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BACKGROUND: Dyslipidemia plays a critical role in carotid plaque instability and related cerebrovascular events. Reduction of 
low-density lipoprotein cholesterol (LDL-C) levels decreases ischemic stroke risk; however, a residual cardiovascular risk 
persists. Starting from this evidence, this study evaluated the impact of dyslipidemia on carotid plaque instability while also 
considering age and gender.

METHODS: In this observational study, a total of 354 carotid plaques from symptomatic and asymptomatic patients undergoing 
endarterectomy were analyzed histologically. Dyslipidemic profiles, including high LDL-C, remnant cholesterol, triglycerides, and 
low high-density lipoprotein cholesterol, were assessed alongside other risk factors. Logistic regression identified independent 
predictors of unstable plaques, and subgroup analyses evaluated the influence of age (<70, ≥70 years) and gender.

RESULTS: Unstable plaques were observed in 45.2% of cases. High LDL-C emerged as the strongest independent risk 
factor for plaque instability. The combination of high LDL-C with elevated remnant cholesterol or triglycerides significantly 
increased the risk of plaque destabilization. Age and gender influenced the risk associated with dyslipidemic profiles, with 
women who had elevated LDL-C combined with high-remnant cholesterol or triglycerides showing a substantially higher risk 
of carotid plaque instability compared with men. Furthermore, individuals <70 years of age exhibited a greater risk of plaque 
instability compared with older patients, highlighting the critical role of these nonmodifiable factors.

CONCLUSIONS: The data reported here highlight the importance of a personalized medicine approach to lipid management, 
addressing not only LDL-C but also remnant cholesterol and triglycerides. Tailored interventions targeting specific dyslipidemic 
profiles could more effectively reduce the risk of carotid plaque rupture and cerebrovascular events, particularly in women 
and patients aged <70 years.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Several clinical and pathological studies clearly dem-
onstrate that dyslipidemia, an abnormal amount 
of lipids in the blood, plays a pivotal role in the 

progression of carotid artery stenosis and the develop-
ment of cerebrovascular symptoms.1–6 In fact, elevated 
serum levels of low-density lipoprotein cholesterol 
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(LDL-C), triglycerides, and reduced levels of high-density 
lipoprotein cholesterol (HDL-C) represent a major modi-
fiable risk factor for atherosclerotic cardiovascular and 
cerebrovascular disease.

In particular, a significant increase in the risk of cere-
brovascular events has been observed in patients with 
high levels of LDL-C.7 Although no primary prevention 
trials for lipid management have specifically targeted 
stroke as the primary end point, lowering LDL-C lev-
els with statins and in combination with ezetimibe or 
PCSK9 (proprotein convertase subtilisin/kexin type 9) 
inhibitors is effective in secondary prevention of isch-
emic stroke.8,9 Noteworthy, meta-analyses strongly 
suggest that lipid-lowering therapies can also effec-
tively reduce the occurrence of a first stroke in at-risk 
populations.10,11

Even after lowering LDL-C levels below current 
guideline targets, clinical trials revealed a substantial 
residual cardiovascular risk, likely attributed to other lipid 
components beyond LDL-C, such as remnant cholesterol 
(RC) and TRL (triglyceride-rich lipoproteins).7,12,13 The 
effect of TRLs in conferring residual risk is particularly 
evident in subjects with obesity, metabolic syndrome, and 
diabetes.14,15

It is now well-established that the onset of cerebro-
vascular events is frequently related to the rupture of 
carotid plaques and the consequent acute thrombosis.16 
Two types of atherosclerotic lesions are described: sta-
ble plaques, characterized by slow and constant growth 
and low embolic potential and unstable plaques, which 
show high inflammation, fibrous cap rupture, and acute 
thrombosis, leading to the detachment and intracerebral 
release of embolic fragments, ultimately responsible for 
the onset of acute ischemic symptoms.17

The histological composition of the plaque is influ-
enced by various extraparietal risk factors, which can 
play a crucial role in the process of destabilization of the 
carotid atheromatous lesions.4,5,18,19 In this context, it is 
possible to hypothesize that different dyslipidemic pro-
files may play a significant role in the mechanisms lead-
ing to the rupture and thrombosis of carotid plaques, in 
synergy with other nonmodifiable risk factors.

Therefore, the aim of the present study was to evalu-
ate the impact of dyslipidemic factors on carotid plaque 
instability, also considering the influence of age and 
gender.

METHODS
Data Availability
The original contributions presented in this study are included 
in the article. Further inquiries can be directed to the corre-
sponding authors.

Ethics Statement
All the procedures performed in the research with the participa-
tion of humans were in compliance with the ethical standards 
of the institutional and national ethics committee and with the 
Helsinki Declaration of 1964 and its subsequent changes, or 
with comparable ethics standards. The retrospective study pro-
tocol was approved by the Ethical Committee of the Policlinico 
Tor Vergata: approval reference number 120-23.

Patient Selection
A total of 354 carotid plaques were selected from the carotid 
tissue bank at the University of Tor Vergata (Rome, Italy).17 
These plaques were collected from symptomatic (major stroke 
or TIA) and asymptomatic patients submitted to surgical carotid 
endarterectomy (CEA). Only cases with complete clinical and 
laboratory assessment of the specific component of lipid profile 
and the other major cardiovascular risk factors were included 
in the study. All asymptomatic patients showed carotid stenosis 
>60%, assessed by carotid ultrasonography or, in rare cases, by 
bilateral CT angiography. The 60% cutoff was selected based 
on 2021 European Stroke Organisation guidelines, which rec-
ommend CEA for asymptomatic individuals with significant 
(>60%) stenosis to prevent future ischemic events.20 The surgi-
cal endarterectomies were performed by patch reconstruction 
with use of shunt in case of electroencephalogram monitoring 
indication.

All patients included in our study received at least antiplate-
let monotherapy before undergoing CEA, in accordance with 
European Society for Vascular Surgery clinical guidelines.21

The study protocol adheres to the ethical guidelines of the 
last Declaration of Helsinki and was approved by the institu-
tional review board of our institution (reference number: 120-
23). All patients signed the informed consent document before 
undergoing CEA.

Histology and Plaque Classification
Only intact plaques, free of artifacts, were included in the his-
tological analysis. The sampling collection has been previously 
reported.17,19,22 Briefly, samples were formalin fixed, transversely 
cut at 5 mm intervals, and stained with both hematoxylin-eosin 
and Movat stains.

Carotid plaques were classified as stable and unstable.19 
Unstable plaques were further categorized as thrombotic or 
vulnerable. Thrombotic plaques included those with cap rupture 
or erosion and healed plaques with an acute thrombus in orga-
nization. Vulnerable plaques, or thin-cap fibroatheromas, were 

Nonstandard Abbreviations and Acronyms

ANGPTL3	 angiopoietin-like 3
APOC3	 apolipoprotein CIII
CEA	 carotid endarterectomy
HDL-C	 high-density lipoprotein cholesterol
LDL-C	 low-density lipoprotein cholesterol
PCSK9	� proprotein convertase subtilisin/kexin 

type 9
RC	 remnant cholesterol
TRL	 triglyceride-rich lipoproteins
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defined by a fibrous cap thickness of <165 µm and were heav-
ily infiltrated by CD68-positive macrophages (>25 per high 
magnification field).16

In stable plaques, fibroatheroma, fibrous, and fibrocalcific 
ones were included. Fibroatheroma consisted of a necrotic core 
covered by a thick fibrous cap (>165 µm) with few inflamma-
tory cells. Fibrocalcific plaques were characterized by fibrous 
tissue associated with a large noneruptive calcification. Fibrous 
plaque mainly consisted of fibrous tissue without inflammation.

Two different pathologists (A.M. and F.S.) who were blinded 
to the clinical data performed the histopathologic examination. 
The interobserver reliability was >98%.

Risk Factors Definition
According to the 2018 American Heart Association guidelines, 
dyslipidemia refers to an abnormal amount of lipids in the blood. 
This includes elevated total cholesterol, LDL-C, triglycerides, 
and decreased high-density lipoprotein cholesterol (HDL-C).1 
Therefore, in this study, the dyslipidemic profile of each patient 
included the evaluation of (1) high LDL-C. LDL-C was calcu-
lated by the Friedewald equation: LDL-C=cholesterol−(HDL-
C+triglycerides/5), except for participants with triglyceride 
levels >300 mg/dL (3.4 mmol/L), in which case it was measured 
directly. A cutoff value of LDL-C>100 mg/dL (2.6 mmol/L) 
was used to differentiate between high and low LDL-C levels; 
(2) low HDL-C: <40 mg/dL (1.03 mmol/L) in men or <50 mg/
dL (1.3 mmol/L) in women; (3) high-RC, calculated as total 
cholesterol–LDL-C–HDL-C; patients were further divided into 
2 subgroups based on the 50th percentile value of RC (28.4 
mg/dL; 0.73 mmol/L); and (4) high-triglycerides: serum triglyc-
eride levels >150 mg/dL (>1.70 mmol/L).2

The following cardiovascular risk factors were also evalu-
ated. Hypertension was identified in patients with systolic 
blood pressure >130 mm Hg and diastolic blood pressure >80 
mm Hg (in at least 2 different measures), whether or not they 
were undergoing antihypertensive treatment at the time of 
CEA.23 Diabetes was diagnosed in patients with fasting blood 
glucose levels exceeding 126 mg/dL or those receiving oral 
medications or insulin therapy. Smoking status was categorized 
as current or former smokers, with former smokers who had 
quit <5 years ago classified as smokers, and those who had not 
smoked for >5 years considered nonsmokers. Lastly, abdomi-
nal obesity was defined by a waist circumference of 102 cm or 
more in men and 88 cm or more in women.

Statistical Analysis
Data were analyzed using SPSS version 22.0 (SPSS Inc, 
Chicago, IL) software. Continuous variables were expressed 
as the mean±SD. The Shapiro-Wilk test was used to statisti-
cally assess the normal distribution of the data. Comparisons 
between continuous variables were performed using the inde-
pendent Student t test and the Mann-Whitney U test. Categorical 
data were analyzed using the χ2 test or the Fisher exact test. A 
2-tailed P<0.05 was considered statistically significant.

Multivariate analysis using stepwise logistic regression 
(using the enter method for variable selection) was used to 
identify independent risk factors that significantly correlate with 
the unstable plaque. To include only nonassociated variables 
in the multivariate analysis, a multicollinearity test was per-
formed on all independent variables. Variables with a variance 

inflation factor >5 were considered to exhibit high multicol-
linearity. The possible association between variables with high 
multicollinearity was assessed using Pearson correlation analy-
sis. A Pearson correlation coefficient >0.7 indicated a strong 
association between variables. In our data set, high-triglyceride 
levels and high-RC exhibited high collinearity with a Pearson 
correlation coefficient of 0.9. Based on this, the multivariate 
analyses were conducted in 2 steps. In the first analysis, high-
RC was included instead of high triglycerides. Conversely, in 
the second analysis, high triglycerides was included instead of 
RC. Similarly, due to the significant association between statin 
treatment and the level of LDL-C (P<0.001) in the multivariate 
analysis, only LDL-C was included.

The odds ratio of an unstable plaque for the different risk 
factors was calculated by the value of exp (B), where B repre-
sents the logistic coefficient. The odds ratio was also specifi-
cally evaluated in subgroups of patients divided by age (±70 
years) and gender (male or female).

RESULTS
Clinical Data
The most relevant clinical data of patients are reported 
in Table 1. The mean age of the patients at the time of 
surgical CEA was 70.9 ±8.4 years; 159 patients (44.9%) 
were aged <70 years whereas 195 (55.1%) were aged 
>70 years. Moreover, 242 patients (68.4%) were male, 
and the remaining 112 (31.6%) were female.

Regarding levels of atherogenic cholesterol, 213 
patients (60.2%) had high LDL-C and 179 (50.6%) 
were characterized by an increase of RC >50th percen-
tile (ie, 28.4 mg/dL). High triglycerides were found in 
158 patients (44.6%), whereas in 183 cases (51.7%), a 
reduction of HDL-C was observed. Regarding the other 
risk factors, the hypertension was the most frequently 
observed (230 out of 354 cases [65.0%]). At the time of 
CEA, 131 patients were taking statins, 38 of whom still 
showed elevated LDL-C levels.

Histopathologic Findings
In 194 patients, stable plaques were found; specifically, 
162 were classified as fibrocalcific (Figure 1A; 45.8%), 
with a variable fibrous cap overlying extensive accu-
mulations of calcium in the intima, associated with a 
small lipid-laden necrotic core. The remaining 32 stable 
plaques consisted of fibroatheroma (Figure 1B; 9.0%), 
characterized by the presence of a large atheroma 
containing extracellular lipid, cholesterol crystals, and 
necrotic debris. A thick fibrous cap with few inflamma-
tory cells (Table 1) covered these plaques.

Unstable plaques were found in 160 patients (45.2%); 
among them, 98 showed plaques characterized by cap rup-
ture (Figure 1C) or erosion (Figure 1D) associated to an 
acute thrombus (27.7%) and 33 had healed plaques with 
an acute organizing thrombus (9.3%), in which fibrin and 
a variable number of macrophagic cells with hemosiderin 
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were present, along with a network of large, thin-walled 
vascular channels. The remaining 29 unstable plaques 
were constituted by thin-cap fibroatheromas (8.2%) char-
acterized by a thin and inflamed fibrous cap (Table 1).

Regarding statin therapy, a significant correlation 
with plaque stability was observed (P<0.001). Among 
the 131 patients receiving statins, 89 (67.9%) exhib-
ited stable plaques, whereas 42 (32.1%) presented with 
unstable ones. In contrast, the 223 patients not treated 
with statins showed a different distribution: 105 (47.1%) 
displayed stable plaques, whereas 118 (52.9%) had 
unstable ones. Interestingly, in line with literature data, we 
identified a subset of 38 (29.0%) patients who, despite 
statin therapy, maintained elevated LDL-C levels. Among 

these individuals, only 11 (28.9%) exhibited unstable 
plaques.24

Plaque Instability and Risk Factors
Among the analyzed modifiable risk factors (Table 2), at 
univariate analysis, high LDL-C emerged as the most rel-
evant one associated with plaque instability (P=0.001). 
In fact, an unstable carotid plaque was found in 70.6% 
(113/160) of patients with high LDL-C. Regarding gen-
der, males showed a higher incidence of unstable plaques 
than females (P=0.003) because unstable plaques were 
observed in 121 of the 242 (50.0%) male patients and 
only in 39 of the 112 (34.8%) female patients.

Multivariate analysis showed that the main risk factor 
correlated with the presence of an unstable plaque was 
high LDL-C, with an odds ratio of 2.38 (95% CI, 1.49–
3.81). The other factors did not significantly increase the 
risk, with the exception of RC, which showed an odds 
ratio of 1.31 (95% CI, 0.82–2.0; Figure 2).

The concurrent high levels of RC or serum triglycer-
ides in patients with high LDL-C significantly increased 
the risk of plaque instability (Figure 2). Specifically, in 
individuals with both increased RC and LDL-C, the odds 
ratio of plaque instability raised to 3.97 (95% CI, 1.9–8.2). 
Noteworthy, in patients with high LDL-C and low levels of 
RC, the odds ratio decreased to 1.72 (95% CI, 0.9–3.3).

Data analysis showed similar results considering high-
triglycerides instead of RC (Figure 2), as expected given 
the strict metabolic correlation between these dyslipid-
emic factors. Indeed, in patients with concomitant high 
LDL-C and high triglycerides, the odds ratio of plaque 
instability increased to 4.19 (95% CI, 1.9–9.2), whereas 
in patients with high LDL-C and lower levels of triglycer-
ides, the odds ratio decreased to 1.77 (95% CI, 0.9–3.3).

Multivariate analyses displayed that age (Table 3) 
and gender (Table 4) influence the risk of carotid plaque 
instability related to high LDL-C. In detail, patients aged 
<70 years showed a significant raise in plaque instability 
risk, if having both high LDL-C and RC or triglycerides, 
reaching odds ratio values of 7.92 (95% CI, 2.42–25.92) 
and 9.91 (95% CI, 2.6–38.4), respectively (Table 3). In 
patients >70 years, elevated RC or triglyceride levels 
did not alter the risk of plaque instability related to high 
LDL-C (Table 3).

Considering gender, a substantially increased risk of 
plaque instability emerged in women who had concur-
rently high levels of LDL-C and RC with odds ratio val-
ues of 10.18 (95% CI, 1.9–54.7) or concomitant raise of 
LDL-C and triglycerides with odds ratio of 8.9 (95% CI, 
1.6–48.9; Table 4). On the contrary, in male individuals, 
the same dyslipidemic profiles resulted in a slight raise in 
the risk of plaque instability, with odds ratios equal to 3.0 
(95% CI, 1.3–7.0) if considering high LDL-C and RC or 
3.5 (95% CI, 1.4–9.0) when high LDL-C was associated 
to high triglycerides (Table 4).

Table 1.  Baseline Characteristics of Patients

N (%)

Total cases n=354

Age, y

 � <70 159 (44.9%)

  �≥70 195 (55.1%)

Gender

 � Male 242 (68.4%)

 � Female 112 (31.6%)

Risk factors

 � Dyslipidemic factors 322 (91.0%)*

  �  High LDL-C (>100 mg/dL) 213 (60.2%)

  �  Low HDL-C (<40 mg/dL in men or <50 mg/dL in 
women)

183 (51.7%)

  �  High cholesterol remnant (>50th percentile,  
>28.4 mg/dL)

179 (50.6%)

  �  High triglyceride levels (>150 mg/dL) 158 (44.6%)

 � Other risk factors

  �  Hypertension 230 (65.0%)

  �  Diabetes 143 (40.4%)

  �  Smoking habit 82 (48.8%)

  �  Obesity 64 (18.1%)

Drugs

 � Statins 131 (37.0)

Associated vascular disease

 � Previous cardiovascular diseases 124 (36.6)

 � Peripheral arterial disease 129 (38.5)

 � Aortic aneurysm 11 (5.8)

Histological type of carotid plaque

 � Stable plaques 194 (54.8%)*

  �  Fibroatheroma 32 (9.0%)

  �  Fibrous or fibrocalcific 162 (45.8%)

 � Unstable plaques 160 (45.2%)*

  �  Thrombotic plaque 98 (27.7)

  �  TCFA 29 (8.2%)

  �  Healed with an acute thrombus in organization 33 (9.3%)

HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipo-
protein cholesterol; and TCFA, thin-cap fibroatheromas.
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Detailed multivariate analysis data regarding the risk 
of plaque instability related to different dyslipidemic fac-
tors are provided in the Tables S1 through S4.

DISCUSSION
The results of this extensive histological study demon-
strated that changes in the dyslipidemic profile signifi-
cantly influence the destabilization of carotid plaques. 
The increase in LDL-C levels resulted in the principal 
risk factor for plaque instability, particularly in association 
with high-RC or high triglycerides. The effect of these 
dyslipidemic factors on plaque instability is influenced by 
age and gender of the patients. Women with elevated 
LDL-C and high-RC or high triglycerides exhibited the 
highest risk of plaque instability, as compared with men. 
A significant increase in the risk of plaque instability was 
also observed in patients aged <70 years exhibiting ele-
vated LDL-C and high-RC or high triglycerides.

Data reported in our study support the evidence 
emerging from several meta-analyses regarding the 
importance of the reduction of lipid levels in the preven-
tion of acute cerebrovascular events. In this regard, it 
has been demonstrated that statin therapy reduces the 
risk of first stroke among high-risk individuals, likely due 

to decreased plaque vulnerability, as demonstrated by 
our findings.10,11,25,26 The critical role of statin therapy in 
enhancing atherosclerotic plaque stability may also be 
attributed to their well-recognized pleiotropic effects. 
The observation that only 28.9% of patients (11/38) 
who maintained elevated LDL-C, despite statin therapy, 
exhibited stable plaque supports this effect. The anti-
inflammatory properties of statins, together with the pro-
motion of collagen synthesis, contribute to the thickening 
of the fibrous cap and a reduction in lipid content within 
the plaque core. Collectively, these effects enhance 
plaque stability, reducing susceptibility to rupture and 
thrombosis.27,28

Data from our study offer a unique opportunity to dem-
onstrate that high LDL-C levels are associated with the 
presence of histological evidence of carotid plaque vul-
nerability. Previous investigations assessed the severity of 
carotid plaques mainly by using imaging techniques. Nev-
ertheless, the identification of unstable carotid plaques 
using imaging techniques is difficult, due to the impos-
sibility of precisely assessing both the thickness of the 
fibrous cap and the inflammation of the plaque, funda-
mental elements for defining a high-risk plaque.29 The 
accurate evaluation of these morphological features is 
currently achievable only through histological analysis.30,31

Figure 1. Histological aspects of 
atherosclerotic carotid plaques.
A, A fibrocalcific carotid plaque with 
foci of bone metaplasia. B, A stable 
fibroatheromatic plaque characterized 
by a thick fibrous cap. C, A thrombotic 
ruptured plaque. D, A plaque with erosion 
associated with an acute thrombus. Scale 
bar represents 800 µm.
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Although it is widely recognized that lowering LDL-C 
is effective in reducing cardiovascular risk, it has also 
emerged that lowering LDL-C levels alone has not abol-
ished atherosclerotic cardiovascular risk.32 Indeed, it has 
been demonstrated a significant residual cardiovascular 
risk in patients treated with statins, likely due to the role 
of other lipid fractions, such as RC and high triglycer-
ides.33 Indeed, results of the PROVE IT (TIMI 22) trial 
showed that in statin-treated patients with postacute 
coronary syndrome, the presence of elevated triglycer-
ides was associated with higher cardiovascular risk, as 
compared with patients with normal triglyceride levels.32

According to this evidence, more recent approaches 
tend to consider high-triglyceride levels just as a marker 
for elevated RC. In fact, partially hydrolyzed TRL carry 
not only triglycerides but also significant quantities of 

cholesterol coming from VLDL and chylomicrons in their 
lipoprotein particles. These particles correspond to the 
so-called RC. Thus, increased triglyceride levels may be 
considered a risk marker for cardiovascular disease, but 
RC is likely to be the true culprit particles driving the pro-
gression of the atherosclerotic plaques.33

In this evolving scenario, our histology-based study 
may help shed light on the contribution of triglycerides 
and RC in the process of carotid plaque instability. Results 
from this study showed that patients with elevated levels 
of both LDL-C and either high-RC or high triglycerides 
had a significantly higher risk of plaque instability. In line 
with recent insights from clinical trials, we hypothesize 
that among individuals with elevated LDL-C, the addi-
tional risk of plaque instability observed in patients with 
concomitantly high-triglyceride levels serves as a sur-
rogate marker of the true underlying risk factor driving 
plaque vulnerability, namely, elevated RC levels.

The mechanisms through which RC contributes to 
plaque instability are multifaceted and complex.34,35 One of 
the primary pathways involves the infiltration and retention 
of these lipoproteins within the arterial wall. Unlike triglycer-
ides, which has not been found in atherosclerotic plaques,26 
RC particles can penetrate through the endothelium into the 
arterial intima, accumulating in the subendothelial space.36,37 
This deposition triggers a series of inflammatory responses, 
attracting immune cells, such as macrophages, to the site.38 
Macrophages phagocytize RC particles, transforming into 
foam cells, which are hallmark components of atheroscle-
rotic plaques. Furthermore, the retained RC induces the 
expression of proinflammatory cytokines and adhesion mol-
ecules, perpetuating a chronic inflammatory state within the 
arterial wall.39,40 Inflammation not only promotes further lipid 
deposition but also destabilizes existing plaques making 
them more prone to rupture. Besides inflammatory mecha-
nisms, RC particles can exacerbate oxidative stress within 
the arterial wall, causing additional endothelial damage and 
promoting a proatherogenic environment.41

Thus, evidences from clinical studies have clearly 
demonstrated that the residual cardiovascular risk asso-
ciated with elevated TRL cannot be reduced by a simple 
triglyceride-lowering pharmacological approach, reflect-
ing the complexity of the metabolism of TRL.42 Recent 
research has identified promising approaches to reduce 
RC levels through inhibition of APOC3 (apolipoprotein 
CIII) or ANGPTL-3 (angiopoietin-like 3).32

Regarding the role of age, there is a gradual shift 
in older individuals from inflammatory plaques to more 
calcified and fibrotic stable ones, which are less prone 
to rupture but may still cause only luminal narrowing.43 
This evidence is consistent with the results of the pres-
ent study, showing that the dyslipidemic profile seems 
to play a less significant role in plaque destabilization 
in older individuals, as compared with those <70 years. 
Moreover, this finding is also supported by the study of 
Nanna et al,44 which demonstrated that LDL-C was not 

Table 2.  Correlation Between Risk Factors and Plaque 
Instability

Stable plaque, 
n=194

Unstable 
plaques, n=160

Multivariate 
analysis (P value)

Age, y

 � <70 89 (45.9%) 70 (43.8%) 0.61

  �≥70 105 (54.1%) 90 (56.2%)  

Gender

 � Male 121 (62.4%) 121 (75.6%) 0.003

 � Female 73 (37.6%) 39 (24.4%)  

Hypertension

 � N 66 (34.0%) 58 (36.3%) 0.51

 � Y 128 (66.0%) 102 (63.8%)  

Diabetes

 � N 108 (55.7%) 103 (74.4%) 0.42

 � Y 66 (44.3%) 57 (35.6%)  

Smoking habit

 � N 153 (78.9%) 121 (75.6%) 0.96

 � Y 41 (21.1%) 39 (24.4%)  

High LDL-C

 � N 94 (48.5%) 47 (29.4%) 0.001

 � Y 100 (51.5%) 113 (70.6%)  

Low HDL-C

 � N 90 (46.4%) 81 (50.6%) 0.24

 � Y 104 (53.6%) 79 (49.4%)  

High cholesterol remnant (>50th percentile)

 � N 103 (53.1%) 91 (45.0%) 0.58

 � Y 91 (46.9%) 88 (55.0%)  

High-triglyceride levels

 � N 114 (58.8%) 82 (51.3%) 0.96

 � Y 80 (41.2%) 78 (48.7%)  

Obesity

 � N 157 (80.9%) 133 (83.1%) 0.85

 � Y 37 (19.1%) 27 (16.9%)  

HDL-C indicates high-density lipoprotein cholesterol; and LDL-C, low-density 
lipoprotein cholesterol.
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associated with CVD risk among 2667 adults aged 75 
years or older, even in the presence of other risk factors.

The increased risk of carotid plaque instability observed 
in women with elevated LDL-C and high-RC or high-
triglycerides, as compared with men, appears surprising 
and in contrast with the scientific literature, which typically 
reports a higher cardiovascular risk in men. This result 
could reflect the generally more favorable lipid profiles 
in women during their reproductive years.45 However, 
menopause reverses the protective effect of estrogen 

on atheromatous plaque development, leading to higher 
LDL-C levels and increased cardiovascular risk.46 Remark-
ably, the female population in this study included only 
subjects over the age of 55 who were already postmeno-
pausal, which may at least partially explain these findings.

Study Limitations
Although the morphological assessment of carotid 
plaques represents the gold standard for defining plaque 

Figure 2. Multivariate analysis.
Graph presents the odds ratios (ORs) 
of plaque instability with 95% CIs for 
examined variables including high low-
density lipoprotein cholesterol (LDL-C) 
alone and in combination with remnant 
cholesterol (RC) and triglycerides (TG). 
Each point represents the estimated OR 
for the corresponding condition, with the 
horizontal bars illustrating the range of 
the 95% CI. The red dashed line at OR=1 
serves as the reference point, indicating 
no effect or association. HDL-C indicates 
high-density lipoprotein cholesterol.

Table 3.  Multivariate Analysis Showing the Effect of Aging on the Risk of Plaque Instability Related to Modifiable Risk Factors

Patients with high remnant cholesterol Patients with high triglycerides

<70 y ≥70 y <70 y ≥70 y

Odds ratio (95% CI) P value Odds ratio (95% CI) P value Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Gender 0.37 (0.14–1.03) 0.6 0.42 (0.14–1.27) 0.12 0.39 (0.13–1.15) 0.09 0.49 (0.15–1.60) 0.24

Diabetes 2.61 (0.92–7.3) 0.7 1.21 (0.42–3.50) 0.72 2.51 (0.84–7.51) 0.1 1.01 (0.33–3.12) 0.98

Hypertension 0.99 (0.34–2.8) 0.98 0.50 (0.18–1.39) 0.19 1.05 (0.34–3.27) 0.93 0.42 (0.14–1.28) 0.13

Smoking habit 0.70 (0.24–2.0) 0.52 0.98 (0.29–3.3) 0.97 0.60 (0.19–1.86) 0.38 0.83 (0.21–3.23) 0.79

High LDL-C 7.92 (2.4–25.92) 0.001 2.23 (0.82–6.05) 0.12 9.91 (2.56–38.37) 0.001 2.02 (0.67–6.15) 0.21

Low HDL-C 0.60 (0.23–1.57) 0.30 1.05 (0.41–2.69) 0.93 0.63 (0.22–1.79) 0.39 1.48 (0.52–4.25) 0.47

Obesity 0.91 (0.3–2.8) 0.87 1.6 (0.39–5.58) 0.52 1.08 (0.34–3.47) 0.89 1.85 (0.38–8.91) 0.44

HDL-C indicates high-density lipoprotein cholesterol; and LDL-C, low-density lipoprotein cholesterol.
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vulnerability, it may also represent a limitation of the study, 
as it restricts the study population to patients undergoing 
CEA.

Conclusions
This histological study underscores the significant contribu-
tion of dyslipidemia to carotid plaque instability. Given this 
evidence, lipid management strategies that focus solely on 
lowering LDL-C might be insufficient to reduce the risk of 
plaque destabilization and, consequently, stroke occurrence.

The risk of plaque instability in patients with dys-
lipidemia is notably influenced by age and gender, 
with women and individuals aged <70 years exhibiting 
increased susceptibility.

The identification of lipid profiles, in combination with 
the control of the other well-known cardiovascular risk 
factors, such as lipoprotein(a), paves the way for the 
development of personalized medicine approaches in 
atherosclerosis.47

In particular, a comprehensive, patient-tailored 
approach to lipid management that addresses both 
LDL-C and other atherogenic lipid fractions, such as RC, 
may be more effective in reducing acute cerebrovascu-
lar events, especially in women and patients aged <70 
years.

ARTICLE INFORMATION
Received April 7, 2025; final revision received June 6, 2025; accepted June 19, 
2025.

Affiliations
Department of Experimental Medicine, TOR (F.S., M.S., V.P., R.B., E.G., E.C., G.M., 
A.M.), Vascular Surgery Unit, Biomedicine and Prevention Department (F.M.O., 
A.I.), and Department of Systems Medicine (R.M., V.C., M.C., M.F.), University of 
Rome Tor Vergata Rome, Italy. Department of General and Specialist Surgery, 
Faculty of Pharmacy and Medicine, Sapienza University of Rome, Italy (E.M.).

Sources of Funding
This work has been supported primarily by the Ministry of Health—HUB LIFE 
SCIENCE—Advanced Diagnostic–Italian network of excellence for advanced 
diagnosis (INNOVA; PNC-E3-2022-23683266) to Drs Mauriello, Scimeca, Ser-
vadei, Melino, and Candi.

Disclosures
None.

Supplemental Material
STROBE Checklist
Tables S1–S4

REFERENCES
	 1.	 Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, 

Braun LT, de Ferranti S, Faiella-Tommasino J, Forman DE, et al. 2018 
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/
NLA/PCNA guideline on the management of blood cholesterol: execu-
tive summary: a report of the American College of Cardiology/American 
Heart Association task force on Clinical Practice Guidelines. Circulation. 
2019;139:e1046–e1081. doi: 10.1161/CIR.0000000000000624

	 2.	 Authors/Task Force Members; ESC Committee for Practice Guide-
lines (CPG); ESC National Cardiac Societies. 2019 ESC/EAS guide-
lines for the management of dyslipidaemias: lipid modification to 
reduce cardiovascular risk. Atherosclerosis. 2019;290:140–205. doi: 
10.1016/j.atherosclerosis.2019.08.014

	 3.	 Ha SH, Kim BJ. Dyslipidemia treatment and cerebrovascular dis-
ease: evidence regarding the mechanism of stroke. J Lipid Atheroscler. 
2024;13:139–154. doi: 10.12997/jla.2024.13.2.139

	 4.	 Kim JS. Role of blood lipid levels and lipid-lowering therapy in stroke patients 
with different levels of cerebral artery diseases: reconsidering recent stroke 
guidelines. J Stroke. 2021;23:149–161. doi: 10.5853/jos.2021.01249

	 5.	 Servadei F, Anemona L, Cardellini M, Scimeca M, Montanaro M, Rovella V,  
Di Daniele F, Giacobbi E, Legramante IM, Noce A, et al. The risk of 
carotid plaque instability in patients with metabolic syndrome is higher in 
women with hypertriglyceridemia. Cardiovasc Diabetol. 2021;20:98. doi: 
10.1186/s12933-021-01277-8

	 6.	 Rovella V, Anemona L, Cardellini M, Scimeca M, Saggini A, Santeusanio G,  
Bonanno E, Montanaro M, Legramante IM, Ippoliti A, et al. The role 
of obesity in carotid plaque instability: interaction with age, gender, 
and cardiovascular risk factors. Cardiovasc Diabetol. 2018;17:46. doi: 
10.1186/s12933-018-0685-0

	 7.	 Miura Y, Suzuki H. Hypertriglyceridemia and atherosclerotic carotid artery 
stenosis. Int J Mol Sci. 2022;23:16224. doi: 10.3390/ijms232416224

	 8.	 Bushnell C, Kernan WN, Sharrief AZ, Chaturvedi S, Cole JW, Cornwell WK III, 
Cosby-Gaither C, Doyle S, Goldstein LB, Lennon O, et al. 2024 guideline 
for the primary prevention of stroke: a guideline from the American Heart 
Association/American Stroke Association. Stroke. 2024;55:e344–e424. 
doi: 10.1161/STR.0000000000000475

	 9.	 Amarenco P, Kim JS, Labreuche J, Charles H, Abtan J, Béjot Y, Cabrejo L, 
Cha JK, Ducrocq G, Giroud M, et al; Treat Stroke to Target Investigators. A 
comparison of two LDL cholesterol targets after ischemic stroke. N Engl J 
Med. 2020;382:9. doi: 10.1056/NEJMoa1910355

	10.	 Taylor F, Huffman MD, Macedo AF, Moore TH, Burke M, 
Davey Smith G, Ward K, Ebrahim S. Statins for the primary prevention of car-
diovascular disease. Cochrane Database Syst Rev. 2013;2013:CD004816. 
doi: 10.1002/14651858.CD004816.pub5

Table 4.  Multivariate Analysis Showing the Effect of Gender on the Risk of Plaque Instability Related to Modifiable Risk 
Factors

Patients with high remnant cholesterol Patients with high triglycerides

Women Men Women Men

Odds ratio (95% CI) P value Odds ratio (95% CI) P value Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age, y 0.85 (0.20–3.54) 0.82 1.33 (0.61–2.90) 0.48 0.85 (0.21–3.52) 0.83 1.63 (0.67–3.93) 0.28

Diabetes 10.86 (2.19–53.93) 0.004 0.88 (0.38–2.08) 0.78 8.51 (1.60–45.20) 0.01 0.82 (0.33–2.04) 0.67

Hypertension 1.21 (0.32–4.62) 0.79 0.62 (0.26–1.52) 0.30 1.22 (0.32–4.70) 0.77 0.55 (0.20–1.50) 0.24

Smoking habit 1.57 (0.18–14.10) 0.69 1.02 (0.43–2.45) 0.96 1.05 (0.10–10.93) 0.97 0.94 (0.37–2.44) 0.90

High LDL-C 10.18 (1.89–54.69) 0.007 3.03 (1.32–7.00) 0.009 8.92 (1.63–48.87) 0.01 3.54 (1.39–9.02) 0.008

Low HDL-C 0.55 (0.10–2.95) 0.49 0.91 (0.43–1.95) 0.81 0.66 (0.11–4.13) 0.66 1.16 (0.50–2.68) 0.73

Obesity 0.63 (0.11–3.52) 0.59 1.78 (0.62–5.12) 0.29 0.58 (0.10–3.31) 0.54 2.35 (0.73–7.57) 0.15

HDL-C indicates high-density lipoprotein cholesterol; and LDL-C, low-density lipoprotein cholesterol.

D
ow

nloaded from
 http://ahajournals.org by on Septem

ber 8, 2025



Original Contribution
Servadei et al Dyslipidemia and Carotid Plaque Thrombosis

Stroke. 2025;56:00–00. DOI: 10.1161/STROKEAHA.125.051754� October 2025    9

	11.	 Amarenco P, Labreuche J. Lipid management in the prevention of stroke: 
review and updated meta-analysis of statins for stroke prevention. Lancet 
Neurol. 2009;8:453–463. doi: 10.1016/S1474-4422(09)70058-4

	12.	 Duell PB. Triglyceride-rich lipoproteins and atherosclerotic cardio-
vascular disease risk. J Am Coll Cardiol. 2023;81:153–155. doi: 
10.1016/j.jacc.2022.11.013

	13.	 Balling M, Afzal S, Davey Smith G, Varbo A, Langsted A, Kamstrup PR, 
Nordestgaard BG. Elevated LDL triglycerides and atherosclerotic risk. J Am 
Coll Cardiol. 2023;81:136–152. doi: 10.1016/j.jacc.2022.10.019

	14.	 Xu D, Xie L, Cheng C, Xue F, Sun C. Triglyceride-rich lipoproteins and car-
diovascular diseases. Front Endocrinol (Lausanne). 2024;15:1409653. doi: 
10.3389/fendo.2024.1409653

	15.	 Zhao Y, Zhuang Z, Li Y, Xiao W, Song Z, Huang N, Wang W, Dong X, Jia J, 
Clarke R, et al. Elevated blood remnant cholesterol and triglycerides are 
causally related to the risks of cardiometabolic multimorbidity. Nat Commun. 
2024;15:2451. doi: 10.1038/s41467-024-46686-x

	16.	 Spagnoli LG, Mauriello A, Sangiorgi G, Fratoni S, Bonanno E, Schwartz RS, 
Piepgras DG, Pistolese R, Ippoliti A, Holmes DR Jr. Extracranial throm-
botically active carotid plaque as a risk factor for ischemic stroke. JAMA. 
2004;292:1845–1852. doi: 10.1001/jama.292.15.1845

	 17.	 Mauriello A, Sangiorgi GM, Virmani R, Trimarchi S, Holmes DR, Kolodgie FD, 
Piepgras DG, Piperno G, Liotti D, Narula J, et al. A pathobiologic link between 
risk factors profile and morphological markers of carotid instability. Athero-
sclerosis. 2010;208:572–580. doi: 10.1016/j.atherosclerosis.2009.07.048

	18.	 Spagnoli LG, Bonanno E, Sangiorgi G, Mauriello A. Role of inflam-
mation in atherosclerosis. J Nucl Med. 2007;48:1800–1815. doi: 
10.2967/jnumed.107.038661

	19.	 Virmani R, Kolodgie FD, Burke AP, Farb A, Schwartz SM. Lessons from sud-
den coronary death: a comprehensive morphological classification scheme 
for atherosclerotic lesions. Arterioscler Thromb Vasc Biol. 2000;20:1262–
1275. doi: 10.1161/01.atv.20.5.1262

	20.	 Bonati LH, Kakkos S, Berkefeld J, de Borst GJ, Bulbulia R, Halliday A, 
van Herzeele I, Koncar I, McCabe DJ, Lal A, et al. European Stroke Organ-
isation guideline on endarterectomy and stenting for carotid artery stenosis. 
Eur Stroke J. 2021;6:1–47. doi: 10.1177/23969873211012121

	21.	 Naylor R, Rantner B, Ancetti S, de Borst GJ, De Carlo M, Halliday A, Kakkos SK, 
Markus HS, McCabe DJH, Sillesen H, et al. Editor’s Choice–European Soci-
ety for Vascular Surgery (ESVS) 2023 Clinical Practice Guidelines on the 
management of atherosclerotic carotid and vertebral artery disease. Eur J 
Vasc Endovasc Surg. 2023;65:7–111. doi: 10.1016/j.ejvs.2022.04.011

	22.	 Mauriello A, Servadei F, Sangiorgi G, Anemona L, Giacobbi E, Liotti D, 
Spagnoli LG. Asymptomatic carotid plaque rupture with unexpected thrombo-
sis over a non-canonical vulnerable lesion. Atherosclerosis. 2011;218:356–
362. doi: 10.1016/j.atherosclerosis.2011.06.056

	23.	 Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, 
Dennison Himmelfarb C, DePalma SM, Gidding S, Jamerson KA, Jones DW, 
et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/
NMA/PCNA guideline for the prevention, detection, evaluation, and 
management of high blood pressure in adults: a report of the Ameri-
can College of Cardiology/American Heart Association Task Force on 
Clinical Practice Guidelines. J Am Coll Cardiol. 2018;71:e127–e248. doi: 
10.1016/j.jacc.2017.11.006

	24.	 Rydén L, Grant PJ, Anker SD, Berne C, Cosentino F, Danchin N, Deaton C, 
Escaned J, Hammes HP, Huikuri H, et al; Authors/Task Force Members. 
ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases 
developed in collaboration with the EASD: the task force on diabetes, pre-
diabetes, and cardiovascular diseases of the European Society of Cardiol-
ogy (ESC) and developed in collaboration with the European Association 
for the Study of Diabetes (EASD). Eur Heart J. 2013;34:3035–3087. doi: 
10.1093/eurheartj/eht108

	25.	 Zhai C, Hou K, Li R, Hu Y, Zhang J, Zhang Y, Wang L, Zhang R, Cong H. 
Efficacy of statin treatment based on cardiovascular outcomes in elderly 
patients: a standard meta-analysis and Bayesian network analysis. J Int Med 
Res. 2020;48:300060520926349. doi: 10.1177/0300060520926349

	26.	 Tonelli M, Lloyd A, Clement F, Conly J, Husereau D, Hemmelgarn B, 
Klarenbach S, McAlister FA, Wiebe N, Manns B; Alberta Kidney Disease 
Network. Efficacy of statins for primary prevention in people at low car-
diovascular risk: a meta-analysis. CMAJ. 2011;183:E1189–E1202. doi: 
10.1503/cmaj.101280

	 27.	 Nissen SE, Tuzcu EM, Schoenhagen P, Brown BG, Ganz P, Vogel RA, 
Crowe T, Howard G, Cooper CJ, Brodie B, et al; REVERSAL Investigators. 
Effect of intensive compared with moderate lipid-lowering therapy on pro-
gression of coronary atherosclerosis: a randomized controlled trial. JAMA. 
2004;291:1071–1080. doi: 10.1001/jama.291.9.1071

	28.	 Scandinavian Simvastatin Survival Study Group. Randomised trial of choles-
terol lowering in 4444 patients with coronary heart disease: the Scandina-
vian Simvastatin Survival Study (4S). Lancet. 1994;344:1383–1389. doi: 
10.1016/j.atherosclerosissup.2004.08.027

	29.	 Mantella LE, Liblik K, Johri AM. Vascular imaging of atherosclero-
sis: strengths and weaknesses. Atherosclerosis. 2021;319:42–50. doi: 
10.1016/j.atherosclerosis.2020.12.021

	30.	 Sangiorgi G, Roversi S, Biondi Zoccai G, Modena MG, Servadei F, Ippoliti A, 
Mauriello A. Sex-related differences in carotid plaque features and inflam-
mation. J Vasc Surg. 2013;57:338–344. doi: 10.1016/j.jvs.2012.07.052

	31.	 Mauriello A, Sangiorgi G, Virmani R, Servadei F, Trimarchi S, Holmes DR Jr, 
Kolodgie F, Biondi Zoccai G, Leuzzi C, Spagnoli LG. Evidence of a topo-
graphical link between unstable carotid plaques and luminal stenosis: can 
we better stratify asymptomatic patients with significant plaque burden? Int 
J Cardiol. 2012;155:309–311. doi: 10.1016/j.ijcard.2011.11.061

	32.	 Braunwald E. Triglycerides: the past, the present, and the future. Eur Heart 
J. 2024;45:3780–3781. doi: 10.1093/eurheartj/ehae515

	33.	 Navarese EP, Vine D, Proctor S, Grzelakowska K, Berti S, Kubica J, Raggi P. 
Independent causal effect of remnant cholesterol on atherosclerotic cardio-
vascular outcomes: a Mendelian randomization study. Arterioscler Thromb 
Vasc Biol. 2023;43:e373–e380. doi: 10.1161/ATVBAHA.123.319297

	34.	 Hu X, Liu Q, Guo X, Wang W, Yu B, Liang B, Zhou Y, 
Dong H, Lin J. The role of remnant cholesterol beyond low-density lipopro-
tein cholesterol in diabetes mellitus. Cardiovasc Diabetol. 2022;21:117. doi: 
10.1186/s12933-022-01554-0

	35.	 Nakamura T, Uematsu M, Yoshizaki T, Kobayashi T, Watanabe Y, Kugiyama K. 
Improvement of endothelial dysfunction is mediated through reduction of 
remnant lipoprotein after statin therapy in patients with coronary artery dis-
ease. J Cardiol. 2020;75:270–274. doi: 10.1016/j.jjcc.2019.08.006

	36.	 Nordestgaard BG. Triglyceride-rich lipoproteins and atherosclerotic cardio-
vascular disease: new insights from epidemiology, genetics, and biology. Circ 
Res. 2016;118:547–563. doi: 10.1161/CIRCRESAHA.115.306249

	 37.	 Nordestgaard BG, Nicholls SJ, Langsted A, Ray KK, Tybjærg-Hansen A. 
Advances in lipid-lowering therapy through gene-silencing technologies. 
Nat Rev Cardiol. 2018;15:261–272. doi: 10.1038/nrcardio.2018.3

	38.	 Wu Y, Wei Q, Li H, Yang H, Wu Y, Yu Y, Chen Q, He B, Chen F. Association 
of remnant cholesterol with hypertension, type 2 diabetes, and their coex-
istence: the mediating role of inflammation-related indicators. Lipids Health 
Dis. 2023;22:158. doi: 10.1186/s12944-023-01915-y

	39.	 Doi T, Langsted A, Nordestgaard BG. Dual elevated remnant cholesterol 
and C-reactive protein in myocardial infarction, atherosclerotic cardio-
vascular disease, and mortality. Atherosclerosis. 2023;379:117141. doi: 
10.1016/j.atherosclerosis.2023.05.010

	40.	 Bale BF, Doneen AL, Leimgruber PP, Vigerust DJ. The critical issue link-
ing lipids and inflammation: clinical utility of stopping oxidative stress. Front 
Cardiovasc Med. 2022;9:1042729. doi: 10.3389/fcvm.2022.1042729

	41.	 Bentzon JF, Otsuka F, Virmani R, Falk E. Mechanisms of plaque 
formation and rupture. Circ Res. 2014;114:1852–1866. doi: 
10.1161/CIRCRESAHA.114.302721

	42.	 Pirillo A, Catapano AL. How to handle elevated triglycerides: life 
after PROMINENT. Curr Atheroscler Rep. 2023;25:921–929. doi: 
10.1007/s11883-023-01175-2

	43.	 Tesauro M, Mauriello A, Rovella V, Annicchiarico-Petruzzelli M, 
Cardillo C, Melino G, Di Daniele N. Arterial ageing: from endothelial dys-
function to vascular calcification. J Intern Med. 2017;281:471–482. doi: 
10.1111/joim.12605

	44.	 Nanna MG, Navar AM, Wojdyla D, Peterson ED. The association between 
low-density lipoprotein cholesterol and incident atherosclerotic cardio-
vascular disease in older adults: results from the National Institutes of 
Health Pooled Cohorts. J Am Geriatr Soc. 2019;67:2560–2567. doi: 
10.1111/jgs.16123

	45.	 Barnett JB, Woods MN, Lamon-Fava S, Schaefer EJ, McNamara JR, 
Spiegelman D, Hertzmark E, Goldin B, Longcope C, Gorbach SL. Plasma 
lipid and lipoprotein levels during the follicular and luteal phases of 
the menstrual cycle. J Clin Endocrinol Metab. 2004;89:776–782. doi: 
10.1210/jc.2003-030506

	46.	 Mehta JM, Manson JE. The menopausal transition period and 
cardiovascular risk. Nat Rev Cardiol. 2024;21:203–211. doi: 
10.1038/s41569-023-00926-7

	 47.	 van Dam-Nolen DHK, van Dijk AC, Crombag GAJC, Lucci C, 
Kooi ME, Hendrikse J, Nederkoorn PJ, Daemen MJAP, van der Steen AFW, 
Koudstaal PJ, et al. Lipoprotein(a) levels and atherosclerotic plaque charac-
teristics in the carotid artery: the Plaque at RISK (PARISK) study. Athero-
sclerosis. 2021;329:22–29. doi: 10.1016/j.atherosclerosis.2021.06.004

D
ow

nloaded from
 http://ahajournals.org by on Septem

ber 8, 2025


	Aging and Gender Modify the Risk of Carotid Plaque Thrombosis Related to Dyslipidemic Profile
	Methods
	Data Availability
	Ethics Statement
	Patient Selection
	Histology and Plaque Classification
	Risk Factors Definition
	Statistical Analysis

	Results
	Clinical Data
	Histopathologic Findings
	Plaque Instability and Risk Factors

	Discussion
	Study Limitations
	Conclusions

	ARTICLE INFORMATION
	Affiliations
	Sources of Funding
	Disclosures
	Supplemental Material

	References


