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Hypertriglyceridemic Waist: A Simple Marker of High-Risk
Atherosclerosis Features Associated With Excess Visceral Adiposity/
Ectopic Fat
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Background—Subclinical atherosclerosis identification remains challenging; abdominal visceral adiposity may improve risk
stratification beyond traditional cardiovascular risk factors. Hypertriglyceridemic waist, a visceral adiposity marker combining
elevated triglycerides (>2 mmol/L) and waist circumference (=90 cm), has been related to carotid atherosclerosis, although
associations with high-risk features, including lipid-rich necrotic core (LRNC), remain unknown. We tested the hypothesis that
hypertriglyceridemic waist is an independent marker of high-risk atherosclerosis features.

Methods and Results—In this cross-sectional study including 467 white men (mean age, 45.9+14.8 years; range 19.4-77.6
years), carotid atherosclerosis characteristics were examined by magnetic resonance imaging and associations with
hypertriglyceridemic waist and benefits beyond Framingham Risk Score (FRS) and Pathobiological Determinants of Atherosclerosis
in Youth (PDAY) were determined. Subclinical carotid atherosclerosis was present in 61.9% of participants, whereas 50.1% had
LRNC. Hypertriglyceridemic waist was associated with carotid maximum wall thickness (P=0.014), wall volume (P=0.025),
normalized wall index (P=0.004), and Carotid Atherosclerosis Score (derived from wall thickness and LRNC; P=0.049).
Hypertriglyceridemic waist was associated with carotid LRNC volume beyond FRS (P=0.037) or PDAY (P=0.015), contrary to waist
circumference alone (both P>0.05). Although 69.7% and 62.0% of participants with carotid atherosclerosis and/or LRNC were not
high-risk by FRS or PDAY, respectively, hypertriglyceridemic waist correctly reclassified 9.7% and 4.5% of them, respectively.
Combining hypertriglyceridemic waist with FRS (net reclassification improvement=0.17; P<0.001) or PDAY (net reclassification
improvement=0.05; P=0.003) was superior to each score alone in identifying individuals with carotid atherosclerosis and/or LRNC.

Conclusions—Hypertriglyceridemic waist is an independent marker of carotid high-risk atherosclerosis features in men, improving
on FRS and PDAY risk score. (/ Am Heart Assoc. 2018;7:e008139. DOI: 10.1161/JAHA.117.008139.)
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patients have no more than one traditional risk factor,?
making it difficult to establish optimal screening strategies.
The direct appraisal of atherosclerosis requires costly imaging
modalities and analytical skills, and thus remains beyond the
scope of screening the asymptomatic population that may
benefit most. Poor lifestyle habits, including overconsumption
of processed food and sedentary lifestyles, have contributed
to the emergence of key nontraditional mediators of cardio-

C ardiovascular disease at large, and more specifically
atherosclerosis, remains a critical cause of morbidity and
mortality worldwide." More than half of cardiovascular
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vascular risk.>* Visceral adipose tissue (VAT) is one such
important key mediator, influencing glucose metabolism,
blood pressure, lipid profile, and inflammatory profile.” Even
in apparently healthy young adults devoid of traditional risk
factors, whether of normal weight or overweight, VAT has
been related to a worse cardiometabolic profile, including a
deteriorated lipid profile and elevated fasting glucose.® More
recently, excess abdominal adiposity and its concomitant
poor metabolic profile have been linked to the presence of
subclinical carotid atherosclerosis in middle-aged men.”™?
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Clinical Perspective

What Is New?

* This study documents, for the first time, the independent
association between hypertriglyceridemic waist and lipid-
rich necrotic core volume of the carotid artery, a high-risk
atherosclerosis feature.

What Are the Clinical Implications?

Hypertriglyceridemic waist, an office-based clinical tool
easily accessible at low cost, may improve the identification
of individuals with carotid artery atherosclerosis and/or
evidence of lipid-rich necrotic core in the carotid artery,
beyond traditional risk factors.

* Adding the evaluation of hypertriglyceridemic waist to
traditional risk screening provided superior classification
of carotid atherosclerosis risk of white men.

An important drawback related to VAT quantification is the
necessity to use costly imaging modalities, such as magnetic
resonance imaging (MRI) or methods involving radiation, like
computed tomography. Clinical measurements of abdominal
adiposity, including waist circumference, show significant
correlations with VAT,' in addition to being important risk
markers of cardiovascular events.'' However, although the
waist circumference predicts increased morbidity/mortality
within every body mass index (BMI) category, it does not
distinguish subcutaneous from visceral abdominal adiposity.
We previously demonstrated that the hypertriglyceridemic
waist phenotype, defined as an elevated fasting triglyceride
level (>2.0 mmol/L in men) combined with an increased waist
circumference (>90 cm in men), could represent a simple
office-based clinical tool informing on excess VAT, superior to
the waist girth used alone.'®' This emerging marker has
been shown in several studies to be a useful screening tool for
various populations, identifying those with a deteriorated
metabolic profile and higher risk for cardiovascular
disease.”>'® In multiethnic populations, the hypertriglyceri-
demic waist was also related to subclinical carotid atheroscle-
rosis, although not significantly after adjusting for traditional
risk factors.'®

Beyond global burden and simple artery morphological
characteristics, high-risk atherosclerosis is generally charac-
terized by lipid-rich necrotic core (LRNC), intraplaque hemor-
rhage, and calcification of the artery wall‘7; such tissue
characteristics are good predictors of cardiovascular
events.”® Although hypertriglyceridemic waist has been
related to subclinical carotid atherosclerosis, its association
with high-risk atherosclerosis features, including LRNC,
remains unknown. We aimed to test the hypothesis that the
hypertriglyceridemic waist is associated with high-risk

atherosclerosis features, as determined by comprehensive
volumetric coverage of the carotid arteries. The objective of
the present study was, therefore, to investigate whether
hypertriglyceridemic waist is associated with high-risk carotid
atherosclerosis features, as determined by MRI in a sample of
men exhibiting a broad spectrum of cardiovascular risk.

Methods
Study Population

The data, analytic methods, and study materials will not be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure. White men,
free of symptomatic or known carotid artery disease, were
recruited between February 1, 2008 and September 30, 2016
at the Institut Universitaire de Cardiologie et de Pneumologie
de Québec—Université Laval (Québec City, Québec, Canada).
Men without clinical coronary artery disease (CAD) were
recruited by solicitations through the media and word of
mouth. Those experiencing CAD were recruited at the time of
their outpatient visit or during hospitalization for CAD.
Participants were considered CAD free when exempt from a
history of cardiovascular disease, exempt from typical CAD
symptoms and signs, and free of relevant medication. In
addition, the absence of CAD was confirmed by a normal
resting ECG and a negative maximum exercise treadmill
stress test result when >34 years (modified Bruce protocol;
TMX 425; Trackmaster, Newton, KS)."” Conversely, CAD was
considered to be present when patients had a typical clinical
presentation, including typical angina (chest pain) or equiva-
lent in diabetic patients (shortness of breath) leading to/and
further confirmed by coronary angiography in a clinical
setting, as per standard American College of Cardiology/
American Heart Association recommendations.?° Therefore,
clinical CAD was confirmed by invasive coronary angiography
in all. Subjects with contraindications to MRI were excluded
(1.8% of recruited participants), as were those with a history
of cerebrovascular disease. The Institutional Research Ethics
Board approved the study, and all participants provided signed
informed consent.

Risk Factor Evaluation

For all participants, measurements were performed and data
were collected at the time of study entry. Data on age,
cardiovascular medication, and risk factors (obesity, diabetes
mellitus, hypertension, dyslipidemia, smoking, and family
history of cardiovascular disease in a first-degree relative)
were collected. Resting blood pressure measurements, fasting
blood draw, and anthropometric measurements (weight,
height, and waist and hip circumferences) were performed
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according to standardized procedures.®'® The waist circum-
ference was measured at the end of normal expiration, at the
middistance between the last rib and the top of the iliac crest,
ensuring that the participant did not contract abdominal
muscles. A positive hypertriglyceridemic waist was deter-
mined by the simultaneous presence of fasting triglyceride
concentration >2.0 mmol/L and waist circumference
>90 cm.'® The identification of the metabolic syndrome was
made according to the presence of at least 3 of the following
criteria: resting blood pressure >130/85 mm Hg, waist
circumference >102 cm, high-density lipoprotein cholesterol
(HDL-C) <1.0 mmol/L, triglycerides >1.7 mmol/L, and fast-
ing glucose >5.55 mmol/L.2" The presence of traditional
cardiovascular risk factors was defined as follows: (1) obesity
was defined by BMI >30 kg/m?; (2) hypertension was defined
by a resting systolic blood pressure >140 mm Hg or a
diastolic blood pressure 290 mm Hg or the use of antihyper-
tensive therapies; (3) dyslipidemia was defined by a low-
density lipoprotein cholesterol concentration >5 mmol/L or
the use of lipid-lowering drugs; (4) smoking included both
current and former smokers; (5) diabetes mellitus was defined
as current use of oral hypoglycemic agents or insulin, by the
patient chart, or as fasting plasma glucose >7.0 mmol/L; and
(6) family history of cardiovascular disease in a first-degree
relative included the mother, father, brother, and sister, as
reported by the participant. The integrated 10-year Framing-
ham Risk Score (FRS), informing on the estimated risk of
cardiovascular events, has been calculated for all
participants.?? Furthermore, we computed the Pathobiological
Determinants of Atherosclerosis in Youth (PDAY) risk score;
given the wide range of age of our population, the PDAY risk
score was computed from the modifiable risk factors, as
previously reported.?®2*

MRI Protocol and Image Analysis
Adipose tissue evaluation

At the time of study entry, ECG-gated 1.5-T MRI (Philips
Achieva 1.5 Tesla; Philips Healthcare, Best, the Netherlands)
was performed with a dedicated cardiac coil for volumetric
quantification of cardiac adipose tissue, including both
epicardial and pericardial fat. The body coil was used for
volumetric quantification of abdominal subcutaneous adipose
tissue (SAT) and VAT as well as to estimate hepatic fat
fraction. Axial T1-weighted (T1W) spin echo sequence
(slice thickness=5 mm; repetition time [TR]=750 ms; echo
time [TE]=6—-8 ms; resolution=0.67x0.67 mm) was per-
formed at the level of the mitral valve to quantify cardiac
fat during diastole. Axial T1W slice was also acquired at the
level of L4-L5 intervertebral space for VAT and SAT quantifi-
cation (slice thickness=5 mm; TR=750 ms; TE=6-8 ms; res-
olution=0.78x0.78 mm).® For hepatic fat measurement, axial

T1W slice was acquired at the level of L1-L2 lumbar
intervertebral space (slice thickness=5 mm; TR=750 ms;
TE=6—-8 ms; resolution=0.78x0.78 mm). All acquisitions
were performed with and then without fat saturation to
confirm that the disappearing signal is in fact fat.

Image analysis was performed off-line in a standardized
core laboratory (Laboratoire d’Imagerie Cardiovasculaire
Avancée) using dedicated software (QMass MR; Medis,
Leiden, the Netherlands) by trained technicians blinded to
the study hypothesis and patient data. On fat-enhanced
images, the pericardial space was identified as the dark stripe
separating the bright epicardial fat within from the pericardial
fat without, and thus cardiac fat was readily traced manually.
On fat-enhanced images, the SAT contour was well delineated
and manually traced. To minimize observer bias and maximize
reproducibility of VAT quantification, a standardized region of
interest was positioned in the homogeneous adipose tissue,
and all pixels with similar signal intensities were automatically
classified as VAT by the software. Cardiac and abdominal fat
volumes were reported for a standardized length of 5 mm
(mm3/5 mm). Hepatic fat fraction was calculated as the
difference between the signal from the non—fat-saturated
image and the signal from the fat-saturated image/the signal
from the non-fat-saturated image, and reported as a
percentage. Detailed method is available in a prior
publication.®

Carotid artery evaluation

At the time of study entry, vector cardiography-gated 1.5-T
MRI, using a system coupled to a dedicated bilateral phased-
array carotid coil, was performed (Machnet B.V., Roden, the
Netherlands). Centered on the carotid bulb, high-resolution
MRI was performed at 12 contiguous parallel short-axis slice
locations, simultaneously on the right and left carotid arteries
(slice thickness=2 mm; slice gap=0 mm; resolution=0.63x
0.63 mm), providing full contiguous coverage of 24 mm per
side (total carotid coverage of 48 mm). Coregistered
sequences were obtained for each slice location in black
blood T1W turbo spin echo (TE=8 ms; TR=800 ms), proton
density—weighted (PDW) turbo spin echo (TE=12 ms;
TR=2400 ms) and T2-weighted (T2W) turbo spin echo
(TE=50 ms; TR=2400 ms), and time-of-flight (TOF) spoiled
gradient echo (TE=3 ms; TR=20 ms).

Integrated analysis was performed simultaneously on
these 4 sequences (QPlaque; Medis, Leiden, the Netherlands).
The inner intima and outer adventitia borders were delineated
on each carotid slice, and volumetric measurements were
determined by modified Simpson’s rule (Figure 1).2° Accord-
ing to a validated gray intensity scale, each component area
was delineated on all slices.?>*® LRNC is isointense/hyper-
intense on T1W, hypointense on T2W, and isointense/
hypointense on PDW and TOF.?®™?® Loose fibrous matrix is
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Figure 1. Schematic diagram of carotid coverage by magnetic resonance imaging. A single carotid artery with T1-weighted sequence is presented
for clarity, whereas bilateral imaging was performed through T1-, T2-, and proton density—weighted and time-of-flight analyses. Centered on the
bifurcation, 12 contiguous slices (2 mm) were acquired on the right and left carotid arteries, covering 24 mm per side. Acquisition covered the
common (including the proximal bulb) and internal (including the distal bulb) carotid segments. For each slice, the inner intima (red) and outer
adventitia (green) borders were outlined, determining the wall (pink) and lumen (teal) areas. The maximum (blue) and minimum (yellow) wall
thicknesses were determined. ECA indicates external carotid artery; JV, jugular vein. Definitions derived from Underhill et al.°

isointense/hypointense on T1W, hyperintense on T2W and
PDW, and isointense on TOF.?® The calcification is hypoin-
tense on the 4 sequences.’® Intraplague hemorrhage is
hyperintense on T1W and TOF and hyperintense/isointense/
hypointense on T2W and PDW.%¢ Fibrous tissue is isointense
on T1W, T2W, and PDW; and hypointense on TOF.2
Volumetric measurement of each component was determined
by the modified Simpson’s rule.?> To compare volumetric
carotid measurements between participants in the event in
which occasional slices could not be analyzed because of
artifacts (<2% of analyzed slices), volumetric data were
normalized for the number of analyzed slices and reported for

a standardized length of 4 mm (mm®/4 mm). The maximum
and minimum carotid wall thicknesses were automatically
determined, and atherosclerosis was considered to be
present when the maximum/minimum wall thickness ratio
was >2 on at least 3 contiguous slices.?’ The normalized wall
index (wall volume/vessel volume) was calculated as a
measure of percentage atheroma that allows standardization
despite interindividual variation in vessel size.*° Carotid
Atherosclerosis Score (CAS) has been previously reported
as a marker of high-risk atherosclerotic plaque.®’ For both left
and right carotid arteries, CAS was computed from the
maximum wall thickness and the maximum percentage of
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LRNC as follows: CAS=1 if maximum wall thickness <2 mm;
otherwise, if maximum wall thickness >2 mm, CAS was set
according to the maximum percentage of LRNC; CAS=2 if
maximum percentage of LRNC <20%; CAS=3 if maximum
percentage of LRNC was >20% and <40%; and CAS=4 if
maximum percentage of LRNC >40%.2" We determined the
maximum CAS per individual as the highest value between the
right and left carotid arteries, whereas CAS was the average
of both sides. The evaluation was performed on the common
and internal segments, including the proximal and distal
bulbs, as previously described.3°

Statistical Analyses

Three groups were generated: (1) Hypertriglyceridemic Waist
(HTGW) 7/~ : waist circumference <90 c¢cm and triglycerides
<2.0 mmol/L; (2) HTGW"~: waist circumference >90 c¢m and
triglycerides <2.0 mmol/L; and (3) HTGW*/*: waist circumfer-
ence >90 cm and triglycerides >2.0 mmol/L. Participants in
the HTGW ™/~ and HTGW"'~ groups were devoid of hyper-
triglyceridemic waist, whereas only those in the HTGW'/*
group had hypertriglyceridemic waist. Participants with waist
circumference <90 cm and triglyceride level >2.0 mmol/L
(n=7; 1% of those screened) were excluded, considering that
this combination is rare and represents unique metabolic
features that would bias analysis in this study; analyses on the
overall population were repeated, including these participants,
yielding similar results. Continuous variables were expressed
as mean=+SD, whereas categorical variables were expressed as
a percentage. Kruskal-Wallis test was performed to compare
clinical and carotid markers between the 3 HTGW groups.
Student t test was performed to compare clinical markers
between those with versus without the hypertriglyceridemic
waist, whereas the y? test was performed to compare the
prevalence of risk factors between them. Univariable and
multivariable logistic regressions were performed to determine
associations between hypertriglyceridemic waist and cardio-
vascular markers, while adjusting for FRS or traditional risk
factors (smoking, hypertension, dyslipidemia, diabetes melli-
tus, obesity, and family history of cardiovascular disease).
Univariable and multivariable linear regressions were per-
formed to determine the associations between carotid
atherosclerosis characteristics and hypertriglyceridemic waist,
while adjusting for FRS or traditional risk factors, as mentioned
previously. @ and Pearson correlations were used to determine
the strength of the associations when applicable. The net
reclassification improvement (NRI) was computed to verify how
well the addition of hypertriglyceridemic waist to the FRS or
PDAY reclassifies participants in identifying the presence of
carotid atherosclerosis (maximum/minimum wall thickness
ratio >2 on at least 3 contiguous slices) and/or evidence of
carotid LRNC (as a combined outcome or each considered

apart), compared with traditional risk score alone. The
performance of the combination of hypertriglyceridemic waist
with each risk score was compared with each risk score alone
by the McNemar test. Finally, the reproducibility of carotid
measurements has been verified in a random sample of 10% of
the population. The reproducibility was excellent including Lin’s
concordance correlation coefficient of 0.98 (Bland-Altman 95%
confidence interval [Cl], —68.41 to 151.71) for wall volume and
0.91 (Bland-Altman 95% Cl, —24.42 t0 25.6 1) for LRNC volume.
All statistical analyses were performed with Stata 15.1
(StataCorp LP, College Station, TX), and 2-tailed P<0.05 was
considered statistically significant for all analyses.

Results

Population Characteristics

This cross-sectional study included 467 white men free of
symptomatic or known carotid artery disease, with a mean
age of 45.94-14.8 years (range, 19.4—77.6 years). The pop-
ulation presented a broad range of cardiovascular risk, as
indicated in Table S1. Although the mean FRS was
14.54+15.8%, our cohort included 53.7% of participants at
low risk (FRS, <10%), 19.5% at moderate risk (FRS, 10%—19%),
and 26.8% at high risk (FRS, >20%). Furthermore, 6.4% were
diabetic, 12.7% were obese, 20.1% had dyslipidemia, 22.9%
had hypertension, 33.8% were smokers, and 57.6% presented
a family history of cardiovascular disease. All in all, 24.6% of
the population presented none of the described traditional
risk factors, whereas 21.1% had at least 3 cardiovascular risk
factors. The prevalence of clinical CAD was 29.3%, including
11.8% with an acute myocardial infarction and 17.6% with
chronic stable angina. A hypertriglyceridemic waist was
observed in 10.5% of the population and was more prevalent
among those with clinical CAD in comparison to those without
(19.0% in patients with CAD versus 7.0% in CAD-free subjects;
P<0.001). In addition, men with the hypertriglyceridemic waist
phenotype presented greater FRS (P=0.005) and greater
PDAY risk score (P<0.001) compared with those without.

We compared features of the 3 cardiovascular risk profiles:
HTGW ™/ ~, HTGW"~, and HTGW'/* (Table 1). First, the mean
BMI was in the overweight category (>25 kg/m?) for both
HTGW™~ and HTGW™/* groups, whereas it was in the normal
weight category for the HTGW ™/~ group. However, although
SAT was similar in both the HTGW"™ and the HTGW'/*
groups, VAT was significantly greater in the HTGW'/" group
compared with the HTGW'™ group, in addition to being
greater in the HTGW '™~ group in comparison to the HTGW ™/~
group. Likewise, fasting glucose, triglycerides, and total
cholesterol/HDL-C  ratio progressed significantly from
HTGW /~ to HTGW"™ to HTGW'/*, whereas HDL-C incre-
mentally decreased significantly across the groups.
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Table 1. Characteristics of Hypertriglyceridemic Waist Phenotype Groups

Characteristics HTGW ™/~ (n=196) HTGW"~ (n=222) HTGW'™™ (n=49) P Value
Age, y 38.2+13.9 51.9+13.1 49.8+11.0 <0.001*
Anthropometry and adiposity distribution
Body mass index, kg/m? 23.24+2.3 28.0+2.9 28.9+3.3 <0.001*"
Waist circumference, cm 81.6+5.5 99.7+7.5 102.34+-8.4 <0.001*"
Hip circumference, cm 95.84+5.3 102.5+6.0 102.4+6.6 <0.001*
SAT, mm®/5 mm 124.4+56.2 235.8475.8 233.7+74.8 <0.001*
VAT, mm*/5 mm 54.74+31.5 152.4+73.6 185.9+87.6 <0.001*"
Cardiac adipose tissue, mm®/5 mm 12.24+4.6 26.6+13.5 26.7+10.1 <0.001*
Epicardial adipose tissue, mm®/5 mm 92 +£25 13.4+4.2 13.4 +3.3 <0.001*
Pericardial adipose tissue, mm>/5 mm 2.9+3.5 13.2+10.9 13.3+£8.5 <0.001*
Hepatic fat fraction, % 5.0+4.0 9.1+9.0 13.6+10.3 <0.001*"
Cardiometabolic profile
Systolic blood pressure, mm Hg 118+10 124417 129+20 <0.001*
Diastolic blood pressure, mm Hg 7248 77+11 80+10 <0.001*
Fasting glucose, mmol/L 5.0240.60 5.49+0.89 5.98+1.58 <0.001*F
Total cholesterol, mmol/L 4.40+0.82 4.46+1.13 4.97+0.93 0.002"
Triglycerides, mmol/L 0.89+0.37 1.194+0.40 2.94+1.02 <0.001*"
HDL cholesterol, mmol/L 1.474+0.32 1.264+0.31 1.004+0.23 <0.001*"
LDL cholesterol, mmol/L 2.60+0.80 2.75+1.06 2.724+-0.86 0.39
Total cholesterol/HDL cholesterol ratio 3.12+0.83 3.64+0.98 5.16+£1.38 <0.001*"
Metabolic syndrome, % 0.5 14.8 64.6 <0.001*"
Prior coronary artery disease, % 11.2 40.1 53.1 <0.001*
10-y Framingham Risk Score, % 6.7+9.9 20.1+16.9 20.6+16.2 <0.001*
Low risk (<10%), % 80.0 36.1 271 <0.001*
Moderate risk (10%-19%), % 11.8 24.2 29.2
High risk (>20%), % 8.2 39.7 438
PDAY risk score, %
Low risk (<1) 459 1.1 2.1 <0.001*"
Moderate risk (1-4) 41.3 36.6 18.8
High risk (=5) 12.8 52.3 79.2
Cardiovascular risk factors, %
Obesity 0.0 19.5 32.7 <0.001*"
Hypertension 8.7 315 40.8 <0.001*
Diabetes mellitus 2.6 8.6 12.2 0.009*
Dyslipidemia 8.2 28.4 30.6 <0.001*
Family history of cardiovascular disease 424 70.6 60.4 <0.001*
Current or former smoker 17.9 43.2 55.1 <0.001*
Risk factor count, %
0 48.0 8.5 2.1 <0.001*
1 357 324 31.3
2 9.7 301 229
>3 6.6 29.2 43.8
Continued
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Table 1. Continued

Characteristics HTGW ™/~ (n=196) HTGW'~ (n=222) HTGW'™™ (n=49) P Value

Cardiovascular therapy at study entry,%
Antiplatelet agent 6.6 25.2 18.4 <0.001*
Oral anticoagulant 0.0 1.4 2.0 0.21
Lipid-lowering agent 6.1 26.1 26.5 <0.001*
{3 Blockers 2.6 16.2 10.2 <0.001*
Calcium channel blockers 0.5 5.9 4.1 0.011*
Angiotensin-converting enzyme inhibitors 1.0 7.7 6.1 0.005*
Angiotensin Il receptor blocker 1.5 5.0 41 0.15

Values are expressed as mean+SD for continuous variables or percentage for categorical variables (P value for Kruskal-Wallis test). HTGW/~: waist circumference <90 cm and

),

triglycerides <2.0 mmol/L; HTGW"~: waist circumference >90 cm and triglycerides <2.0 mmol/L; and HTGW™/": waist circumference >90 cm and triglycerides >2.0 mmol/L. HDL
indicates high-density lipoprotein; LDL, low-density lipoprotein; PDAY, Pathobiological Determinants of Atherosclerosis in Youth; SAT, subcutaneous abdominal adipose tissue; VAT, visceral

abdominal adipose tissue.
*P<0.05 between HTGW ™/~ and HTGW"~; TP<0.05 between HTGW"'~ and HTGW'/".

Carotid Atherosclerosis Features

In the present study, 61.9% of men had subclinical carotid
atherosclerosis, according to the previously proposed definition
of a maximum-to-minimum wall thickness >2 on at least 3
consecutive slices,?” whereas 50.1% had presence of LRNC in
the carotid artery wall. On the other hand, the prevalence of
intraplague hemorrhage (0.7%) and of calcification (13.3%) in
the carotid artery wall was relatively low, whereas 19.6% of
participants had loose matrix. Complete carotid artery charac-
teristics of the study sample are presented in Table S2.
Hypertriglyceridemic waist phenotype was significantly more
prevalent among those with carotid atherosclerosis in compar-
ison to those without (12.8% versus 6.7%; P=0.038). Further-
more, those with hypertriglyceridemic waist exhibited
significantly greater LRNC volume compared with those without
(4.8746.58 versus 2.93+4.81 mm3/4 mm; P=0.012). CAS
was calculated from the maximum wall thickness and percent-
age of LRNC.3" Only 7.4% of participants had a CAS of 1,
whereas 66.5% had a CAS of 2 and 26.1% had a CAS of 3; none
of our participants had a CAS of 4. We observed that
participants with a hypertriglyceridemic waist presented a
greater CAS compared with those without (P=0.049).

Carotid characteristics of the HTGW*/*, HTGW“’, and
HTGW"'/* groups are presented in Table 2. In comparison to
the HTGW /~ group, the HTGW '~ group presented a
significantly greater carotid maximum wall thickness
(P<0.001), wall volume (P<0.001), normalized wall index
(P<0.001), and CAS (P=0.002). Furthermore, the HTGW '~
group exhibited a significantly greater carotid calcification
volume compared with the HTGW ™/~ group (P=0.002). The
prevalence of carotid calcification (P<0.001) and loose matrix
(P=0.031) was also significantly greater in the HTGW '~
versus the HTGW ™/~ groups. We observed that the HTGW*/*
group presented a greater volume of LRNC compared with the

HTGW"~ group, but the difference did not reach significance
(4.87-+6.58 versus 3.3045.21 mm®/4 mm; P=0.08).

Hypertriglyceridemic Waist and Clinical Markers

Detailed associations between hypertriglyceridemic waist and
cardiovascular risk markers are presented in Table 3. Hyper-
triglyceridemic waist was associated positively and signifi-
cantly with several key markers of cardiovascular risk
(Figure 2), including BMI (odds ratio [OR], 1.26; P<0.001),
systolic (OR, 1.02; P=0.002) and diastolic (OR, 1.04; P=0.004)
blood pressures, fasting glucose (OR, 1.74; P<0.001), total
cholesterol (OR, 1.68; P<0.001), and total cholesterol/HDL-C
ratio (OR, 3.59; P<0.001). Hypertriglyceridemic waist pheno-
type was negatively and significantly associated with HDL-C
(OR, 0.01; P<0.001). Hypertriglyceridemic waist was also
associated with FRS (OR, 1.02; P=0.006), PDAY risk score
(OR, 1.27; P<0.001), the number of traditional risk factors
(OR, 1.54; P<0.001), and the presence of metabolic syn-
drome (OR, 20.94; P<0.001; ¢=0.50). This office-based
clinical tool was associated positively and significantly with
adiposity distribution measured by MRI: SAT (OR, 1.01;
P<0.001), VAT (OR, 1.01; P<0.001), hepatic fat fraction (OR,
1.08; P<0.001), and cardiac adipose tissue (OR, 1.04;
P=0.001), including both epicardial fat (OR, 1.11; P=0.002)
and pericardial fat (OR, 1.04; P=0.002). Hypertriglyceridemic
waist informs about excessive ectopic abdominal fat, remain-
ing associated with VAT even after adjusting for FRS (OR,
1.01; P<0.001; 95% CI, 1.01-1.02), PDAY risk score (OR,
1.00; P=0.050; 95% CI, 1.00—1.01), or traditional risk factors
(smoking, hypertension, dyslipidemia, diabetes mellitus, obe-
sity, and family history of cardiovascular disease) (OR, 1.01;
P<0.001; 95% Cl, 1.00—-1.01). Hypertriglyceridemic waist was
also associated with hepatic fat fraction after adjusting for
FRS (OR, 1.06; P=0.001; 95% CI, 1.02—1.11), PDAY risk score
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Table 2. Carotid Atherosclerosis Features of Hypertriglyceridemic Waist Phenotype Groups

Variable HTGW ™/~ (n=196) HTGW'~ (n=222) HTGW'™/™ (n=49) P Value
Presence of carotid atherosclerosis, % 571 63.1 755 0.05
Wall volume, mm®/4 mm 127.75+23.14 151.354+36.18 151.51+£29.10 <0.001*
Maximum wall thickness, mm 1.814+0.43 2.1140.55 2.16+0.54 <0.001*
Normalized wall index* 0.54+0.07 0.60+0.09 0.61+0.09 <0.001*
LRNC volume, mm®/4 mm 2.51+4.28 3.30+5.21 4.8746.58 0.024
Calcification volume, mm®/4 mm 0.06+0.36 0.29+0.99 0.26+0.65 <0.001*
Intraplaque hemorrhage volume, mm®/4 mm 0.00+0.00 0.12+1.24 0.06+0.42 0.22
Loose matrix volume, mm®/4 mm 0.45+1.54 0.85+2.34 0.57+1.35 0.08*
Maximum % of LRNC 6.16+8.37 7.30+8.09 9.0949.50 0.046
CAS, % 1.94+0.5 2.0+0.4 21+0.4 <0.001*

1 11.9 4.6 2.1 0.06*

2 65.0 67.9 66.7

3 23.2 27.5 31.3

4 0.0 0.0 0.0
Presence of LRNC, % 449 52.3 61.7 0.08
Presence of calcification, % 6.2 18.3 19.2 <0.001*
Presence of intraplaque hemorrhage, % 0.0 09 2.1 0.21
Presence of loose matrix, % 15.0 23.4 21.3 0.09*

Values are expressed as mean+SD for continuous variables or percentage for categorical variables (P value for Kruskal-Wallis test). HTGW/~: waist circumference <90 cm and

),

triglycerides <2.0 mmol/L; HTGW"~: waist circumference >90 cm and triglycerides <2.0 mmol/L; and HTGW™/": waist circumference >90 cm and triglycerides >2.0 mmol/L. CAS

indicates Carotid Atherosclerosis Score; LRNC, lipid-rich necrotic core.

*P<0.05 between HTGW ™/~ and HTGW"~; TP<0.05 between HTGW™~ and HTGW'/*. *Normalized for the vessel volume.

(OR, 1.04; P=0.046; 95% Cl, 1.00-1.09), or traditional risk
factors (OR, 1.06; P=0.006; 95% Cl, 1.02—1.11). Although
hypertriglyceridemic waist demonstrated a strong and posi-
tive association with almost all markers of the cardiovascular
risk profile, the presence of clinical CAD was also associated
with hypertriglyceridemic waist (OR, 3.13; P<0.001; ¢=0.18),
even after adjusting for FRS (OR, 2.73; P=0.014; 95% ClI,
1.23-6.08). However, the presence of CAD was no longer
associated with hypertriglyceridemic waist after adjusting for
PDAY risk score (OR, 1.77; P=0.10; 95% Cl, 0.91-3.44).

Hypertriglyceridemic Waist and Carotid
Atherosclerosis Features

Detailed associations between hypertriglyceridemic waist and
carotid parameters are presented in Table 4. Hypertriglyceri-
demic waist was positively and significantly associated with
the presence of subclinical carotid atherosclerosis (OR, 2.03;
P=0.041; ¢=0.10; Figure 3). Hypertriglyceridemic waist was
associated significantly with most markers of carotid
atherosclerosis burden and risk, including maximum wall
thickness (R?=0.01, P=0.014, r=0.11), artery wall volume
(R?=0.01, P=0.025, r=0.10), normalized wall index (R*=0.02,
P=0.004, r=0.13), and CAS (R’=0.01, P=0.049, r=0.09).

Hypertriglyceridemic waist was positively and significantly
associated with the volume of carotid LRNC (R’=0.01,
P=0.012, r=0.12; 95% Cl, 0.43-3.46), and this association
remained significant after adjusting for FRS (P=0.037; 95% ClI,
0.10-3.19) or traditional risk factors (P=0.019; 95% Cl, 0.31—
3.48). Conversely, although waist circumference alone was
also associated with the volume of carotid LRNC (R?=0.01,
P=0.036, r=0.10), significance was lost when adjusted for
FRS (P=0.38). We then examined if these relationships
remained associated beyond the risk of coronary artery
atherosclerosis by the integrated PDAY risk score. The
association between waist circumference and the volume of
carotid artery LRNC was no longer significant after adjusting
for the risk of subclinical coronary artery atherosclerosis
(P=0.12). However, we observed that the hypertriglyceridemic
waist phenotype was associated with the volume of carotid
artery LRNC beyond the risk of subclinical coronary artery
atherosclerosis, as estimated by the PDAY risk score
(P=0.015; 95% Cl, 0.40-3.65).

Net Reclassification Improvement

In the present study, 69.7% of participants having subclinical
carotid atherosclerosis and/or evidence of carotid LRNC were
classified at low/moderate risk, according to FRS (ie,
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Table 3. Associations Between the Hypertriglyceridemic Waist and Clinical Risk Markers

Univariable Adjusted for 10-y Framingham Risk Score
Variable OR P Value 95% Cl OR P Value 95% Cl
Age, y 1.02 0.06 1.00-1.04 1.00 0.83 0.96-1.03
Body mass index, kg/m? 1.26 <0.001 1.16-1.36 1.24 <0.001 1.14-1.35
SAT, mm®/5 mm 1.01 <0.001 1.00-1.01 1.01 0.001 1.00-1.01
VAT, mm®/5 mm 1.01 <0.001 1.01-1.01 1.01 <0.001 1.01-1.02
Cardiac adipose tissue, mm®/5 mm 1.04 0.001 1.02-1.06 1.03 0.017 1.01-1.06
Epicardial adipose tissue, mm®/5 mm 1.11 0.002 1.04-1.19 1.08 0.06 1.00-1.17
Pericardial adipose tissue, mm®/5 mm 1.04 0.002 1.02-1.07 1.04 0.028 1.00-1.07
Hepatic fat fraction, % 1.08 <0.001 1.03-1.12 1.06 0.001 1.02-1.11
Systolic blood pressure, mm Hg 1.02 0.002 1.01-1.04 1.02 0.015 1.00-1.04
Diastolic blood pressure, mm Hg 1.04 0.004 1.01-1.07 1.04 0.010 1.01-1.06
Fasting glucose, mmol/L 1.74 <0.001 1.34-2.26 1.62 0.001 1.21-2.15
Total cholesterol, mmol/L 1.68 <0.001 1.26-2.24 1.95 <0.001 1.44-2.63
HDL cholesterol, mmol/L 0.01 <0.001 0.00-0.04 0.01 <0.001 0.00-0.04
LDL cholesterol, mmol/L 1.05 0.76 0.77-1.43 1.22 0.22 0.89-1.69
Total cholesterol/HDL cholesterol ratio 3.59 <0.001 2.58-4.97 3.95 <0.001 2.77-5.63
10-y Framingham risk score, % 1.02 0.006 1.01-1.04
PDAY risk score 1.28 <0.001 1.19-1.37 1.28 <0.001 1.19-1.37
Metabolic syndrome 20.94 <0.001 10.50-41.76 21.01 <0.001 10.07-43.84
Prior coronary artery disease 3.13 <0.001 1.71-5.71 2.73 0.014 1.23-6.08
Obesity 4.22 <0.001 2.15-8.29 3.80 <0.001 1.90-7.62
Hypertension 2.62 0.002 1.42-4.86 1.96 0.08 0.93-4.14
Diabetes mellitus 2.28 0.09 0.89-5.90 1.22 0.73 0.39-3.74
Dyslipidemia 1.89 0.06 0.98-3.64 1.23 0.62 0.54-2.82
Family history of cardiovascular disease 1.14 0.67 0.62-2.10 0.93 0.83 0.49-1.79
Current or former smoker 2.69 0.001 1.48-4.90 2.10 0.06 0.98-4.50
Risk factor count 1.54 <0.001 1.26-1.89 1.65 0.002 1.20-2.26

Data are expressed as OR, P value, and 95% Cl using logistic regressions. Cl indicates confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OR, odds ratio; PDAY:
Pathobiological Determinants of Atherosclerosis in Youth; SAT, subcutaneous abdominal adipose tissue; VAT, visceral abdominal adipose tissue.

calculated risk, <20%), and 62.0% were classified according to
PDAY (ie, calculated risk, <5%). Among them, 9.7% and 4.5%,
respectively, presented a hypertriglyceridemic waist pheno-
type that would have correctly reclassified them as higher
risk. Ultimately, combining the hypertriglyceridemic waist with
FRS was superior to FRS alone in identifying individuals with
subclinical carotid atherosclerosis and/or evidence of LRNC
(NRI=0.17, P<0.001; NRleyent=[22—0]/119=0.18; NRl,onevent=
[0-5]/335=—0.01). The combination of hypertriglyceridemic
waist with FRS remained superior to FRS alone in identifying
the presence of subclinical carotid atherosclerosis and/or
LRNC in both CAD-free (NRI=0.32, P<0.001; NRlgyen=[11-0]/
32=0.34; NRlponevent=[0-5]/291=—0.02) or CAD (NRI=0.13,
P<0.001; NRlgyen=[11-0]/87=0.13; NRlyonevent=[0—-0]/44=0)

groups taken separately, highlighting potential benefit specif-
ically in those without known CAD. The added value of
hypertriglyceridemic waist over waist circumference alone
when combined to the FRS is provided by improved classi-
fication of those without carotid LRNC or carotid atheroscle-
rosis (Table 5). Similarly to FRS, the combination of
hypertriglyceridemic waist with the PDAY risk score presented
a significant NRI to identify individuals with carotid atheroscle-
rosis and/or evidence of LRNC in the carotid artery in
comparison to PDAY score alone (NRI=0.05, P=0.003;
NRleyent=[9-0]/171=0.05; NRlponevent=[0—1]/281=—0.004).
Contrary to FRS, with PDAY, no added value of hypertriglyc-
eridemic waist over waist circumference alone is observed for
the mere presence of atherosclerosis, but added value is
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Figure 2. Associations between the hypertriglyceridemic waist
and cardiovascular risk factors (A) or adipose tissues (abdominal
subcutaneous adipose tissue [SAT], abdominal visceral adipose
tissue [VAT], and cardiac fat volumes have been reported as
mm®/5 mm, whereas hepatic fat has been reported as a
percentage; B). Body mass index has been computed from the
participant’s weight in kilograms and participant’s height in
meters (kg/m?). Blood glucose level has been measured in
mmol /L after 12 hours of fasting. Graphics are expressed in odds
ratio with 95% confidence interval. HDL-C indicates high-density
lipoprotein cholesterol (mmol/L); TC, total cholesterol (mmol/L).

observed for the prediction of LRNC. Therefore, hypertriglyc-
eridemic waist is of particular interest for the prediction of
higher-risk atherosclerosis characterized by LRNC.

Discussion

We investigated, for the first time, the associations between
the hypertriglyceridemic waist phenotype, a simple office-
based measurement, and atherosclerosis presence, burden,
and tissue characteristics by comprehensive volumetric
carotid artery imaging with magnetic resonance. Our sample
was representative of a wide spectrum of cardiovascular risk,
ranging from young adults without cardiovascular disease and

at low risk through patients with CAD confirmed by invasive
coronary angiography. Hypertriglyceridemic waist was posi-
tively associated with the presence of carotid atherosclerosis
and also with markers of carotid atherosclerosis burden.
Moreover, hypertriglyceridemic waist was independently
associated with the volume of carotid artery LRNC, a marker
of high-risk atherosclerosis. Ultimately, the addition of
hypertriglyceridemic waist to the FRS or PDAY risk score
correctly reclassified individuals with carotid atherosclerosis
and/or LRNC by MRI who were initially considered low risk by
these risk scores. Therefore, the hypertriglyceridemic waist
may improve on current strategies on the basis of traditional
risk factors alone.

Hypertriglyceridemic Waist and Cardiovascular
Risk

We have previously suggested that excess visceral/ectopic
adipose tissue accumulation is the missing link to explain the
association between the constellation of metabolic dysfunc-
tion of the metabolic syndrome and cardiovascular disease,
beyond the contribution of traditional risk factors.®3%33
However, the direct measurement of VAT requires costly
imaging and analysis modalities that make it less practical for
use in screening larger populations in the context of
prevention. A clinical measurement of abdominal adiposity,
such as the waist circumference that is easily accessible at
low cost, shows significant correlations with abdominal
VAT measurements.'® Furthermore, waist circumference is
reported as an important risk marker of cardiovascular
events."! Although obesity (BMI, >30 kg/m?) is recognized
as a traditional risk factor that must be considered in the
primary screening for cardiovascular risk, it appears that an
elevated waist girth informs on the presence of a poor
cardiometabolic profile and predicts cardiovascular risk and
mortality beyond the BMI alone.* Although an elevated waist
circumference indicates increased cardiovascular risk, it does
not clearly discriminate SAT from VAT, although it is only the
latter that portends the important umbrella of metabolic
disorders and poor clinical outcomes of the ectopic fat.>®
Patients with increased VAT typically present an increased
concentration of small and dense low-density lipoprotein
particles,®® associated with an elevated fasting triglyceride
concentration.®” This increased concentration of high-risk
particles is predictive of an augmented risk of CAD, even in
apparently healthy men.*® Furthermore, small low-density
lipoprotein size is associated with the progression of coronary
atherosclerosis documented by angiography.®’ This observa-
tion has been validated by several studies, suggesting that
triglyceride level is a simple marker of proatherogenic low-
density lipoprotein particles.”®” Lemieux et al were the first
to suggest the combination of an elevated waist
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Table 4. Associations Between Atherosclerosis Features and the Hypertriglyceridemic Waist

Univariable Adjusted for 10-y Framingham Risk Score
Variable R? P Value 95% Cl R? P Value 95% Cl

Wall volume, mm®/4 mm 0.01 0.025 1.43 t0 21.11 0.20 0.29 —4.18 to 14.00
Maximum wall thickness, mm 0.01 0.014 0.04 to 0.35 0.18 0.18 —0.05 10 0.25
Normalized wall index 0.02 0.004 0.01 to 0.06 0.26 0.1 —0.00 to 0.04
LRNC volume, mm®/4 mm 0.01 0.012 0.43 to 3.46 0.03 0.037 0.10 to 3.19
Calcification volume, mm®/4 mm 0.001 0.50 —0.1510 0.31 0.11 0.82 —0.2510 0.20
Intraplaque hemorrhage volume, mm®/4 mm 0.00 0.99 —0.26 to 0.26 0.02 0.72 —0.32 t0 0.22
Loose matrix volume, mm®/4 mm 0.00 0.77 —0.68 to 0.50 0.04 0.42 —0.84 0 0.35
Maximum % of LRNC, % 0.01 0.07 —0.16 to 4.81 0.02 0.16 —0.73 t0 4.32
Carotid Atherosclerosis Score 0.01 0.049 0.00 to 0.28 0.05 0.20 —0.05 t0 0.23

Data are expressed as R?, P value, and 95% Cl using linear regressions. Cl indicates confidence interval; LRNC, lipid-rich necrotic core.

circumference and an increased triglyceride level as a warning
sign of higher cardiovascular risk.'® The presence of an
elevated waist circumference simultaneously with an elevated
triglyceride concentration could indicate inability to store
surplus energy in SAT because of dysfunctional adipose
tissue.® Thereby, the hypertriglyceridemic waist phenotype is
a simple clinical marker of the presence of dysfunctional fat,
such as VAT,*® and thus of metabolic disorders.*® In
agreement with previous observations, the present study
shows that the hypertriglyceridemic waist is positively
associated with visceral adiposity and with cardiac and
hepatic fat. Furthermore, the relationships between the
hypertriglyceridemic waist and abdominal VAT or hepatic fat
are independent from traditional risk factors, remaining
significant after adjusting for FRS and PDAY. As postulated
several years ago, the hypertriglyceridemic phenotype has
proved itself to be an effective marker to identify men at
higher coronary risk via an atherogenic metabolic pro-
file.">*"*? We observed that those with the hypertriglyceri-
demic waist phenotype exhibited a greater FRS compared

Carotid atherosclerosis

Coronary artery disease

T T T

0 1 2 3 4 5 6
Odds ratio

Figure 3. Association between the hypertriglyceridemic waist
and carotid atherosclerosis or coronary artery disease (odds ratio
with a 95% confidence interval). Black, univariable analysis; red,
adjusted for the 10-year Framingham Risk Score.

with those without, consistent with previous studies.**
Furthermore, the hypertriglyceridemic waist exhibited a
strong and positive association with almost all individual
markers of cardiovascular risk, and was also associated with
the presence of clinical CAD, even after adjusting for FRS.

Hypertriglyceridemic Waist and Carotid
Atherosclerosis Burden

Atherosclerosis is a systemic disease, and subclinical
atherosclerosis evaluated in the carotid artery is an excellent
indicator of global atherosclerosis burden.?’ The direct
examination of artery features informs on the real burden of
atherosclerotic disease, especially in the vicinity of the carotid
bulb or bifurcation.** The hypertriglyceridemic waist pheno-
type has been associated with various atherosclerosis burden
markers, including coronary calcium score in patients with
type 2 diabetes mellitus™ and with carotid intima-media
thickness in the chronic kidney disease population.” In an
apparently healthy multiethnic population, the hypertriglyc-
eridemic waist was also associated with carotid atheroscle-
rotic plaques identified by the intima-media thickness, but the
association was not significant after adjusting for traditional
risk factors.'® A major drawback of the carotid intima-media
thickness measurement with ultrasound is poor reproducibility.*®
MRI presents superior reproducibility compared with other
noninvasive imaging modalities across the full spectrum of
atherosclerosis severity (from early to severe disease) and is
by far the most promising method to measure carotid
atherosclerosis burden and features.*® To the best of our
knowledge, this study is the first to investigate the association
between carotid atherosclerosis burden examined by MRI and
the hypertriglyceridemic waist phenotype. Our results indicate
that the hypertriglyceridemic waist is significantly more
prevalent among those  with  subclinical carotid
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Table 5. NRI of Hypertriglyceridemic Waist versus Waist
Circumference Combined to FRS and PDAY Risk Score for
Carotid Artery Atherosclerosis and LRNC

NRI (N Rlevent/ N Rlnon—event)

Presence of carotid atherosclerosis

FRS+hypertriglyceridemic waist 0.04 (—0.27/0.31)*

—0.02 (—0.23/0.21)*

PDAY risk score+hypertriglyceridemic waist
Evidence of carotid LRNC
FRS+hypertriglyceridemic waist

0.18 (—0.22/0.40)*
0.11 (~0.18/0.29)*

PDAY risk score-+hypertriglyceridemic waist

FRS indicates Framingham risk score; LRNC, lipid-rich necrotic core; NRI, net
reclassification improvement; PDAY, Pathobiological Determinants of Atherosclerosis in
Youth.

*P<0.05.

atherosclerosis in comparison to those without. Furthermore,
carotid maximum wall thickness, a marker widely used to
inform about the presence of atherosclerosis,*” was positively
associated with the hypertriglyceridemic waist. In comparison
to the maximum wall thickness, carotid artery wall volume is
more suitable to better inform about the true burden of
atherosclerosis, because it measures the whole circumfer-
ence of the artery over its entire length of interest. Moreover,
the normalized wall index is a useful marker of atherosclerosis
burden, taking into account individual morphological differ-
ences by normalizing the artery wall volume to the vessel
volume. We observed that the hypertriglyceridemic waist is
positively and significantly associated with all of these
markers of carotid atherosclerosis burden.

Hypertriglyceridemic Waist and High-Risk Carotid
Atherosclerosis Features

LRNC is arguably the most important unique feature of high-
risk atherosclerotic plaque.’”"'® We observed that the volume
of carotid LRNC was associated with the waist circumference,
but the association was no longer significant when adjusted
for FRS or PDAY, indicating that waist circumference alone is
not an independent marker of high-risk atherosclerosis
features. However, our results have shown that those with a
hypertriglyceridemic waist phenotype presented a signifi-
cantly greater carotid LRNC volume compared with those
without. Moreover, carotid LRNC volume was positively and
significantly associated with the hypertriglyceridemic waist,
and this association remained significant even after adjusting
for the risk of cardiovascular events or the risk of subclinical
coronary artery atherosclerosis. Therefore, although no
significant difference was observed between the HTGW ™~
and HTGW'/" groups for carotid artery characteristics, the
hypertriglyceridemic waist remains an independent marker of

high-risk carotid atherosclerosis features and thus a superior
clinical marker compared with waist circumference alone. This
was further confirmed by NRI for high-risk atherosclerosis
features beyond clinical risk scores alone. CAS, computed
from the maximum wall thickness and the maximum
percentage of LRNC, has been validated to stratify the
severity of atherosclerosis disease.®' In our population, CAS
was positively associated with the hypertriglyceridemic waist
phenotype, further supporting the clinical utility of the
hypertriglyceridemic waist. Although no participant exhibited
a CAS of 4, such high CAS level is rare as the reported
prevalence is on the order of 5% in patients with significant
carotid stenosis.?' Intraplaque hemorrhage is another high-
risk atherosclerosis feature. However, although intraplaque
hemorrhage has been correlated with cardiovascular disease
progression, its prevalence remains low in comparison to the
incidence of cardiovascular events,*® a finding corroborated
by the present study. This low prevalence of intraplaque
hemorrhage may likely explain the absence of association.
Calcification and loose fibrous matrix are both important
features of atherosclerosis, although some inconsistencies
remain as to their role in risk assessment. Indeed, although
the role of calcification in atherosclerosis burden is well
validated,*” its role in plaque vulnerability is not clear;
although it has been suggested to promote plaque rupture,®®
calcification has also been demonstrated to mitigate plaque
stress.’’ Loose fibrous matrix, resulting from healed plaque
rupture,?®°? has been associated with symptomatic plaque,®®
while also related to stable plaque characteristics.>* All
participants included in the present study were devoid of
symptomatic carotid artery disease, and no association was
observed between the hypertriglyceridemic waist and the
loose fibrous matrix or calcification volumes. However,
the prevalence of calcification and loose fibrous matrix in
the carotid artery was significantly greater in the HTGW''~
group compared with the HTGW ™/~ group. Furthermore, the
HTGW ™~ group exhibited a significantly greater burden of
carotid calcification in comparison to the HTGW ™/~ group.
Nevertheless, considering the inconsistencies about the
increased risk associated with these atherosclerosis compo-
nents, further studies are needed.

This is the first documented investigation of the relation-
ship between hypertriglyceridemic waist and the presence
and burden of high-risk carotid atherosclerosis features. We
observed that approximately two thirds of participants with
carotid atherosclerosis and/or LRNC were at low/moderate
risk by FRS or PDAY, and therefore, unsuspected for carotid
atherosclerosis or high-risk features. The addition of the
hypertriglyceridemic waist assessment to the usual screening
for traditional risk factors would correctly reclassify an
additional 4.5% to 9.7% of individuals at a negligible cost,
considering the standard lipid profile already measures
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triglycerides. According to the present study, the combination
of FRS or PDAY and the hypertriglyceridemic waist phenotype
significantly reclassified those with subclinical carotid
atherosclerosis and/or evidence of LRNC in their carotid
artery with an appreciable NRI compared with FRS or PDAY
alone. Furthermore, the combination of hypertriglyceridemic
waist with FRS or PDAY remained superior to FRS or PDAY
alone in identifying subclinical carotid atherosclerosis and/or
LRNC in the CAD-free or CAD groups; because we observed a
greater NRI in the CAD-free group, hypertriglyceridemic waist
is perhaps even more valuable in asymptomatic individuals,
otherwise unsuspected for atherosclerosis. Of particular
interest, hypertriglyceridemic waist combined to either FRS
or PDAY improved identification of the high-risk atheroscle-
rosis feature LRNC beyond waist circumference alone com-
bined to these same risk scores, highlighting its potential
value in primary care. In this regard, our results suggest that
this simple tool could potentially improve office-based
cardiovascular risk assessment.

Study Limitations

The design of the study is cross-sectional and although we
observed associations between carotid atherosclerosis char-
acteristics and the hypertriglyceridemic waist, the study
design does not allow the establishment of causality between
these variables. Participants were enrolled over a significant
period of time, which may have influenced the coronary
disease management and therapies of recruited coronary
patients over those years. All participants included in this
study were recruited on a volunteer basis, which may have
influenced the results. Nevertheless, this study has been
rigorously designed to compare atherosclerosis characteris-
tics across a large spectrum of risk and performing the
recruitment in the population at large (by media and word of
mouth) is expected to have attenuated the impact of a
potential selection bias. Finally, the study sample included
men recruited from a single center: A larger multicenter study,
including women and diverse ethnic groups, will be needed to
investigate whether these observations apply to the general
population.

Conclusions

Hypertriglyceridemic waist is strongly associated with the
presence and burden of subclinical carotid atherosclerosis in
men across a wide spectrum of cardiovascular risk. Beyond
waist circumference alone, hypertriglyceridemic waist is an
independent marker of high-risk carotid atherosclerosis fea-
tures. Ultimately, the addition of hypertriglyceridemic waist to
the FRS or the PDAY risk score improves the identification of

carotid atherosclerosis and high-risk features and allows the
reclassification of individuals thought to be at low risk. This
simple office-based tool may improve cardiovascular risk
stratification beyond traditional risk factors alone.
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Table S1. Characteristics of the population.

i

Age, years 45.9+14.8
Anthropometry and Adiposity Distribution

Body mass index, kg/m? 26.1+3.6
Waist circumference, cm 92.4+11.4
Hip circumference, cm 99.7+6.7
SAT, mm®5 mm 188.8+87.4
VAT, mm3/5 mm 114.8+80.5
Cardiac adipose tissue, mm3/5 mm 20.2+£12.4
Epicardial adipose tissue, mm3/5 mm 11.5+4.0
Pericardial adipose tissue, mm?/5 mm 8.6+9.6
Hepatic fat fraction, % 7.7£7.8
Cardiometabolic Profile

Systolic blood pressure, mmHg 122+15
Diastolic blood pressure, mmHg 7510
Fasting glucose, mmol/L 5.35+0.94
Total cholesterol, mmol/L 4.49+1.00
Triglycerides, mmol/L 1.25+0.77
HDL cholesterol, mmol/L 1.32+0.34
LDL cholesterol, mmol/L 2.68+0.94
Total cholesterol/HDL cholesterol ratio 3.58+1.14
Hypertriglyceridemic waist, % 10.5




Metabolic syndrome, % 13.9
Cardiovascular Therapy at Study Entry, %

Antiplatelet agent 16.7
Oral anticoagulant 0.9
Lipid-lowering agent 17.8
Beta blockers 9.9
Calcium channel blockers 3.4
Angiotensin-converting enzyme inhibitors 4.7
Angiotensin Il receptor blocker 3.4

Values are expressed as mean + standard deviation for continuous variables or % for categorical
variables. HDL: high-density lipoprotein; LDL: low-density lipoprotein; SAT: subcutaneous

abdominal adipose tissue; VAT: visceral abdominal adipose tissue.



Table S2. Atherosclerosis features of the carotid artery”.

Presence of carotid atherosclerosis, % 61.9
Wall volume, mm3/4 mm 141.39+32.67
Maximum wall thickness, mm 1.99+0.53
Normalized wall index* 0.57+0.09
LRNC volume, mm3/4 mm 3.13+5.04
Calcification volume, mm?34 mm 0.19+0.76
Intra-plague hemorrhage volume, mm?/4 mm 0.06+0.87
Loose matrix volume, mm3/4 mm 0.65+1.95
Maximum % of LRNC 7.01+8.39
Carotid Atherosclerosis Score 2.0+0.5
Presence of LRNC, % 50.1
Presence of calcification, % 13.3
Presence of intra-plaque hemorrhage, % 0.7
Presence of loose matrix, % 19.6

Values are expressed as mean * standard deviation for continuous variables or % for categorical
variables. LRNC: lipid-rich necrotic core. “Including the internal carotid artery, the common

carotid artery and the carotid bulbs, both proximal and distal. 'Normalized for the vessel volume.



