European Heart Journal (2010) 31, 602-613
doi:10.1093/eurheartj/ehp491

EUROPEAN
SOCIETY OF
CARDIOLOGY®

CLINICAL RESEARCH

Prevention

The central arterial burden of the metabolic

syndrome is similar in men and women: the
SardiNIA Study

Angelo Scuteri’2*, Samer S. Najjar!, Marco Orru’?, Gianluca Usala?,
Maria Grazia Piras?, Luigi Ferrucci3, Antonio Cao?, David Schlessinger4,
Manuela Uda?, and Edward G. Lakatta'

"Laboratory of Cardiovascular Sciences, National Institute on Aging, NIH, Baltimore, USA; ?Istituto di Neurogenetica e Neurofarmacologia (INN), Consiglio Nazionale delle
Ricerche, c/o Cittadella Universitaria di Monserrato, Monserrato, Cagliari, Italy 09042; *Longitudinal Study Section, National Institute on Aging, NIH, Baltimore, USA; and
4Laboratory of Genetics, National Institute on Aging, NIH, Baltimore, USA

Received 7 October 2008; revised 12 February 2009; accepted 23 March 2009; online publish-ahead-of-print 25 November 2009

Methods
and results

We evaluated whether specific clusters of metabolic syndrome (MetS) components differentially impact on arterial
structure and function, and whether the impact is similar in men and in women.

Components of the MetS and arterial properties were assessed in 6148 subjects, aged 14—102 in a cluster of four
towns in Sardinia, Italy. MetS was defined in accordance with the ATP Il criteria. Age groups were classified as:
<35, 35—-49, 50—-64, and >65 years. Systolic blood pressure (BP), diastolic BP, pulse pressure, common carotid
artery (CCA) diameter, intima—media thickness, distensibility, strain, stiffness index, wall stress, and aortic pulse
wave velocity were measured. Common carotid artery plaque was defined as focal encroachment of the arterial
wall and CCA calcification as acoustic shadowing. In any age group, subjects with MetS presented thicker,
stiffer or less distensible, and wider large arteries than controls. The arterial burden of MetS increased as the
number of altered MetS components increased. However, not all MetS components were associated with
the same changes in arterial properties. In fact, specific clusters of MetS components, i.e. any combination
of altered glucose tolerance, elevated BP, and elevated triglycerides (with or without abdominal obesity), dramati-
cally increased age-associated arterial changes. The impact of MetS on arterial function was similar in men and

women.
Conclusion MetS accelerates age-associated arterial changes, even in older persons. However, not all the clusters of MetS com-
ponents render the same burden on arterial structure and function.
Keywords Metabolic syndrome e Ageing e Gender e Arterial stiffness e Carotid IMT
Introduction

could, in particular, differentially affect arterial structure and func-
tion and, thus, the risk of CV events.

Along with the alarming increase in obesity,' the metabolic syn-
drome (MetS), with its nexus of metabolic and cardiovascular
(CV) features, has mounted to epidemic proportion.> We have
previously reported that the MetS was associated with accelerated
central arterial ageing® and was highly prevalent in older subjects,
in whom it is an independent predictor of CV events.* One major,
unresolved issue relates to whether specific clusters of the com-
ponents of the MetS portend differing effects on CV risk.> They

Because elevated triglycerides and reduced HDL cholesterol,
two components of the MetS, have been reported as stronger pre-
dictors of CV outcomes in women than in men,®’ it is reasonable
to hypothesize that the MetS may differentially impact central
arteries structure and function in men and women. Thus, a study
to investigate potential gender-specific impact of MetS on subclini-
cal arterial lesions is warranted.

* Corresponding author. Tel: +39 06 30342658, Fax: +39 06 30362896, Email: angeloelefante@interfree.it. Present address: UO Geriatria, INRCA/IRCCS, Via Cassia 1167, 00189
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The aims of the present study were to investigate whether
specific clusters of MetS components have differential impact
on various aspects of central arterial structure and function,
including aortic and common carotid artery (CCA) stiffening
and thickening, and whether the impact differs between men
and women.

Subjects and methods

Study population
The SardiNIA Study was conceived as a study investigating the gen-
etics of complex traits/phenotypes, including CV risk factors and
arterial properties, in a Sardinian founder population.® Over a
3-year period, from November 2001 to December 2004, all resi-
dents aged 14 years and older in four towns of Sardinia Region,
Italy, were invited to participate to the Study. The response rate
was 60%, resulting in 6148 participants aged 14—102 residents in
that area. Participants came to the clinic after fasting overnight, par-
ticipated in an informed consent process, and after donating a
blood sample, underwent a detailed medical history and full
medical examination, including blood pressure (BP) and anthropo-
metric measurements, a 12-lead resting EKG, measurements of
arterial structure and function, and personality testing.

For the purpose of the present study, age groups were classified
as: <35, 35-49, 50—64, and >65 years.

Variables measured

Blood pressure

Blood pressure determinations were performed in the morning,
with subjects in the seated position, and following a 5 min quiet
resting period. Blood pressure was measured in both arms with
a mercury sphygmomanometer using an appropriately sized cuff.
Values for systolic BP (SBP) and diastolic BP (DBP) were defined
by Korotkoff phase | and V, respectively. The average of second
and third measurements on both the right and left arms was
used in the analysis. Pulse pressure (PP) was computed as PP =
(SBP — DBP); mean BP (MBP) was computed as MBP = DBP +
(PP/3).

Anthropometry

Height, weight, and waist circumference were determined for all
participants. Body mass index was calculated as body weight
(kg)/height (m)>.

Fasting plasma lipids and glucose

Blood samples were drawn from the antecubital vein between 7
and 8 a.m. after an overnight fast. Subjects were not allowed to
smoke, engage in significant physical activity, or take medications
prior to the collection of the samples. Plasma triglycerides and
total cholesterol were determined by an enzymatic method
(Abbott Laboratories ABA-200 ATC Biochromatic Analyzer,
Irving, TX, USA). High-density lipoprotein cholesterol was deter-
mined by a dextran sulphate—magnesium precipitation. Low-
density lipoprotein cholesterol concentrations were estimated by
the Friedewald formula. Fasting plasma glucose concentration

was measured by the glucose oxidase method (Beckman
Instruments Inc., Fullerton, CA, USA).

Definition of the metabolic syndrome

The Third Report of the National Cholesterol Education Program
Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (ATP IIl)? defined the MetS as an
alteration in three or more of the following five components:
abdominal obesity (W), high triglycerides (T), low HDL cholesterol
(H), elevated BP (systolic or diastolic) (B), and elevated fasting
glucose (G). The following cut-off values are used to define each
altered component: waist circumference >102 cm for men or
>88 cm for women, triglycerides >150 mg/dL, HDL cholesterol
<40 mg/dL  for men or <50mg/dL for women, BP
>130/>85 mmHg, and fasting glucose >110 mg/dL.

Because MetS is defined by the presence of three or more
altered components, subjects with MetS may have different combi-
nations of the above-mentioned individual components of MetS.
We calculated the sex-specific occurrence of individual clusters
of components in subjects with MetS. To calculate the expected
occurrence of individual clusters of MetS components, we
assumed the five alterations occur independently of each other.
For instance, the expected occurrence of T-B—W is: n*P(T+)
*P(B+) *P(W+)* (1 — P(H+)) * (1 — P(G+)), where P(X+) is
the prevalence of the altered component in men or women and
n the total number of subjects to get the combination of
components.

Arterial structure and function

Aortic pulse wave velocity (APWV) was measured as described
previously‘6 A minimum of 10 arterial flow waves from the right
CCA and the right femoral artery were recorded simultaneously
using non-directional transcutaneous Doppler probes (Model
810A, 9-10 MHz probes, Parks Medical Electronics, Inc., Aloha,
OR, USA) and averaged using the QRS for synchronization. The
foot of the flow, i.e. the point of systolic flow onset, was identified
off-line by a custom-designed computer algorithm, and verified or
manually adjusted by the reader after visual review. The time differ-
ential between the feet of simultaneously recorded carotid and
femoral flow waves was then measured. The distance travelled
by the flow wave was measured with an external tape measure
over the body surface, as the distance from the right carotid
sampling site to the manubrium subtracted from the distance
from the manubrium to the right femoral sampling site. Aortic
pulse wave velocity was calculated as the distance travelled by
the flow wave divided by the time differential.

High-resolution B-mode carotid ultrasonography was per-
formed by use of a linear-array 5-7.5MHz transducer (HDI
3500, ATL Ultramark Inc.) as described previously.® The subject
lay in the supine position in a dark, quiet room. The stabilized
BP after 15 min from the onset of testing was used for subsequent
analyses. The right CCA was examined with the head tilted slightly
upward in the midline position. The transducer was manipulated so
that the near and far walls of the CCA were parallel to the trans-
ducer footprint and the lumen diameter was maximized in the
longitudinal plane. A region 1.5 cm proximal to the carotid bifur-
cation was identified, and the intima—media thickness (IMT) of
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the far wall was evaluated as the distance between the luminal—
intimal and the medial—adventitial interfaces. Intima—media thick-
ness was measured on the frozen frame of a suitable longitudinal
image with the image magnified to achieve a higher resolution of
detail in areas without plaques or calcification (at least 1 mm dis-
tance from the plaque shoulder, if plaque was present). The IMT
measurement was obtained from five contiguous sites at 1 mm
intervals, and the average of the five measurements was used for
analyses. All the measurements were performed by a single
reader (A.S.). Common carotid artery systolic and diastolic diam-
eters (d and D, respectively) were identified via ECG gating and
measured similarly to IMT. Common carotid artery wall-to-lumen
ratio (%) was calculated as:

2% IMT

CCAWIL =

Common carotid artery cross-sectional area (CSA) was calcu-
lated as:

CCA CSA = px (mRe? — 7D?)

where p is the arterial wall density (p = 1.06), Re = CCA IMT +
CCAD.

CCA distensibility = AD/AP/D, where AD and AP are the diam-
eter and pressure changes over the cardiac cycle and D is the
carotid diameter at end-diastole.

Common carotid artery stiffness was evaluated by the stiffness
index (no unit):

In(SBP/DBP
Stiffness index = %
where SBP and DBP are systolic and diastolic BP, Ad the differ-

ence between the systolic and diastolic right CCA diameter, and D
the diastolic diameter.

CCA strain = (AFD> x 100

CCA circumferential stress = MBP x CCA W/L

CCA flow = VTl CCAD *HR

where VTl is the time velocity integral (cm/s) and HR the heart
rate in b.p.m.

Common carotid artery plaque was defined as focal encroach-
ment of the arterial wall Common carotid artery calcification
was defined as acoustic shadowing.

Statistical analysis

All analyses were performed using the SAS package for Windows
(9.1 Version Cary, NC, USA). Data are presented as mean + SD
unless otherwise specified. Differences in mean values for each
of the measured variables among groups were compared by
ANOVA, followed by Bonferroni’s test for multiple comparisons.
ANCOVA, including LDL cholesterol levels and current smoking

status as covariates, was used to assess three-way interaction
between age, sex, and MetS on arterial properties, independently
of the possible effects of LDL cholesterol and/or current
smoking on the same variables.

Chi-square goodness of fit was adopted to compare differences
in observed and expected occurrence of different clusters of MetS
in men and women separately.

Univariate and multivariable logistic regression analyses were
used to individuate determinants of categorical variables. Specifi-
cally, for the multivariate logistic regression models, the model
building strategy was to start with a base model that included
age at baseline and sex as independent variables, then to evaluate
the impact of diabetes mellitus by adding it to the base model. As a
next step, we controlled for the individual LDL cholesterol levels
and current smoking status by adding them individually to the
model. Model fit was verified using the Hosmer and Lemeshow
goodness-of-fit test. Secondary analyses were conducted after
excluding subjects with prevalent coronary and/or cerebrovascular
disease.

A two-sided P-value of <0.05 indicated statistical significance.

Results

Age-associated trends in prevalence
of MetS and its components

The prevalence of the MetS was 7.1% in men (n = 185) and 6.1% in
women (n = 214) and progressively increased with age in both
sexes (in men, from 1.4 to 5.0, to 13.1, and to 15.5% from <35
to 35-49, to 50—-64, and to 65 years and older, respectively; in
women, from 0.5 to 2.2, to 11.4, and to 20.0%, in the same age
groups).

In men with MetS, the prevalence of B and W was similar across
all age groups, whereas H was more common in younger,
especially in those <35 years, and G significantly increased with
age (from 7.7% in <35 years to 81.7 in >65 years); and T
decreased in the oldest group (Figure 1A). In women with MetS,
the prevalence of W was similar across age groups; the prevalence
of B increased from <35 to 35—49 years group and then stabil-
ized; the prevalence of G increased continuously across age
groups, with a sharp increase after age 50 (ranging from 16.7 in
the youngest to 28.0 to 52.9, and to 70.4 in increasingly older
groups), whereas the prevalence of H and T was higher in
younger individuals and decreased after age 50 (Figure 1B).

Effects of MetS on arterial structure
and function

Average values for arterial properties in different age groups for
subjects with and without MetS are summarized in Table 1.
Figures 2—5 illustrate the gender-specific trends of arterial proper-
ties across age groups according to the MetS status. Description
below is based upon the output of a three-way interaction
(age—sex—MetS), after adjustment for LDL cholesterol and
current smoking status, summarized in Table 2.

Aortic pulse wave velocity significantly increased with age
(Pearson’s correlation coefficient = 0.694, P < 0.0001) and was
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Figure | Age-associated distribution of altered components of
the MetS in men (A) and women (B) with MetS. ***P < 0.001;
*#P < 0.01; *P < 0.05; n.s., not significant.

higher in men than in women. MetS accelerated the age-associated
increase in APWYV levels, at any age, similarly in men and women.
This trend was similar when APWV was normalized for MBP,
although the effect of MetS on the age-associated changes
appeared larger at older age.

Common carotid artery strain, a distensibility index supposedly
independent of BP and more related to ‘intrinsic’ arterial wall prop-
erties, dramatically decreased with age, with a similar trend in men
and women. MetS accelerated the age-associated decrease in CCA
strain, but the detrimental effect of MetS on CCA strain became
progressively weaker at older ages.

Common carotid artery distensibility decreased with advancing
age and was further impaired by the presence of MetS at any age.

Common carotid artery IMT and CCA CSA (a measure of CCA
intima—media layers somehow accounting for CCA lumen diam-
eter) progressively increased with age; MetS accelerated their
age-associated changes, and this effect did not differ in men and
women.

Common carotid artery diameter progressively enlarged with
age and was larger in men than in women. No significant effect
of MetS on CCA diameter was observed. The CCA wall-to-lumen
ratio increased with age but was not significantly impacted by the
presence of MetS.

Common carotid artery circumferential wall stress significantly
increased with age and was further increased by MetS in any age
group.

Focal alteration in CCA structure (the presence of plaque or
calcification or stenosis) significantly increased with advancing

age, with no calcification or stenosis observed in subjects
younger than 50 years. MetS was accompanied by a significantly
higher occurrence of focal CCA alterations only in those subjects
aged 65 years or older.

Secondary analyses, run after excluding subjects with prevalent
CV and cerebrovascular disease, showed similar results to those
presented above.

Specific clusters of components
in subjects with the MetS

We calculated the sex-specific expected occurrence of individual
clusters of components in subjects with MetS (see the Methods
section).

The difference between expected and observed occurrence of
specific clusters of MetS components was highly significant in
both men (chi-square = 131.5, P < 0.0001) and women (x* =
364.0, P < 0.0001). Table 3 shows the expected and observed
prevalence of each of the 16 possible combinations of MetS com-
ponents. The deviations from ‘independently’ clustering are
extreme. Among all the possible combinations of MetS com-
ponents, some clusters (e.g. G-H-W and G-H-T—-W in men;
H-T-B and G—H-T in women) were not observed at all in the
population. Approximately 20% of the subjects with the MetS pre-
sented clustering of T-B—W; and 29%, of G-B—W. This preva-
lence was similar in both men and women. The clustering of G—
T—-B(—W) was more frequent in men than in women (27 vs.
6%). Conversely, G-H-W/(-B) (9 vs. 2%) and H-B-W (16 vs.
4%) were more frequent in women than in men.

In men, the occurrence of any observed combination differed
from what would be predicted; this difference was most prominent
for G-B-W, and G-T—-B(—W), which together accounted for
56.2% of MetS cases vs. an expected prevalence of 39.4%. Similarly,
in women, all the observed combinations were distributed differ-
ently from what would be predicted. The gap between observed
and predicted combinations was more impressive for all the
observed combinations sharing altered B—W components.

Effects of specific clusters of MetS
components on arterial structure
and function

In both men and women, any cluster of MetS components was
accompanied by alteration in all the measures of arterial structure
and function when compared with controls (Tables 4 and 5).

In men, specific clusters of MetS components were associated
with differences in CCA diameter and CCA stiffness (Table 4).
Specifically, men with the MetS having altered G-B-W or G-
H—-B(—W) had carotid arteries that were larger in diameter and
stiffer than those having MetS composed of other component clus-
ters. There is a very high prevalence of CV disease (CVD) and dia-
betes in any glucose component group, and prevalence differs
among clusters. Thus, whether these differences are attributable
to the specific components of the MetS or are related to the
higher prevalence of CVD observed in these two specific groups
(Table 4) cannot be ascertained, given the size of the two
groups. The trend described remained significant after adjustment
for age.



Table | Effects of the metabolic syndrome on arterial structure and function by age groups (means + SD)

<35 years

MetS
19

P-value

35-49 years

50-64 years

>65 years

APWY (cm/s)
APWV/MBP (cm/s)
CCA stiffness

CCA strain (%)
CCA distensibility (m/mm/mmHg)
CCA diameter (mm)
CCA IMT (mm)
CCA CSA

CCA WIL ratio
CCA wall stress
CCA flow (mL/min)
CCA plaque, % (n)

CCA calcification, % (n)
CCA stenosis, % (n)

5.60
0.58
0.53
0.08
20.5
3.6
0.190
0.036
191
4.2
1308
276

0.05

0.001

0.0001

0.0001

0.0001

0.0001

0.90

0.0001

0.47

5.63
2.54

8.9
29

21
82

5.32
0.56

0.53
0.07

19.6
3.77

0.199
0.030

184
35

1276
259

0.9 (15)

156
68

5.67
0.60

0.57
0.11

22.5
5.39

0.201
0.039

214
4.9

1157
292

16 (1)

0.0001

0.001

0.0001

0.0001

0.0001

0.0001

0.64

0.0001

0.001

0.54

79
3.0

159
66

5.57
0.67

0.60
0.10

235
5.7

0.216
0.037

215
4.3

1202
277

7.6 (88)
2.3 (27)
1.3 (15)

75
33

135
59

5.94
0.81

0.64
0.12

27.0
7.5

0.218
0.042

234
5.02

1138
260

8.7 (14)
3.7 (6)
3.1(5)

0.01

0.16

0.0001

0.0001

0.0001

0.0001

0.64

0.0001

0.01

0.61
0.28
0.08

7.2
3.0

124
56

6.00
0.81

0.69
0.13

29.6
8.3

0.234
0.046

237
52

1091
273

20.6 (148)
8.1 (58)
5.0 (36)

113
53

6.13
0.75

0.71
0.15

30.9
8.8

0.233
0.048

247
5.7

1072
301

29.1 (46)
14.6 (23)
9.5 (15)

0.52

0.24

0.05

0.05

0.25

0.06

0.79

0.05

0.46

0.05
0.01
0.05

909
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Figure 2 Gender-specific effect of MetS on aorta stiffness
(aortic pulse wave velocity) across age groups. *P < 0.05;
kP < 0.01; %P < 0.001 vs. control of the same age group.

In women, specific clusters of MetS components were associ-
ated with differences in aortic arterial stiffness, as measured by
APWY, but not in CCA stiffness, and in the occurrence of CCA
plaques. Specifically, the presence of an altered glucose com-
ponent was accompanied by a significantly higher APWV (even
after normalization for MBP), and with a considerably higher
occurrence of CCA plaques (16—20%) (Table 5). The trend
described remained significant after adjustment for age.

Higher large artery thickness and stiffness
and components MetS

We next determined the association of specific components of the
MetS with the occurrence of extreme values of CCA thickness and
of APWYV, i.e. with values >2 SD from the mean of CCA IMT and
APWV. After controlling for age and gender, all altered com-
ponents of the MetS were associated with significantly higher
odds of having extreme values in CCA IMT (Table 6). Specifically,
low HDL cholesterol and abdominal obesity showed the strongest
association with extreme CCA IMT (approximately a 70% higher
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Figure 3 Gender-specific effect of MetS on arterial thickness
(common carotid artery intima—media thickness) across age
groups. *P < 0.05; **P < 0.01; %P < 0.001 vs. control of the
same age group.

likelihood in those with than in those without reduced HDL or
abdominal obesity). Reduced HDL cholesterol was not associated
with higher likelihood of having extremely stiff arteries as reflected
in APWV. Elevated BP and abdominal obesity were both associated
with a two-fold increase in the likelihood of having an extremely
stiff aorta (Table 6). The odds of the association between each
MetS components and extreme values in CCA IMT or APWV
were similar in men and women.

As expected, an increasing number of altered components of
the MetS were associated with higher occurrence of extremely
thick or stiff arteries (Table 7). No significant gender-specific differ-
ence in the association of MetS altered components with extre-
mely thick or stiff arteries was observed.

We further evaluated the association of specific clusters of
altered MetS components with extremely thick or stiff arteries.
Given the altered glucose and arterial alterations in both men
and women, and the higher prevalence of diabetes mellitus in
specific clusters of MetS components, we adjusted these analyses
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Figure 4 Gender-specific effect of MetS on arterial lumen
(common carotid artery diameter) across age groups.
#P < 0.05; ¥*P < 0.01; %P < 0.001 vs. control of the same age

group.

for the presence of type 2 diabetes mellitus. As shown in Table 8,
G-T—-B(—W) remained significantly associated with a 2.5-fold
higher likelihood of thicker artery even after adjusting for age,
gender, and diabetes mellitus. Both G-T—-B(-W) and G-B-W
remained significant determinants of an extremely stiff aorta, inde-
pendently of age, gender, and diabetes mellitus.

Results remained virtually unchanged when adjusting for LDL
cholesterol and current smoking status and when subjects with
prevalent CV and cerebrovascular disease were excluded.

Discussion

Extensive literature has discussed the role of MetS as a risk factor
for CVD. However, as outlined in a recent joint statement of the
American Diabetes Association and the European Association for
the Study of Diabetes,” there are data supporting the notion that
MetS does not add further information in addition to the sum of
its components and that it does not provide an exhaustive index
for the prediction of CV events In marked contrast to this
opinion, we have previously described that MetS accelerates

Men: CCA circumferential wall stress
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Figure 5 Gender-specific effect of MetS on arterial wall stress
(common carotid artery circumferential stress) across age
groups. *P < 0.05; **P < 0.01; &P < 0.001 vs. control of the
same age group.

arterial ageing® and that MetS, defined by ATP Ill criteria as in
the present report, predicted CV events in older subjects over
and above the predictive power of its individual components.®
The present study sought evidence regarding the specific occur-
rence of different clusters of MetS components in arterial altera-
tions, alterations known to confer a higher risk of CV events;
see Stern et al.” Additionally, we tested whether this phenomenon
was gender-specific.

We observed that MetS was associated with accelerated arterial
ageing at any age. In other words, subjects with the MetS presented
more abnormal arterial structure and function patterns than con-
trols, regardless of their age. Whether the effects of MetS on accel-
erated vascular ageing is a gender-specific phenomenon is unclear.
Studies that investigated the potential gender-specific impact of
MetS or its individual component on the risk of subclinical
CVD"~™ indicated a tendency towards a stronger impact of
MetS on arterial structure and function in women than in men.
However, no study described that MetS accelerated arterial
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Table 2 P-values from three-way interaction (age—sex—MetS), after adjustment for low-density lipoprotein cholesterol

and current smoking status, for selected arterial properties

Age Sex Age * sex
APWV <0.0001 0.02 0.04
CCA strain <0.0001 0.15 0.12
CCA IMT <0.0001 0.67 0.03
CCA CSA <0.0001 0.19 0.005
CCA diameter <0.0001 0.003 0.34

MetS Age * MetS Sex * MetS Age * sex * MetS
0.0008 <0.0001 0.12 0.12
<0.0001 <0.0001 0.90 0.96
0.27 0.004 0.24 0.72
0.07 <0.0001 0.20 0.55
0.49 0.19 0.78 0.74

Table 3 Occurrence of specific clustering of the
components of the MetS in men and women when
compared with the expected prevalence calculated on
the basis of gender-specific prevalence of each MetS
component (see Methods for details)

T-B-W 29.2 20.0 184 21.0
H-B-W 79 4.3 6.4 159
H-T-W 1.6 1.1 4.9 23
H-T-B 79 4.3 5.0 0

H-T-B-W 14 2.2 19 37
G-B-W 18.1 28.7 173 29.0
G-T-W 3.6 4.3 2.7 6.5
G-T-B 181 124 2.7 0.5
G-T-B-W 32 151 1.0 5.6
G-H-B 4.9 22 4.7 0.5
G-H-W 1.0 0 4.6 47
G-H-B-W 0.9 22 1.8 47
G-H-T 1.0 0.5 0.7 0

G-H-T-B 0.9 11 0.3 0.5
G-H-T-W 0.2 0 27.4 2.3
G-H-T-B-W 02 1.6 0.1 2.8

G, elevated glucose component; H, low HDL cholesterol component; T, elevated
triglycerides component; B, elevated blood pressure component; W, abdominal
obesity.

ageing at any age and in a similar manner in men and women, as we
are reporting in this study.

A remarkable finding of the present study is that the specific
MetS differed
age groups: specifically, with ageing, the MetS showed a conti-

arterial abnormality exacerbated by across
nuum from local arterial functional alteration to systemic func-
tional alteration and to structural alteration of the arterial wall
with a higher occurrence of CCA plaques, calcification, and/or
stenosis in older groups. In other terms, MetS affects large
arteries so that functional defects appear at younger ages than
structural changes, the latter being evident at older ages. This
finding is new and may provide a novel perspective on arterial
ageing.

Within functional arterial alterations, we observed that MetS
accelerated aortic stiffness, evaluated as APWYV, in all age groups
except carotid stiffness in younger ages only. This interesting
observation is consistent with a previous report by Bussy et al.®
who described that at a given vascular parietal stress, the ‘intrinsic’
stiffness of arterial wall material was higher in hypertensive than in
normotensive subjects at younger age, but was similar in
middle-aged and older subjects. These findings indicated that wall
material elastic properties differed at younger but not older ages,
when adaptive mechanisms to the prolonged exposure to CV
risk factors, such as the components of the MetS, produce struc-
tural changes in arterial wall. The structural changes in large
arteries include an increase in collagen content and calcification
of the media, elastic lamellae creasing and breakage, and accumu-
lation and migration of vascular smooth cells in the arterial
walls.’® In the presence of additional CV risk factors, such as
MetS, these modifications occur earlier in the aorta than in
other arterial territories."®'” Several mechanisms may explain the
‘accelerated ageing’ of the aortic wall compared with the carotid
wall in patients with MetS. MetS is characterized by activation of
the renin—angiotensin system,'® an important humoral factor
involved in regulating the turnover of extracellular matrix proteins
and a strong regulator of matrix metalloproteinase and tissue inhibi-
tor of metalloproteinases,’ as well as of cytokines released by

adipose tissue.”® Glycation of matrix proteins also exerts an

adverse effect on the structure and function of large arteries.”’

The arterial burden of MetS increased with increasing number of
altered components of the MetS. Of note, extremely thick CCAs
showed a stronger association with lipid components of MetS,
whereas extremely stiff aorta showed a stronger association with
elevated BP and abdominal obesity and no significant association
with lipid components of the MetS.

Another remarkable finding in our study is that among the
16 possible combinations of diagnostic criteria for the ATP Il defi-
nition of MetS, not all occurred with the same frequency and some
did not occur at all. Additionally, the distribution of specific clus-
ters of MetS components differed in men and women. This is
the first study that characterizes clusters of aggregation in the
MetS criteria and supports the conjecture that specific patterns
of positive clusters tend to emerge in men and in women.

Notably, clusters of altered components in subjects with MetS
apparently differ also with respect to the associated arterial
abnormalities. In fact, the combination of altered glucose tolerance,
elevated blood pressure, and elevated triglycerides (with or
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Table 4 Effects of specific clusters of MetS components on central arterial structure and function: men

c T-B-W  H-B-W  G-B-W  G-T-B(-W) G-H-B(-W) P-value*

2452 37 8 53 51 4
APWV (cm/s) 670 +217 884 +307 8384359  948+291 958 4274 1016 + 402 0.65
APWV/MBP (cm/s) 7014204 809 4+ 247  722+257  866+292 8754 250 922 + 415 0.50
CCA diameter (mm) 57407 58406 64412 64409 62+07 69 +06 001
CCA IMT (mm) 056+012 064+012 068+013 0714016 070+ 0.16 0.64 4 0.11 024
CCAWIL 197439 221438 214438 220450 229454 186 + 3.1 047
CCA CSA 23+70 265+73  309+102 320494 309 +81 305475 0.06
CCA circum. stress 190+49  240+43 244445 241457 249458 205 + 49 0.60
CCA distensibility (wm/mm/mmHg) 207 + 111 146 + 66 124 + 61 127 + 68 124 + 55 63 + 36 0.12
CCA strain (%) 99 + 46 84+ 40 7.0 4 3.1 7.6 + 40 71429 42 4+ 40 0.19
CCA stiffness 606 +374 708+301 8984644 955+723 845+395 1876 + 1319 001
CCA plaque, % (n) 6.7 (164) 162 (6) 0 28.3 (15) 21.6 (11) 25.0 (1) 038
CCA calcification, % (n) 2.6 (64) 10.8 (4) 0 132 (7) 59 (3) 25.0 (1) 048
CCA stenosis, % (n) 13 (32) 0 0 113 (6) 113 (6) 0 020
CCA flow (mL/min) 1315 £ 306 1146 £215 1274+ 149 1103 £286 1143 + 294 1397 + 408 0.17
Prevalent CVD, % (n) 2.4 (59) 8.1(3) 0 11.3 (6) 0 750 (3) 001
Prevalent diabetes, % (n) 3.9 (95) 0 125 (1) 62.3 (33) 49.0 (25) 50.0 (2) 0.0001

C, control; G, elevated glucose component; H, low HDL cholesterol component; T, elevated triglycerides component; B, elevated blood pressure component; W, abdominal
obesity.
EANOVA excluding those without the MetS.

Table 5 Effects of specific clusters of MetS components on central arterial structure and function: women

c T-B-W  H-B-W  G-B-W  G-T-B(-W) G-H-B(-W) P-value*

3344 45 34 62 13 20
APWV (cm/s) 648 +208  895+240 849+ 203 1053 +383 1064 + 325 951 + 225 001
APWV/MBP (cms) 718+ 192 840+219  793+194  975+380 953 + 262 990 + 230 0.05
CCA diameter (mm) 52406 57407 56+ 05 59408 58409 58 406 036
CCA IMT (mm) 053+010 062+011 062+015 065+013 059 +0.09 0.66 +0.12 035
CCAWIL 207+34  21+41  219+43  223+43 207 +43 227 + 34 0.72
CCA CSA 195453 251465 248482 274+78 239456 270478 028
CCA circum. stress 189+43 234439  236+51 244+57 230450 220 + 43 041
CCA distensibility (wm/mm/mmHg) 224 + 105 132 + 52 132 + 64 125 + 57 138 + 72 154 + 62 0.44
CCA strain (%) 9.8+ 38 73429 67427 76 +25 81447 7.6 +25 0.53
CCA stiffness 587 +345 808+431 838+47  808+326 7.09+235 7.62 + 434 0.87
CCA plaque, % (n) 2.9 (97) 11165 0 16.1 (10) 0 200 (4) 0.06
CCA calcification, % (n) 0.9 (30) 6.5 (3) 0 112 (7) 0 10.0 (2) 023
CCA stenosis, % (n) 0.7 (23) 22 (1) 0 6.5 (4) 0 0 030
CCA flow (mL/min) 1230 261 10924273  1125+310 11314340 1044 + 228 1066 + 219 0.82
Prevalent CVD, % (n) 08 (27) 22 (1) 0 6.5 (4) 7.6 (1) 15.0 (3) 028
Prevalent diabetes, % (n) 2.2 (74) 22 (1) 29 (1) 66.1 (41) 769 (10) 75.0 (15) 0.0001

C, control; G, elevated glucose component; H, low HDL cholesterol component; T, elevated triglycerides component; B, elevated blood pressure component; W, abdominal
obesity.
&ANOVA excluding those without the MetS.

without abdominal obesity) doubled the likelihood of extremely :  given that many studies suggested that the predictive role of MetS
thick carotid arteries and extremely stiff aorta, known markers : in CV risk was entirely attributable to the inclusion of diabetic
of subclinical vascular lesion and of increased risk of CV events, subjects.7

even after controlling for age, sex, and occurrence of diabetes mel- Our findings may have several potentially relevant clinical impli-

litus. The novelty of this finding may have substantial implications, : cations. We confirmed in a Southern European, i.e. at lower CV
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Table 6 Extreme (>95% of population distribution) alteration in central arterial structure and function by metabolic

syndrome components

% of population n CCA IMT >95th percentile, n = 329 APWY >95th percentile, n = 305
% Age- and gender-adjusted OR % Age- and gender- adjusted OR
OR  95%Cl  P-value OR  95%Cl  P-value
Fasting glucose Normal 5693 4.3 4.0
7.3% Elevated 445 18.4 1.54 1.13-2.10 0.01 17.5 1.87 1.38-2.53 <0.001
Blood pressure Normal 3930 2.0 1.6
36.0% Elevated 2208 114 157 1.17-2.10 0.01 11.0 244 1.80-3.33 <0.001
HDL cholesterol Normal 5690 53 5.0
7.3% Elevated 448 5.8 173 1.05-2.84 0.05 5.1 124 0.75-2.03 <0.40
Triglycerides Normal 5547 4.8 4.5
9.6% Elevated 591 10.7 159 1.14-2.22 0.01 9.0 1.50 1.07-2.11 <0.05
Waist circumference Normal 4780 35 2.6
22.1% Elevated 1358 11.9 1.67 1.28-2.18 0.01 13.3 2.29 1.76-2.99 <0.001

Table 7 Extreme alterations in central artery structure and function by number of altered metabolic syndrome

components

# of MetS components

CCA IMT >95th percentile, n = 329

APWY >95th percentile, n = 305

% Age- and gender-adjusted OR % Age- and gender-adjusted OR
ORI Geer i ORI e i
0 13 1.0
1 6.2 141 0.92-2.16 5.6 2.34 1.44-3.81
2 11.5 1.67 1.08-2.58 144 376 2.32-6.08
3 18.7 2.84 1.74-4.64 21.6 5.62 3.30-9.57
4 314 4.97 2.50-9.90 30.8 8.05 3.95-16.43
5 309 5.24 0.0001 26.6 7.65 1.33-44.12 0.0001

risk, our previous observation in US population that MetS acceler-
ated vascular ageing’ Additionally, if the early arterial damage
associated with MetS differed in younger and older subjects, and
specific components of the MetS appeared to have a different
load on functional or structural arterial alterations, this would
imply that treatment of the MetS is not just the treatment of its indi-
vidual components,” but it will require a more tailored strategy. This
concept is strengthened by our observations that not all the clusters
of MetS components carry the same arterial burden and that this
burden is not attributable only to the presence of diabetes mellitus.

Another potentially relevant clinical implication is that MetS is
associated with a similar burden on large arteries in men and
women. Traditionally, diabetes mellitus is known to confer a dis-

22

proportionately higher CV risk in women than in men“* as well

as the lipid components of the MetS have been reported as stron-
ger risk factors for CV events in women than in men.®”

Last, but not least, we believe that having explored the association
of MetS and specific clusters of its components to extremely stiff or

thick artery may have a great impact in clinical practice. In fact, the

values for CCA IMT and APWV identifying ‘outliers’ are close to
those suggested by the current guidelines as threshold for target
organ damage.*® Clinician are more familial and believe more in cat-
egorical condition (hypertension/normotension, dyslipidaemia/nor-
molypidaemia, arterial lesion/no arterial damage) than in continuous
trait (whatis the clinical implication of 0.02 mm changes in CCA IMT,
regardless of the P-value associated to this difference?).

In conclusion, at any age, MetS is risky with respect to its associ-
ation with abnormalities in arterial structure and function, with
functional defects appearing at younger ages than structural
changes. This further supports the idea that MetS is not just a
theoretical construct, but rather can be envisioned as a key com-
ponent of the early vascular ageing syndrome.** However, not all
the clusters of altered components of the MetS are associated
with the same burden on arterial structure and function. This
may imply that MetS defined by ATP Ill criteria is not one entity
with a unique underlying common pathophysiological mechanism,
but rather we should evolve towards the better characterization
of metabolic syndromes.
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Table 8 Association of specific clusters of MetS components with extreme alterations in arterial structure and function

T-B-W H-B-W G-B-W G-T-B(-W) G-H-B(-W)
CCA IMT >95th percentile
Univariate 2.79 147-533 2.98 125-712 5.52 351-867 9.14 536-156 6.39 229-178
Age, sex adjust. 160 0.87-352 273 099-770 164 1.00-271 3141 1.68-578 164 051-224
Age, sex, DM 192 096-386 278 026-157 117 0.68-2.03 2.47 131-468 114 0.35-3.78
Age, sex, DM, LDL-cholesterol, current 187 093-378 2.96 105-835 120 0.70-2.08 2.39 126-457 118 0.36-3.96
smoking
Age, sex, DM, LDL-Cholesterol, Current ~ 2.04 1.01-414 3.03 1.07-862 1.05 059-1.89 237 121-463 075 0.17-3.22
smoking excluding preva-lent CV disease
APWV > 95th percentile
Univariate 3.72 203-681 3.23 135-773 6.68 429-104 6.11 338-110 8.99 3.39-238
Age, sex adjust. 2.72 117-421 213 0.81-564 2.06 1.28-332 2.57 1.35-492 264 091-7.68
Age, sex, DM 2.38 125-452 217 0.82-573 1.60 098-281 211 1.08-412 198 0.67-584
Age, sex, DM, LDL-cholesterol, current 231 121-440 222 0.84-586 158 093-269 210 1.07-410 208 0.70-6.19
smoking
Age, sex, DM, LDL-cholesterol, current 2.39 125-459 219 0.83-579 147 0.84-257 2.03 1.01-407 146 041-521

smoking excluding prevalent CV disease

DM, diabetes mellitus; C, control; G, elevated glucose component; H, low HDL cholesterol component; T, elevated triglycerides component; B, elevated blood pressure

component; W, abdominal obesity. Bold OR denotes a significant association.
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Heparin-induced thrombocytopenia (HIT) as an unusual cause of acute
stent thrombosis
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A 53-year-old female
presented with 2 weeks
of crescendo
Ten
admission, she had suc-

angina.
weeks  before
cessful  percutaneous
coronary intervention
(PCI) to the left anterior
descending (LAD), and
received aspirin, clopi-
dogrel, and unfractio-
nated heparin. Repeat
angiography showed a
severe ostial stenosis
in the intermediate
artery (IM) (Panel A).
Percutaneous coronary
intervention to IM

Patient sample

Platelet aggredation score (%)
"

was commenced after
unfractionated heparin.
thrombus

However,
developed rapidly on
the guide wires (Panel
B). Intravascular ultrasound was used to confirm the presence of thrombus and to exclude coronary dissection (Panel C). White throm-

Time (s)

bus was aspirated, the IM stented, and intracoronary lIb/llla bolus administered. The patient developed chest pain and ST-segment
elevation 4 h later. Repeat angiography demonstrated acute occlusive thrombus in the distal left main stem (Panel D). A diagnosis of accel-
erated thrombosis, secondary to heparin-induced thrombocytopenia (HIT), was confirmed by a thrombocytopenia (platelet count
decrease 234 x 109 per L to 74 x 109 per L), and by a positive platelet aggregation assay (Panel E). Heparin was stopped and lepirudin,
a direct thrombin inhibitor with no cross-reactivity to heparin, administered. Unfortunately, the patient died 12 h later from subarachnoid,
subdural, and intracerebral haemorrhages (Panel F). Heparin-induced thrombocytopenia is characterized by differential thrombosis and
haemorrhage as a result of an immune-mediated reaction in the presence of HIT antibodies. Heparin-induced thrombocytopenia anti-
bodies may be present for approximately 120 days after unfractionated heparin, resulting in accelerated HIT with re-exposure. This
case highlights the importance of considering HIT as a cause of acute coronary thrombosis during PCI.
We acknowledge the support of Dr A. Sethi with this case report.
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