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Abstract

Background: Metabolic syndrome (MetS) is associated with structural and functional vascular abnormalities, which
may lead to increased arterial stiffness, more frequent cardiovascular events and higher mortality. However, the role
played by clustering of risk factors and the combining pattern of MetS risk factors and their association with the arte-
rial stiffness have yet to be fully understood. Age, hypertension and diabetes mellitus seem to be strongly associated
with increased pulse wave velocity (PWV). This study aimed at determining the clustering and combining pattern of
MetsS risk factors and their association with the arterial stiffness in non-diabetic and non-hypertensive patients.

Methods: Recently diagnosed and untreated patients with MetS (n = 64,49 4+ 8year,32 + 4 kg/m2) were selected,
according to ATP Il criteria and compared to a control group (Control,n = 17,49 + 6 year, 27 £+ 2 kg/mz). Arterial stiff-
ness was evaluated by PWV in the carotid-femoral segment. Patients were categorized and analyzed according MetS
risk factors clustering (3, 4 and 5 factors) and its combinations.

Results: Patients with MetS had increased PWV when compared to Control (7.8 = 1.1 vs. 7.0 = 0.5 m/s, p < 0.001).

In multivariate analysis, the variables that remained as predictors of PWV were age (3 = 0.450, p < 0.001), systolic
blood pressure (3 =0.211, p = 0.023) and triglycerides (3 = 0.212, p = 0.037). The increased number of risk factors
reflected in a progressive increase in PWV. When adjusted to systolic blood pressure, PWV was greater in the group
with 5 risk factors when compared to the group with 3 risk factors and Control (8.5 + 04 vs. 7.5+ 0.2, p =0.011 and
7.2+ 0.3 m/s, p =0.012). Similarly, the 4 risk factors group had higher PWV than the Control (7.9 0.2 vs. 7.2 + 0.3,

p =0.047).

Conclusions: The number of risk factors seems to increase arterial stiffness. Notably, besides age and increased
systolic blood pressure, alterations in the triglycerides worsened the stiffness of large vessels, emphasizing the impor-
tance in addressing this risk factor in MetS patients.
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Since it has been strongly associated with increased risk
of cardiovascular disease, type 2 diabetes, and increased
mortality, MetS is now recognized as a major public
health issue [3-5].

Although each risk factor alone carries its own impact
on health, risk factors are often found clustered in indi-

Background

Metabolic syndrome (MetS) is characterized by a clus-
tering of abnormalities such as central obesity, insulin
resistance, dyslipidemia and arterial hypertension [1, 2].
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viduals [6, 7]. MetS can be defined by the presence
of three to five metabolic components, allowing vari-
ous possibilities of combinations that share some basic
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pathophysiological patterns [8]. Studies have shown that
both, the number and the interaction of different combi-
nations of risk factors, may cause variations in cardiovas-
cular mortality risk [8, 9].

Each risk factor acts independently through different
mechanisms, causing negative alterations in the structure
and function of the vascular system [10, 11]. Hyperten-
sion involves hemodynamic and overload mechanisms
that reflect changes in the extracellular matrix, affecting
the structural remodeling of the vessels [12]. It also deter-
mines a significant increase in arterial resistance by the
accumulation of collagen, induced both by sodium and by
alterations in the renin angiotensin-aldosterone system
[12].

Hyperinsulinemia and chronic hyperglycemia may
increase the activity of the sympathetic nervous system,
the vascular inflammation, and the activity of renin—
angiotensin—aldosterone system in vascular tissue, causes
the development of wall hypertrophy and fibrosis [13]. In
addition, inadequate advanced glycation end-products in
arterial wall may cause significant changes in elastin with
the accumulation of collagen, thus reducing the distensi-
bility of the vessel receptor [13].

It has been reported that, in the general population,
MetS accelerates arterial aging. Individuals with MetS
have twofold risk of presenting stiff arteries when com-
pared to individuals without MetS, even after control-
ling for age, sex and occurrence of diabetes mellitus [14].
Arterial stiffness of central arterial segments is normally
identified before clinical manifestations of cardiovascular
disease [15].

Arterial stiffness can be measured by pulse wave veloc-
ity (PWYV), which is a simple, sensitive and non-invasive
method. PWV is used for diagnosis and prognosis in
patients at risk for atherosclerotic cardiovascular disease,
and is thus considered an independent predictor of car-
diovascular mortality [16—19].

It is well-established that age and hypertension are
the main causes of arterial stiffness [20]. Additionally,
Hwang et al. [21] have found that, regardless of age and
blood pressure (BP), subjects with diabetes mellitus had
higher PWV, whereas subjects with prediabetes had simi-
lar PWV when compared to subjects with normal fasting
blood glucose. Moreover, we have recently observed that
small changes in fasting glycaemia in MetS patients free
of diabetes and hypertension are associated with vascular
impairment [22].

However, few studies have addressed the complexity of
clustering and patterns of combination of MetS risk fac-
tors in vascular dysfunction [23, 24]. It is not known in
non-diabetic and non-hypertensive patients, but with 3, 4
or 5 MetS components, the role of each MetS risk factor
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as well as the role of clustering and the combining pat-
tern components in arterial stiffness [24, 25].

Further studies are needed to elucidate the mecha-
nisms by which MetS increases cardiovascular risk. A
fuller understanding of such mechanisms would benefit
clinical practice and allow targeted interventions in pre-
ventive and therapeutic strategies in the early stage of
cardiovascular disease [26, 27].

Our hypothesis was that in early stages of MetS,
patients already present arterial stiffness. And, consider-
ing the cluster of MetS risk factors, we aimed to deter-
mine which of these factors are better predictors of this
alteration.

Then, the objective of this study was to analyze the
clustering and combining pattern of MetS risk factors, as
well as the associations of each component of MetS and
arterial stiffness.

Methods

Study population

This is a cross-sectional study conducted at the Heart
Institute (InCor), at the University of Sdo Paulo Medical
School, Sao Paulo State, Brazil. The study was approved
by the Scientific Commission of the Heart Institute
(InCor), and by the Ethics Research Commission of the
Hospital das Clinicas de Sao Paulo. Each patient signed a
written consent form.

After being diagnosed with MetS, outpatients from the
Cardiovascular Rehabilitation and Exercise Physiology
Ambulatory of the Heart Institute (InCor), University of
Sao Paulo Medical School, were invited to participate in
the study.

Individuals were diagnosed with MetS according to the
operational criteria of the “National Cholesterol Education
Program, Adult Treatment Panel III (ATP III)” [28] with at
least 3 of the 5 MetS risk factors present: (1) waist circum-
ference (WC) > 102 ¢cm for men and > 88 ¢cm for women,
(2) triglycerides > 150 mg/dL, (3) high-density lipoprotein
cholesterol (HDL-c) < 40 mg/dL for men and < 50 mg/dL
for women, (4) systolic blood pressure (SBP) > 130 mmHg
or diastolic blood pressure (DBP) > 85 mmHg, and (5)
blood glucose > 100 mg/dL. The patients were eligible
for enrollment if they met the following inclusion crite-
ria: sedentary with no regular physical activity (> 3 days/
week, > 30 min/day) for the previous 6 months, aged
between 30 and 60 years, non-smokers, without a history
of excessive alcohol consumption, with no evidence of
pulmonary or cardiovascular disease, and not taking any
medications. Patients with hypertension and/or diabetes
were excluded. The control group (Control) consisted of
participants without any risk factor or with only one risk
factor, following the same criteria used for the MetS group.
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Study design

The MetS risk factors were categorized in the clustering
of 3, 4 or 5 risk factors. In addition, the combining pattern
of risk factors were analyzed. The groups were compared
to Control with similar demographic characteristics.

MetS risk factors measurements
Waist circumference was measured at the end of normal
expiration to the nearest 0.1 cm, measuring from the nar-
rowest point between the lower borders of the rib cage
and the iliac crest. In both, three consecutive measure-
ments were undertaken by the same evaluator, and the
average value of the measurements was recorded. Also,
body mass index (BMI) was calculated through the
anthropometric measurement of weight and height [29].
The BP was taken with the subject sitting with legs
uncrossed and feet flat on the floor, using a sphygmoma-
nometer (cuff according to the arm size) and a stetho-
scope on the on the left arm placed at heart level [30].
Laboratory tests were performed in the mornings after
a 12 h fasting. Serum levels of total cholesterol, triglycer-
ides and HDL-c were obtained by enzymatic colorimetric
method, while glucose was measured by the automated
enzymatic method—Roche (oxidase standard glucose).

Arterial stiffness assessment

Arterial stiffness was assessed by PWV in carotid-femo-
ral segment using a noninvasive automatic device, Com-
plior (Colson, Garges les Gonesses, France), which allows
an online pulse wave recording and the automatic calcu-
lation of PWV.

Measurements were obtained by positioning two pres-
sure-sensitive transducers (Fukuda, Tokyo, Japan) on
to the skin prominent parts of the carotid and femoral
arteries to calculate time delay between the two trans-
ducers. The distance traveled by the pulse wave was
measured over the body surface as the distance between
the two recording sites (D), while pulse transit time (t)
was measured between the feet of the pressure wave-
forms recorded at these different points (foot-to-foot
method) and was automatically calculated by the device
[31]. Measurements were repeated over 10 different car-
diac cycles, and the mean was used for the final analysis.
PWYV was automatically calculated as PWV = D/t, and
the values were then standardized to the ‘real’ carotid-
femoral distance by multiplying by 0.8, following interna-
tional recommendations [32].

Measurements were performed in a quiet room with
stable room temperature and the patient in a supine posi-
tion. During PWV measurements, a continuous nonin-
vasive BP recording was performed using the Portapres
device (TNO Biomedical Instrumentation, Amsterdam,
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The Netherlands). The mean of three stable measure-
ments was used for final analysis.

Statistical analysis

Sample size was determined by OPEN EPI [33] with
PWYV considered as the main outcome variable. A 80%
power, with a 2-tailed type I error of 0.05, was neces-
sary to detect the differences in arterial stiffness between
groups (MetS vs. C). For this case were required 19 par-
ticipants for group.

The normality of data was determined using the Kol-
mogorov—Smirnov test. The descriptive measures were
obtained by absolute and relative frequency distribution
and included both central trend calculations (mean) and
dispersion (standard deviation). For inferential analysis,
the Chi square test was used to analyze the sex distri-
bution in each studied groups. The groups comparison
analyzes for independent samples and Levine test were
performed for variable studied as follows: Student’s t
test for the physical, metabolic data between Control vs.
MetS group; one-way analysis of variance (ANOVA) fol-
lowed by Scheffé post hoc for the physical, metabolic data
between Control and clustering of risk factors groups;
and analysis of covariance (ANCOVA) adjusting the SBP
variable for the PWV between Control and clustering
of risk factors groups. Pearson correlation (r) was also
performed between PWYV and age, each MetS risk fac-
tors, and for variables with p < 0.05 a multivariate linear
regression (stepwise regression—forward selection) was
performed to determine the predictive variables of PWV.

Statistical analysis was performed using the Statisti-
cal Package for the Social Sciences for Windows (SPSS,
version 20.0), and the level of significance adopted for all
statistical analysis was p < 0.05.

Results
Sixty-four patients (n = 35, 55% women) were diagnosed
with MetS in the current study. They were allocated into
three groups according to the clustering of MetS: (1) 5 risk
factors (n = 8); (2) 4 risk factors (n = 27); and (3) 3 risk
factors (n = 29). In addition, these 3 groups were com-
pared to control subjects without MetS (Control, n = 17).
Variables were normally distributed, and descriptive
measurements are presented as mean =+ standard devia-
tion. Baseline measurements are presented in Table 1.
There were no differences in sex distribution and in age
among studied groups. Regardless of the number of risk
factors, MetS groups had higher BMI, WC, triglycerides,
SBP and DBP and lower HDL-c than the Control. Blood
glucose was higher only in the 5 and 4 risk factors groups
when compared to Control (Table 1). Triglycerides were
higher only in the 5 risk factors group when compared
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Table 1 Characteristics of groups in clustering of risk factors for MetS
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Characteristics Total MetS (n = 64) 5 factors (n=8)

4 factors (n = 27)

3 factors (n = 29)

Control (n=17)

Female sex (n/%) 35/55 03/38
Age (years) 49+ 8 54+8
BMI (kg/m?) 32 £4% 32+ 2%
MetS risk factors and prevalence
WC (cm) 106 £ 9* 109 £ 6*
94% 100%
TG (mg/dL) 178 4 78* 250 = 85**
59% 100%
HDL-c (mg/dL) 41 £10* 35 4 3%
80% 100%
BG (mg/dL) 103 £ 10* 107 £ 4*
59% 100%
SBP (mmHg) 129 £ 13* 136 £ 15*
58% 88%
DBP (mmHg) 84+ 11* 93 + 9%
55% 88%

15/56
49+ 8
324+ 5%

107 £11*
96%

183 £ 68*
67%
397
93%

105 £ 11*
74%

128 £ 14*
52%

81+ 11*
44%

17/59
47 £7
32+£3*

104 £ 7%
90%

154 £ 75*
41%
45 £12%
62%
10012
35%
128 £ 13*
55%

84+ 11%
55%

11/65
49+6
27 £2

93+7
47%
92 £59
6%
59+ 16
18%
92+7
18%
1M1£7
0%
71£9
6%

Mean value + standard deviation

MetS metabolic syndrome, BMI body mass index, WC waist circumference, TG triglycerides, HDL-c high-density lipoprotein cholesterol, BG blood glucose, SBP systolic

blood pressure, DBP diastolic blood pressure
*p < 0.05 vs. control

T p<0.05vs. 3risk factors

with the 3 risk factors group (Table 1). It should be noted
that WC was the most prevalent risk factor and HDL-c
was the second risk factor with high prevalence in all
groups.

Descriptive measures of vascular function by PWV
in the combinations of risk factors in MetS patients are
shown in Table 2. Regardless of the number of risk fac-
tors 3, 4 (plus HDL-c) or 5, the most prevalent combi-
nation of risk factors in all groups was increased blood
glucose, BP and WC.

Univariate linear regression analysis showed a positive
association between PWYV in carotid-femoral segment
and age, triglycerides, SBP and blood glucose, while pre-
senting a negative association with HDL-c (Table 3). No
association was found between PWYV and either WC or
DBP. For multivariate linear regression, the variables with
p < 0.05 were included. The variables which remained as
predictors of PWV in carotid-femoral segment were age,
SBP and triglycerides (Table 3).

The increase in the number of risk factors caused a pro-
gressive impairment in PWV (Fig. 1). When adjusted to
SBP measured during the evaluation, PWV was greater
in the 5 risk factors group, compared to the 3 risk fac-
tors group and Control (8.5 £+ 0.4 vs. 7.5 &+ 0.2 and
7.2 £ 0.3 m/s, respectively, p < 0.05). Similarly, the 4
risk factors group had higher PWV than the Control
(7.9 4+ 0.2 vs. 7.2 £ 0.3, p = 0.047).

Table 2 Pulse wave velocity in risk factors combination

of the MetS
Risk factors combination MetS (n = 64)
n % PWV (m/s) SD
5
BG 4+ TG + BP +WC + HDL-c 8 125 8.7 1.5
4
BG + BP +WC + HDL-c 9 14.1 75 09
BG 4+ TG + WC + HDL-c 8 12.5 8.6 15
TG +BP + WC 4 HDL-c 7 109 7.8 14
BG+ TG+ BP +WC 2 3.1 8.1 14
BG 4+ TG + BP 4+ HDL-c 1 16 8.6 -
3
BG + BP +WC 8 12.5 7.6 1.0
BP +WC + HDL-c 7 109 7.3 04
TG +WC + HDL-c 6 94 77 1.1
TG + BP +WC 3 4.7 73 03
TG + BP + HDL-c 3 4.7 7.1 09
BG 4+ WC + HDL-c 2 3.1 77 1.1
BG + TG + BP - - - -
BG4+ TG +WC - - - -

BG 4 TG + HDL-c - - - -
BG + BP + HDL-c - - - -

Mean value and standard deviation (SD)

MetS metabolic syndrome, PWV pulse wave velocity, BG blood glucose, TG
triglycerides, BP blood pressure, WC waist circumference, HDL-c high-density
lipoprotein cholesterol
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Table 3 Univariate and multivariate linear regression
between PWV (dependent variable) and age and MetS risk
factors

Univariate linear Multivariate linear regression

regression
r/r? p B (95% Cl) p
Dependent variable: PWV
Age (years) 0.486/0.236 < 0.001 0450 (0.038 to < 0.001
0.091)
WC (cm) 0.215/0.046  0.055 - - -
TG (mg/dL) 0.374/0.140 <0.001 0212  (0.000to 0.037
0.005)
HDL-c (mg/ —0.269/0072 0015 —0.187 (—0031to 0.066
dL) 0.001)
BG (mg/dL) 0.225/0.050  0.044 0034 (—0015t0 0.714
0.022)
SBP 0.336/0.113 0.002 0211 (0.002 to 0.023
(mmHg) 0.030)
DBP 0.157/0.025  0.161 - - -
(mmHg)

MetS metabolic syndrome, WC waist circumference, TG triglycerides, HDL-c high-
density lipoprotein cholesterol, BG blood glucose, SBP systolic blood pressure,

DBP diastolic blood pressure, C/ confidence interval

5 risk factors

p=0011

p=0012

p=0.047

-u B

Control 3 risk factors

o

»

PWV (mis)

6

oL

4risk factors
Groups

Fig. 1 Pulse wave velocity (PWV) of clustering MetS groups. Values
inside the blocks are mean values (m/s)

Discussion

The main finding in this study lies in the severity of the
arterial stiffness in middle-aged individuals, who are in
the transition from increasing body weight to established
diseases such as hypertension and type 2 diabetes. This
transition usually begins with some minor changes, but
once combined with a set of risk factors, MetS sets in.
These individuals consider themselves “healthy”; how-
ever, they frequently present visceral obesity associated
with alterations such as a small increase in BP, fasting
glucose and/or dyslipidemia. Our results corroborate
previous studies, which found that age and increased SBP
are important predictors of arterial stiffness [20]. Inter-
estingly, in the present study we found that triglycerides
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were also predictors of vascular dysfunction, as measured
by PWV in MetS patients.

Several previous studies [24, 25] with large population
samples have addressed MetS components and arterial
stiffness. However, they included patients with cardiovas-
cular disease and/or clinical diabetes. Participants were
found to have MetS if they met ATP III, International
Diabetes Federation or American Heart Association
criteria; these studies defined MetS as the presence of
three or more of the five components, and did not distin-
guished changed levels of glucose and BP and established
diabetes and/or hypertension [24, 25]. In addition, they
included participants undergoing drug treatments (e.g.,
anti-hypertensive, hypoglycemic or lipid-lowering drugs),
and this might have affected their findings. The difference
in our work lies in the sample selection of participants,
since we excluded patients with established hypertension
and type 2 diabetes, as well as those undergoing drug
treatment.

Regardless of the presence of any conditions, the asso-
ciation between aging and the vascular physiological
deterioration of the large arteries has been found in sev-
eral studies [34, 35]. Moreover, linear increase in arte-
rial stiffness has been demonstrated with age [36]. In a
study carried out by Tolezani et al. [37] PWV values were
increased by 1.3 times from the third to the sixth decade
of life, thus lending support to age as a predictor variable,
as demonstrated in the present study.

Additionally, most studies have shown a strong asso-
ciation between BP levels and the pathophysiology of
arterial stiffness [38, 39]. An European multicenter
survey with 11.092 patients has found that patients
with BP < 130/85 mmHg without additional cardio-
vascular risk factors (dyslipidemia and/or smoking)
had lower PWV values and showed a lower increase in
PWYV with age, when compared to other patients with
BP > 130/85 mmHg [40]. Also, the survey have indicated
that individuals with normal BP values (120-129 and/or
80-84 mmHg) had already higher PWYV than subjects
with optimal BP (< 120/80 mmHg) [40].

Lipid profile was related to functional and structural
parameters of the large arteries, and triglycerides were
found to be determinants of vascular parameters for
PWYV, as well as the distensibility of the carotid artery
[37].

Kanga et al. [41] have also shown that aging, lower
HDL-c and high triglycerides are also significantly asso-
ciated with increased PWV in the four groups: control,
hypertensive group, MetS without the hypertension risk
factor, and MetS group with the presence of hyperten-
sion. In their study, SBP was not associated with PWV in
any of the MetS groups (normotensive and hypertensive),
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thus emphasizing the role of the other components of
MetS in the pathogenesis of arterial stiffness.

The relationship between lipid profile and arterial stiff-
ness has not yet been well established [24]. However,
the researchers indicate that these factors involve con-
comitant mechanisms such as the development of ath-
erosclerotic plaques, oxidative stress, local and systemic
inflammation, endothelial dysfunction and low bioavail-
ability of nitric oxide [13, 37].

The determination of pathophysiological mechanisms
underlying the association between PWYV and Mets risk
factors are beyond the scope of the present study. We
might speculate that the fact that the MetS patients had
near normal levels of HDL-c and fasting glucose could
account for the lack of association between these specific
risk factors.

For example, insulin, in physiological concentrations,
has been known to act as a vasodilator and as such
stimulates the endothelial production of nitric oxide
and decreases peripheral resistance [42, 43]. This might
account for the lack association between PWV and the
fasting glucose alterations observed in the present study.
However, in the chronic phase, hyperinsulinemia may
increase the activity of the sympathetic nervous system,
activate the renin—angiotensin—aldosterone system, and
increase systemic and vascular inflammation. In addition,
the accumulation of collagen due to inadequate enzy-
matic glycation in the arterial wall may lead to loss of
elasticity, and in turn increasing in arterial stiffness [41,
44]. This may explain the association between PWV and
fasting glycaemia in some previous studies [45, 46].

Further investigations addressing the risk threshold
between triglycerides and arterial stiffness are needed
[24], in order to determine whether the values accepted as
normal (< 150 mg/dL), as proposed by the guideline ATP
III [28] should be maintained. For example, in 2003 the
American Diabetes Association [47] proposed to reduce
the cutoff point for the diagnosis of altered fasting glyce-
mia from 110 to 100 mg/dL and the International Diabe-
tes Federation [48] defined new cutoff points for the WC
for each ethnic group. The new cutoff points were then
incorporated into the definition of MetS, thus allowing
earlier interventions in the treatment of these risk factors.

The pathophysiology that determines the increased
arterial stiffness in subjects with MetS is yet to be fully
understood, and since MetS involves concurrent risk fac-
tors, the abnormalities may have a synergistic effect on
the damage of the arterial stiffness [41]. For instance, spe-
cific clusters of MetS components rather than simply the
MetS have been associated with accelerated arterial aging
and with cardiovascular events [49, 50].

Vyssoulis et al. [42] have shown that the higher the clus-
tering of MetS risk factors, the greater the impairment
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in BP level, glycemia, triglycerides and HDL-c. Further-
more, Grundy et al. [51] the magnitude of the increased
risk may vary depending on the risk factor present. The
main variations in mortality may be masked when MetS
is referred to without distinction of their components
and their combinations [8].

In the present study, we observed a gradual increase in
PWYV of the carotid-femoral segment depending on the
number of MetS risk factors. Another interesting find-
ing was that the most prevalent MetS risk factor was the
increase WC for all groups and that the most prevalent
combining pattern in patients with 3, 4 (plus HDL-c) or
5 MetS risk factors was increased blood glucose, BP and
WC.

The use of convenience sample is a limitation of our
study. We should also point other limitations in the
present study. First, our results corroborate previous
studies regarding the association between both age
and increased SBP with arterial stiffness [20]. However,
besides age and SBP, triglycerides were also found to be
predictors of PWV in carotid-femoral segment in MetS
patients after the multivariate analysis. Secondly, we had
a small sample size for identification of the combining
patterns of the MetS risk factors. It should be stressed
that our selected sample consisted of patients recently
diagnosed with MetS, not yet undergoing any drug treat-
ment, non-hypertensive and non-diabetic. Further inves-
tigations with larger samples are needed to adequately
address these issues.

So, our findings suggest that individuals without cardi-
ovascular disease even if in the early stages of metabolic
alterations show increased PWV when compared the
control groups. The risk is potentiated with an increase
in the number of risk factors for MetS. Besides age and
increased SBP, the presence of triglycerides in the clus-
tering, which may lead to a greater impairment in the
stiffness of the large vessels, thus demonstrating the
importance of identifying individuals at subclinical vas-
cular damage.

Conclusions

The severity of arterial stiffness was found to depend on
the number of risk factors. Alterations in SBP and triglyc-
erides in the clustering may lead to a greater impairment
in the stiffness of the large vessels, emphasizing the rel-
evance of early treatment of these risk factors for MetS.
This may contribute to inform effective therapies in the
treatment of MetS, minimizing the damage to vascular
function, and consequently cardiovascular risk.
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