIs) performed without prior diagnostic angiography; (3)
coronary angiographies undertaken solely for preoperative assessment;

and (4) procedures with incomplete clinical or angiographic data.

Temporal trends in ICA procedures were first analyzed. Baseline clinical
and demographic characteristics were collected, together with data on
traditional cardiovascular risk factors and selected non-traditional risk
factors (e.g., chronic kidney disease, active malignancy, coagulation
disorders). Hypertension, diabetes mellitus, and hypercholesterolemia
were defined based on at least one of the following criteria: (i) a

documented prior physician diagnosis reported in the medical records,



(ii) ongoing use of disease-specific medications, or (iii) diagnosis
established at the time of admission for invasive coronary angiography
according to contemporary clinical standards. Smoking status was
defined according to patient-reported current or past cigarette smoking,
and these categories were analyzed separately in descriptive analyses
and included as covariates in regression models. Family history of
ischemic heart disease was defined according to standard criteria as
premature ischemic heart disease in a first-degree relative (age <55
years in men and <65 years in women), as documented in the medical
records. The absence of traditional cardiovascular risk factors was
therefore based on clinically documented diagnoses rather than on single
admission measurements alone. Recreationa!l drug use (cocaine and
cannabis) was recorded based on clinical documentation and toxicology
screening performed as part of routine clinical assessment in young

i wi u 1 acut .
atients with suspected acute coronary syndromes

For the purpose of clarity and consistent terminology, patients were
classified into two mutually exclusive groups for the main analyses: (1)
Patients with significant coronary artery disease (CAD) defined as the
presence of angiographically significant stenoses (=70% diameter
stenosis in a major epicardial vessel or =50% in the left main) or
angiographically intermediate stenoses (40-69%) with documented
objective evidence of myocardial ischemia (functional testing or invasive
physiological assessment); and (2) patients without significant coronary

artery disease (no-CAD), including individuals with completely normal



coronary arteries, those with angiographic evidence of only mild
atherosclerosis (lesions <40%), or those with intermediate stenoses (40-
69%) without objective evidence of ischemia. Non-atherosclerotic and
alternative etiologies were identified when documented in the medical
records, including spontaneous coronary artery dissection (SCAD),
coronary vasospasm/Prinzmetal angina, microvascular angina, congenital
coronary anomalies (e.g., anomalous coronary origin/course), myocardial
bridging, and coronary fistula. These procedures were classified within
the no-CAD group, as the primary endpoint was obstructive CAD based

on angiographic stenosis criteria and/or objective evidence of ischemia.

The primary unit of analysis was the coronary angiography procedure. In
patients who underwent more than one ICA bhefore the age of 40 years,
each procedure was initially considerad an independent case, in order to
reflect real-world clinical practice and the overall burden of invasive
coronary investigations in young patients. Among the 441 procedures
included in the analysis, 22 represented repeated angiographies
performed in the same patients. Specifically, 14 patients underwent two
procedures, 2 patients underwent three procedures, and 1 patient
underwent five procedures during the study period. Consequently, the
overall study cohort consisted of 419 unique patients and 441
procedures. To assess the potential impact of repeated procedures on
prevalence estimates and associations, a sensitivity analysis including
only the first coronary angiography per patient was subsequently

performed.



The main regression analyses were performed at the procedure level and
therefore assumed independence of observations; potential residual
within-patient correlation due to repeated procedures cannot be entirely

excluded.

Differences between procedures with significant coronary artery disease
(CAD) requiring percutaneous coronary intervention or coronary artery
bypass graft surgery and those without significant coronary disease were

subsequently assessed.

To evaluate the potential role of ethnicity, patients were stratified
according to Caucasian versus non-Caucasian origin. Ethnicity was
recorded according to the information availabie in the medical records,
based on administrative or self-reported data at the time of hospital

admission.

This retrospective study was conducted in accordance with the
Declaration of Helsinki. Ethical review and approval were waived by the
Institutional Review Board of Fondazione Policlinico Universitario A.
Gemelli IRCCS (Rome, Italy), in accordance with institutional policies for
retrospective studies based on anonymized data. All patients had
previously signed a general informed consent at the time of the
procedure, allowing the use of anonymized clinical data for research

purposes.

2.2. Statistical Analysis



Data are summarized as means (+ standard deviation) or medians (with
interquartile range) for continuous variables and as numbers and
percentages for categorical variables. Chi-square (¥?) or Fisher’s exact
test were employed to assess differences among categorical variables.
Student's t-test or Mann-Whitney U test was used to compare continuous
variables, depending on the presence of normal distribution. The
normality of continuous variables was formally assessed using both the
Kolmogorov-Smirnov and Shapiro-Wilk tests; non-normally distributed
variables were summarized as medians with interquartile range and

analyzed using non-parametric tests.

Multivariable logistic regression analyses were performed to identify
independent predictors of coronary artery disease. Separate models were
constructed to evaluate (i) traditional cardiovascular risk factors and
ethnicity, and (ii) clinical preseritation and echocardiographic variables,
adjusting for age and sex as a priori confounders. Given the relatively low
number of events, the number of covariates included in each model was
limited to preserve events-per-variable and reduce overfitting. Results
are reported as adjusted odds ratios with 95% confidence intervals. A
two-tailed p-value <0.05 was considered statistically significant for all
analyses. Statistical analysis was performed using IBM SPSS Statistics

30.

3. Results

3.1 Overview of Patients



Among 38,304 ICA procedures from 2010 to March 2024, 441 (1.2%)
were performed in patients aged = 40 years (including 22 repeated
cases). The cohort was predominantly male (74.1%). Of all procedures,
100 (22.7%) showed CAD treated by PCI or CABG (CAD group), whilst
341 (77.3%) showed no significant coronary atherosclerosis (no-CAD
group). Among no-CAD procedures, documented alternative etiologies
included SCAD (n=4), coronary vasospasm/Prinzmetal angina (n=8),
microvascular angina (n=1), congenital coronary anomalies (n=6),
myocardial bridging (n=4), and coronary fistula (n=1); myocarditis
(n=13) and cardiomyopathies (n=2) were also recorded as alternative
diagnoses. Overall, a decreasing trend in the nuniber of procedures over
time was observed (Figure 2). The mean age was 34 * 6 years (37 £ 4 in
the CAD group vs. 33 = 7 in the no-CAD group, respectively). A total of
373 (84.6%) participants were Caucasian, while 68 (15.4%) belonged to
other ethnic groups. Over the study period, a progressive increase in the
number of non-Caucasian patients undergoing invasive coronary
angiography was observed, whereas the number of Caucasian patients
remained relatively stable (Supplementary Figure 1). Baseline and
demographic characteristics of the included patients are summarized in

Table 1 and Table 2.

3.2 Risk factors
Table 2 and Figure 3 summarize CVRFs distribution among the
population. The most prevalent CVRFs were hypertension (30.6%), active

smoking (28.8%), a family history of ischemic heart disease (26.8%), and



hypercholesterolemia (24.9%). The prevalence of diabetes was
comparatively lower, with rates of 5.4% for insulin-treated individuals
and 3.2% for those on oral therapy. A higher prevalence of all traditional
CVRFs was observed in the CAD cohort compared to the no-CAD cohort,
encompassing hypertension (44.0% vs. 26.7%, p=0.001), active smoking
(43.0% vs. 24.6%, p<0.001), hypercholesterolemia (46.0% vs. 18.8%,
p<0.001), family history of IHD (40.0% vs. 22.9%, p=0.001), and obesity
(14.0% vs. 7.0%, p=0.029). The prevalence of diabetes was similarly low
between the two cohorts (3.0% vs. 3.2%, p = 0.910 in oral therapy and
8.0 % vs. 4.7%, p = 0.200 in insulin therapy). Among individuals with
CAD, 10.0% had no traditional CVRFs.

Peripheral artery disease (PAD) was more prevaient in the CAD group vs.
no-CAD group (11.1% vs. 4.5%, p=0.016), while chronic kidney disease
(7.1 % vs. 6.6 %, p=0.864), chronic obstructive pulmonary disease (2.0 %
vs. 2.4 %, p=0.818), active cancer (1.0 % vs. 2.4 %, p=0.394), past
cancer history (4.0 % vs. 4.2 %, p = 0.937), coagulation disorder (6.0%
vs. 4.5%, p=0.529), chronic inflammatory disease (16.0% vs. 12.9% p
=0.430) and recreational drug (4.0% vs 5.6%, p=0.53) were similarly
represented in the two groups (Table 2 and Figure 3).

The presence of congenital heart disease (4.0 % in CAD group vs. 16.8 %
in no-CAD group, p=0.001) was associated with only diagnostic
procedures due to the absence of significant coronary artery disease
(Table 2 and Figure 3).

A multivariable logistic regression analysis was performed to identify

independent cardiovascular risk factors associated with the presence of



coronary artery disease, including age, sex, ethnicity, and traditional risk
factors (Figure 4). Increasing age was independently associated with
CAD (OR 1.12 per year, 95% CI 1.06-1.19, p<0.001).
Hypercholesterolemia also emerged as an independent predictor of CAD
(OR 2.35, 95% CI 1.27-4.29, p=0.006).

Caucasian ethnicity showed a trend toward a lower likelihood of CAD
compared with non-Caucasian ethnicity; however, this association did not
reach statistical significance after multivariable adjustment (OR 0.51,
95% CI 0.26-1.03, p=0.067). Sex, diabetes stratified by treatment
modality, smoking status, hypertension, obesity, peripheral artery
disease, and family history of ischemic heart disease were not

independently associated with CAD in the adjusted model.

3.2.1 Sensitivity analysis

In a sensitivity analysis restricted to the first invasive coronary
angiography per patient (n = 419), the multivariable logistic regression
analysis yielded results consistent with the main procedure-based
analysis. Increasing age (OR 1.11 per year; p <0.001) and
hypercholesterolemia (OR 2.39; p = 0.007) remained independently
associated with coronary artery disease. Ethnicity was not independently
associated with coronary artery disease after adjustment (OR 0.52; p =

0.093).

3.3 Clinical tati 1 left tricular functi

Angina was predominant in CAD group vs. no-CAD patients (88.0% vs.



45.7%, p<0.001), while dyspnea was less prevalent (7.0% vs. 20.6% in
CAD vs. no-CAD group, p=0.002). (Table 3 and Figure 5). 102 (23.1%)
patients underwent ICA due to acute coronary syndrome. Among them,
57 (12.9%) presented with non-ST elevation Acute Coronary Syndromes
(NSTE-ACS) and 45 (10.2%) were ST elevation Acute Coronary
Syndromes (STE-ACS). Among patients presenting with STE-ACS,
obstructive CAD was found in 86.7%, compared with 47.4% among those
presenting with NSTE-ACS.

Patients with either preserved left ventricular ejection fraction (EF =
50%) (34.9% vs. 74.2%, p < 0.001) or severely reduced EF (<30%) (1.0%
in CAD group vs. 8.3% in no-CAD group, p= 0.010), were more likely to
have non-significant coronary disease whilst nc significant differences
were detected regarding mildly reduced EF (30%=< EF<50%) (10.1% in
CAD group vs. 14.2% in no-CAD group, p=0.297). These results are

reported in Table 2 ana Figare 5.

A separate multivariable logistic regression model including demographic
variables, clinical presentation, and echocardiographic findings was
performed to evaluate factors associated with the presence of coronary
artery disease at angiography (Figure 6). Increasing age was
independently associated with CAD (OR 1.10 per year, 95% CI 1.02-1.18,
p=0.014), whereas sex was not significantly associated with the presence

of coronary disease after adjustment.

Among clinical presentation variables, both STE-ACS (OR 87.45, 95% CI

26.2-291.8, p<0.001) and NSTE-ACS (OR 6.51, 95% CI 2.6-16.3, p<0.001)



were strongly associated with angiographic CAD. Typical angina
symptoms were also independently associated with CAD (OR 3.90, 95% CI
1.34-11.3, p=0.013), whereas dyspnea was not independently associated

with the presence of coronary disease.

Compared with mildly reduced ejection fraction, both preserved and
severely reduced ejection fraction were independently associated with a

lower likelihood of CAD.

3.4. Gender Differences

An analysis of gender differences was also performed (Table 4 and
Figure 7). Males had a higher incidence of STE-ACS (12.5% vs. 3.5%,
p=0.006) and had higher prevaience of CAD in general (25.4% vs. 14.9%,
p=0.022). There were also mcre frequently hypercholesterolemic, active
smoker and hypertensive (28.4% vs. 14.9%, p=0.004; 34.3% vs. 13.2%,
p<0.001; 34.3% vs. 20.2%, p=0.005, respectively). Conversely, nearly
half of the women had no identifiable CVRFs as compared to men (46.3%
vs. 25.8%, p<0.001). In relation to diabetes, diabetes mellitus on insulin
therapy was more prevalent among females (10.5% vs. 3.7%, p=0.005),
whereas diabetes mellitus on oral therapy was more prevalent in males
(4.3% vs. 0.0%, p=0.025). No significant difference was found as regards
familiarity for IHD (28.4% vs. 21.9%, p=0.176). The analysis of the
comorbidities indicated that females had a greater incidence of

coagulation disorders (3.1% vs. 9.7% p=0.005), dysthyroidism (3.8% vs.



15.2%, p<0.001), and anemia (3.1% vs. 11.6%, p=0.001). Conversely,
liver dysfunction was observed to be more prevalent among men (4.1%
vs. 0.0% p=0.030). Recreational drug use was significantly more
frequent in men than in women (6.7% vs 0.9%, p=0.016). Regarding
clinical presentation, angina was more prevalent in males (59.8% in
males vs. 43.6% in females, p=0.003), whilst syncope was more prevalent

in the female population (4.4% in males vs. 6.3% in females, p=0.044).

3.5. Ethnic Diff

Non-Caucasian patients were more frequently affected by diabetes on
oral therapy (10.3% vs. 1.9%, p<0.001), hypercholesterolemia (22.8% vs.
36.8%, p=0.014), and hypertension (55.9% vs. 26.0%, p<0.001); on the
contrary, active smoking was more represented in Caucasian patients
(31.9% vs. 11.8%, p=0.001). No significant differences were observed
regarding familiarity for IHD (26.8% vs. 26.5%, p=0.954) and obesity
(10.3% vs. 8.3%, p=0.592) between different ethnic groups. Lastly, PAD
was more prevalent in non-Caucasian individuals (9.3% vs. 5.1%,
p=0.006). These results are summarized in Table 5 and Figure 8. As per
clinical presentation, NSTE-ACS was significantly more frequent in non-
Caucasian individuals (20.6% vs. 11.5% p=0.041), whereas STE-ACS
were also more prevalent in non-Caucasian individuals, but the difference
did not reach statistical significance (14.7% vs. 9.4%, p=0.18).
Consequently, CAD was more frequent in non-Caucasian people (33.8%
vs. 20.6%, p=0.017). (Table 5 and Figure 8). Three-vessel CAD was

more prevalent in the non-Caucasian population compared to the



Caucasian population (7.8% vs. 2.5%, p=0.03). On the contrary, no
significant differences were observed in the incidence of one-vessel and

two-vessel disease between the groups (Supplementary Figure 2).

4. Discussion
The present study provides a detailed characterization of clinical
presentation and cardiovascular risk factors in very young patients (=40
years) referred for invasive coronary angiography due to suspected
coronary artery disease. Traditional cardiovascular risk factors were
common in this population, with the exception of diabetes, and 10% of
patients with angiographic CAD had no traditional risk factors. Among
non-traditional comorbidities, only peripheral artery disease was more
frequent in patients with CAD. We also observed clinically relevant
differences by sex and ethnicity, with non-Caucasian patients showing a
higher burden of several cardiometabolic risk factors.
Data on very youing patients undergoing invasive coronary angiography
for suspected CAD remain limited. Despite being a single-center study,
our cohort represents one of the largest reported cohorts of patients
aged =40 years undergoing ICA. A relevant finding was the high
proportion of diagnostic-only procedures, reflecting the low prevalence of
obstructive CAD in this age group, consistent with previous reports!6.17,
This finding suggests that those with normal coronary anatomy may not
necessarily be experiencing ACS or chronic coronary syndrome (CCS),

but they may have similar symptoms due to other conditions. Conversely,



it is worth noting that we included patients since 2010, a time in which
non-invasive anatomical tests, such as coronary computed tomography
(CT) angiography, were not yet widely adopted. Notably, we observed a
progressive reduction in the annual number of invasive procedures over
time, possibly reflecting the increasing adoption of non-invasive
diagnostic strategies, such as coronary CT angiography. However, other
factors, including changes in guideline recommendations, referral
patterns, and local diagnostic pathways, may also have contributed to
this trend. In this context, dyspnea showed poor association with
angiographic CAD in our population. According to the 2024 ESC
guidelines on CCS, individuals under 40 years of age with dyspnea,
factoring in up to five CVRFs (the maximum for the Risk Factor-weighted
Clinical Likelihood (RF-CL) score), are categorized as low or very low risk
for CAD. Consequently, it is plausible that a subset of the patients
enrolled in the study might have benefited from non-invasive testing
rather than immediaie invasive angiography.

One of the primary goals of our study was to provide an overview of the
prevalence of CVRFs in a tertiary high-volume center. Consistent with
several previous studies!8-20, traditional risk factors — including
hypertension, active smoking, hypercholesterolemia, family history of
coronary artery disease, and obesity— were more prevalent among
patients with angiographic CAD. When compared with other single-
center cohorts, differences in the burden of cardiovascular risk factors

emerge across geographic regions.



In a Polish single-center study involving young patients undergoing
coronary angiography?!, the prevalence of most traditional risk factors,
particularly dyslipidemia, smoking, and hypertension, was substantially
higher than in our cohort. These differences may reflect population-
specific characteristics as well as temporal trends, as our study enrolled
patients in a more recent era during which a gradual decline in
cardiovascular risk factor prevalence has been reported?2. Additionally, a
larger portion of our study population underwent coronary angiography
for indications other than ACS (which represented the main indication for
coronary angiography in the Polish study), including CCS, heart failure,
myocarditis and congenital disease. Despite these differences, our study
further confirmed that diabetes is the least prevalent risk factor among
younger individuals, a prevalence that is well-documented to be mostly
age-related?23.24,

Similarly, data from the Tawam Hospital cohort?® which included slightly
older patients, showed comparable rates of hypertension and
dyslipidemia but a markedly higher prevalence of diabetes and obesity.
This finding is likely related to both age differences and regional
epidemiological patterns. Notably, diabetes remained the least prevalent
risk factor in our cohort, supporting the concept that its impact on
coronary artery disease in very young individuals is strongly age-
dependent. This highlights the importance of country-specific registries
to guide efforts in addressing modifiable risk factors. In our study, data
about obesity and diabetes are relatively favorable compared to other

countries, potentially reflecting the benefits of the Mediterranean diet?2.



On the other hand, substantial efforts remain necessary to reduce the
rates of modifiable risk factors like dyslipidemia and arterial
hypertension. The difficulty in achieving effective blood pressure control
has led to 2024 ESC guidelines with stricter control measures and the
introduction of the new entity of “elevated blood pressure”?2’.

In multivariable analysis, increasing age and hypercholesterolemia
remained independently associated with angiographic CAD within the
constraints of the current model. However, these findings should be
interpreted with caution. The relatively limited number of CAD events in
this very young cohort restricts the events-per-variable ratio and may
reduce the statistical power to detect independent associations for other
traditional cardiovascular risk factors.

Moreover, clustering of risk factors such as male sex, smoking,
dyslipidemia, and hypertension is common in young patients, and this
interdependence may attenuate the apparent independent contribution of
individual variables i adjusted models. Importantly, lack of statistical
significance does not imply lack of biological relevance. The well-
established role of smoking, hypertension, and family history in
atherosclerosis remains unquestioned, and their contribution to the
overall cardiovascular risk profile in this population should not be
underestimated.

Given the growing recognition that factors beyond traditional
cardiovascular risk factors may contribute to coronary artery disease in
younger populations, we also evaluated the role of non-traditional

comorbidities. Among these, only peripheral artery disease was more



prevalent in patients with angiographic CAD, while chronic kidney
disease, chronic obstructive pulmonary disease, malignancy, coagulation
disorders, and chronic inflammatory diseases were not associated with
CAD.

The association between peripheral artery disease and coronary artery
disease in our cohort supports the concept of an early and systemic
atherosclerotic burden, even at a young age. Although PAD is not
currently included in tools estimating the pre-test probability of CAD, its
relevance is increasingly recognized, as reflected in the emphasis on
peripheral and carotid artery assessment in the 2024 ESC guidelines on
chronic coronary syndromes?28. These findings are consistent with
previous longitudinal studies demonstrating the prognostic significance
of early vascular disease in young individuals, including the Muscatine
Study 29 and the Cardiovascular Risk in Young Finns Study3°.
Sex-related differences emerged clearly in our cohort. In this context, it
is worth noting that males were significantly more prevalent than their
counterparts, constituting 74% as compared to 26%, particularly in the
context of ACS, similarly with the findings of previous studies3l. Males
exhibited a higher likelihood of presenting with common CVRFs, while
nearly half of the women displayed no identifiable risk factors. Females
were more prone to conditions such as dysthyroidism and anemia, which
may confound symptoms like dyspnea.

These findings suggest that traditional risk stratification based on
cardiovascular risk factors may be less effective in young women,

potentially contributing to differences in clinical presentation and



referral patterns. Our results were consistent with previous studies on
ACS32, that reported a higher prevalence in men. In a study by Revaiah et
al. 1, gender difference was so pronounced that 96.2% of ACS men aging
less or 40 years were men. In a large Swiss prospective cohort study,
Schoenenberger et al. 3! enrolled almost 29.000 patients with ACS,
finding a young (<35 years) female gender prevalence of 14.9%,
significantly lower than that observed in older age groups (p<0.001).
Together, these observations highlight the need for sex-specific
awareness in the evaluation of young patients presenting with suspected
coronary syndromes.

To the best of our knowledge, this is the first European study exploring
ethnic differences in cardiovascular risk factors, clinical presentation,
and angiographic findings among very young patients undergoing
invasive coronary angiography. Although the sample size was insufficient
to draw definitive conclusions, we hypothesize that ethnicity may act as a
surrogate for differernces in cardiometabolic risk profiles, access to care,
and social or environmental determinants. However, the non-Caucasian
group likely represented a heterogeneous population with different
geographic and ethnic backgrounds, and therefore the observed
associations should be interpreted with caution. In this context, ethnicity
should be considered mainly as a surrogate marker for cardiometabolic,
social, and environmental determinants rather than a causal factor per
se. Notably, we observed a significantly higher prevalence of NSTE-ACS
cases among non-Caucasian individuals, as well as a higher prevalence of

CAD and specifically three-vessel disease. This aligns with data from



American studies33 showing that African American males have the
highest incidence rates of MI, succeeded by African American females,
Caucasian males, and Caucasian females across all ages, including young
adults. However, ethnicity was not independently associated with
coronary artery disease after multivariable adjustment, suggesting that
the observed differences may be mediated by the unequal distribution of

cardiovascular risk factors and clinical presentation.

The last important result of our study involves the clinical presentation.
The majority of patients with coronary disease were admitted for angina
(88.0%). Dyspnea was less common (7.0%), followed by asthenia (5.0%)
and syncope (4.0%). The prominence of angina in both acute and chronic
settings has been well documented in other studies; however, its elevated
prevalence among younger patients deserves particular attention.
Additionally, those presenting with dyspnea were less likely to have
coronary disease. These findings were further supported by multivariable
analysis, in which acute coronary syndromes and typical angina emerged
as the strongest independent predictors of angiographic coronary artery
disease. The magnitude of these associations should be interpreted in the
context of an invasive cohort, in which patients presenting with acute
coronary syndromes are more likely to undergo coronary angiography
and to have obstructive disease identified. Therefore, these effect
estimates likely reflect selection characteristics of an ICA-based
population rather than a predictive effect applicable to the broader

community.



Nevertheless, this observation remains consistent with contemporary
European guidelines, which attribute increasing diagnostic weight to
angina symptoms within the risk-factor-modified clinical likelihood
model?8, In this sense, our findings reinforce the clinical relevance of
symptom characterization in young patients referred for invasive

evaluation.

The finding that both preserved and severely reduced ejection fraction
were associated with a lower likelihood of angiographic CAD may appear
counterintuitive. However, in very young patients, severe left ventricular
dysfunction is often related to alternative diagnoses such as myocarditis,
dilated cardiomyopathy, congenital heart disease, or other non-ischemic
conditions. Conversely, patients with preserved ejection fraction may be
referred for invasive angiography because of symptoms or suspected
ischemia, but ultimately shiow normal or non-obstructive coronary
arteries. These factors may explain the higher proportion of non-
significant coronary findings in these subgroups.

This study has several limitations. Its retrospective and single-center
design may limit generalizability. Clinical outcomes were not
systematically collected and therefore could not be evaluated. In
addition, the absence of systematic functional coronary assessment may
have led to an underestimation of non-obstructive coronary disease,
including conditions such as coronary vasospasm or microvascular
dysfunction. Moreover, systematic intracoronary imaging was not

available, and some etiological misclassification cannot be completely



excluded. Although data completeness for major cardiovascular risk
factors was high and procedures with incomplete clinical or angiographic
data were excluded, some degree of residual misclassification cannot be
entirely excluded due to the retrospective design and reliance on medical
record documentation rather than standardized prospective assessment.
In addition, as some patients underwent more than one invasive coronary
angiography before the age of 40, a sensitivity analysis restricted to the
first procedure per patient was performed, yielding results consistent
with the main analysis and supporting the robustness of our findings.
However, some degree of residual within-patient correlation cannot be
completely excluded. Moreover, ethnicity was recorded as a dichotomous
variable (Caucasian vs. non-Caucasian), and the non-Caucasian group
likely encompassed a heterogeneous mix of populations with diverse
genetic, cultural, and socioeconomic backgrounds. As such, ethnicity
should not be interpreted as a causal determinant of coronary disease
but rather as a surrogate marker potentially reflecting differences in
cardiometabolic burden, healthcare access, lifestyle factors, and broader
social determinants of health. This simplified categorization may limit the
external validity and mechanistic interpretation of these findings.

In addition, regarding the multivariable models, the relatively limited
number of CAD events (n=100 procedures) may have constrained
statistical power, particularly when multiple covariates were included.
The events-per-variable ratio and potential clustering among traditional
risk factors (e.g., smoking, dyslipidemia, and male sex) may have

attenuated the apparent independent contribution of individual variables.



These factors should be considered when interpreting the adjusted
estimates. Furthermore, it should be acknowledged that the absence of
statistical significance should not be equated with absence of biological
effect. Lastly, we acknowledge that cardiovascular risk factor profiles
may differ between patients presenting with ACS and those with CCS,
and that the lack of a direct subgroup comparison (ACS vs stable CAD) is
an important limitation of the present study: while we present clinical-
presentation-adjusted models, a formal, separate multivariable
comparison was not performed and remains an important subject for
future analyses.

Taken together, our findings should be interpreted within the evolving
landscape of premature coronary artery disease, where traditional risk
factors remain central but are increasingly accompanied by emerging
contributors—such as psychosocial stress, environmental exposures,
dietary patterns characterized by ultra-processed foods, elevated
lipoprotein(a), and recreational drug use34-38, underscoring the need for a

more comprehensive and forward-looking preventive approach in young

individuals.

nclusion
Coronary artery disease represents a clinically relevant condition also
among very young individuals, in whom data remain limited. In this large
single-center cohort of patients aged =40 years undergoing invasive
coronary angiography, traditional cardiovascular risk factors were highly

prevalent and strongly associated with the presence of angiographic



coronary artery disease. In multivariable analyses, increasing age and
hypercholesterolemia emerged as the only independent predictors of CAD,
underscoring their central role in early atherosclerotic disease.

Notably, a substantial proportion of young patients with CAD had no
traditional cardiovascular risk factors, highlighting the need for
alternative and complementary risk assessment strategies in this
population. Although non-Caucasian ethnicity was associated with a higher
burden of cardiovascular risk factors, more severe angiographic disease,
and a higher prevalence of acute coronary syndromes at univariable
analysis, ethnicity was not independently associated with CAD after
multivariable adjustment, suggesting that these differences are largely
mediated by the unequal distribution of cardicmetabolic risk factors and
clinical presentation.

Finally, clinical presentation played a pivotal role in identifying patients
with angiographic CAD, with acute coronary syndromes and typical angina
emerging as the strongest independent predictors, while dyspnea was
poorly associated with obstructive disease. These findings support a more
selective and individualized diagnostic approach in very young patients,
integrating age, lipid profile, and symptom characteristics to optimize risk

stratification and guide the use of invasive coronary angiography.
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Table 1. Baseline characteristics

Baseline characteristics All pr r 441
Mean age, years 346
No-CAD 77.3%
CAD 22.7%
Males 74.1%
Females 25.9%
Caucasian 84.6%
Other ethnic groups 15.4%

Abbreviations. CAD: Coronary artery disease

Table 2. Distribution of cardiovascular risk factors in the study population
according to the presence of coronary artery disease

Risk factors All No covonory Coronary p-value

procedures | disease (341; disease

441) 77.2%) (100;

22.7%)

Absence of risk factors 1_3'/ (31.0%) 127 (37.5%) 10 (10.0%) <0.001
Active smoke habit | 127 (28.8%) 84 (24.6%) 43 (43.0%) <0.001
Past smoke habit 29 (6.6%) 24 (7.0%) 5 (5.0%) 0.470
Hypertension 135 (30.6%) 91 (26.7%) 44 (44.0%) 0.001
Hypercholesterolemia 110 (24.9%) 64 (18.8%) 46 (46.0%) <0.001
Familiarity for IHD 118 (26.8%) 78 (22.9%) 40 (40.0%) 0.001
Diabetes on oral therapy 14 (3.2%) 11 (3.2%) 3 (3.0 %) 0.910
Diabetes on insulin therapy 24 (5.4%) 16 (4.7%) 8 (8.0 %) 0.200
Peripheral artery disease 26 (6.0%) 15 (4.5%) 11 (11.1%) 0.016
Chronic kidney disease 30 (6.7%) 23 (6.6 %) 7 (7.1 %) 0.864
(eGFR<60 ml/min/1.73 m2)
Chronic obstructive pulmonary 10 (2.3%) 8 (2.4 %) 2 (2.0 %) 0.818
disease
Obesity 38 (8.6%) 24 (7.0 %) 14 (14.0%) 0.029




Coagulation disorder 21 (4.8%) 15 (4.5 %) 6 (6.0%) 0.529
Chronic inflammatory disease 60 (13.6%) 44 (12.9 %) 16 (16.0%) 0.430
Active cancer 9 (2.1%) 8 (2.4%) 1(1.0%) 0.394
History of cancer 18 (4.1%) 14 (4.1 %) 4 (4.0%) 0.937
Use of recreational drug 23 (5.2%) 19 (5.6%) 4 (4.0%) 0.534
Anemia 24 (5.4%) 21 (6.2%) 3 (3.0%) 0.243
Dysthyroidism 30 (6.8%) 26 (7.6%) 4 (4.0%) 0.221
Liver dysfunction 12 (2.7%) 10 (2.9%) 2 (2.0%) 0.504
Congenital heart disease 61 (13.8%) 57 (16.7%) 4 (4.0%) 0.001
STE-ACS 45 (10.2%) 6 (1.8%) 39 (39.0%) <0.001
NSTE-ACS 57 (12.9%) 30 (8.8%) 27 (27.0%) <0.001
Preserved EF (= 50%) 286 (64.9%) 252 (73.9%) 54 (34.0%) <0.001
[

Mildly reduced EF 58 (13.2%) 48 (14.2%) 10 (10.1%) 0.297
(30%=EF<50%)

Severely reduced EF (EF<30%) 29 (6.6%) | 28 (8.2%) 1 (1.0%) 0.010

Abbreviations. IHD: Ischemic Heart Disease; eGFR: Estimated Glomerular Filtration
Rate; STE-ACS: ST-Elevation Acute Coronary Syndrome; NSTE-ACS: Non-ST-Elevation
Acute Coronary Syndrome

EF: Ejection Fraction

Table 3 Symptoms and clinical presentation on admission.

Clinical presentation All No coronary Coronary p-value
and Symptoms procedures disease (341; disease (100;

441) 77.3%) 22.7%)
Clinical presentation: 45 (10.2%) 6 (1.8%) 39 (39.0%) <0.001
STE-ACS
Clinical presentation: 57 (12.9%) 30 (8.8%) 27 (27.0%) <0.001
NSTE-ACS
Dyspnea 77 (17.4%) 70 (20.6%) 7 (7.0 %) 0.002
Angina 245 (55.6%) 157 (46.0%) 88 (88.0%) <0.001
Syncope 22 (5.0%) 18 (5.2%) 4 (4.0%) 0.640




and Symptoms procedures i 41; disease (100;

441 77.3% 22.7%
Clinical presentation: 45 (10.2%) 6 (1.8%) 39 (39.0%) <0.001
STE-ACS
Clinical presentation: 57 (12.9%) 30 (8.8%) 27 (27.0%) <0.001
NSTE-ACS
Dyspnea 77 (17.4%) 70 (20.6%) 7 (7.0 %) 0.002
Angina 245 (55.6%) 157 (46.0%) 88 (88.0%) <0.001
Asthenia 41 (9.3%) 36 (10.6 %) 5 (5.0%) 0.092
Cardiac arrest 21 (4.9%) 14 (4.2%) 7 (7.0%) 0.259

Abbreviations. STE-ACS: ST-Elevation Acute Coronary Syndrome; NSTE-ACS: Non-ST-

Elevation Acute Coronary Syndrome.

Table 4.Gender differences in the prevalence of cardiovascular risk factors and

other clinical features.

Mal 27; : &;;&(M
Features 74.19 N 25.9%) p-value
Absence of risk factors 84 (25.8%) 53 (46.3%) <0.001
.I_ —
Active smoke habit 112 (34.3%) 15 (13.2%) <0.001
Past smoke habit 19 (5.8%) 10 (8.8%) 0.272
Hypertension 112 (34.3%) 23 (20.2%) 0.005
Hypercholesterolemia 93 (28.4%) 17 (14.9%) 0.004
Familiarity for IHD 93 (28.4%) 25 (21.9%) 0.176
Diabetes on oral therapy 14 (4.3%) 0 (0.0%) 0.025
Diabetes on insulin therapy 12 (3.7%) 12 (10.5%) 0.005
Peripheral artery disease 22 (6.6%) 5 (4.5%) 0.414




Chronic kidney disease (eGFR<60

ml/min/1.73 m?) 23 (6.9%) 7 (6.3%) 0.803
Chronic obstructive pulmonary

disease 8 (2.5%) 2 (1.8%) 0.659
Obesity 31 (9.5%) 7 (6.1%) 0.274
Coagulation disorder 10 (3.1%) 11 (9.7%) 0.005
Chronic inflammatory disease 40 (12.1%) 21 (18.0%) 0.118
Active cancer 5 (1.5%) 4 (3.5%) 0.200
History of cancer 11 (3.4%) 7 (6.3%) 0.193
Use of recreational drug 22 (6.7%) 1 (0.9%) 0.016
Heart failure 22 (6.6%) [ S (6.7%) 0.982
Preserved EF (=50%) 212 (%7%,‘ 75 (65.4%) 0.888
Mildly reduced EF (30= EF<50%) 36 (11.0%) 22 (19.6%) 0.023
Severely reduced EF (EF<30%) 22 (6.6%) 8 (6.6%) 0.982
Congenital heart disease 43 (13.1%) 18 (15.9%) 0.451
Anemia 10 (3.1%) 13 (11.6%) 0.001
Dysthyroidism 12 (3.8%) 17 (15.2%) <0.001
Liver dysfunction 13 (4.1%) 0 (0.0%) 0.030
Angina 196 (59.8%) 50 (43.6%) 0.003
Dyspnea 51 (15.7 %) 25 (22.3 %) 0.114
Asthenia 30 (9.1%) 11 (9.7%) 0.847




Syncope 14 (4.4%) 7 (6.3%) 0.044
CAD 83 (25.4%) 17 (14.9%) 0.022
STE-ACS 41 (12.5%) 4 (3.5%) 0.006
NSTE-ACS 44 (13.5%) 13 (11.4%) 0.574
One vessel disease 68 (20.8%) 14 (12.4%) 0.064
Two vessels disease 25 (7.6%) 4 (3.9%) 0.192
Three vessels disease 12 (3.8%) 2 (1.9%) 0.358

Abbreviations. IHD: Ischemic Heart Disease; eGFR: Estimated Glomerular Filtration
Rate; EF: Ejection Fraction; CAD: Coronary Artery Disease; STE-ACS: ST-Elevation
Acute Coronary Syndrome; NSTE-ACS: Non-ST-Elevation Acute Coronary Syndrome

Table 5. Ethnic differences in the prevalence of cardiovascular risk factors

(CVRFs) and other clinical features.

Features Caucasian LL—'L_ Non p-value
BA:J‘L_‘YQL B 15.4%)
Absence of risk factors [ 119 (32.0%) 15 (21.5%) 0.072
Active smoke habit 119 (31.9 %) 8 (11.8%) 0.001
Past smoke habit 24 (6.4%) 5 (7.4%) 0.779
Hypertension 97 (26.0%) 38 (55.9%) <0.001
Hypercholesterolemia 85 (22.8%) 25 (36.8%) 0.014
Familiarity for IHD 100 (26.8%) 18 (26.5%) 0.954
Diabetes on oral therapy 7 (1.9%) 7 (10.3%) <0.001
Diabetes on insulin therapy | 20 (5.4%) 4 (5.9%) 0.862




Peripheral artery disease 18 (4.7%) 9 (13.4%) 0.006
Chronic kidney disease 22 (5.8%) 8 (11.9%) 0.066
(eGFR <60 ml/min/1.73 m?2)
Chronic obstructive 10 (2.8%) 0 (0.0%) 0.169
pulmonary disease
Obesity 31 (8.3%) 7 (10.3%) 0.592
Coagulation disorder 20 (5.4%) 1 (1.5%) 0.167
Chronic inflammatory 53 (14.2%) 7 (10.4%) 0.437
disease
Active cancer 8 (2.2%) 1 (1.5%) 0.721
History of cancer 16 (4.4%) 2 (3.0%) 0.606
Use of recreational drug 19 (5.1%) | 4 (5.9%) 0.788
Heart failure 22 (5.9%) 7 (10.8%) 0.144
Preserved EF (=50%) 250 (66.9%) 37 (53.8%) 0.043
L
| 58 (15.5%) 5 (7.7%) 0.154

Mildly reduced EF
(30=EF<50%)

22 (5.9%) 7 (10.8%) 0.144
Severely reduced EF
(EF<30%)

48 (13.0%) 12 (18.2%) 0.265
Congenital heart disease
Dysthyroidism 29 (7.7%) 1(1.5%) 0.062
Anemia 22 (5.8%) 2 (3.0%) 0.349
Angina 208 (55.8%) 38 (55.2%) 0.941

61 (16.3%) 16 (23.9%) 0.131

Dyspnea




30 (8.0%) 11 (16.4%) 0.028
Asthenia

15 (4.1%) 6 (9.0%) 0.092
Syncope
CAD 77 (20.6%) 23 (33.8%) 0.017
STE-ACS 35 (9.4%) 10 (14.7%) 0.182
NSTE-ACS 43 (11.5%) 14 (20.6%) 0.041
One vessel disease 68 (18.1%) 15 (22.2%) 0.444
Two vessels disease 22 (6.0%) 7 (10.9%) 0.144
Three vessel disease 9 (2.5%) 5 (7.8%) 0.032

Abbreviations. IHD: Ischemic Heart Disease; eGFR: Estimated Glomerular Filtration
Rate; EF: Ejection Fraction; CAD: Coronary Artery Disease; STE-ACS: ST-Elevation
Acute Coronary Syndrome; NSTE-ACS: Non-ST-Elevation Acute Coronary Syndrome

Graphical abstract Coronary artery disease in young patients.
Prevalence of major CVRFs in patients with and without CAD, stratified

by sex and ethnicity.

Figure 1 Flow-chart of patients’ selection

Figure 2 Trend of procedures over the years



Figure 3 Distribution of traditional and non-traditional risk factors in
people < 40-year-old with or without coronary artery disease. CVRFs:
cardiovascular risk factors, IHD: ischemic heart disease; PAD: peripheral
artery disease; CKD: chronic kidney disease

Figure 4 Forest plot of the multivariable logistic regression analysis
evaluating independent cardiovascular risk factors and ethnicity
associated with coronary artery disease

Figure 5 Clinical presentation and left ventricular ejection fraction at
admission. EF: ejection fraction

Figure 6 Forest plot of the multivariable logistic regression analysis
Including clinical presentation and echocardiographic variables
associated with the presence of coronary artery disease.

Figure 7 Gender differences in our population.

Figure 8 Ethnic Differences in our population. CAD: coronary artery
disease

Supplementary Figure 1 Temporal trend in the number of Caucasian
and non-Caucasian patients aged <40 years undergoing invasive
coronary angiography from 2010 to 2024.

Supplementary figure 2 Ethnic Differences in angiography findings



Repeated procedures in
the same patients
were counted as
independent cases

N =22/441 (4.9%)
+ 14 patients with 2 ICA
+ 2 patients with 3 ICA
+ 1 patient with 5 ICA

Invasive coronary angiography
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Independent cardiovascular risk factors associated with coronary artery disease

Age (per year increase) -

Female sex -

Diabetes (oral therapy) 1

Diabetes (insulin therapy) 1

Family history of IHD A

Current smoking

Former smoking A

Hypercholesterolemia -

Hypertension -

Obesity -

Peripheral artery disease -

Caucasian ethnicity (vs non-Caucasian)
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Adjusted odds ratio (log scale)

1.12 (1.06-1.19); p=<0.001

0.60 (0.30-1.18); p=0.146

0.28 (0.06-1.28); p=0.099

1.53 (0.51-4.60); p=0.447

1.14 (0.65-2.01); p=0.641

1.55 (0.86-2.80); p=0.148

0.51 (0.17-1.53); p=0.233

2.35 (1.27-4.29); p=0.006

1.05 (0.57-1.93); p=0.870

1.19 (0.50-2.84); p=0.694

0.48 (0.15-1.53); p=0.226

0.51 (0.26-1.03); p=0.067
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Angina -

Dyspnea A

LVEF <30%

LVEF 30-49% -

LVEF =50% A

NSTEMI / unstable angina A

STEMI ~

Female sex -

Age (per year increase)
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Adjusted odds ratio (log scale)

102

3.90 (1.34-11.36); p=0.013

1.23(0.37-4.11); p=0.732

0.02 (0.00-0.18); p<0.001

0.03 (0.01-0.13); p<0.001

0.02 (0.01-0.07); p<0.001

6.51 (2.60-16.29); p<0.001

87.44 (26.98-283.44); p<0.001

0.91 (0.34-2.39); p=0.842

1.10 (1.02-1.18); p=0.014



CAD

Familiarity for IHD
Liver dysfunction
Syncope

Angina

Anemia
Dysthyroidism
Coagulation disorder
Diabetes on insulin therapy
No identifiable CVRFs
Hypertension

Smoke habit
Hypercholesterolemia
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Percentage
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Coronary artery disease in young patients

38304 consecutive ICAs

2010 - 2024
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