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Impact of the Metabolic Syndrome and Its
Components on Pulse Wave Velocity
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Background : Pulse wave velocity (PWV) reflects arterial stiffness and may provide an integrated index of vascular
status and cardiovascular disease (CVD) risk. Although the individual components of the metabolic syndrome (MS) are
well established cardiovascular risk factors, the impact of the MS and its components on PWV has not been well
defined.

Methods : Using an automatic wave form analyzer, heart-femoral (hf) and brachial-ankle (ba) PWVs were
measured simultaneously in 364 subjects (age, 44.8+9.3 years). None of the subjects had clinical atherosclerotic CVD,
diabetes, or systemic disease. The association between PWVs and the features of the MS, individual and clustered,
were analyzed.

Results : By univariate analysis, the individual components of the MS, except for a low HDL-cholesterol level, were
associated with increased hfPWV and baPWV. Hypercholesterolemia was also associated with increase in both PWVs.
A low HDL-cholesterol level was associated with an increased baPWV. However, by multivariate analysis, none of the
components of the MS, except for an elevated blood pressure (BP), was an independent factor affecting hfPWV and
baPWV. After controlling for age and gender, hfPWV and baPWV were increased according to the number of MS
components present (p<0.001 for both). After controlling for age, gender and BP, the MS was associated with an
increased baPWV (p<0.05).

Conclusions : The clustering of MS components may interact to synergistically affect arterial stiffness, even though
the individual MS components, except for an elevated BP, do not affect arterial stiffness independently.
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INTRODUCTION

The metabolic syndrome (MS) is characterized by clustering
of clinical features including: abdominal obesity, insulin
resistance, hyperglycemia, hypertension and dyslipidemia. The
MS is associated with an increased risk of cardiovascular
disease (CVD) and type 2 diabetes'™. The age-adjusted
prevalence among US adults is reported as 24%Y  The
prevalence among Korean adults has been reported to be 11~
19%°". The individual components of the MS are well
established risk factors for CVD and diabetes. Components of
the MS can, in combination, increase the risk for CVD and
diabetes® as well as the development  of atherosclerosis”.
Management of the MS may calls for the detection and control

of vascular dysfunction before progression to overt clinical
disease.

Pulse wave velocity (PWV) reflects arterial stiffness'”. A
population-based study has shown that aortic stiffness, as
assessed by measuring the carotid—femoral pulse wave velocity
(cfPWV), has a strong positive association with common carotid
inima-media thickness (IMT), severity of plagues in the carotid
artery, severity of plaques in the aorta, and the presence of
peripheral arterial disease'”. Aoric PWV has also been
identified as a strong, independent predictor of cardiovascular
death in subjects >70 years of age, whereas systolic or pulse
pressure has not'™. Traditionally, aortic PWV is measured by
the applanation tonometric method applied to the carotid and
femoral arteries'. Recently, simple oscillometric devices have
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been developed that can measure blood pressure (BP) and
PWV in the extremities. These devices can be used in a large
number of subjects, in the clinical setting, for screening of
arterial  stiffness™ . The brachial-anke PWV  (baPWV)
measured by the oscillometric method reflects the stiffness of
both central elastic and peripheral muscular arteries, and
correlates positively with the conventional cfPWV (r>0.7)!% 1510
The baPWV has been shown to be a marker of atherosclerotic
vascular damage or cardiovascular risk'”. The heart-femoral
PWV (hfPWV) reflects aortic stiffness as well, and correlates
positively with the cfPWV (r=0.82)'°.

Although the individual components of the MS are well
established cardiovascular risk factors, the impact of the MS
and its components on PWV has not been well defined. The
present study was performed to evaluate the association
between PWVs (hfPWV and baPWV) and the individual and
clustered features of the MS in subjects without atherosclerotic
CVD or diabetes.

MATERIALS AND METHODS

Subjects

This study enrolled 364 Korean adults aged 30 to 79 years.
The medical history, symptoms, and cigarettes smoking history
of each subject were confirmed by the consulting doctors. Blood
samples were taken after the subjects had fasted overnight.
Patients with atherosclerotic CVD, diabetes, or other systemic
disease were excluded. Patients who were on antihypertensive
medication, lipid lowering medication, or hormone replacement
therapy were also excluded. All the subjects included in this
study had normal ankle/brachial pressure indices (>0.9) and a
normal serum creatinine level (<1.3 mg/dL).

Definition of the MS

Using the MS definition based on the NECP/ATP P and
obesity as defined by the WHO West Pacific Region‘g), subjects
having three or more the following criteria were classified as
having the MS: 1) obesity: waist circumference >90 cm in men;
>80 c¢m in women or body mass index (BMI) >25 kg/m?® 2)
hypertriglyceridemia: >150 mg/dL 3) low high-density lipoprotein
(HDL) cholesterol: <40 mg/dL in men; <50 mg/dL in women 4)
high BP: >130/85 mmHg (the higher BP taken in both arms by
oscillometry in a supine position 5) high fasting glucose: 110~
125 mg/dL. In addition, Hypercholesterolemia was defined as a
total cholesterol >220 mg/dL, and smoking was defined as
current smoking.

Measurements of PWVs
PWVs were measured using an automatic waveform

analyzer (VP-2000, Colin Co, Komaki, Japan) that simulta—
neously records pulse waves, BPs, electrocardiogram (ECG),
and heart sounds. The subjects were examined in the morning
(9~12 am). The subjects rested in a supine position for at least
five minutes. Cuffs with an oscillometric pressure sensor were
applied to the extremities, ECG electrodes were attached to
both wrists, and a microphone for phonocardiography was
placed at the second intercostal space at the left edge of the
sternum. Tonometric sensors were placed at the left common
carotid and left femoral arteries. Pulse waves were recorded
when carotid and femoral pulse waves, ECG, and phono-
cardiogram were stable. Pulse waves were stored for a
sampling time of 10 s with automatic gain analysis and quality
adjustment. Recordings were performed two times conse-
cutively. Values at the second recording were used to eliminate
error caused by physical stress.

The wave form analyzer automatically determines the time
intervals between the second heart sound and the dicrotic notch
of the carotid pulse (AThc), between the foot of the carotid
pulse and the foot of the femoral pulse (ATcf), and between
the foot of the brachial pulse and the foot of the ankle pulse (A
Tha). The sum of Tcf and The is the time for pulse waves to
travel from the heart (aortic orifice) to the femoral artery (AThf).
In addition, the wave form analyzer automatically determines the
distances between the 2 recording sites on the basis of the
subject’s height using the following formulas: the distance from
the heart to the femoral artery (Lhf) = 0.5643xheight
(cm)-18.381; the distance from the brachium to the ankle (Lba)
= 0.5934xheight (cm)+14.4014. PWVs were calculated
automatically according to the following equations: hfPWV = Lhf/
AThf; baPWV = Lba/ATba' '™ "2 For the analysis, baPWV
was used as the mean value for the right and left sides.

To assess the reproducibility of PWVs, two different
observers measured PWVs repeatedly in 30 consecutive
subjects. The first observer measured PWVs twice at five or
more minute intervals. After five or more minutes, a second
observer measured PWVs once. At each measurement of
PWVs, the cuffs were wrapped again. Tonometric sensors and
a microphone for phonocardiography were also positioned
again. Pearson's correlation coefficients for intraobserver
reproducibility of hfPWV and baPWV were r=0.912 and r=0.976,
respectively. The corresponding coefficients of variation were
45% and 26%. Pearson's correlation coefficients for
interobserver reproducibility of hfPWV and baPWV were r=0.802
and r=0.972, respectively. The corresponding coefficients of
variation were 5.8% and 3.3%:".

Statistical analysis
Quantitative values were expressed as mean+SD. The
Statistical Package for Social Sciences version 11.5 was used
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Table 1. Characteristics of subjects

Table 2. Categorical risk factors in subjects

Characteristics

Number (male:female) 364 (221:143)
Age (years) 44.8+9.3
Body mass index (kg/m?) 24.0+3.0
Systolic blood pressure (mmHg) 129+18
Diastolic blood pressure (mmHg) 80+12
Fasting blood glucose (mg/dL) 92+9
Total cholesterol (mg/dL) 193+33
Triglyceride (mg/dL) 145+95
HDL-cholesterol (mg/dL) 49+12

Data are n, mean+SD. HDL, high density lipoprotein

for the analysis. The Student f-test was used for evaluation of
the differences in the mean values of PWVs based on the
categorical risk factors including the components of the MS,
hypercholesterolemia and smoking. Multiple linear regression
analysis was performed to determine the independent factors
affecting PWVs among age, gender, components of the MS and
hypercholesterolemia. The association between the number of
components of the MS and the PWVs was assessed by an
analysis of co-variance controlled for age and gender. The
association between the MS and the PWVs was analyzed by an
analysis of co-variance controlled for age, gender and BP. A
0<0.05 was considered statistically significant.

Parameters Number of subjects (%)
Current smoking 109 (29.9)
Obesity 166 (45.6)
Elevated blood pressure 153 (42.0)
Impaired fasting glucose 22 (6.0)

(
Hypertriglyceridemia 128 (35.2)
(

Low HDL-cholesterol level 122 (33.5)
Hypercholesterolemia 80 (22.0)
Number of MS components
none 85 (23.4)
one 104 (28.6)
two 81 (22.3)
three or more 94 (25.8)

Data are n (%). HDL, high density lipoprotein; MS, metabolic
syndrome; Obesity, waist circumference >90 cm (men), >80 cm
(women) or body mass index =25 kg/m% Elevated blood
pressure (BP), BP >130/>85 mmHg; Impaired fasting glucose,
fasting blood glucose 110~125 mg/dL; Hypertriglyceridemia,
triglyceride >150 mg/dL; Low HDL-cholesterol; HDL-cholesterol
<40 mg/dL (men), <50 mg/dL (women); Hypercholesterolemia,
total cholesterol =220 mg/dL

RESULTS

Characteristics of the subjects

The age was 44.8+9.3 years, and BMI was 24.0+3.0 kg/m®.
Brachial BP was 129+18/80+12 mmHg. Serum levels of total
cholesterol, triglyceride and HDL-cholesterol were: 199+33, 145

Table 3. Comparison of PWVs between subjects with (+) and without (-) categorical risk factors

hfPWV (cm/s) p value baPWV (cm/s) o value

Obesity

=) 826+147 1333+239

(+) 912+199 0.000 1440+299 0.000
Elevated BP

=) 794+124 1253+154

(+) 964+171 0.000 1560+300 0.000
Impaired fasting glucose

=) 859+166 1366+262

(+) 969+175 0.003 1626+329 0.000
Hypertriglyceridemia

=) 834+159 1333252

(+) 924+168 0.000 1472+288 0.000
Low HDL-cholesterol level

=) 857+158 1353+224

(+) 882+186 0.175 1439+345 0.013
Hypercholesterolemia

=) 847+158 1355+243

(+) 933+186 0.000 1477+346 0.004
Current smoking

=) 858+170 1376+293

(+) 882+161 0.210 1395+221 0.537

BP, blood pressure; HDL, high density lipoprotein; PWV, pulse wave velocity; ba, brachial-ankle; hf, heart-femoral
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Table 4. Multiple regression analysis of PWVs with age, gender and categorical risk factors

Unstandardized coefficients

Standardized coefficients

Parameters 5 SE 5 p value
Age 7.46 0.77 0.42 0.000
hfPWV Male gender 65.62 16.11 0.19 0.000
Elevated BP 118.90 14.64 0.35 0.000
Adjusted R2=0.442
Age 10.08 1.26 0.35 0.000
baPWV Elevated BP 246.85 23.89 0.45 0.000
Adjusted R2=0.438
BP, blood pressure; PWV, pulse wave velocity; ba, brachial-ankle; hf, heart-femoral; SE, standard error
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Figure 1. Heart-femoral pulse wave velocity (hfPWV) and hiEw haBWy

brachial-ankle pulse wave velocity (baPWV) according to the
number of the components of the metabolic syndrome (MS).
Values are presented as mean+SD. The p value indicates p for
the difference adjusted for age and gender among the groups.

+05 and 49+12 mg/dL, respectively (Table 1). The proportion
of subjects for each component of the MS was: 45.6% for
obesity, 42.0% for high BP, 6.0% for high fasting glucose, 35.2%
for hypertriglyceridemia and 33.5% for low HDL-cholesterol.
Among 364 subjects, there were 85 that had no component of
the MS, 104 that had one, 81 that had two, and 94 had three
or more (Table 2).

PWVs according to categorical features of the MS
and other risk factors

The individual components of the MS, except for a low
HDL-cholesterol level, were associated with increased hfPWV
and baPWV. Hypercholesterolemia was also associated with an
increase in both PWVs. A low HDL-cholesterol level was
associated with an increased baPWV. Smoking was associated
with neither an increased hfPWV nor an increased baPWV
(Table 3).

Figure 2. Heart-femoral pulse wave velocity (hfPWV) and
brachial- ankle pulse wave velocity (baPWV) by the metabolic
syndrome (MS) status. Values are presented as mean+SD. The
p value indicates p for the difference adjusted for age, gender
and blood pressure between the groups.

Independent factors affecting PWVs

Multivariate analysis showed that the independent factors
affecting hfPWV were age, gender and an elevated BP. The
independent factors affecting baPWV were age and an elevated
BP. When the same analysis was performed using BP, fasting
glucose, triglyceride, and total cholesterol as continuous
variables, BP remained the only independent factor affecting
both PWVs (Table 4).

PWVs according to the number of categorical features
of the MS

In subjects with 0, 1, 2, and >3 components of the MS,
hfPWVs were 790+111, 810150, 904+168, and 963+173
cm/s, respectively. The corresponding baPWVs were 1252+140,
1,204+198, 1,409+248, and 1,574+339 cm/s. After controlling
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for age and gender, hfPWV and baPWV were increased
according to the number of the components of the MS (p<0.001
for both)(Figure 1).

PWVs according to the MS status

After controlling for age, gender and BP, hfPWV was not
significantly different among subjects with and those without the
MS (962+152 vs 832+152 cm/s, p=NS). After controlling for
age, gender and BP, baPWV was significantly higher in subjects
with the MS compared to those without the MS (962+152 vs
832+152 cm/s, p<0.05) (Figure 2).

DISCUSSION

At present the prevalence of the MS, associated with the
primary clinical outcome of CVD, is lower in Korea than in
Western countriesf””, but the prevalence is expected to
increase. PWV can be interpreted as an index of arterial
stiffness and vascular health. Clinically, PWV is readily
measurable using noninvasive techniquesgg). An increased PWV
occurs with a range of established cardiovascular risk factors,
including: age, hypertension, diabetes, dyslipidemia, smoking
and obesity?> 2.

The present study showed that by univariate analysis
individual components of the MS, except for a low HDL-
cholesterol level and hypercholesterolemia, were associated with
an increase in both hfPWV and baPWV. A low HDL-cholesterol
level was not related to an increase in the PWV of the central
elastic artery, i.e., hfPWV, which could be accounted to a very
low correlation coefficient between the HDL-cholesterol level
and aortic PWV (r<0.05/". No association was found between
smoking and an increased hfPWV or baPWV; smoking affects
largely the PWV of peripheral arteries, such as the
femoral-ankle PWV (author's unpublished data). However, by
multivariate analysis, none of the components of the MS, except
for an elevated BP, was an independent factor affecting hfPWV
and baPWV, nor was hypercholesterolemia. It is unclear
whether every component of the MS is an independent factor
affecting PWV. Regarding obesity, there is controversy as to
whether it is associated with an increased aortic PWV2* 2% A
study by Sutton-Tyrrell et al? suggested that abdominal
visceral fat is a more important factor affecting aortic PWV than
is waist circumference or BMI. There are few studies of the
relationship of obesity to baPWV. It is likely that BMI is not an
independent variable”), or is only a weak independent variable,
for baPWV®". It is also unclear whether other components of
the MS, including hypertriglyceridemia and a high fasting
glucose level, are independently related to an increased aortic
PWV®®  These components may only weakly affect the
baPWV, even if they are independent variables for baPWV®".

Therefore, it is conceivable that the individual components of
the MS, except for an elevated BP, either do not affect PWV
independently or only weakly affect PWV.

PWV increases with an increase in the number of risk factors
for atherosclerosis'®. We have shown previously that both
hfPWV and baPWV increase according to the number of risk
factors including: hypertension, obesity, diabetes, hyper-
cholesterolemia, a low HDL-cholesterol level and smoking®”. In
accordance with the results from our previous study, both
hfPWV and baPWV increased with the number of components
of the MS. This suggests that a combination of components of
the MS is associated with increased PWVs. Since the
components of the MS are related to one another, and
frequently appear as clustered features, it is necessary to
manage the components of the MS together to control
increased arterial stiffness.

Age and BP are the main determinants of large artery
stiffness™. The prevalence of the MS increases with advancing
age‘”). An elevated BP is one of the components of the MS.
Since age, BP and gender are important independent variables
affecting PWVs, as noted from the present and previous
studies, we further analyzed the association of the MS with
increased PWVs after controlling for these variables. We found
that the MS was associated with an increased baPWV, but not
with an increased hfPWV. This suggests that the clustering of
the components of the MS may interact synergistically to
increase arterial stiffness, even though individual components do
not affect arterial stiffness independently. This also suggests that
the clustering of the components of the MS may differentially
impact arterial stiffness in various arterial regions. Golden et a”
showed that grouping of the insulin resistance syndrome
components are associated with excess carotid intima-media
thickness (IMT) beyond an addiive effect. Scuteri et a™
reported that even after taking into account each component of
the MS, the MS was independently associated with increased
carotid IMT and stiffness. Thus, our findings are consistent with
prior reports” ®. However, to date, no study has demonstrated
an association of the MS with increased PWV at different
arterial regions. O'Neal et al."” suggested that the relative
impact of the MS or hyperinsulinemia on arterial structural and
functional parameters may be greater in more muscular arteries
in the lower limbs than in the more elastic carotid artery,
although they did not examine elastic arteries such as the aorta
or the carotid artery. Since the present study shows an
association of the MS with an increased baPWV, but not with
an increased hfPWV, we postulate that the impact of the MS on
PWV is greater in peripheral muscular arteries than in central
elastic arteries. Additional studies will be required to
demonstrate the relative impact of the MS on PWV in different
arterial regions.
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This study has important limitations. First, the distance for
measurement of PWV was calculated automatically from the
subject's height and the anthropomorphic data based on the
Japanese population. This method has not been validated in the
Korean population. Second, before beginning measurements,
recommendations to standardize the subject's conditions®™ were
not followed strictly. Third, BP and PWV may vary according to
the time of the day in each subject, although we measured
these variables in the morning for each subject.

In spite of these limitations, measurement of PWV as an
index of arterial dysfunction may be applicable to subjects with
the MS to prevent progression to atherosclerotic CVD. In
particular, simply measured baPWV might be useful in clinical
practice. Future interventional studies will be required to follow
up PWV in subjects with the MS.

In conclusion, the clustering of the components of the MS
may interact to synergistically increase arterial stiffness, even
though individual components, except for an elevated BP, do
not affect arterial stiffness independently.
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