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According to the European Society of Cardiology (ESC) prevention 
guidelines, the main goal of cardiovascular prevention is to reduce dis-
ease burden by a dual approach through population level as well as in-
dividual level interventions emphasizing the importance of a tailored 
strategy.1 The Systematic COronary Risk Evaluation 2 (SCORE2) re-
presents a tool for 10-year prediction of fatal and non-fatal cardiovas-
cular events for primary prevention of cardiovascular disease (CVD) 
among individuals aged between 40 and 79 years taking into account 
age, sex, smoking status, systolic blood pressure, total and high density 
lipoprotein (HDL) cholesterol. The results, stratified by region accord-
ing to low, moderate, high and very high cardiovascular risk, provide a 
general guidance for management of cardiovascular risk factors.1 The 
ESC guidelines deem the SCORE2-calculated cardiovascular risks to 
be subject to refinement by potential risk modifiers. Among the imaging 
modalities, the guidelines recommend coronary artery calcium (CAC) 
scoring to improve CVD risk stratification. Alternatively, when a 
CAC score is not feasible, carotid artery plaque assessment may be 
considered as a risk modifier among individuals at intermediate risk. 
Due to the lack of methodological standardization and the absence 
of added value of carotid intima media thickness (IMT) in predicting fu-
ture CVD events, the current ESC guidelines do not recommend the 
systematic assessment of IMT.1

In this issue of the European Journal of Preventive Cardiology, Dr. 
Elizabeth Paratz and colleagues assessed the presence of extra- 
coronary atherosclerosis in young people with sudden cardiac death 
due to coronary artery disease (CAD).2 Among 3044 individuals, 
from the prospective registry EndUCD from the Victoria State, 
Australia, who experienced autopsy-proven sudden cardiac death; 
356 were due to CAD. Presence of extra-coronary atherosclerosis 
was assessed in 4 arterial beds including the aorta, carotid, renal and 
femoral arteries. The study found extra-coronary plaque to be present 
in only 17% of the individuals, suggesting that severe CAD does not 

necessarily reflect a systemic disease in young people.2 The study re-
sults, however, should be cautiously interpreted in the context of the 
following potential limitations: 1) Selection bias may be a determining 
factor in the decision as to who undergoes autopsy, 2) Assessment 
of the presence and severity of atherosclerosis in the 4 extra-coronary 
arterial territories, analysed by the authors, might not have been sys-
tematically followed as a standard autopsy procedure for all individuals. 
Additionally, while the authors assessed CAD-related deaths, evaluating 
fatal or disabling strokes could have further contributed to understand-
ing the pathophysiology of systemic atherosclerosis in young individuals.

Paratz and colleagues identified older age and hypertension as char-
acteristics associated with extra-coronary atherosclerosis. Besides 
traditional cardiovascular risk factors, others including genetic back-
ground, inflammation burden, as well as lifestyle are involved in the ath-
erosclerosis development and its complications.3 Atherosclerosis 
complexity is seem to be driven by a different pathophysiology be-
tween CAD and peripheral arterial disease (PAD).4 Compared to 
CAD, the thromboembolic component plays an important role in car-
dioembolic stroke as well as advanced diseases of lower extremity, such 
as acute limb ischaemia (ALI) or chronic limb threatening ischaemia 
(CLTI).5 In particular, different studies demonstrated the lack of in 
situ atherosclerosis in limbs affected by ALI and CLTI, suggesting a rele-
vant component of embolism by proximal sources (e.g. abdominal aor-
ta).5 These key differences concur to explain the complexity of 
atherosclerosis between coronary and non-coronary territories. 
Moreover, compared to those with isolated atherosclerosis, patients 
affected by polyvascular disease are at larger risk of major adverse car-
diovascular events (MACE) and therefore early detection of multisite 
atherosclerosis, followed by early and aggressive management, could 
improve the outcomes.6

The question about PAD screening to predict CAD in young sub-
jects is: who, when and why? Historically, duplex ultrasound of ca-
rotid arteries has been the most common non-invasive test to 
assess the peripheral atherosclerotic burden, even in young popula-
tions. The Cardiovascular Risk in Young Finns Study (YFS) assessed 
the determinants of CVD among 2641 subjects with a mean age of 
32 years. Compared to patients without CVD, those who developed 
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atherosclerotic cardiovascular disease (ASCVD) had higher carotid 
IMT and larger prevalence of carotid plaque.7 While individuals esti-
mated as having a high or very high SCORE2-calcuated risk (≥2.5%) 
had about 4-times greater risk of developing ASCVD than individuals 
estimated having low SCORE2-calcuated risk (<2.5%), high IMT or 
presence of carotid plaque were associated with about 2-times great-
er ASCVD risk. In the Progression of Early Subclinical Atherosclerosis 
(PESA) study, the subclinical atherosclerosis was demonstrated in 2/3 
of subjects aged between 40 and 54 years involving not only carotid 
but also aorta and iliofemoral districts.8 Therefore, the absence of 
subclinical atherosclerosis in a single atherosclerosis bed does not ex-
clude the damage in others whereas polyvascular atherosclerosis 
confers a higher risk for ASCVD events. On the contrary, the man-
agement of asymptomatic patients with PAD remains challenging, 
as studies such as POPADAD and AAA failed to demonstrate a bene-
fit of aspirin in reducing ischaemic events.9,10 The systematic screen-
ing of subclinical atherosclerosis does not seem feasible and 
cost-effective at large scale and should be individualized according 
to SCORE2 as well as concomitant conditions such as familial hyper-
cholesterolemia (FH), elevated levels of lipoprotein (a) and diabetes 
mellitus.11 Several ongoing randomized controlled trials (RCTs) in 
primary prevention setting aim to provide further insights in this re-
gard. The PRECAD study (NCT06494501) is currently recruiting pri-
mary prevention subjects aged between 20–39 years with low density 
lipoprotein (LDL) cholesterol of 70 mg/mL or above comparing an 
early and aggressive management by lipid, blood pressure and glucose 
lowering therapies vs. standard of care. The study will assess the 
5-year change in atherosclerotic plaque burden from baseline in ca-
rotid and femoral arteries by 3D vascular ultrasound. In parallel, 
the TRANSFORM study (NCT06112418) is enrolling patients with-
out known symptoms of ASCVD but at high risk for ASCVD due 
to their age and having diabetes, prediabetes, or metabolic syndrome. 
Participants are randomly assigned to a personalized care strategy vs. 
usual care, and all participants undergo coronary computed tomog-
raphy angiography (CCTA) scan. The personalized strategy includes 
a CAD plaque staging system report at baseline and at 24-months, 
providing further evidence for discussion and care planning with pa-
tients. The main aim of the study is to assess whether a CAD staging 
system-based care strategy reduces CVD events compared with risk 
factor-based care. Studies like PRECAD and TRANSFORM may assist 
to answer the several pending questions on the value of invasive and 
non-invasive subclinical atherosclerosis screening, the optimal 
screening modality, the threshold for intervention, and the long-term 
benefits of early detection are still debated. Future research should 
focus on refining non-invasive imaging techniques, improving 
biomarker-based risk assessment, and encompassing artificial intelli-
gence to enhance predictive accuracy. Finally, large-scale studies are 
needed to determine the cost-effectiveness and clinical impact of 
early screening, ultimately guiding personalized prevention strategies, 
in particular for young individuals at risk of CVD.
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This is an update to: European Journal of Preventive Cardiology, zwaf032, https://doi.org/10.1093/eurjpc/zwaf032

Aims This study aims to define the association between severe coronary artery disease and widespread atherosclerosis in younger 
individuals.

Methods 
and results

Individuals aged 1–50 years with sudden cardiac death (SCD) from 2019 to 2023, autopsy-proven to be due to coronary 
artery disease, were identified using the state-wide End Unexplained Cardiac Death (EndUCD) registry. Presence of extra- 
coronary atherosclerosis greater than modified American Heart Association Class III was assessed in four arterial beds 
(aorta, carotid, renal, and femoral arteries). A total of 3044 individuals experienced SCD; 356 were due to coronary artery 
disease, and 62 (17.4%) had extra-coronary plaque. Plaque was identified in the aorta (n = 61 patients, 17.1%), carotid arteries 
(n = 9, 2.5%), iliofemoral arteries (n = 11, 3.1%), and renal arteries (n = 6 patients, 1.7%). Features associated with extra- 
coronary plaque were older age (median 47.8 vs. 44.4 years, P = 0.0002) and hypertension (30.7 vs. 18.7%, P = 0.035). 
Patients with extra-coronary plaque had higher rates of cardiomegaly (67.9 vs. 50.7%, P = 0.019), cardiac fibrosis indicative 
of previous myocardial infarction (46.8 vs. 31.0%, P = 0.017), and multi-vessel coronary disease (71.7 vs. 55.9%, P = 0.024).

Conclusion Fewer than one in five people aged 1–50 years experiencing SCD from a coronary cause exhibited extra-coronary plaque, 
suggesting that in young people, severe atherosclerosis is not necessarily a concurrent systemic disease. This may limit the 
utility of screening for carotid or aortic plaque to predict coronary atherosclerosis on an individual level. Individuals with 
extra-coronary plaque were older with more established coronary disease.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Lay summary Fewer than 20% of young and middle-aged people aged 1–50 years who died suddenly with severe coronary disease iden

tified at autopsy had atherosclerotic plaque identified elsewhere in their bodies.  

• These findings suggest that in young people, severe atherosclerosis is not necessarily a systemic disease.

• It has been suggested that ultrasounds of neck arteries may be a useful test to predict coronary disease, but in younger and 
middle-aged people in our study, this would not have been a useful test and would not necessarily have resulted in lives 
saved.
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Graphical Abstract

Keywords Mortality • Cardiac arrest • Myocardial infarction • Forensic medicine

Background
Sudden cardiac death (SCD) in the young is a major public health problem, 
responsible for one-third of deaths in the age group and imposing a sub
stantial economic burden.1,2 Coronary artery disease is the most common 
cause of SCD in individuals <50 years old.2–6 Strategies to predict and pre
vent SCD due to coronary disease would be of high potential benefit.7

Atherosclerosis, the pathology underlying almost all coronary artery 
disease, is the development of endothelial dysfunction resulting in inflam
matory plaques comprised of lipids and cholesterol.8 It is a complex and 
heterogeneous process.9 Ultrasound on non-coronary arterial beds such 
as the carotid arteries is inexpensive and highly feasible, resulting in a large 
body of work investigating the promise of predicting coronary artery 
disease using non-invasive non-irradiating techniques such as carotid 
ultrasonography.10–13 However, these studies largely examined older po
pulations who have more generalized atherosclerosis. Examining the cor
relation between coronary and extra-cardiac atherosclerosis in young 
and middle-aged individuals has been less studied, partly due to lower in
cidence rates and pre-test probability of coronary disease.

This study examined a population of young individuals with known 
premature coronary disease resulting in fatal cardiac events and used 
the gold standard of autopsy examination to directly visualize plaque 
deposition in both coronary and multiple extra-cardiac sites.

Methods
Data sources
The EndUCD registry: the methodology and inclusion criteria of the End 
Unexplained Cardiac Death (EndUCD) registry have been described in 

detail previously,2,14 and a detailed description of the methodology of the 
EndUCD registry is provided in the Supplementary material. In brief, the 
EndUCD registry includes all people aged 1–50 years in the state of 
Victoria, Australia (population 6.7 million)15 who have experienced sudden 
cardiac arrest attended by the state-wide ambulance service, Ambulance 
Victoria, with linkage of ambulance data to forensic data (post-mortem, po
lice narratives of circumstances, and toxicology reports) obtained from the 
National Coronial Information System. The EndUCD registry commenced 
prospectively in April 2019.

Inclusion criteria
This study included individuals without prior coronary revascularization 
who died from sudden cardiac arrest in the time period April 2019–April 
2023 and proceeded to a comprehensive autopsy assessment with the 
cause of SCD determined to be ischaemic heart disease.

Autopsy assessment
All autopsies performed were undertaken according to international re
commendations for investigation of sudden death in the young.16,17 This in
cludes a detailed examination of cardiac structures including the coronary 
arteries, with 3 mm sections taken throughout. Additional histopathology, 
biochemistry, and toxicological testing were performed as clinically indi
cated. The definition of atherosclerosis used was a simplified form of the 
modified American Heart Association (AHA) classification of atheroscler
osis.18,19 Within this study, the presence of greater than Class III modified 
AHA atherosclerosis was defined as determining the presence of athero
sclerosis (Table 1). Four major arterial extra-coronary territories were as
sessed: carotid arteries, aorta, renal arteries, and femoral arteries. The 
standard autopsy template used in Victoria includes the aorta and major 
branches, as well as a separate analysis of carotid arteries to their bifurca
tions, and intracerebral vessels. Not all cases included in this study received 
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detailed examination of the brain, and therefore these data were not in
cluded in the overall results, particularly since intracerebral vessels are 
not routinely imaged as a methodology of screening for coronary athero
sclerosis. Given the limitations of variations in autopsy report descriptions 
of plaque, it was determined that the modified AHA score could not be 
used in its most granular form, but only in a simplified binary manner of 
presence/absence. To qualify as having evidence of extra-cardiac athero
sclerosis, patients were required to have less than Class III atherosclerotic 
plaque reported in only one non-coronary arterial bed. Examples of what 
textual descriptions were considered as significant and non-significant or 
absent plaque are provided in Supplementary material online, Figures S2
and S3.

Methodology
Patients with extra-cardiac atherosclerosis present were compared to 
those without extra-cardiac atherosclerosis. Cardiovascular risk factors 
(CVRF) were defined as the presence of hypertension, active/historical 
smoking, hyperlipidaemia, and/or diabetes mellitus. Excess alcohol use 
was defined as reported >20 standard drinks per week, regular binge 
drinking, or alcohol-related liver changes seen on autopsy on a back
ground of reported heavy use. Comparison was made according to clinical 
characteristics and autopsy findings. Categorical variables were assessed 
using a chi-squared test, with results reported as absolute values and 
percentages. For continuous variables, normality was assessed using 
a Shapiro–Wilk test and statistical comparisons made using the 
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Table 1 American Heart Association classifications of atherosclerosis

Class Histological description Morphological description Defined as significant 
atherosclerosis within study

Class I Initial lesion with foam cells Non-atherosclerotic intimal lesions No

Class II Fatty streak with multiple foam cell layers

Class III Pre-atheroma with extracellular lipid pools
Class IV Atheroma with a confluent extracellular lipid core Progressive atherosclerotic lesions Yes

Class V Fibro-atheroma

Class VI Complex plaque with possible surface defect or 
haemorrhage or thrombus or some combination

Class VII Calcified plaque

Class VIII Fibrotic plaque without lipid core

Figure 1 CONSORT diagram of patient inclusion.
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Mann–Whitney test, with results reported as median value and interquar
tile range (IQR). A P value of <0.05 was considered significant for all com
parisons. All statistical analysis was performed using STATA/MP v17.0 
(STATACorp, TX, USA).

Results
Overall characteristics
A total of 356 patients were included in the study (Figure 1), with 
301 male (84.6%) and a median age of 45.2 years (IQR 40.5–48.5 years, 
7 patients aged ≤30 years). Distribution of age by decade was ≤20 
years = 0; 20–29.9 years = 7 patients; 30–39.9 years = 74 patients; 
40–49.9 years = 275 patients. A total of 209 patients (58.7%) had pre- 
existing CVRF. The majority (n = 209, 58.7%) experienced their SCD 
while sedentary.

Location of sites of extra-coronary 
atherosclerosis
A total of 62 patients (17.4%) had extra-cardiac plaque identified on 
autopsy (Table 2). Plaque was most commonly identified in the aorta 
(n = 61, 17.1%), followed by carotid arteries (n = 9, 2.5%), iliofemoral 
arteries (n = 11, 3.1%), and renal arteries (n = 6 patients, 1.7%) 
(Figure 2). A total of 44 patients (12.4%) had significant plaque present 
in ≥2 arterial beds in addition to their coronary disease.

Factors associated with extra-coronary 
atherosclerosis
The only demographic features associated with extra-coronary plaque 
were older age (median 47.8 vs. 44.4 years, P = 0.0002) and known 
hypertension (30.7% in those with extra-coronary plaque vs. 18.7% 
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Table 2 Patient characteristics

Extra-cardiac  
atherosclerosis (n = 62)

Coronary atherosclerosis  
only (n = 294)

Significance

Median age (years) 47.8 (43.1–49.6) 44.4 (39.8–48.4) P = 0.0002
Age 20–29.9 years, n (%) 0 (0.0%) 7 (2.4%) P = 0.018
Age 30–39.9 years, n (%) 6 (9.7%) 68 (23.1%)
Age 40–50 years, n (%) 56 (90.3%) 219 (74.5%)

Male gender, n (%) 52 (83.4%) 249 (84.7%) P = 0.871

Median BMI (kg/m2) 30.1 (25.3–34.9) 29.8 (25.5–34.0) P = 0.8111
Any CVRFs, n (%) 40 (64.5%) 169 (57.5%) P = 0.307

Hypertension, n (%) 19 (30.7%) 55 (18.7%) P = 0.035
Dyslipidaemia, n (%) 11 (17.7%) 46 (15.7%) P = 0.683
Diabetes, n (%) 14 (22.6%) 45 (15.3%) P = 0.162

Smoking, n (%) 24 (38.7%) 102 (34.7%) P = 0.548

Excess alcohol, n (%) 11 (17.8%) 66 (22.5%) P = 0.413
Use of cardiac medications, n (%) 9 (23.7%) 44 (21.6%) P = 0.772

Circumstances of OHCA

Sedentary, n (%) 32 (51.6%) 177 (60.4%) P = 0.201
Sleeping, n (%) 23 (37.1%) 89 (30.4%) P = 0.301

Exercise, n (%) 7 (11.3%) 27 (9.2%) P = 0.614

Autopsy findings
Toxicology positive for illicit drugs, n (%) 21 (34.4%) 99 (35.6%) P = 0.861

Median heart weight (g) 488 (433–583) 458 (401–535) P = 0.0249
Cardiomegaly, n (%) 38 (67.9%) 139 (50.7%) P = 0.019

Histopathological findings

Acute lesion, n (%) 19 (30.7%) 96 (32.7%) P = 0.759

Cardiac fibrosis, n (%) 29 (46.8%) 91 (31.0%) P = 0.017
Thrombus, n (%) 15 (24.2%) 76 (25.9%) P = 0.786

Evidence of acute myocardial infarction, n (%) 12 (19.4%) 59 (20.1%) P = 0.898

Isolated severe coronary artery disease without acute plaque rupture, n (%) 17 (27.4%) 130 (44.2%) P = 0.015
Culprit vessel

Left main, n (%) 1 (2.1%) 10 (4.2%) P = 0.492

Left anterior descending, n (%) 30 (62.5%) 161 (67.1%) P = 0.540
Left circumflex, n (%) 4 (8.3%) 14 (5.8%) P = 0.514

Right coronary artery, n (%) 13 (27.1%) 55 (22.9%) P = 0.535

Multi-vessel disease, n (%) 43 (71.7%) 161 (55.9%) P = 0.024

BMI, body mass index; CVRF, cardiovascular risk factors; OHCA, out-of-hospital cardiac arrest; PCI, percutaneous coronary intervention.
Bold values represent P < 0.05.
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in those without, P = 0.035). Patients with extra-cardiac plaque were 
likely to have more substantive disease, including higher rates of cardio
megaly (67.9% vs. 50.7%, P = 0.019), cardiac fibrosis suggestive of pre
vious myocardial infarction (46.8% vs. 31.0%, P = 0.017), and 
multi-vessel coronary artery disease (71.7% vs. 55.9%, P = 0.024). 
They were less likely to have severe coronary disease without evidence 
of acute plaque rupture (27.4% vs. 44.2%, P = 0.015).

Discussion
Fewer than one in five people aged 1–50 years with coronary disease 
severe enough to cause a cardiac arrest had extra-cardiac plaque pre
sent on their autopsy assessment. This may limit the utility of carotid or 
aortic screening techniques in young people as a surrogate measure to 
predict coronary disease.

Our findings in context
Multiple previous studies have examined the potential for the evalu
ation of extra-coronary plaque to predict coronary atherosclerosis 
using a variety of techniques (Figure 3).20 Our study adds to the existing 
body of literature by both providing autopsy-based correlation across 
multiple arterial beds and also evidence in a cohort of younger people.

Many studies have examined the potential of ultrasonographically de
termined intimal media thickness (IMT) as a marker of generalized athero
sclerosis. The Atherosclerosis Risk in Communities (ARIC) Study 
reported that increased carotid IMT predicted coronary heart disease 
even when adjusted for traditional CVRF,10 while in the Multi-Ethnic 
Study of Atherosclerosis (MESA), IMT measurement significantly im
proved risk prediction of major adverse cardiovascular events with a 
net reclassification of up to 7.0%.21 In smaller studies, Rohani et al., 
Salonen et al., and Lekakis et al.22–24 also identified a significant correlation 

between carotid IMT and severe ischaemic heart disease. Iwakiri et al.25

linked carotid IMT with the presence of autopsy-determined coronary 
plaque with reasonable correlation, while ultrasonographically identified 
plaque (a more direct measure of atherosclerotic burden than IMT)26,27

has also demonstrated strong correlations between the presence of 
extra-cardiac plaque and coronary atherosclerosis.26,28

However, the younger the population, the less useful the approach of 
screening extra-coronary atherosclerosis to predict coronary artery dis
ease appears to be. Khoury et al. identified a strong correlation between 
coronary artery disease and extra-coronary atherosclerosis, but subgroup 
analysis of the younger cohort aged 40–63 years demonstrated lower 
sensitivity but higher specificity of extra-coronary plaque for the diagnosis 
of coronary disease; this would be consistent with our findings.20 Likewise, 
Adams et al. cautioned against the use of carotid IMT as a marker of cor
onary plaque in individuals, identifying a weak correlation of only r2 < 0.1 
between carotid plaque and angiographically identified coronary disease, 
with age significantly relating to the presence of more diffuse atheroscler
osis.11 A Mexican study of 185 younger individuals demonstrated that cor
onary arteries were significantly more affected than other arterial 
territories regardless of risk factors, with very low absolute rates of extra- 
coronary atherosclerosis in patients aged under 60 years old.29 As in our 
study, no clear correlation was found between severe coronary disease 
and severe disease in any other vascular bed.30

From existing studies on the predictive power of carotid plaque as
sessment, Ihle-Hansen et al. previously concluded that a carotid plaque 
score appeared suitable for cardiovascular risk assessment and guid
ance of decision-making, either in isolation or in combination with ex
isting risk-stratification algorithms.26 In our younger cohort, however, 
screening carotid plaque burden precardiac arrest would not have con
ferred value, with only 3% of our patients with SCD due to coronary 
disease having any significant carotid plaque. Apart from not conferring 
clinical value, carotid screening in our cohort might have been an 

Figure 2 Prevalence and location of significant extra-coronary plaque in 356 individuals aged 1–50 years with sudden cardiac death due to coronary 
artery disease.
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adverse diagnostic tool, providing false reassurance to young people 
with unrecognized severe coronary disease but normal carotid arteries.

Pathophysiology of atherosclerosis
It remains unclear why many individuals experience isolated coronary 
atherosclerosis—in this study, severe enough to have caused 

SCD—without developing more generalized atherosclerosis. In 2018, 
Roberts rhetorically asked the question ‘is atherosclerosis a systemic 
or a regional disease?’, answering himself emphatically ‘a systemic dis
ease’ based upon studies in older individuals demonstrating diffuse 
atherosclerosis.31

However, multiple studies have identified predilections to developing 
severe atherosclerosis in isolated arterial beds—particularly in younger 

Figure 3 Examples of methodology used in different studies assessing the relationship between coronary and extra-coronary plaque.
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individuals.8,9 In 1962, Mitchell and Schwartz32 from Oxford reported 
that, despite an accepted concept of atherosclerosis being a generalized 
process and certain individuals being ‘atherosclerotic individuals’ or 
‘vasculopaths’, in fact autopsy studies suggested that the severity of ar
terial disease in one site did not correlate with the quantity of disease in 
other arterial sites. In 2010, Adraktas et al.33 performed CT imaging and 
quantification of vascular plaque in 79 patients with acute stroke symp
toms and identified that 33% had severe stenosis in one major arterial 
bed only, and only 9% had severe stenosis in >1 artery. They concluded 
that, although atherosclerosis was overall a diffuse process, it tended to 
predominate asynchronously in one artery at a time.

Atherosclerosis is well-recognized to be an output with multiple in
puts such as flow characteristics, vessel type, local transcription factors, 
and differential risk factors (Graphical Abstract). Ultimately, genetic ana
lysis and the advent of personalized medicine may help tease apart the 
question of why differential phenotypic expression of atherosclerosis 
occurs across arterial beds within the same individual.34 Whole genome 
analysis of Finnish males aged 33–6.9 years who experienced SCD de
monstrated an association between two specific alleles (SREBF-2 C and 
SCAP G) and SCD. These variants were associated with downregulated 
sterol regulatory element-binding factor 2 in carotid but not aortic or 
femoral atherosclerotic plaques.35 The Helsinki Sudden Death Study 
analysed autopsy specimens of 700 males, identifying that the apolipo
protein E4 allele was strongly associated with coronary atherosclerosis 
in younger (<53 years) but not older males.36 Angiotensin-converting 
enzyme polymorphisms and matrix metalloproteinase variants have 
also been investigated as potential sources of genetic variability under
lying heterogeneity in atherosclerotic severity and location.37,38

A comparison of plaque composition in 28 young (<40 years) and 28 
older (>65 years) Canadian individuals with SCD due to coronary ath
erosclerosis demonstrated that the composition of plaques in younger 
people was more inflammatory, eccentric, and unstable in nature.39

This may signal underlying genetic variability and inform why strategies 
such as calcium scoring or generalized atherosclerosis assessment ap
pear to be less valuable in younger people.40 Previous work by our 
group and others has demonstrated a lack of utility in performing diag
nostic procedures such as coronary artery calcium scores in young in
dividuals with severe coronary artery disease due to this inherently 
different plaque nature, with soft unstable plaque predominating.40–42

While the presence of extra-coronary plaque or a coronary calcium 
score >0 Agatston units appears to confer a high risk of coronary pla
que, the inverse is not true, and many young individuals in our studies 
and others’ have exhibited high burdens of coronary plaque in the ab
sence of traditional risk factors. In this study, it was notable that rates of 
acute thrombus and ruptured plaque did not differ between groups. 
Where clinical suspicion of coronary disease in a young person is 
high (e.g. high burden of CVRF, extra-coronary plaque documented, 
or coronary artery calcium score >0 Agatston units), it may therefore 
be useful to prefer computed tomography imaging to provide direct 
coronary visualization.43 It is also important to note that rates of smok
ing in this cohort of 372 young people with severe coronary disease 
were approximately three-fold reported rates in age-matched 
Australians44; thus, ongoing community efforts to reduce smoking 
prevalence may offer substantial benefit in preventing young SCD 
events. Other efforts to identify more personalized predictors of young 
atherosclerosis should continue in parallel.

Initiatives in large systematic data collection are extremely important 
in further delineating the nature and progression of atherosclerosis. 
Large registries such as PESA, ARIC, CARDIA, MESA, the Dallas 
Health Study, and the Rotterdam Study contain over 50 000 

participants in aggregate across a range of ethnicities and age groups.45

Registries such as the Progression of Early Subclinical Atherosclerosis 
(PESA) group utilize comprehensive serial multi-modality imaging of 
peripheral arterial beds in middle-aged (40–54 years) Spanish subjects; 
of note, in this older population, the prevalence of subclinical athero
sclerosis is much higher than in our population, reported at 63%.45,46

Limitations
While selection bias may be a factor in determining who undergoes aut
opsy, current international guidelines are that all patients under 50 
years experiencing sudden unexplained death should undergo aut
opsy.47 A strength of our registry is its state-wide capture of all dece
dents from out-of-hospital cardiac arrest, limiting selection bias in this 
regard. In addition, comparative studies have demonstrated a similar 
prevalence of vascular disease and cardiac risk factors in young dece
dents referred for autopsy and those in the general population.48 A fur
ther potential limitation is the performance of autopsies by multiple 
forensic pathologists; however, all autopsies were performed within 
one institution and according to standardized protocols for the inves
tigation of SCDs in the young. The analysis is limited by its reliance 
on autopsy report descriptions; it would be ideal if autopsies were sys
tematically conducted with plaque description according to the gold 
standard modified AHA criteria. Future implementation of a prospect
ive analysis in this regard would be clinically valuable. It would also be of 
clinical and academic interest to undertake this same analysis in patients 
with cardiac but non-coronary causes of their cardiac arrest, and also 
replicate it in an older age group.

Conclusion
Fewer than one in five young people experiencing SCD due to a coron
ary cause have identifiable evidence of extra-cardiac plaque on examin
ation of major arterial beds at autopsy. This may limit the potential for 
using carotid or aortic plaque as a surrogate measure of coronary ath
erosclerosis in individual screening techniques in the clinical setting. 
Young and middle-aged individuals with extra-cardiac plaque had a high
er burden of CVRF and more established and aggressive coronary 
disease.

Supplementary material
Supplementary material is available at European Journal of Preventive 
Cardiology.
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