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Abstract
Our aim was to analyse the associations between carotid plaque burden (CPB), cardiovascular risk factors (CVRF), and surrogate
markers of CV risk in subjects with metabolic syndrome (MetS). We consecutively included 75 asymptomatic outpatients with
MetS components, <60 years old and non-smokers. We determined the presence of CVRF, left ventricular hypertrophy (LVH),
carotid intima-media thickness (cIMT), albumin-creatinine ratio (ACR), coronary artery calcium score (CACS) and CPB by 3-
dimensional vascular ultrasound (3DVUS) for comparison. A total of 50 (67%) subjects had MetS defined by harmonized
criteria. A CPB >0 mm3 and a CACS >0 AU were the risk biomarkers most frequently observed (72% and 77%, respectively),
followed by LVH (40%). CPB and CACS revealed association with cardiovascular risk (r = 0.308; p = 0.032 and r = 0.601 p <
0.01, respectively), and CPB also showed association with the burden of CVRF (r = 0.349; p = 0.014). CPB by 3DVUS was a
prevalent CV risk marker, directly associated with CVRF and cardiovascular risk in MetS subjects.
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Introduction

Metabolic syndrome (MetS) is a broad entity that encom-
passes the presence of several cardiovascular risk factors
(CVRF) with a shared physiopathological substrate, the insu-
lin resistance [1]. However, the components that define MetS

are not included in the most frequently used cardiovascular
(CV) risk scores and a range of different cut-off points for
CVRF are contemplated to ascertain its diagnosis [1–3].
These are some of the important limitations inherent to the
classical risk scales applied to assess CV risk in the context
of MetS. Consequently, different subclinical markers of CV
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risk have been proposed to help identify individuals with
MetS at greater risk of developing clinical CV events, given
their high prevalence and the associated risk of CV events
compared with individuals without MetS [4–6].

Subclinical markers of CV risk include albuminuria, left
ventricular hypertrophy and carotid artery alteration defined
by carotid intima-media thickness [7]. At the same time, a
growing body of evidence reinforces the potential value of
detecting subclinical atherosclerosis with non-invasive imag-
ing techniques to establish CV risk [8–10]. Indeed, recent
clinical guidelines recommend to use imaging biomarkers
based on the detection of atherosclerotic lesions, specifically
carotid plaque burden (CPB) or coronary artery calcium score
(CACS), over cIMT and prior markers [11–13]. With the ad-
vent of new three-dimensional vascular ultrasound (3DVUS)
methods, it is now possible to accurately quantify atheroscle-
rotic plaque burden at the individual level by carotid plaque
volume assessment with very promising results [14, 15] com-
parable to other validated methods, such as CACS [16, 17].
Large population-based cohorts like the High Risk Plaque
initiative and the PESA study have demonstrated a good cor-
relation between 3D-CBP and CVRF [15] and the risk for
developing cardiovascular events [17, 18]. However, evi-
dence on CPB by 3DVUS is still limited, especially in MetS
where, to the best of our knowledge, only one small study
evaluated the correlation between CPB, cIMT and MetS com-
ponents in a highly selected atypical population using an old
3D-like 2D-based US method [19]. In addition, no studies
have compared 3D-CBP with previously established markers
of CV risk like LVH and albuminuria.

The aim of the present study was to use 3DVUS to detect
and quantify CPB in a cohort of asymptomatic patients with
MetS components to determine, for the first time, its associa-
tion with CVRF and estimated CV risk. In addition, we ex-
plored the potential value of CPB for CV risk assessment in
MetS patients as compared with validated subclinical markers
of CV risk.

Methods

Selection of Patients and Clinical Assessment

We conducted an observational prospective study including
outpatients who presented components of MetS assessed in
the CV Disease Prevention Unit at HM-Monteprincipe
University Hospital in Madrid (Spain) during 2016–2017 pe-
riod. In addition, eligible patients had to be below 60 years of
age, non-smokers and have no previous history of cardiovas-
cular events, in order to control for the effect of other factors
unrelated to MetS on the development of atherosclerosis.
Presence of MetS was diagnosed according to current harmo-
nized criteria [1] if three or more of the following components

were present: (a) abdominal obesity (abdominal perimeter >
88 cm in women; > 102 cm in men); (b) high blood pressure
(BP) levels (systolic/diastolic BP > 130/85 mmHg) or antihy-
pertensive therapy; (c) dysglycaemia (impaired fasting
glycaemia > 100 mg/dl) or hypoglycaemic therapy; (d) ath-
erogenic dyslipidaemia, considering the two components: low
levels of high-density lipoproteins (HDL cholesterol) (< 40
mg/dl in men and 50 mg/dl in women) and high levels of
triglycerides (> 150 mg/dl) or subjects taking lipid-lowering
therapy. The presence of classical CVRF was determined as
follows: (a) hypercholesterolemia: total cholesterol ≥240 mg/
dl; LDL ≥160 mg/dl or use of lipid-lowering medication [2];
(b) hypertension: systolic BP ≥140 mmHg or diastolic BP ≥
90mmHg or taking hypotensive medication [20]; (c) diabetes:
fasting glycaemia ≥126 mg/dl or Hb1Ac > 6.5% or use of
hypoglycaemic medication [11, 12]. We defined two categor-
ical scores according to (1) the number of components of
MetS (from 0 to 5; including abdominal obesity, high blood
pressure, dysglycaemia, low levels of high-density lipopro-
teins and high levels of triglycerides) and (2) the number of
conventional CVRF (from 0 to 3, including hypercholesterol-
emia, hypertension and diabetes) present in each individual.
Estimated CV risk at 10 years was calculated from the latest
version of the ASCVD scale of the AHA/ACC, the data for
which are obtained from the study with the most populational
cohorts of reference [12].

Determination of Subclinical Markers of CV Risk and
Subclinical Atherosclerosis

We evaluated carotid plaque burden by 3DVUS, carotid inti-
ma media thickness (cIMT), left ventricular hypertrophy
(LVH) in echocardiography, albuminuria in urine measured
by the albumin-creatinine ratio (ACR) and coronary artery
calcium score (CACS) by CT as subclinical markers of CV
risk. All markers were evaluated in all participants except
CACS, which was evaluated in a subgroup of 41 individuals
who agreed to undergo the test. All image markers were
assessed by clinicians specialised in cardiovascular imaging,
who were blind to the clinical data.

Evaluation of the presence and quantification of the 3D
carotid plaques and the cIMT was carried out using a Philips
Epiq ultrasound (Philips Health Care, Andover, MA, USA).
Three-dimensional vascular ultrasound was performed with a
volumetric linear array probe VL 13-5 2D/3D (Philips Health
Care, Andover, MA, USA) according to a previously de-
scribed protocol [15, 21]. Briefly, this consisted in conducting
an automatic axial scan with a volumetric reconstruction of a
segment approximately 6 cm in length (acquisition of 30°) of
the vessel studied. 3D acquisitions focused on the carotid
bulb, the mid-distal segment of the common carotid artery,
the bulb and the proximal portion of the internal and external
branches were explored. The analysis was conducted with
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special software for 3D Vascular Plaque Quantification-
VPQ® that forms part of QLAB 10.5 application (Philips
Health Care, Andover, MA, USA) to quantify carotid athero-
sclerosis plaque volume. Atherosclerotic plaque was defined
according to the Mannheim criteria as a focal protrusion in the
vessel lumen with a thickness greater than 50% of the adjacent
cIMT, or diffuse thickening of the cIMT > 1.5 mm [22]. Then,
carotid plaque burden (CPB) was calculated as the sum of all
plaque volumes present in bilateral carotid 3D acquisitions.
Presence of subclinical atherosclerosis by 3DVUS was de-
fined, in accordance with previous studies [23], as the pres-
ence of any carotid plaque (qualitative) or CBP > 0 mm3

(quantitative). Supplementary Fig. 1 shows an atherosclerotic
plaque detected by carotid 3DVUS. The cIMT was deter-
mined with electrocardiographic synchronisation in a longitu-
dinal view of the carotid arteries, measuring in systole at the
level of the posterior wall in the distal common portion of both
carotid arteries at one centimetre from their bifurcation using
the semiautomatic measuring software QLAB 10.5 (Philips
Health Care, Andover, MA, USA). Abnormal cIMT was de-
fined as a measurement above 0.9 mm because this value was
significantly associated with an increased risk for CV disease
[24]. The presence of LVH was assessed on the parasternal
long axis view of a transthoracic cardiac ultrasound. A cut-off
value of ≥11 mm for septal thickness was used to define the
presence of LVH [25]. The mean urinary ACR was measured
in a random sample of morning urine, establishing a cut-off
value of ACR >30 mg/g [12, 26] for defining the presence of
albuminuria. Quantification of the CACS was done using the
Agatston method [27] in the images acquired using computed
tomography equipment with 160 detectors (Aquilion, Toshiba
Medical Systems Corp.) following a protocol without con-
trast, with low radiation dose and ECG synchronisation.
Presence of subclinical atherosclerosis by CT was defined as
the presence of any coronary calcification (qualitative) or
CACS >0 (quantitative), according to prior evidence [23]. In
line with recent guidelines and previous studies, subclinical
atherosclerosis in the study patients was defined as the pres-
ence of any carotid plaque (CPB >0) by 3DVUS and/or the
presence of any coronary calcifications (CACS >0). The study
complied with the principles of the Helsinki declaration and
was approved by the Ethical Research Committee of the
University Hospital HM Montepríncipe (10.03.099-GHM),
obtaining the informed consent of all participants.

Statistical Analysis

Results were expressed as means ± standard deviation (SD)
for the quantitative variables and numbers and percentages for
the qualitative variables. The distribution was determined by
the Kolmogorov-Smirnov statistical test, applying a posteriori
parametric or non-parametric tests depending on whether or
not these followed a normal distribution. Between-group

comparisons were done by the Student’s t and Chi [2] tests
for independent samples, for quantitative and qualitative var-
iables, respectively, or their non-parametric equivalents, as
appropriate. The odds ratio association measure was used for
qualitative variables and Pearson’s correlation coefficient for
quantitative variables. Receiver-operator curves (ROC) were
calculated for each biomarker to determine the presence of
MetS as a surrogate parameter of increased CV risk. A linear
regression model was used to study the correlation between
markers of subclinical damage of MetS, CVRF and estimated
risk. A p value <0.05 was considered statistically significant.
The analysis was performed using the SPSS 20.0 computer
software (SPSS Institute, France).

Results

Baseline Characteristics

A total of 75 patients were included in the study. Of the total
sample, 50 presented MetS according to defined criteria and
25 did not meet criteria for MetS, without statistically signif-
icant differences in age and gender between the groups with
and without MetS criteria (Table 1). Among the patients with
MetS, abdominal obesity was the most common component
(88%), followed by high blood pressure (82%) and impaired
fasting glycaemia and hypertriglyceridaemia had similar fre-
quencies (72% and 70%, respectively). Moreover, only a few
patients (13%) met all 5 diagnostic criteria, with the largest
groups fulfilling 3 or 4 criteria (27% and 27%, respectively).
Regarding conventional CVRF, only 12 patients (16%) ful-
filled criteria of diabetes and hypercholesterolaemia was the
most common CVRF (43%). Only a small percentage of pa-
tients were taking statins (29%), with no significant differ-
ences between the groups with and without MetS (30% vs.
28%, p = 0.999). Given the limited age of inclusion into the
study and the absence of smokers from the cohort, estimated
CV risk at 10 years in the patients with MetS was low-
intermediate (ASCVD risk at 10 years of 5.6 ± 4.4%). These
data are recorded in detail in Table 1.

Markers of Subclinical CV Risk and Subclinical
Atherosclerosis

The presence of biomarkers of subclinical CV risk and the
quantification of these are described in Table 2. We detected
the presence of subclinical markers in our cohort with the
highest frequency by subclinical atherosclerosis markers, such
as the presence of any carotid plaque (CBP >0) by 3DVUS
and the presence of any coronary calcification (CACS >0)
(63% and 65%, respectively), observing significant differ-
ences between the groups with and without criteria of MetS.
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Table 1 Demographic characteristics

Total (N = 75) With MetS (N = 50) Without MetS (N = 25) p value*

N (%) Mean ± SD N (%) Mean ± SD N (%) Mean ± SD

Age (years) 49.5 ± 7.1 49.8 ± 7.2 48.9 ± 6.9 0.582

Sex (Male) 58 (77%) 42 (84%) 16 (64%) 0.078

Components of MetS

Abdominal obesity 55 (73%) 44 (88%) 11 (44%) 0.001

Abdominal perimeter (cm) 103.1 ± 13.4 109.1 ± 10.9 91.3 ± 9.5 0.001

Hypertension 45 (60%) 41 (82%) 4 (16%) 123.1 ± 14.1 0.001

SBP (mmHg) 131.4 ± 17.9 135.5 ± 10.9 123.1 ± 14.1 0.004

DBP (mmHg) 83.8 ± 12.1 86.7 ± 12.1 78.1 ± 9.9 0.003

Hypo HDL 35 (47%) 32 (64%) 3 (12%) 0.001

HDL cholesterol (mg/dl) 49.4 ± 15.6 44.7 ± 11.6 58.9 ± 18.3 0.001

Hyper TG 39 (52%) 35 (70%) 4 (16%) 0.001

TG (mg/dl) 159.4 ± 85.9 186.8 ± 84.9 102.3 ± 55. 0.001

IFG-DM 44 (59%) 36 (72%) 8 (8%) 0.002

Fasting glycemia (mg/dl) 100.2 ± 16 103.6 ± 17.5 93.2 ± 9.3 0.008

Hb1Ac (%) 5.66 ± 0.58 5.8 ± 0.6 5.4 ± 0.3 0.032

CVRF

DL hypercholesterolemia 32 (43%) 22 (44%) 10 (4%) 0.808

LDL cholesterol (mg/dl) 133.8 ± 37 133.4 ± 38.5 134.5 ± 34.8 0.906

Total cholesterol (mg/dl) 214.3 ± 42.3 213.2 ± 44.9 216.5 ± 37.4 0.751

DM 12 (16%) 12 (24%) 0 0.007

FH premature CV disease 17 (23%) 9 (18%) 8 (32%) 0.242

Medication

Statins 22 (29%) 15 (30%) 7 (28%) 0.999

Antihypertensives 36 (48%) 32 (64%) 4 (16%) 0.001

No. components of MetS

0 8 (11%) 0 8

1 5 (7%) 0 5

2 12 (16%) 0 12 0.001

3 20 (27%) 20 0

4 20 (27%) 20 0

5 10 (13%) 10 0

Score for No. of components 2.9 ± 1.5 3.8 ± 0.7 1.2 ± 0.9 0.001

Conventional CVRF

0 13 (18%) 2 11

1 26 (35%) 15 11 0.001

2 27 (36%) 24 3

3 9 (12%) 9 0

Score for No. of CVRF 1.43 ± 0.9 1.8 ± 0.8 0.7 ± 0.7 0.001

Estimated CV risk AHA/ACC ASCVD

ASCVD risk at 10 years 5.6 ± 4.4 6.9 ± 4.6 2.9 ± 2.4 0.001

Lifetime risk at 30 years 49.1 ± 10.6 52.9 ± 9.1 41.5 ± 9.2 0.001

ASCVD, atherosclerotic cardiovascular disease;CVRF, cardiovascular risk factors;DL, dyslipidaemia;DM, diabetesmellitus;FH, family history;Hb1AC,
glycated haemoglobin; Hypo-HDL, low levels of high-density lipoproteins; Hyper TG, hypertriglyceridaemia; IFG, impaired fasting glycaemia; LDL,
low-density lipoproteins; N, number; MetS, metabolic syndrome; SBP/DBP, systolic blood pressure/diastolic blood pressure; SD, standard deviation.
*p values from Student’s t and Chi2 tests, or their equivalent nonparametric test when appropriate, for independent samples between groups with MetS
and without MetS
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By contrast, the prevalence of markers of subclinical CV
risk not directly related to plaque detection is very low (5% of
cases with albuminuria and 5% of cases with elevated cIMT),
and this was only detected in patients meeting MetS criteria.
The prevalence of LVH was slightly higher (26%) and was
also limited to subjects withMetS. Even after stratifyingMetS
patients by CVRFs, the prevalence of 3D-CPB was higher
compared to the prevalence of LVH, cIMT and albuminuria
(data not shown).

Subclinical atherosclerotic burden evaluated in continuum
by CPB using 3DVUS and CACS by Agatston, together with
ACR levels, were all higher in patients with MetS, whereas
there were no significant differences in cIMT. Moreover, the
areas under the curve for CPB by 3DVUS, CACS and ACR
were all capable of identifying patients with MetS and, thus,
with a higher CV risk, although the CACS values were slight-
ly better than the others. The optimal cut off for CPB to diag-
nose metabolic syndrome was 3.55 mm3. However, this value
should be interpreted with caution given the small sample size
of our study (Supplementary Fig. 2).

Association Between Markers of Subclinical CV Risk,
Subclinical Atherosclerosis and Components of MetS,
Conventional CVRF and Risk Scales

Table 3 summarises the association between CVRF and
markers that define MetS with subclinical CV risk markers.
ACR was the marker with the greatest significant numbers of
correlations with MetS components, especially in a positive
sense with parameters associated with insulin resistance

(impaired fasting glycaemia, Hb1Ac, abdominal perimeter)
and negatively with HDL. LVH is associated with systolic
and diastolic blood pressure and abdominal perimeter, but
no significant association was found for cIMT. Regarding
markers of subclinical atherosclerosis, CPB by 3DVUS was
significantly correlated with triglycerides and high blood pres-
sure, and CACS was correlated with fasting glycaemia. When
studying the different biomarkers with the number of compo-
nents of MetS, no significant correlation was found with any
of the CV risk markers or with subclinical atherosclerosis
(Fig. 1). By contrast, we found a significant association be-
tween CPB by 3DVUS and the number of CVRF (Fig. 2), and
also with the ASCVD risk scale (Fig. 3). A relationship was
also found between conventional CVRF and the risk estimat-
ed by ACR, although this was mainly observed with values
under the pathological limit. The CACS was associated with
estimated risk (Fig. 3), and no association was observed with
the cIMT.

Discussion

In the present study, we have shown that carotid plaque bur-
den by 3D vascular ultrasound is highly prevalent in middle-
aged patients withMetS and is associated with the presence of
cardiovascular risk factors and estimated cardiovascular risk.
Other findings were as follows: (1) CACS was also prevalent,
followed by LVH, whereas albuminuria and abnormal cIMT
were infrequent markers of cardiovascular risk amongmiddle-
aged MetS patients and (2) the quantification of specific

Table 2 Presence and quantification of markers of subclinical CV risk and subclinical atherosclerosis (SA)

Markers of subclinical CV risk p value†

Total (N = 75) With MetS (N = 50) Without MetS (N = 25)

Presence of CV risk markers and SA

Albuminuria 4 (5%) 4 (8%) 0 0.294

LVH 20 (26%) 20 (40%) 0 0.001

cIMT 4 (5%) 4 (8%) 0 0.294

Presence of 3D plaque 47 (63%) 36 (72%) 11 (44%) 0.024

Presence of CACS* 27 (65%) 24 (77%) 3 (30%) 0.017

Quantification of CV risk markers and SA

ACR (mg/g) 4.25 ± 8.52 5.7 ± 10.12 1.46 ± 2.18 0.007

cIMT (mm) 0.62 ± 0.11 0.65 ± 0.16 0.59 ± 0.10 0.054

3D CPB (mm3) 16.31 ± 30.3 21.04 ± 35.5 6.7 ± 11.4 0.011

CACS* (Agatston units) 52 ± 115 70 ± 131 4 ± 9 0.009

LV myocardial mass or septal thickness measurements were not available; ACR, albumin-creatinine ratio; CACS, coronary artery calcium score; cIMT,
carotid intima-media thickness; CPB, carotid plaque burden; LVH, left ventricular hypertrophy; *Patients with CACS N = 41; 31 in patients with MetS
and 10 in patients without MetS; † p values from Mann-Whitney U and Chi2 tests between groups with MetS and without MetS

1034 J. of Cardiovasc. Trans. Res.  (2021) 14:1030–1039



cardiovascular biomarkers, such as 3D-CBP, CACS and
ACR, could discriminate MetS patients from patients without
MetS and revealed correlations with CVRF and estimated CV
risk.

Most studies on MetS have focused on the study of sub-
clinical markers of cardiovascular disease such as cIMT [28,
29], LVH [30] or ACR. Our work describes, for the first time,
the value of determining atherosclerotic burden by 3D vascu-
lar ultrasound in MetS, and also provides a direct comparison
with CACS and prior risk markers. Three-D carotid plaque
burden is a prevalent CV risk marker, even after stratifying
by CVRF, and is also associated with the number of CVRF
and CV risk in these patients; however, we did not find a

significant association with the number of MetS components.
In line with this finding, according to the group of Brunek
et al. [31], the detection of carotid plaques was closely influ-
enced by the presence of MetS rather than by its separate
components. A possible explanation for this could be that
MetS components are, in fact, different manifestations of a
common factor, insulin resistance. Hence, more importantly
than considering each component individually is the fact that
MetS favours the development of CVRF and subsequently,
atherosclerosis. It has also been found that the addition of
individual components of MetS to conventional risk scales
does not improve their prediction [32], making it less impor-
tant to find associations with its components. We believe that

Table 3 Correlation between components of metabolic syndrome, CVRF and the different manifestations of subclinical CV risk and subclinical
atherosclerosis (SA)

AP HDL TG IFG Hb1AC SBP DBP

ACR r = 0.252;
p = 0.032

r = –0.265;
p = 0.023

ns r = 0.345;
p = 0.003

r = 0.385;
p = 0.001

ns ns

cIMT ns ns ns ns ns ns ns

3D CPB ns ns r = 0.324;
p = 0.005

ns ns r = 0.276;
p = 0.018

ns

CACS ns ns ns r = 0.341;
p = 0.027

ns ns ns

LVH OR = 1.042;
p = 0.005

ns ns ns ns OR = 1.041;
p = 0.002

OR = 1.070;
p = 0.001

ACR, albumin-creatinine ratio (mg/g); AP, abdominal perimeter (cm); CACS, coronary artery calcium score (Agatston); cIMT, carotid intima-media
thickness (mm); CPB, carotid plaque burden (mm3 ); HDL, HDL cholesterol (mg/dl); IFG, impaired fasting glycaemia (mg/dl); LVH, left ventricular
hypertrophy (yes/no); SBP/DBP, systolic/diastolic blood pressure (mmHg); TG, triglycerides (mg/dl); r, Pearson’s linear correlation coefficient; OR,
odds ratio by log regression; ns, not statistically significant

Fig. 1 Association between the number of components of MetS,
subclinical markers of CV risk and subclinical atherosclerosis. IMT,
intima-media thickness in mm; CACS, coronary artery calcium score in

Agatston units; Albumin-creatinine ratio in milligrammes per gramme;
3D carotid plaque burden in cubic millimetres
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these results are important because they confirm links between
CPB and the number of CVRF and cardiovascular risk in
MetS patients, over individual MetS components.

Prior studies have addressed the relationship betweenMetS
and carotid plaque presence, like the Northern Manhattan
study by Rundek et al. [33], where MetS was associated with
plaque presence in a multi-ethnic population-based cohort.

Also, the study by Iglseder et al. [34] and the Tromsø study
[35] confirmed this relationship especially in young tomiddle-
aged patients. The beneficial aspects of using 3DVUS rely on
the possibility to combine data on both plaque presence and
plaque burden quantification, assessed as carotid plaque vol-
ume in our protocol. To our knowledge, only one study has
assessed carotid plaque volume in individuals with MetS and

Fig. 2 Association between the number of classical cardiovascular risk factors (dyslipidaemia, hypertension and diabetes mellitus), subclinical markers
of CV risk and subclinical atherosclerosis. Same abbreviations and units as in Fig. 1

Fig. 3 Association between CV risk estimated by the ASCVD risk scale at 10 years, subclinical markers of CV risk and subclinical atherosclerosis. Same
abbreviations and units as in Fig. 1
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compared it with cIMT finding a better association for cIMT
than for volume, in contrast to our data [19]. However, this
study was based on a highly selected population (a Canadian
Ojee-Cree indigenous population subcohort of 166 patients)
with a significantly higher prevalence of diabetes and lower
participant´s age (mean age of 38.5 years old), compared to
our study cohort. Moreover, this divergence from our results
could be explained by the “pseudo-3D” method used by the
authors that has been shown to be less accurate at detecting
and quantifying small plaques, thus limiting its value in stud-
ies of early atherosclerosis in young populations [21]. In our
study, we provide evidence on the usefulness of “real” 3D
carotid plaque burden method in young adults with MetS to
detect subclinical cardiovascular disease, over traditional
markers like cIMT, LVH or ACR, and associations with car-
diovascular risk.

Regarding the value of CACS in MetS, the most important
evidence to date was reported in a recent publication of the
MESA study [36]. The authors demonstrated its usefulness to
detect MetS patients with an increased risk of developing a
CV event when used in combination with traditional scales,
and compared with other parameters such as cIMT or the
ankle-brachial index. In line with these results, our study
found associations with estimated CV risk for CACS but not
for cIMT. Additionally, we found that CACS and CPB
assessed by 3D ultrasound have similar prevalence and both
of them were not associated with the number of MetS com-
ponents but related to CV risk, reflecting possible similarities
between both markers. However, our results should be
interpreted with caution given that CACS was not available
in all study population.

Of note, biomarkers quantification, rather than simply de-
termining whether they are altered or not relative to a given cut
off point, has shown to discriminate between patients with and
without MetS in our study. This has been shown for CBP,
CACS, and more especially for ACR, as this shows a direct
and significant relationship with CVRF and CV risk, even
from non-pathological values (<30 mg/g). This would suggest
that subclinical cardiovascular disease might be considered as
a continuum, and its quantitative assessment would best re-
flect CV risk.

Our work presents several limitations. It was an observation-
al study with no possibility for follow-up to validate the prog-
nostic value of CPB by 3DVUS, although there is substantial
evidence for the prognostic value of the other parameters in-
cluded in the study. Although improvement in CV events pre-
diction by CBP could not be assessed directly (cross-sectional
study), the presence of plaques could be considered a potential
surrogate of future events [16, 17]. The sample of patients is
small, which may have contributed to the low prevalence of
markers of CV damage not directly associated with atheroscle-
rotic plaque formation, limiting the statistical power in some
comparisons. However, our results for non-atherosclerotic risk

markers are similar to those of previous studies based on large
cohorts and are probably related to the younger age of the
patients recruited, meaning a shorter exposure time to develop
subclinical CV disease [23, 37]. Moreover, our sample
corresponded to a selected cohort of subjects with components
of MetS but with a low prevalence of classical CVRF, owing to
the exclusion of smokers and limiting the age of inclusion to
subjects under 60 years old. By contrast, this makes the cohort
more homogeneous, by removing the main atherosclerotic de-
terminants not related to mechanisms of insulin resistance, such
as smoking or advanced age [38], and it is better at accurately
determining the intrinsic effects of MetS in premature subclin-
ical CV disease. Nevertheless, we cannot exclude certain vari-
ation in the prevalence of CV risk markers explained by the
differences and interactions between CVRF present in this spe-
cific population of young age and with a common underlying
substrate, the insulin resistance. Also, CACS is only performed
in a limited subgroup of patients, which also limits interpreta-
tion of the results. Data on left ventricular septal thickness was
not available to be able to study the relationship of LVH quan-
titatively. However, we could include qualitative analysis of
LVH (yes/no) assessed by echocardiography, which add value
to previous studies in Mets where only electrocardiographic
parameters were used. Additionally, current guidelines do not
recommend quantitative assessment of LVH in this setting [39].

Conclusions

Detection of atherosclerosis by 3DVUS is a prevalent marker
that identifies premature subclinical CV disease among sub-
jects with MetS. Carotid plaque burden by 3D vascular ultra-
sound is highly prevalent in middle-aged patients with meta-
bolic syndrome and is associated with the presence of cardio-
vascular risk factors and with subclinical cardiovascular
disease.

Clinical Relevance

- We present the first evidence on the value of carotid plaque
burden by 3D vascular ultrasound in patients with metabolic
syndrome over current markers of subclinical CV risk like
LVH, cIMT and albuminuria.

- Carotid plaque burden by 3D vascular ultrasound is high-
ly prevalent inmiddle-aged patients withmetabolic syndrome,
and it is directly associated with the presence of cardiovascu-
lar risk factors and with cardiovascular risk.

- 3D ultrasound is an accessible technique that does not use
radiation. It would be a simple technique to incorporate in the
assessment of cardiovascular risk in young and middle-aged
patients with MetS.
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