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BACKGROUND AND PURPOSE: Incidence of ischemic stroke differs between men and women, with substantially higher rates 
in men. The underlying mechanism of this difference remains poorly understood but may be because of differences in 
carotid atherosclerosis. Using an in-depth imaging-based approach, we investigated differences between carotid plaque 
composition and morphology in male and female patients with stroke, taking into account differences in total plaque burden. 
Additionally, we investigated all possible within-artery combinations of plaque characteristics to explore differences between 
various plaque phenotypes.

METHODS: We included 156 men and 68 women from the PARISK (Plaque At Risk) study, a prospective cohort study of 
patients with recent ischemic cerebrovascular symptoms and <70% ipsilateral carotid stenosis. Plaque characteristics 
(intraplaque hemorrhage [IPH], lipid-rich necrotic core [LRNC], calcifications, thin-or-ruptured fibrous cap, ulcerations, total 
plaque volume) were assessed with magnetic resonance imaging and multidetector-row computed tomography angiography. 
We used multivariable logistic and linear regression analyses to assess sex differences in plaque characteristics.

RESULTS: We found significant difference in total plaque volume between men and women (β=22.9 mm3 [95% CI, 15.4–30.5]; 
mean volume in men 1399±425 mm3, in women 1011±242 mm3). Additionally, men were more likely to have IPH (odds ratio 
[OR]=2.8 [95% CI, 1.3–6.3]; IPH proportion in men 49%, in women 16%) and LRNC (OR=2.4 [95% CI, 1.2–4.7]; LRNC 
proportion in men 73%, in women 41%) even after adjustment for total plaque volume. We found no sex-specific differences 
in plaque volume-corrected volumes of IPH, LRNC, and calcifications. In terms of coexistence of plaque characteristics, we 
found that men had more often a plaque with coexistence of calcifications, LRNC, and IPH (OR=2.7 [95% CI, 1.2–7.0]), with 
coexistence of thin-or-ruptured fibrous cap/ulcerations, LRNC, and IPH (OR=2.4 [95% CI, 1.1–5.9]), and with coexistence 
of all plaque characteristics (OR=3.0 [95% CI, 1.2–8.6]).

CONCLUSIONS: In symptomatic patients with mild-to-moderate carotid stenosis, men are more likely to have a high-risk carotid 
plaque with IPH and LRNC than women, regardless of total plaque burden. Men also have more often a plaque with multiple 
vulnerable plaque components, which could comprise an even higher stroke risk.
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Ischemic stroke is leading cause of long-term disability 
and major cause of death worldwide. In terms of stroke 
occurrence, there are substantial differences between 

men and women, which remain poorly understood. Men, 
for example, have a 33% higher lifetime risk of stroke 
than women, but if women suffer from a stroke, its course 
is often more severe with a higher chance of permanent 
disability.1–3 An important explanation for these dissimilari-
ties may be found in sex-specific differences in one of the 
major causes of stroke, namely carotid atherosclerosis.4

See related article, p 379

In brief, carotid atherosclerosis may result in a stroke 
through rupture of a carotid atherosclerotic plaque, which 
leads to embolization of plaque material and thrombus into 
distal arteries. Those plaques, which are more prone to rup-
ture and are associated with higher risk for ischemic stroke, 
are known as vulnerable plaques. Important characteristics 
of these vulnerable plaques are the presence of intraplaque 
hemorrhage (IPH), a lipid-rich necrotic core (LRNC), a thin-
or-ruptured fibrous cap (TRFC), and plaque ulceration.5–7 
These plaque features can be visualized and quantified 
by multidetector-row computed tomographic angiography 
(MDCTA) and magnetic resonance imaging (MRI).8

Histopathologic ex vivo studies of carotid endarter-
ectomy specimens have shown that women have a less 
vulnerable plaque phenotype characterized by decreased 
inflammatory mediators, lipids, and hemorrhage and 
increased fibrous tissue.9 Several imaging studies have 
confirmed these results and have reported that IPH, LRNC, 
and TRFC are more common in men than in women.10–12

However, sex differences in plaque morphology, char-
acterized by features such as plaque ulceration, have not 
been well investigated yet. Moreover, previous studies 
have made no adjustments for the total plaque burden, 
although this plaque feature is strongly associated with 
plaque vulnerability and differs also significantly between 
men and women. Hence, the remaining question is whether 
sex differences in plaque composition cannot simply be 
explained by the fact that men have a larger plaque than 

women.10 This study aims to provide an extensive analysis 
on the differences between men and women in carotid 
plaque morphology and composition and, furthermore, to 
investigate whether sex differences in total plaque burden 
may explain sex differences in plaque characteristics.

METHODS
Study Population
Patients were participants from the PARISK study (Plaque At 
RISK). The PARISK study is a prospective multicenter cohort 
study with the aim to improve the identification of patients with 
a high recurrent stroke risk with a mild-to-moderate carotid 
artery stenosis (<70%), using noninvasive imaging techniques. 
All included patients had a recent (<3 months) transient isch-
emic attack, including amaurosis fugax, or minor stroke, and a 
stenosis of <70% in the ipsilateral carotid artery. Institutional 
Review Board approval was obtained and all patients gave 
written informed consent. The study design protocol has been 
previously described in detail.13 The reporting of this study con-
forms to the STROBE statement (Supplemental Material).

A total of 244 patients were included in de PARISK study 
between September 2010 and December 2014. We selected 
patients with a baseline MRI scan of their carotid arteries 
(n=224), since most of the parameters and the total plaque 
burden were measured with MRI. Of these 224 patients, 186 
also had a MDCTA scan. We included 224 patients in the main 
analyses (Figure 1). The data that support the findings of this 
study are available from the corresponding author upon rea-
sonable request.

Assessment of Carotid Atherosclerosis
Patients underwent a high-resolution contrast-enhanced MRI 
and contrast-enhanced MDCTA scan of their carotid arteries, 
using a previously described standardized protocol.13 Carotid 
MRI was performed on a 3-Tesla scanner using a phased-
array carotid coil. All MR and MDCTA images were reviewed 
by trained readers blinded to clinical and other imaging data.

MDCTA images were evaluated with dedicated 3D analyses 
software (Syngo.via; Siemens, Erlangen, Germany). The stenosis 
in the symptomatic internal carotid artery and carotid bifurcation 
was measured according to the ECST (European Carotid Surgery 
Trial) criteria perpendicular to the central lumen line.14 In addition, 
we assessed the presence of plaque ulceration in the symptom-
atic carotid artery. The multiplanar reformatting application allowed 
analysis of the carotid arteries in oblique, coronal, and sagittal 
planes. We defined plaque ulceration as an extension of contrast 
material of >1 mm in the surrounding atherosclerotic plaque on 
at least 2 orthogonal slices.15,16 To quantify calcifications within 
3 cm proximal and distal to the carotid bifurcation, we used a 
custom-made plug-in for the software ImageJ (National Institutes 
of Health, Bethesda, MD). A threshold of 600 Hounsfield units 
was used to differentiate calcifications from contrast material. 
Calcification volume was expressed in millimeter cube.17

MR images were evaluated with dedicated vessel wall imag-
ing analysis software (VesselMass, Department of Radiology, 
Leiden University Medical Center, the Netherlands). The images 
were automatically registered by delineating the lumen and 
outer vessel wall of the symptomatic carotid artery. If needed, 

Nonstandard Abbreviations and Acronyms

IPH	 intraplaque hemorrhage
LRNC	 lipid-rich necrotic core
MDCTA	� multidetector-row computed tomography 

angiography
MRI	 magnetic resonance imaging
OR	 odds ratio
PARISK	 Plaque At RISK Study
TRFC	 thin-or-ruptured fibrous cap
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registration was manually corrected. IPH and LRNC compo-
nents were manually segmented. IPH was considered to be part 
of the LRNC. Fifteen 2 mm transverse adjoining slices covering 
the entire ipsilateral plaque were annotated. Total plaque volume 
could be derived additionally from the annotations. We used 
total plaque volume, expressed in millimeter cube, as a proxy for 
the total plaque burden. In all patients in whom specific plaque 
components were present, we quantified the volume of these 
components. Volumes of plaque components were expressed in 
millimeter cube. Further details about the measurement of the 
plaque components has been described previously.18,19

The fibrous cap status of the symptomatic carotid plaque 
was assessed in plaques with identified LRNC. The fibrous 
cap status was considered as thin and/or ruptured when the 
fibrous cap on at least one slice was scored as being thin and/
or ruptured. Otherwise, the fibrous cap was considered as thick 
and intact. A TRFC was defined as an absent or interrupted 
hyperdense signal area adjacent to the lumen (overlying the 
LRNC) on the postcontrast TSE T1-weighted images. The 
assessment of the fibrous cap status has been described in 
detail elsewhere.20

Assessment of Covariables
Cardiovascular risk factors that were assessed included hyper-
cholesterolemia, hypertension, diabetes, and smoking status. 
Also, body mass index, use of cardiovascular medication, and 
history of ischemic cardiovascular disease were recorded. 
Hypercholesterolemia was defined as total cholesterol of >5 
mmol/L or the use of lipid-lowering drugs at the time of the 
cerebral ischemic event. Hypertension was defined as a sys-
tolic blood pressure ≥140 mm Hg or diastolic blood pressure 
≥90 mm Hg on clinical examination or the use of antihyper-
tensive medication. Diabetes was defined as a serum glucose 
level of >6.9 mmol/L, a 2-hour post load glucose level of >11.0 
mmol/L, or the use of antidiabetic medication. Smoking status 
at the time of the event was dichotomized into current smoker 
or noncurrent smoker.

Statistical Analysis
Continuous variables are presented as mean±SD or as median 
(interquartile range). Categorical variables are presented as 
number (%). To analyze differences in baseline clinical and 
plaque characteristics between both sexes Pearson χ2 tests, 
Student t tests, and Mann-Whitney U tests were used.

Next, we used multivariable logistic regression analyses for 
analyzing the association between sex and the presence of IPH, 
LRNC, TRFC, plaque ulceration, and calcifications. To analyze 
the association between sex and the volume of IPH, LRNC, and 
calcifications, we used multivariable linear regression analyses. 
IPH, LRNC, and calcifications volumes were log-transformed to 
deal with their skewed distribution. Linear and logistic regres-
sion analyses were adjusted for total plaque volume, because 
plaque volume is highly correlated with presence of vulnerable 
plaque components and is usually larger in men because of their 
larger artery size.10,21,22 We additionally explored the presence 
of interaction between sex and cardiovascular risk factors in 
the association with plaque characteristics by stratifying on age 
(median was 69 years), hypertension, hypercholesterolemia, 
diabetes, current smoking, and antithrombotic medication use.

In addition to investigation of single plaque characteristics, 
we also investigated all possible within-artery combinations 
of plaque characteristics, which enables us to explore differ-
ences between various vulnerable plaque phenotypes, giving 
insight in the nature of plaque vulnerability. Multivariable logis-
tic regression analyses were performed to analyze the asso-
ciation between sex and these combinations, using the similar 
regression model as above. Correlations between the presence 
of plaque characteristics were assessed using Cramér’s V for 
the presence of plaque characteristics, and Pearson correlation 
coefficient for the quantitative plaque measures.23

Missing data among covariables were imputed using 5-fold 
multiple imputations. Outcome variables were not imputed. All 
statistical analyses were conducted using R statistical software 
(version 3.6.3; R Foundation for Statistical Computing, Vienna, 
Austria).

Figure 1. Flowchart of patients 
included in the analyses.
One hundred eighty-six patients have both 
magnetic resonance imaging (MRI) and 
multidetector-row computed tomographic 
angiography (MDCTA) of the carotid artery. 
PARISK indicates Plaque At RISK study.
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RESULTS
The clinical characteristics of the study population 
(n=224) are presented in Table 1. The mean age was 
69±9 years and 156 patients (70%) were men. Men 
more often used statins and antithrombotic medication. 
Current smoking was more prevalent in women.

Presence of Plaque Components
IPH, LRNC, and TRFC were significantly more prevalent 
in men than in women (IPH: 49% versus 16%, P<0.001; 
LRNC: 73% versus 41%, P<0.001; TRFC: 46% versus 
28%, P=0.02). Ulcerations tended to be also more prev-
alent in men (32% versus 17%, P=0.06) (Table 2).

We found significant difference in total plaque volume 
between men and women (β=22.9 [95% CI, 15.4–30.5]). 
Figure 2 shows the association of sex with the different 
plaque components. We found that men were more likely 
to have IPH and LRNC, even when adjusted for total 
plaque volume (odds ratio [OR]=2.8 [95% CI, 1.3–6.3] 
for IPH; OR=2.4 [95% CI, 1.2–4.7] for LRNC). TRFC 
and ulcerations were not significantly more prevalent in 
men when adjusted for total plaque volume. No sex dif-
ferences were found in the prevalence of calcifications.

Table S1 shows the P for interaction between sex and 
cardiovascular risk factors in the association with plaque 
characteristics. Only the interaction term for sex with 
hypercholesterolemia in the association with calcifica-
tions was statistically significant (P=0.02).

Volume of Plaque Components
Figure  3 shows the multivariable regression analyses 
to evaluate the association between sex and plaque 

component volumes in patients having the plaque com-
ponent of interest. No sex differences were observed in 
volumes of IPH, LRNC, and calcifications when adjusting 
for plaque burden.

Correlation Between Plaque Characteristics
Presences of TRFC, IPH, and LRNC had strong cor-
relations with each other (Cramér’s V was 0.6; Figure 
S1), both in men and women. In men, the correlations 
between presence of ulcerations and presence of IPH 
or TRFC had a Cramér’s V of 0.3, which are lower in 
women. The correlations between presence of calcifica-
tions and presence of ulcerations, LRNC, IPH, or TRFC 
ranged from 0.0 to 0.2.

Figure S2 shows the correlations between quantita-
tive plaque measures. Both in men and in women we 
observed a very strong correlation between IPH and 
LRNC volume (Pearson’s correlation coefficient was 0.9, 
P<0.001). The correlations between IPH, LRNC, and cal-
cification volume with total plaque volume ranged from 
0.3 to 0.6. No correlation was seen for calcification vol-
ume with IPH or LRNC volume.

Coexistence of Plaque Components
Table  2 shows the coexistence of several plaque fea-
tures. We found that calcifications and LRNC most 
commonly coexisted (104 patients, 56%). Coexistence 
of TRFC/ulcerations with LRNC and coexistence of all 
plaque characteristics simultaneously were less frequent 
observed (respectively in 32% and 31% of the patients).

Figure  4 shows the association between sex and 
several combinations of plaque characteristics. Men had 
more often coexistence of calcifications with LRNC and 

Table 1.  Baseline Clinical Characteristics

 

Total Men Women

P valuen=224 n=156 n=68

Age, y 69±9 68±8 69±10 0.92

Classification event, n (%)

  TIA 124 (55) 84 (54) 40 (59) 0.79

  Minor stroke 100 (45) 72 (46) 28 (41)  

Hypercholesterolemia, n (%) 184 (82) 124 (79) 60 (88) 0.17

Hypertension, n (%) 162 (72) 111 (71) 51 (75) 0.67

Diabetes, n (%) 52 (23) 39 (25) 13 (19) 0.43

Current smoking, n (%) 50 (22) 28 (18) 22 (32) 0.03

BMI 26.1 (24–29) 26.1 (25–28) 26.0 (23–30) 0.68

History of ischemic CVD, n (%) 104 (47) 78 (50) 26 (38) 0.13

Prior use of lipid-lowering medication, n (%) 109 (49) 82 (53) 27 (40) 0.07

Prior use of antithrombotic medication, n (%) 97 (43) 77 (50) 20 (29) 0.01

Continuous values are expressed as mean±SD or as median (interquartile range). Categorical variables are presented as numbers (%). 
Data are missing for hypercholesterolemia (n=11), hypertension (n=28), diabetes (n=20), BMI (n=6), history of ischemic CVD (n=1), lipid-
lowering medication use (n=1), and antithrombotic medication use (n=1). BMI indicates body mass index; CVD, cardiovascular disease; and 
TIA, transient ischemic attack.

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.036564
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.036564
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.036564
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.036564
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IPH (OR=2.7 [95% CI, 1.2–7.0]), of TRFC/ulcerations 
with LRNC and IPH (OR=2.4 [95% CI, 1.1–5.9]), and 
of all plaque characteristics, that is, calcifications with 
TRFC/ulcerations, LRNC and IPH (OR=3.0 [95% CI, 
1.2–8.6]). The strongest difference between men and 
women was seen in this last combination of all vulner-
able characteristics.

DISCUSSION
In this study, we showed sex differences in carotid 
plaque composition and morphology among symptom-
atic patients using high-resolution MRI and MDCTA. 
Men tended to have a larger plaque volume and a more 
vulnerable plaque composition. IPH, LRNC, and TRFC 
were more often seen in men than in women, and no 
sex differences were shown in calcification prevalence. 
Moreover, coexistence of vulnerable plaque characteris-
tics was also more common in men.

Our results are in line with previous studies. Ota 
et al showed in asymptomatic individuals with <50% 
carotid stenosis that the presences of TRFC and IPH 
are higher in men than in women, and in asymptomatic 

patients with ≥50% carotid stenosis that TRFC and 
LRNC are more common in men.11,12 Furthermore, Van 
den Bouwhuijsen et al10 investigated subjects from 
the general population with atherosclerosis and found 
that men have a larger maximum wall thickness and 
a higher frequency of IPH and LRNC. All these stud-
ies also found no sex differences in the prevalence of 
calcifications. There are also some studies reporting 
no statistically significant associations between IPH, 
LRNC, TRFC, and sex.24–26 Nevertheless, often these 
studies show a tendency that vulnerable plaque char-
acteristics are more common in men. We hypothesize 
that this could be caused by power issues. It would be 
of value to systematically analyze all literature on sex 
differences in carotid plaque characteristics to provide 
an overview and to reflect on research questions need-
ing to be unraveled.

These findings have raised the question of whether 
sex differences in plaque component distribution are not 
just related to larger plaque burden in men. The larger 
plaque size in men could explain the higher prevalence 
of vulnerable plaque components in men, since these 
plaque characteristics are strongly associated with 

Table 2.  Baseline Plaque Characteristics

 

Total Men Women

P valuen=224 n=156 n=68

Presence of plaque characteristics

  IPH presence, n (%) 87 (39) 76 (49) 11 (16) <0.001

  LRNC presence, n (%) 142 (63) 114 (73) 28 (41) <0.001

  TRFC presence, n (%) 88 (41) 70 (46) 18 (28) 0.02

  Ulcerations presence, n (%)* 51 (27) 42 (32) 9 (17) 0.06

  Calcifications presence, n (%)* 169 (90) 122 (92) 47 (87) 0.48

Quantitative measures of plaque characteristics

  Plaque burden: total plaque volume, mm3 1282±419 1399±425 1011±242 <0.001

  Degree of stenosis, % 54±16 55±16 53±15 0.39

  IPH volume, mm3 116 (29–237) 121 (33–260) 33 (22–121) 0.04

  LRNC volume, mm3 95 (34–242) 139 (38–273) 50 (30–109) 0.01

  Calcifications volume, mm3 31 (9–80) 29 (9–88) 38 (12–71) 0.85

Combinations of plaque characteristics

  Calcifications+TRFC/ulcerations, n (%)† 87 (47) 69 (52) 18 (33) 0.03

  Calcifications+LRNC, n (%)† 104 (56) 85 (64) 19 (35) <0.001

  Calcifications+LRNC+IPH, n (%)† 68 (37) 60 (45) 8 (15) <0.001

  TRFC/ulcerations+LRNC, n (%)‡ 95 (43) 77 (50) 18 (27) 0.002

  TRFC/ulcerations+LRNC+IPH, n (%)‡ 71 (32) 62 (40) 9 (13) <0.001

  Calcifications+TRFC/ulcerations+LRNC, n (%)† 77 (41) 64 (48) 13 (24) 0.004

  Calcifications+TRFC/ulcerations+LRNC+IPH, n (%) † 58 (31) 52 (40) 6 (11) <0.001

Continuous values are expressed as mean±SD or as median (interquartile range). Categorical variables are presented as numbers (%). 
Degree of stenosis is measured according to ECST criteria. Volume of plaque components (IPH, LRNC, and calcifications) are reported for 
those patients that have the specific plaque component. IPH indicates intraplaque hemorrhage; LRNC, lipid-rich necrotic core; and TRFC, thin-
or-ruptured fibrous cap.

*Presence of ulcerations and presence and volume of calcifications are based on 186 patients.
†Presence of coexistence with calcifications is based on 132 men and 54 women (n=186) having both MRI and MDCTA. 
‡Presence of coexistence with TRFC/ulcerations is based on 154 men and 67 women (n=221). 
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plaque burden.21 The majority of the previous studies 
have not adjusted their analyses for plaque burden. Our 
study shows that after adjusting for total plaque volume, 
the prevalence of IPH and LRNC remains still higher 
in men than in women, independent of plaque burden. 
Plaque burden plays a role in the relationship between 
sex and plaque components, but does not fully explain 
the sex differences.

We found a statistically significant interaction between 
sex and hypercholesterolemia in the association with cal-
cifications. An explanation could lay in differences in lipid 
metabolism between men and women, which might be 
diminishing when using statins.27 Another explanation 
could be that our finding is just chance, since we tested 
multiple interaction terms.

To the best of our knowledge, our study is among 
the first studies that also investigated the distribution 
of sex differences in coexistence of various plaque 
components. Having a plaque with multiple vulnerable 
plaque components could comprise an even higher 
risk of rupture and ischemic stroke. Our finding of dif-
ferences in the coexistence of various plaque char-
acteristics supports the idea that men develop more 

vulnerable plaques: not only do they have a higher 
prevalence of either IPH, LRNC or TRFC, but also a 
higher prevalence of a carotid plaque with multiple vul-
nerable plaque characteristics simultaneously. It would 
be valuable to further investigate whether plaques 
with multiple vulnerable characteristics are indeed 
more prone to rupture than plaques with merely one of 
these characteristics.

Plaque characteristics showed strong to weak 
mutual correlations, the former suggesting that spe-
cific characteristics occur more frequently simultane-
ously, and the latter that there is also variety in type 
of atherosclerotic plaques. This also stresses the value 
of further investigating the coexistence of plaque 
characteristics.

No sex differences were found in the volumes of 
IPH, LRNC‚ and calcifications after adjustment for total 
plaque volume. Ota et al found in asymptomatic indi-
viduals with <50% stenosis that the relative volume of 
LRNC was higher in men than in women.12 However, 
these analyses were not adjusted. Our study confirms 
that LRNC volume differs between men and women, 
but that this difference disappears when correcting for 
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Figure 2. Forest plot of association between sex and plaque characteristics.
Dependent variable is the presence of the plaque characteristics. Independent variable is sex with men as reference. Values are presented as 
odds ratio and 95% CIs. The model is adjusted for total plaque volume. IPH indicates intraplaque hemorrhage; LRNC, lipid-rich necrotic core; and 
TRFC, thin-or-ruptured fibrous cap.
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plaque burden. Our results suggest that the differences 
in volume of IPH and LRNC are mainly explained by 
the plaque size and not by sex differences. Sex plays 
a role in developing a vulnerable plaque rather than in 
the size of the vulnerable plaque components. From a 
clinical point of view you could argue that the pres-
ence of plaque components is more important than the 
volume of these components. One reason for this is 
that it is easier to assess whether a feature is present 
(yes or no) than to measure the exact amount of that 
feature. Secondly, we do not know whether the volume 
of plaque components is an independent contributor 
to the risk of stroke. Most evidence from the literature 
points to IPH presence as an independent risk factor 
for new and recurrent stroke.7 Evidence is lacking for 
absolute or relative volumes of vulnerable plaque com-
ponents as a predictor for stroke.

The finding that men more often have a vulner-
able carotid plaque regardless of plaque size suggests 
that sex-specific management of stroke and patients 
with transient ischemic attack would be helpful to 
determine which patients would benefit from carotid 
revascularization. The higher occurrence of vulnerable 
plaques in men may be an explanation why carotid 
endarterectomy is reported as more effective in men 
than in women.28 The risk of plaque rupturing in men is 
probably higher than in women and, therefore, the risk 
reduction will also be higher. Tailoring cardiovascular 
risk management for men and women separately using 

the presence of vulnerable carotid plaque features is a 
promising strategy. This stresses the need for prospec-
tive studies on the causal relationship between these 
plaque features and stroke, taking into account sex-
specific differences.

The strengths of this study includes the use of both 
MRI and MDCTA enabling us to assess multiple plaque 
characteristics, including ulcerations. Furthermore, this 
study also takes the role of plaque burden into account. 
Our findings suggest that having more vulnerable plaque 
components is not because of a larger plaque size. 
Another strength is the analyses of the coexistence of 
vulnerable plaque features, which gives us more insight 
into the nature of plaque vulnerability. Moreover, this 
study is a multicenter study which increases the general-
izability of the findings.

Our study has some limitations. Firstly, the distribu-
tion of men and women included in our study is not 
equal. We think this could be because of various rea-
sons, for example by differences in stroke incidence, by 
differences in willingness to participate, or by survivor-
ship bias. For future studies, we recommend including 
a well-balanced male and female population to avoid 
power issues and to investigate a more representative 
cohort of patients. Another limitation is that we have 
no data about sex hormones and menopause status. It 
would be valuable for future research to evaluate the 
influence of these factors on the vulnerability of the 
plaque. Thirdly, this study has a cross-sectional design, 
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Figure 3. Forest plot of association between sex and plaque component volumes.
Dependent variable is the volume of the plaque component. Independent variable is sex with men as reference. Values are presented as β and 
95% CIs. Volumes of intraplaque hemorrhage (IPH), lipid-rich necrotic core (LRNC), and calcifications are Ln transformed. The model is adjusted 
for total plaque volume.
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and, therefore, we could make no causal inferences 
about the plaque characteristics and the risk of stroke. 
Future prospective studies may further elucidate sex-
specific differences in the cause-effect mechanism 
between plaque characteristics and stroke.

CONCLUSIONS
In symptomatic patients with mild-to-moderate carotid 
stenosis, men are more likely to have a high-risk carotid 
plaque with IPH and LRNC than women, regardless of the 
total plaque burden. Men also have more often a plaque 
with multiple vulnerable plaque components which could 
comprise an even higher stroke risk. These differences 
may help to explain sex differences in ischemic stroke 

and suggest that sex-specific tailoring of cardiovascular 
risk management using vulnerable plaque characteristics 
would be a promising strategy.
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