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evidence suggests that integrating CIMT and 
AS into risk assessment may improve the reclas‑
sification of individuals with intermediate risk. 
However, their routine use remains controversial 
due to methodological heterogeneity, variabil‑
ity in predictive value, and the prioritization of 
alternative imaging biomarkers such as carotid 
plaque or coronary artery calcium (CAC). This 
article critically assesses the strengths and limi‑
tations of AS and CIMT, discussing their poten‑
tial utility as biomarkers, explores their applica‑
tion into clinical practice, and comprehensively 
summarizes the latest research.

Keywords:  Arterial stiffness; Carotid intima-
media thickness; Subclinical atherosclerosis; 
Cardiovascular disease; Cardiovascular risk 
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ABSTRACT

Subclinical atherosclerosis precedes overt cardi‑
ovascular disease and can be detected through 
surrogate markers such as arterial stiffness (AS) 
and carotid intima-media thickness (CIMT). This 
review examines the diagnostic and prognostic 
roles of AS and CIMT, highlighting their poten‑
tial to improve cardiovascular risk stratification. 
Although traditional risk prediction models 
remain the cornerstone of primary prevention, 
they often fail to identify individuals at risk 
who lack conventional risk factors. Emerging 
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Key Summary Points 

Traditional cardiovascular risk prediction 
models often fail to identify individuals at 
risk for atherosclerotic cardiovascular disease 
(ASCVD) who lack conventional risk factors, 
highlighting an unmet need for improved 
biomarkers.

Arterial stiffness (AS) and carotid intima-
media thickness (CIMT) are non-invasive sur‑
rogate markers of subclinical atherosclerosis, 
but their clinical utility in risk stratification 
remains controversial.

This review explored whether integrating AS 
and CIMT into cardiovascular risk assessment 
could enhance the detection of subclinical 
atherosclerosis and improve risk classification 
beyond traditional models.

AS and CIMT are independently associated 
with increased risk of cardiovascular events. 
AS, in particular, has been linked to reclassifi‑
cation of up to 15% of intermediate-risk indi‑
viduals, while CIMT offers modest predictive 
improvement, particularly for cerebrovascular 
events.

Despite their prognostic value, routine clini‑
cal use of AS and CIMT is limited by method‑
ological inconsistencies and lack of standardi‑
zation. Nonetheless, they may be particularly 
useful in refining risk in intermediate-risk 
patients, younger adults, and those with non-
traditional risk profiles.

INTRODUCTION

Atherosclerosis is the primary underlying cause 
of cardiovascular diseases, which remain the 
leading cause of mortality worldwide. In 2021, 
atherosclerotic cardiovascular diseases (ASCVDs) 
accounted for approximately 20 million deaths 
globally, representing 37% of all noncommu‑
nicable disease-related deaths in individuals 
under 70 years of age [1]. As a progressive con‑
dition, atherosclerosis often begins early in life 

and remains asymptomatic for extended peri‑
ods before the development of atherosclerotic 
plaques [2, 3]. Prior to the onset of symptomatic 
disease, structural and functional changes occur 
in the arterial walls, which can be detected using 
non-invasive imaging techniques. Meta-analyses 
have demonstrated that carotid intima-media 
thickness (CIMT) and arterial stiffness (AS) serve 
as surrogate markers of subclinical atherosclero‑
sis, with well-documented utility in middle-aged 
and older adults [4–11].

The Cardiovascular Risk in Young Finns Study 
provided compelling evidence supporting this 
approach. This longitudinal study revealed that 
individuals with carotid plaques or elevated 
CIMT had approximately twice the risk of devel‑
oping ASCVD over a 16-year follow-up period 
compared to those without these characteris‑
tics, detecting an ASCVD incidence of 2.5% in 
young adulthood [12]. In addition to CIMT, AS 
is another key parameter of vascular aging that 
also emerges in the initial stages of vascular dis‑
ease [10]. Soderstrom et al. identified a positive 
association between aortic pulse wave velocity 
(a-PWV) and CIMT in younger, middle-aged 
healthy individuals. This finding suggests that 
individuals with elevated a-PWV, even in the 
absence of carotid plaques, are also at increased 
risk for developing ASCVD [9].

In this review, we explore the assessment of 
subclinical atherosclerosis using AS and CIMT 
measurements, and how these markers may 
improve the performance of ASCVD risk pre‑
diction models. We examine traditional risk 
assessment tools alongside recent updates from 
clinical guidelines, trials, and registries. We also 
address current methodologies for measuring 
AS and CIMT, as well as their potential clinical 
value as biomarkers of ASCVD, a topic that con‑
tinues to generate substantial debate.

This article is based on previously conducted 
studies and does not contain any new studies 
with human participants or animals performed 
by any of the authors.
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SHORTCOMINGS OF TRADITIONAL 
ASCVD RISK PREDICTION MODELS 
AND THE NEED FOR ALTERNATIVE 
BIOMARKERS

Assessing ASCVD risk is fundamental to pri‑
mary prevention, helping in decision-making 
on the necessity and intensity of interventions 
such as aspirin, antihypertensive therapy, and 
lipid management [13]. Traditional risk factors 
include family history, hypertension, dyslipi‑
demia, smoking, and diabetes [13, 14]. How‑
ever, many individuals with ASCVD do not 
exhibit these conventional risk factors, high‑
lighting the need for accurate predictive mod‑
els. Additionally, the risk varies across popula‑
tions based on age, gender, and ethnicity [15, 
16].

Risk assessment tools estimate an individu‑
al’s probability of developing ASCVD within 
a given timeframe, helping identify those at 
high risk who would benefit most from preven‑
tive measures. Traditional cardiovascular risk 
models, such as the Framingham Risk Score 
[17] and the Systemic Coronary Risk Estima‑
tion [18], estimate a 10-year risk based on con‑
ventional factors. Although various risk scores 
estimate the likelihood of a first cardiovascular 
event in adults, they should be applied based 
on the population they were developed for: US-
based models (e.g., Pooled Cohort Equations, 
FRS) [17, 19] are recommended for American 
patients, while European models (e.g., SCORE, 
PROCAM) [18, 20] are more suitable for Euro‑
pean populations. Because their applicability 
in low- and middle-income countries remains 
limited, in 2019, the WHO CVD Risk Chart 
Working Group updated its risk prediction 
charts, adapting them to 21 global regions 
using age-specific incidences and regional risk 
factor data from 79 countries [21].

Despite their usefulness in predicting car‑
diovascular events, these models have several 
limitations. First, they exclude non-traditional 
risk factors such as chronic inflammation, soci‑
oeconomic status, and family history of prema‑
ture ASCVD, which can influence cardiovascu‑
lar risk. Second, they typically estimate only 

10-year risk, failing to capture long-term risk 
or the progression of subclinical atherosclero‑
sis. Third, as previously mentioned, their gen‑
eralizability to diverse ethnic and geographic 
populations remains uncertain, limiting their 
applicability in global clinical practice. Finally, 
they lack direct assessment of atherosclerosis, 
leading to potential misclassification of indi‑
viduals at intermediate risk and either over‑
estimation or underestimation of their actual 
cardiovascular risk.

Several ASCVD clinical practice guide‑
lines provide structured approaches to stratify 
patients and guide interventions. While meth‑
odologies differ, they share the common goal 
of identifying individuals at elevated risk and 
optimizing their management.

The American College of Cardiology (ACC) 
and the American Heart Association (AHA) advo‑
cate for a risk-based approach centered on the 
Pooled Cohort Equations (PCE), which estimate 
the 10-year ASCVD risk in adults aged 40–75. 
This model, complemented by the ASCVD Risk 
Estimator, recommends traditional risk fac‑
tor screening every 4–6 years from age 20. For 
younger individuals outside the PCE model, life‑
time or 30-year risk estimation provides an alter‑
native perspective. In cases of borderline (5% 
to < 7.5%) or intermediate-risk (≥ 7.5% to < 20%), 
coronary artery calcium (CAC) scoring serves as 
an additional tool to refine risk assessment and 
guide decisions regarding statin therapy [13].

Similarly, the European Society of Cardiol‑
ogy (ESC) employs the SCORE system, catego‑
rizing individuals into low, moderate, high, or 
very high-risk groups based on the probability 
of both fatal and non-fatal cardiovascular events 
[22]. Unlike the ACC/AHA approach, systematic 
risk assessment is generally reserved for those 
with major risk factors, excluding younger, 
asymptomatic individuals, specifically men 
under 40 and women under 50 without risk fac‑
tors. Patients with established ASCVD, diabetes, 
moderate-to-severe renal disease, or genetic lipid 
disorders are immediately classified as high or 
very high-risk, warranting a stepwise intensifica‑
tion of treatment with lipid-lowering and blood 
pressure management strategies.

In the United Kingdom, the National Institute 
for Health and Care Excellence (NICE) follows 
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a similar risk-based approach but utilizes the 
QRISK tool to determine treatment eligibility. 
Here, the emphasis is placed on lifestyle inter‑
ventions as the first-line strategy, with phar‑
macological therapy reserved for individuals at 
moderate-to-high risk. Specifically, statin ther‑
apy is recommended for those with an estimated 
10-year ASCVD risk ≥ 10%, as well as for patients 
with familial hypercholesterolemia, aligning 
with the overarching principles of risk-based 
prevention [23].

Overall, no single risk calculator is suitable 
for all patients. The integration of diverse scor‑
ing systems, alongside additional refinements 
such as imaging, may allow for a personalized 
approach that balances therapeutic benefits with 
potential harms, ensuring optimal cardiovascu‑
lar risk management.

INTEGRATING AS AND CIMT INTO 
ASCVD RISK ASSESSMENT

The Added Value of AS in Clinical Practice

Pathophysiology and Clinical Implications 
of AS

AS is a key indicator of vascular aging and an 
independent risk factor for ASCVD. It results 
from structural and functional changes in the 
arterial wall, including intimal thickening, 
endothelial dysfunction, calcium deposition, 
and collagen accumulation. These alterations 
contribute to increased PWV, premature wave 
reflection, left ventricular hypertrophy, coro‑
nary artery and cerebrovascular atherosclerosis 
[10, 24–26]. Evidence suggests that AS precedes 
hypertension and target organ damage, making 
it a valuable marker for early cardiovascular risk 
assessment [27].

One of the first studies to demonstrate the 
robust link between AS and atherosclerosis 
across different vascular territories was The Rot‑
terdam Study, emphasizing its systemic implica‑
tions [28]. Furthermore, AS has been shown to 
be closely related to CIMT and carotid plaques, 
particularly in younger middle-aged individuals 
and women. The arterial wall changes that lead 

to increased CIMT are similar to those causing 
AS, supporting their relationship. Notably, indi‑
viduals with high AS but no carotid plaques may 
still be at elevated CVD risk despite the absence 
of atherosclerosis [9]. Since AS may manifest 
before overt structural changes, its measurement 
could enhance early detection and preventive 
strategies for cardiovascular disease.

Methods for Assessing AS: Strengths 
and Limitations

Several techniques are used to assess AS, catego‑
rized into PWV, pulse wave analysis (PWA), and 
local arterial stiffness measurements. PWV, the 
gold standard, measures the speed of pressure 
wave propagation through arteries, with carotid-
femoral PWV (cf-PWV) being the most validated 
due to its strong association with ASCVD risk 
[10] (Fig. 1). cf-PWV is included in European 
guidelines and is considered more reliable than 
peripheral artery assessments [22]. A variant of 
this method is ultrafast PWV (uf-PWV), which 

Fig. 1   Cf-PWV assessment. PWV is determined by meas-
uring the time taken for the pulse wave to travel between 
the carotid and femoral arteries. Pressure-sensitive trans-
ducers placed over these sites record pulse waveforms, 
and Δt is calculated using the foot-to-foot method, which 
identifies the delay between the onset (foot) of the carotid 
and femoral pulse waves. The travel distance (D) between 
the recording sites is measured along the body surface. Cf-
PWV carotid femoral-pulse wave velocity, Δt transit time, 
D distance
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improves temporal resolution and reproduc‑
ibility but requires further validation [29]. The 
normal and reference values for PWV have been 
defined by “The Reference Values for Arterial 
Stiffness Collaboration” [30].

Beyond PWV, other hemodynamic mark‑
ers provide complementary information. The 
augmentation index (AIx) reflects arterial wave 
reflection and systemic stiffness, while arterial 
compliance and the β-stiffness index quantify 
vascular elasticity and rigidity, independent of 
blood pressure [31]. Techniques such as vascu‑
lar ultrasound and MRI assess wall thickness, 
distensibility, and the elastic modulus, refining 
arterial characterization. Speckle tracking ultra‑
sound, an emerging technique, uses 2D echo‑
cardiography synchronized with ECG to track 
carotid artery wall motion, providing angle-
independent strain and strain rate assessments 
[32, 33] (Fig.  2). Another technique to con‑
sider is the cardio-ankle vascular index (CAVI). 
It measures AS via blood pressure cuffs on the 
arms and ankles and reflects stiffness across the 
aorta and lower-limb arteries. Unlike PWV, CAVI 

is less affected by blood pressure at the time of 
measurement, and it is operator-independent. 
Despite its advantages, its predictive value for 
ASCVD and mortality remains under investiga‑
tion due to limited studies [24, 34].

Each method offers distinct advantages 
and limitations, with the choice of technique 
depending on clinical context, feasibility, and 
required precision. Integrating multiple assess‑
ment tools may enhance cardiovascular risk 
stratification and guide targeted prevention 
strategies.

Role of AS as Biomarker of ASCVD

AS is a well-established predictor of ASCVD 
risk, including coronary heart disease (CHD), 
and stroke. Several studies have reinforced the 
utility of AS as a predictor or ASCVD events. 
A meta-analysis by Zhong et al., including 19 
studies with 19,908 participants, reported that 
a 1-SD increase in cf-PWV corresponded to a 
25% higher risk of ASCVD events, while a 1-m/s 
increase led to a 12%, respectively. For ASCVD 

Fig. 2   Speckle tracking strain imaging of the CCA. A 
Short-axis ultrasonography of the CCA, where the region 
of interest is outlined by a color-coded circumferential 
strain map. Each of the six segments included in the strain 
analysis is represented with a different color. B The strain 

curve illustrates the temporal variation of the carotid 
artery deformation throughout the cardiac cycle. The peak 
carotid arterial strain occurs at 352  ms, with a maximum 
circumferential strain of 3.95%. CCA​ common carotid 
artery
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mortality, a 1-SD increase in cf-PWV resulted in 
a 23% increased risk and a 1-m/s increase was 
associated with a 9% increased risk [10]. Further 
supporting this, another meta-analysis in high-
ASCVD-risk populations in Asia found that a 
1-SD increase in the CAVI was associated with a 
20% higher ASCVD risk [24]. Additionally, the 
Framingham Offspring Cohort demonstrated 
that individuals with both high central pulse 
pressure and high cf-PWV had a 52% increased 
risk of ASCVD [1]. More evidence from The 
Framingham Heart Study (FHS) demonstrated 
that higher PWV was associated with a 48% 
increased risk of incident ASCVD events and sig‑
nificantly improved risk prediction when added 
PWV to standard risk factors [35].

The ARIC and the MESA studies likewise 
provided evidence of the link between AS and 
stroke, demonstrating that increased AS param‑
eters and carotid distensibility were indepen‑
dently associated with higher stroke incidence 
[36, 37]. The Rotterdam Study concluded that 
individuals in the highest tertile of PWV had 
an adjusted hazard ratio (HR) of 2.34 for stroke. 
Furthermore, a 1-SD increase in PWV was linked 
to an HR of 1.28 [28]. Research about carotid 
distensibility also found that patients in the 
quartile with the lowest distension had a 2.1 
times higher prevalence of a previous stroke 
compared with the patients in the quartile with 
the highest distension [38]. In agreement with 
these findings, Van Sloten et al. observed that a 
1-SD increase in carotid distensibility predicted 
stroke with an HR 1.18 [39]. Similarly, carotid-
cerebral PWV has been associated with athero‑
sclerotic burden and stenosis severity, particu‑
larly in patients with acute ischemic stroke [40] 
and cf-PWV was also associated with increased 
risk of dementia (HR 1.60) over 15 years in the 
Cardiovascular Health Study (CHS) Cognition 
Study [41].

With respect to CHD, a 9.4-year follow-up 
Danish study found that each 1-SD increase in 
cf-PWV was associated with a 16–20% higher 
risk of developing coronary artery disease 
(CAD) [42]. In patients with existing CAD, ele‑
vated AS has been linked to increased mortality 
and cardiovascular events [26]. Additionally, a 
study of 372 patients undergoing percutane‑
ous coronary intervention (PCI) identified high 

brachial-ankle PWV (ba-PWV) as a strong pre‑
dictor of cardiac death after PCI [43]. Table 1 
(Ref. [28, 36–39, 44]) summarizes the findings 
of major studies on the association between AS 
and the risk of ASCVD events.

AS also has a special consideration in car‑
diovascular outcomes in various populations. 
In patients with chronic kidney disease (CKD), 
it acts as an independent predictor of cardio‑
vascular mortality [45] and in individuals with 
diabetes and metabolic syndrome, it is associ‑
ated with worsened cardiovascular outcomes 
[46]. It has also been observed that stiffness 
parameters were higher in patients with head 
and neck tumors who had received radiother‑
apy as part of their treatment [47]. Addition‑
ally, in COVID-19 patients, increased arterial 
stiffness was linked to a 27% higher in-hospital 
mortality risk in a Spanish cohort [48].

Regarding the assessment of vascular stiff‑
ness in ASCVD risk models, patients at inter‑
mediate risk in the FHS could be reclassified 
into a higher or lower ASCVD risk category 
based on AS measurements [28, 35]. Up to 
15% of these patients could be reclassified 
into a higher (14.3%) or lower (1.4%) risk cat‑
egory when arterial stiffness was assessed [35]. 
According to the evidence, carotid ultrasound 
and PWV are recognized in the 2024 European 
Society of Hypertension (ESH) guidelines for 
their role in risk stratification and treatment 
decisions [49]. While studies suggest that AS 
predicts future ASCVD risk and improves risk 
classification, its widespread clinical adoption 
remains limited. Measurement complexities 
and substantial publication bias have contrib‑
uted to this limitation. Consequently, the 2021 
ESC guidelines, despite acknowledging its prog‑
nostic value, do not recommend its routine use 
[22]. Similarly, the 2019 AHA guidelines also do 
not support the use of arterial stiffness meas‑
urement for ASCVD risk assessment in asymp‑
tomatic adults [13].
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Table 1   Summary of the studies reporting the association of AS and CIMT with future stroke and/or CHD

Study Country and year of 
publication

Population (mean 
age)

Follow-
up 
(years)

Outcome (n) Measurement and 
adjusted HR (95% 
CI)

ARIC [58] Sweden 2005 5163 (60) 7.0 CHD (113) CIMT 1.27 
(0.61–2.65)

Plaque 1.99 
(1.13–3.49)

ARIC [36] USA 2012 10,407 (55) 13.8 Stroke (383) AD 1.19 (1.02–
1.39)

SI 1.14 (1.04–
1.25)

BLSA [59] China 2018 1376 (69) 5.2 Stroke (136) or 
CHD (70)

CIMT 0.8 
(0.33–1.69)

Plaque 2.0 
(1.24–3.25)

CAPS [60] Germany 2006 5056 (50) 4.2 Stroke (107) CIMT 1.11 
(0.97–1.28)

CCCC [61] Taiwan 2008 2190 (56) 10.5 Stroke (94)
CHD (68)

CIMT 1.47 
(1.28–1.69)

CIMT 1.38 
(1.12–1.70)

CHS [62] USA 2000 4476 (72) 6.2 Stroke (284) CIMT 1.36 
(1.25–2.28)

EAS [63] UK 2007 1007 (69) 12.0 Stroke or CHD 
(137)

CIMT 1.59 
(1.07–2.37)

FATE [64] Canada 2011 1574 (49) 7.2 Stroke or CHD 
(111)

CIMT 1.86 
(1.53–1.28)

FHS [65] USA 2011 2965 (58) 7.2 Stroke or CHD 
(296)

CIMT 1.13 
(1.02–1.24)

Hoorn [39] The Netherlands 
2014

579 (67) 7.6 Stroke or CHD 
(130)

AD 1.22 (0.95–
1.56)

AC 1.19 (1.00–
1.41)

IMPROVE [66] Europe 2017 3703 (64) 3.0 Stroke (73)
CHD (125)

CIMT 2.76 
(1.66–4.60)

CIMT 1.58 
(1.06–2.37)



374	 Cardiol Ther (2025) 14:367–383

Table 1   continued

Study Country and year of 
publication

Population (mean 
age)

Follow-
up 
(years)

Outcome (n) Measurement and 
adjusted HR (95% 
CI)

MDCS [58] Sweeden 2005 5163 (57) 7.0 CHD (113) CIMT 1.36 
(1.21–1.54)

Plaque 2.40 
(1.58–3.64)

MESA [37] USA 2021 5918 (62) 7.7 Stroke (105) AD 0.05 (0.00–
0.75)

MESA [44] USA 2015 389 (59) 9.5 CHD (33) LD 3.30 (0.96–
11.14)

MESA [67] USA 2008 6698 (45–84) 3.9 Stroke (59)
CHD (159)

CIMT 1.40 
(1.20–1.80)

CIMT 1.20 
(1.00–1.40)

Three City Study 
[68]

France 2011 5895 (65–85) 5.4 CHD (223) CIMT 0.80 
(0.50–1.10)

PROG-IMT [69] USA 2012 36,984 (NR) 7.0 Stroke (1339) CIMT 1.21 
(1.09–1.35)

Rotterdam [28] The Netherlands 
2006

2835 (71) 10.0 Stroke (63)
CHD (101)

Third tertile:
PWV 2.34 

(1.13–4.82)
AD 2.44 (1.33–

4.45)

Rotterdam [70] The Netherlands 
2012

3580 (64) 12.2 Stroke (207) CIMT 1.33 
(1.18–1.50)

SMART [38] The Netherlands 
2004

3950 (63) NR Stroke (260) Third tertile:
AD 2.10 (1.10–

4.10)

Suita [71] Japan 2018 4724 (60) 12.7 Stroke (221)
CHD (375)

CIMT 1.12 
(0.99–1.26)

CIMT 1.20 
(1.10–1.30)

Tromsø [72] Norway 2011 6584 (60) 10.8 Stroke (397) CIMT 1.08 
(0.95–1.22)

Plaque 1.23 
(1.09–1.38)

Xie [73] China 2011 1734 (43–79) 5.0 Stroke (63) or CHD 
(81)

CIMT 1.59 
(1.04–2.45)

AC Arterial Compliance, AD Arterial Distensibility, AS Arterial Stiffness, CHD Coronary Heart Disease, CIMT Carotid 
Intima-Media Thickness, LD Longitudinal Displacement, NR Not Reported, PWV Pulse Wave Velocity, SI Stiffness Index
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The Added Value of CIMT in Clinical 
Practice

Pathophysiology and Clinical Implications 
of CIMT

CIMT refers to the thickness of the inner two 
layers of the carotid artery wall: the intima 
and media. CIMT increases over time due to 
aging and atherosclerosis and the progressive 
accumulation of lipids and inflammatory cells, 
combined with smooth muscle proliferation, 
results in arterial wall thickening and AS. Over 
time, atherosclerosis can progress to plaque 
formation and arterial stenosis, impairing 
blood flow and increasing the risk of stroke, 
myocardial infarction, or other acute vascular 
events [2, 6, 50–52].

Carotid atherosclerosis has traditionally 
been assessed based on the degree of stenosis 
(Fig. 3). However, CIMT and AS have been pro‑
posed as valuable surrogate markers for early 
atherosclerosis, complementing traditional 
assessments. In a recent systematic review, Song 
et al. reported that in 2020, approximately 28% 

of individuals aged 30–79 years in the general 
population had an abnormal CIMT, implying 
this effect applies to just over 1 billion people 
[3]. A meta-analysis of 21,494 participants from 
20 studies within the Proof-ATHERO (Prospec‑
tive Studies of Atherosclerosis) consortium, 
indicated that individuals in the top quartile 
compared with those in the bottom quartile 
of baseline CIMT had a 30% higher risk of 
developing carotid plaque [7]. However, lon‑
gitudinal studies yield mixed results regarding 
whether higher baseline CIMT predicts future 
plaque development [37, 53, 54].

Methods for Assessing CIMT: Strengths 
and Limitations

CIMT is primarily measured using B-mode ultra‑
sound. The Mannheim Carotid Intima-Media 
Thickness and Plaque Consensus provides stand‑
ardized guidelines for CIMT measurement [55]. 
In longitudinal B-mode ultrasound imaging, 
CIMT appears as a double-line pattern between 
the intimal-luminal and medial-adventitial 
interfaces of the carotid artery wall. Measure‑
ment is typically performed in a plaque-free 

Fig. 3   Ultrasound imaging of the carotid bifurcation. A 
Cross-sectional ultrasound view of the CCA reveals an 
echolucent plaque (red asterisk) causing luminal narrowing. 
B Longitudinal view showing the plaque extending into 
the origin of the ICA. Doppler velocity analysis indicates 

a 70% stenosis, based on a PSV of 263  cm/s, exceeding 
the 230 cm/s threshold for severe stenosis. CCA​ common 
carotid artery, ICA internal carotid artery, PSV peak sys-
tolic velocity, EDV end diastolic velocity
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region of the common carotid artery (CCA), 
most commonly in the distal segment (Fig. 4).

Standardized measurement protocols are 
essential to ensure reproducibility. Semiauto‑
mated and fully automated reading software 
have been developed to enhance measurement 
precision, reducing the subjectivity associ‑
ated with manual readings [55]. Despite these 
advancements, several challenges persist in 
CIMT measurement. A major limitation is the 
absence of universally accepted reference values, 
as CIMT varies significantly among different 
populations and ethnic groups. The European 
Society of Cardiology (ESC) defines abnormal 
CIMT as values exceeding 0.9 mm [56], whereas 
the American Society of Echocardiography (ASE) 
recommends using the 75th percentile of a refer‑
ence population as a threshold [57]. Mean CIMT 
values in healthy adults generally range between 
0.65 and 0.90 mm and increase at an average 
rate is approximately 0.01–0.04 mm per year 
[11, 25].

An important distinction to consider is 
between CIMT and carotid plaque. Touboul 
et al. defined carotid plaque as focal thickening 
that protrudes into the lumen by at least 0.5 mm 
or 50% of the surrounding CIMT, or as a CIMT 
value exceeding 1.5 mm [55]. Misclassifying 
early-stage plaques as increased CIMT remains 
a potential source of measurement error [7]. It 
is also important to note that since the annual 
change in CIMT is small, the resolution of ultra‑
sound devices may limit the accurate assessment 
of CIMT progression over short periods [25].

Role of CIMT as Biomarker of ASCVD

The role of CIMT as a biomarker of atheroscle‑
rosis and its utility in ASCVD risk prediction 
remain subjects of ongoing debate, despite 
several studies demonstrating that increased 
CIMT is associated with higher risks of stroke 
and myocardial infarction. Table 1 (Ref. [58–73]) 
summarizes the results of several major studies 

Fig. 4   Measurement of CCA-CIMT. Schematic repre-
sentation illustrating CIMT as the distance between the 
intima-lumen and media-adventitia interfaces (A). Lon-
gitudinal B-mode ultrasound images of the CCA show a 
normal CIMT of 0.635  mm (B), increased wall thickness 

with a CIMT of 1.259  mm (C), and focal, non-calcified 
arterial wall thickening reaching 2.347 mm, which is con-
sidered a plaque (D). CIMT carotid intima-media thick-
ness, CCA​ common carotid artery
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related to the association between CIMT and risk 
of ASCVD events.

A meta-analysis by van den Oord et  al. 
reported that 1-SD deviation increase in CIMT 
was associated with a 31% increase in stroke risk 
and a 26% increase in myocardial infarction 
risk [6]. Similarly, Kumar et al. reported a strong 
association between increased CIMT with risk 
of ischemic stroke as compared to control sub‑
jects. Additionally, silent brain ischemic events 
in stroke-free individuals were also associated 
with increased CIMT [75].

Regarding CHD, Stein et al. reported that a 
CIMT value above the 75th percentile for the 
patient’s age, sex, and race/ethnicity is indica‑
tive of increased cardiovascular risk and thus 
may indicate a more aggressive risk-reducing 
therapy [57]. However, it lacks prospective 
follow-up data supporting interventions in 
medical therapy based on CIMT values. In addi‑
tion, Abeysuriya et al. emphasize that CIMT is 
a strong predictor of CHD and an independ‑
ent phenotype of early atherosclerosis. In their 
study, the CHD group showed a significantly 
higher CIMT compared to the non-CHD group 
[15]. Other multicenter studies have shown the 
association between CIMT and increased CHD 
risk, emphasizing its value in prediction [58, 59, 
61, 63–68, 71]. However, some of these studies 
caution against using CIMT alone, as its predic‑
tive ability is limited without other risk factors, 
with the Framingham Offspring Study and ARIC 
study suggesting that combining CIMT with 
additional factors improves CHD risk prediction 
[78, 79].

When incorporated into cardiovascular risk 
models, CIMT provides only modest improve‑
ments in predictive accuracy [6, 76]. The Rot‑
terdam Study found a net reclassification 
improvement of 0.8% overall and 3.6% in 
intermediate-risk individuals [70]. Despite these 
associations, the clinical utility of CIMT in rou‑
tine risk stratification remains uncertain. The 
2021 ESC guidelines and the AHA/ACC guide‑
lines do not recommend CIMT for systematic 
risk assessment due to a lack of methodologi‑
cal standardization and its limited incremental 
predictive value [13, 22]. Conversely, the 2022 
Japan Atherosclerosis Society (JAS) guideline 
[80], along with other authors, recommends 

considering CIMT for assessing subclinical ath‑
erosclerosis and preventing ASCVD, despite the 
modest improvement in risk prediction models. 
This recommendation is particularly relevant for 
intermediate-risk populations due to the clinical 
significance of even a slight increase in CIMT 
[6, 81, 82].

It is also important to note that carotid plaque 
assessment has been shown to be more effec‑
tive than CIMT in predicting cardiovascular 
outcomes, with up to 35% greater accuracy in 
CVD risk prediction compared to CIMT [4, 79]. 
Moreover, studies suggest that CAC is a stronger 
predictor of CHD than CIMT [53, 83], although 
CIMT remains significantly associated with 
stroke risk [67].

Other factors, such as ethnic variations and 
genetic predispositions, may also influence 
CIMT’s predictive value. Studies indicate that 
CIMT progression rates and baseline values vary 
significantly between populations, with African 
American individuals displaying higher CIMT 
than European or Hispanic populations [16]. 
This suggests that CIMT’s role in risk prediction 
may require individualized approaches rather 
than universal thresholds.

CONCLUSIONS

Early identification of individuals at risk for 
ASCVD is crucial in preventive medicine. AS 
and CIMT have been established as independ‑
ent predictors of cardiovascular events and can 
therefore be considered valuable biomarkers for 
detecting subclinical atherosclerosis. While AS 
has a strong association with hypertension and 
CHD, CIMT has proven to be a better predictor 
of cerebrovascular events.

Regarding their role in ASCVD risk assess‑
ment, incorporating AS into traditional models 
can lead to the reclassification of up to 15% of 
individuals into higher or lower risk catego‑
ries. However, CIMT provides only a modest 
improvement to risk prediction models, with 
limited incremental value over traditional 
scores. Although major clinical practice guide‑
lines recommend CAC as the preferred imaging 
biomarker, AS and CIMT offer a non-radiation 
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alternative. This makes them particularly valu‑
able in specific scenarios, such as intermediate-
risk individuals where traditional risk scores 
yield ambiguous results, patients with a strong 
family history of ASCVD but no conventional 
risk factors, and young adults with early signs 
of metabolic syndrome, where vascular changes 
may be present but not yet clinically apparent.

The integration of AS and CIMT into clinical 
decision-making remains uncertain, largely due 
to methodological inconsistencies, including 
variability in measurement techniques, the lack 
of universally accepted reference values, and dif‑
ferences in study populations. To address these 
challenges, future research should prioritize the 
development of standardized measurement pro‑
tocols and validate these biomarkers in large-
scale randomized controlled trials. Addition‑
ally, comparative effectiveness studies directly 
assessing AS, CIMT, and CAC would be valuable, 
as well as the integration of these biomarkers 
into risk prediction algorithms powered by AI-
driven models. Such approaches could enhance 
risk stratification by incorporating AS and CIMT 
alongside other clinical and imaging data, ulti‑
mately improving personalized risk assessment.
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