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Abstract
Metabolic syndrome is an important health problem associated with both subclinical athero-
sclerosis and an increased risk of cardiovascular disease and it leads to an elevated total mor-
tality. Aortic pulse wave velocity (aPWV) is widely used for noninvasive assessment of arterial 
stiffness. Ankle-brachial index (ABI) predicts peripheral arterial disease (PAD) of the lower 
extremities. In addition, malondialdehyde (MDA) is thought to be involved in the development 
of arterial stiffness. The present study aimed to: (1) compare aPWV, ABI, and MDA between 
participants with MetS and those without MetS and (2) investigate the correlation of aPWV 
and ABI with the components of MetS and MDA. A total of 48 Thai elderly subjects were di-
vided into 2 groups (MetS and non-MetS) according to the parameters set by the Interna-
tional Diabetes Federation (IDF). aPWV and ABI were measured using the VaSera VS-1500 
system (Fukuda Denshi Co., Tokyo, Japan). MDA was determined by spectrophotometry. aPWV 
and MDA were significantly higher in the MetS group compared to the participants in the 
non-MetS group (9.33 ± 2.72 vs. 7.95 ± 1.37 m/s, p = 0.03, and 0.74 ± 0.71 vs. 0.45 ± 0.20 μmol, 
p = 0.02, respectively). However, ABI did not differ between the groups. Analysis of the risk 
factors of aPWV in each group revealed that there were no statistical associations between 
the components of MetS and MDA and aPWV in both the MetS and the non-MetS groups. A 
high aPWV is more prevalent among patients with MetS than among those without MetS. 
Monitoring of aPWV might help to explore potential detection of vascular damage in the el-
derly. © 2020 S. Karger AG, Basel
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Introduction

Metabolic syndrome (MetS) is a worldwide health problem associated with a state of 
chronic low-grade inflammation as a consequence of the complex interplay between genetic 
and environmental factors [1]. Central abdominal obesity, an elevated blood pressure (BP), 
hyperglycemia, and dyslipidemia are the factors that constitute the syndrome [1]. MetS 
appears to be linked to an increased risk of diabetes, heart disease, stroke, and other cardio-
vascular conditions. In addition, cardiovascular morbidity and mortality have been found to 
be markedly higher in patients with MetS than in those without MetS [2, 3]. 

Arterial stiffness caused by changes including functional alterations of vascular smooth 
muscle tone and structural changes in the arterial wall mainly reflects gradual fragmentation 
and loss of elastin fibers and accumulation of stiffer collagen fibers in the large arteries [4, 
5]. Several noninvasive assessments of arterial stiffness, as measured by aortic pulse wave 
velocity (aPWV) and ankle-brachial index (ABI), are independently associated with all-cause 
and cardiovascular mortality [6]. They have been more widely used due to their accessibility, 
reliability, and low cost in the clinical setting. aPWV is the velocity of the BP wave as it travels 
a given distance between the carotid and femoral arteries [7], while the ABI is calculated as 
the ratio of ankle systolic BP (SBP) to brachial SBP on each side [6]. Other aspects of arterial 
stiffness that have been linked to MetS include endothelial dysfunction, inflammation, and 
oxidative stress [8]. Evidence suggests that the components of MetS (fat accumulation, 
dyslipidemia, and insulin resistance) are associated with an increase in the production of 
oxidative stress and consequently an increase in lipid peroxidation [9]. It is known that 
malondialdehyde (MDA) is a biomarker for oxidative stress formed during lipid peroxi-
dation. 

Numerous studies have indicated that MetS promotes arterial stiffness, which leads to 
the development of cardiovascular disease in humans [3, 10, 11]. However, few studies 
have investigated arterial stiffness on the components of MetS in the elderly who have 
never been treated for MetS. Therefore, the present study aimed to: (1) compare aPWV, 
ABI, and MDA between MetS and non-MetS groups and (2) examine the relationship 
between aPWV and ABI with the components of MetS and MDA. We hypothesized that 
increased arterial stiffness and lipid peroxidation would occur in the MetS group. In 
addition, arterial stiffness might be more closely correlated with components of MetS and 
lipid peroxidation.

Materials and Methods

Participants 
A total of 48 participants who visited the Hatyai Chivasuk Health Promotion Center from March to 

July 2018 were enrolled into this study. The inclusion criteria were: (1) older adults aged >60 years 
with or without MetS; (2) no cardiovascular diseases such as acute myocardial infarction, stroke, and 
unstable angina; and (3) no intake of medication such as antihypertensive drugs, lipid-lowering drugs, 
or blood-sugar-lowering drugs. The exclusion criteria were: BMI > 40 and an abnormal electrocar-
diogram (ECG).

Diagnosis and Grouping 
After screening, the participants were divided into 2 groups (MetS [n = 24] and non-Mets [n = 24]) 

based on the parameters of the International Diabetes Federation (IDF). MetS was defined as the presence 
of central obesity (waist circumference [WC] ≥90 cm in males and ≥80 cm in females) plus any 2 of the 
following criteria: (1) triglycerides (TG) ≥150 mg/dL, (2) HDL-L < 40 mg/dL in males or < 50 mg/dL in 
females, (3) SBP ≥130 mm Hg or diastolic BP (DBP) ≥85 mm Hg, and (4) fasting blood sugar (FBS) ≥100 
mg/dL [10].
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Screening Examinations
Anthropometric Measurements
Anthropometric data were collected by trained examiners in the morning. Body weight and height were 

measured with the participants wearing a light dress without shoes. BMI was calculated as weight (in kg) 
divided by the square of height (in m). WC was measured at the narrowest level between the lowest rib and 
the iliac crest, and hip circumference (HC) was measured around the widest portion of the buttocks with the 
use of a plastic measuring tape in the standing position; the waist-to-hip ratio was then calculated. The fat 
mass and the percentage of body fat were derived from the measurement of body density assessed by bioelec-
trical impedance analysis (UM-076 Tanita, Japan).

BP Measurement
BP was taken with the participant in a seated position with the feet flat on the floor, using an automated 

sphygmomanometer (Omron Health Care, Kyoto, Japan) and involved the following 4 measurements: SBP, 
DBP, pulse pressure (PP) (estimated as PP = SBP – DBP), and mean arterial pressure (MAP) (calculated as 
MAP = DBP + 1/3[PP]). 

Biochemical Measurement
Blood samples (8 mL) were collected from the antecubital vein in the morning after 10–14 h of fasting. 

Serum was separated immediately, and the lipid profile of the extracted serum was investigated (total 
cholesterol [TC], TG, high-density lipoprotein cholesterol [HDL-L], and low-density lipoprotein [LDL-C]). 
These were performed using the colorimetric enzymatic method. In addition, FBS was assessed using a 
glucosemeter (Accu-Chek® Active, Roche Diagnostics GmbH, Mannheim, Germany). Regarding the MDA 
assay, a blood sample (2 mL) was taken into an EDTA tube for detection of the plasma MDA level. A marker 
of lipid peroxidation was assessed using the thiobarbituric acid (TBA) test according to the modified 
method from Ohkawa et al. [12]. The basis of the TBA method is the reaction of MDA with 0.8% of TBA at 
a low pH and 95  ° C (boiled for 60 min) to form a colored complex. The MDA-TBA complex, with absorption 
at 532 nm, was measured using a spectrophotometer (Genesys 10s UV-Vis; Thermo Scientific, Madison, 
WI, USA).

Arterial Stiffness Measurement
The aPWV and the ABI were measured in all of the participants. All measurements were automati-

cally calculated using a VaSera VS-1500® device (Fukuda Denshi Co., Tokyo, Japan). The participants were 
asked to lie down and rest for 10 min in a quiet room at a stable temperature. Oscillometric pressure cuffs 
were placed approximately 2 cm above the antecubital fossa on the arms and approximately 2 cm above 
the medial malleolus on the ankles. ECG electrodes were attached to both wrists and a pulse wave sensor 
was placed on the carotid and the femoral arteries. A microphone for phonocardiography was placed in 
the second intercostal space on the left edge of the sternum to listen for the second heart sound. The wave 
form analyzer automatically determines the aPWV. The aPWV was obtained using the formula PWV = D/
Δt (m/s), where Δt was determined based on the time delay of the waveform between the carotid and 
femoral arteries. The distance (D) traveled by the pulse was estimated based on the height, age, and 
gender. An aPWV > 10 m/s has been estimated to be a significant alteration of aortic function [7]. ABI 
measurements were determined from both left and right arms and ankles. The ratio of the SBP in the ankle 
to the arm defined the ABI. Participants with an ABI < 0.9 were suspected to have obstructive arterioscle-
rosis [13]. 

Statistical Analysis 
Statistical analyses were carried out using SPSS. Categorical variables (gender, participant’s ABI < 0.9, 

and aPWV > 10 m/s) were described as numbers (%). Continuous variables (age, hemodynamic parameters, 
biochemical parameters, ABI, and aPWV) were expressed as means ± SD. The χ2 test was used to compare 
categorical variables. The Shapiro-Wilk test was applied to examine the normal distribution of the data. To 
compare normally distributed data (resting heart rate, SBP, DBP, PP, HC, fat mass, percentage of body fat, TC, 
HDL-C, LDL-C, R-ABI, and L-ABI), an independent t test was utilized; otherwise the Mann-Whitney U-test was 
applied. Correlations between variables were assessed by Pearson’s (normally distributed data) and Spear-
man’s rank (non-normally distributed data) correlation coefficient. Multiple linear regression analysis was 
used to identify the risk factors of aPWV in the MetS and non-MetS groups. p < 0.05 was considered statisti-
cally significant. 
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Results

Baseline Characteristics and Hemodynamic and Anthropometric Parameters
Of the 48 participants, 20.83% were male and 79.17% were female. They were divided 

into an MetS group (n = 24, M:F ratio = 7: 17, mean age = 67.42 ± 4.17 years) and a non-MetS 
group (n = 24, M:F ratio = 3: 21, mean age = 67.71 ± 4.60 years). Age did not differ between 
the groups. However, the MAP was significantly higher in the MetS group than in the non-MetS 
group (94.67 ± 9.32 vs. 89.13 ± 6.10 mm Hg, p = 0.02). Anthropometric parameters (except 
for height and lean body mass) were significantly higher in the MetS group than in the 
non-MetS group (Table 1).

Table 1. Baseline characteristics and hemodynamic, anthropometric, and biochemical parameters of the 
study population

Variable Value

non-MetS
(n = 24)

MetS
(n = 24)

p value

Age, years
Males
Hemodynamic parameters

Resting heart rate, beats/min
SBP, mm Hg
DBP, mm Hg
PP, mm Hg
MAP, mm Hg

Anthropometric parameters
Height, cm
Weight, kg
BMI
WC, cm 
HC, cm
WHR 
Fat mass, kg
Lean body mass, kg
Body fat, %

Biochemical parameters 
TC, mg/dL
HDL-C, mg/dL
TG, mg/dL
LDL-C, mg/dL
FBS, mg/dL
MDA, μmol

Arterial stiffness parameters
R-ABI
L-ABI
ABI <0.9
aPWV, m/s
aPWV >10, m/s

67.71±4.60
3 (12.5)

67.50±9.82
131.83±17.05

79.04±7.21
52.79±13.41
89.13±6.10

157.25±8.92
57.06±7.15
23.17±3.38
81.42±5.63
95.63±5.30

0.85±0.06
17.01±3.66
40.05±4.61
29.60±3.96

222.50±52.00
71.25±17.33
81.83±26.20

147.68±47.81
95.08±6.28

0.45±0.20

1.11±0.07
1.10±0.06

3 (12.5)
7.95±1.37

2 (8.3)

67.42±4.17
7 (29.2)

69.92±8.93
139.83±15.46

80.92±7.97
58.92±13.93
94.67±9.32

155.21±8.18
62.50±8.26
26.31±3.65
92.04±8.76
99.75±5.10

0.92±0.07
21.00±4.58
41.50±6.17
33.50±5.17

234.92±44.84
57.96±18.76

131.17±58.33
159.10±40.74
117.33±31.14

0.74±0.71

1.09±0.09
1.10±0.08

2 (8.3)
9.33±2.72

8 (33.3)

0.82
0.21

0.38
0.10
0.40
0.13
0.02*

0.41
0.02*
0.02*

<0.01*
0.01*

<0.01*
<0.01*

0.36
0.01*

0.38
0.01*

<0.01*
0.38

<0.01*
0.02*

0.35
0.95
0.65
0.03*
0.06

Categorical variables are presented as numbers (%). Continuous variables are presented as means ± SD. 
HC, hip circumference; WHR, waist-to-hip ratios. * p < 0.05.
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Biochemical Parameters
HDL-C was significantly lower in the MetS group than in the non-MetS group (57.96 ± 

18.76 vs. 71.25 ± 17.33 mg/dL, p = 0.01). However, TG, FBS, and MDA were significantly 
higher in the MetS group than in the non-MetS group (131.17 ± 58.33 vs. 81.83 ± 26.20 mg/
dL, p < 0.01; 117.33 ± 31.14 vs. 95.08 ± 6.28 mg/dL, p < 0.01; and 0.74 ± 0.71 vs. 0.45 ± 0.20 
μmol, p = 0.02, respectively). There was no significant difference between groups in terms of 
TC and LDL-C (Table 1).

Arterial Stiffness Parameters
aPWV was significantly higher in the MetS group compared to the non-MetS group (9.33 

± 2.72 vs. 7.95 ± 1.37 m/s, p = 0.03) (Table 1; Fig. 1), while ABI did not differ between the 
groups (Table 1). 

Association between Arterial Stiffness Parameters and the Components of MetS and MDA
In the MetS group, aPWV was positively correlated with FBS and MDA (r = 0.46, p = 0.02; 

r = 0.45, p = 0.02) (Table 2). However, there was no correlation between aPWV and BP, WC, 
and lipid profile. ABI was not correlated with the components of MetS and MDA (data not 
shown). 

The analysis of the risk factors of aPWV in each group is shown in Table 3. There were no 
statistical associations between the components of MetS and MDA and aPWV in the MetS and 
non-MetS groups.

15
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Non-MetS MetS

p = 0.03
aP

W
V,

 m
/s

Fig. 1. aPWV of the study population. Data are pre-
sented as means ± SD; n = 24 for each group. Non-
MetS and MetS groups are indicated by open and 
closed bars, respectively.

Table 2. Correlation between aPWV with the components of MetS and MDA of the study population

Variables All participants
(n = 48)

Non-MetS
(n = 24)

MetS
(n = 24)

r p value r p value r p value

SBP, mm Hg
DBP, mm Hg
WC, cm
HDL-C, mg/dL
TG, mg/dL
FBS, mg/dL
MDA, μmol

0.30
0.15
0.39

–0.17
0.01
0.39
0.28

0.03*
0.28
0.01*
0.24
0.93
0.01*
0.05

0.03
0.21
0.37
0.15

–0.21
0.12

–0.26

0.87
0.30
0.06
0.48
0.31
0.55
0.20

0.40
0.09
0.30

–0.07
–0.15 

0.46
0.45

0.05
0.67
0.14
0.72
0.46
0.02*
0.02*

* p < 0.05.
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Discussion/Conclusion

MetS consists of visceral obesity, dyslipidemia, hypercholesterinemia, and elevated BP 
and fasting plasma glucose. Several studies have also reported that MetS and all its compo-
nents are associated with increased arterial stiffness [5, 11, 14], leading to increased aPWV. 
The possible mechanisms of high aPWV among people with MetS include the following:  
(1) vascular structural changes as a result of chronic hyperglycemia. The present study found 
that the FBS value showed a statistically significant difference between the 2 groups and a 
positive correlation with aPWV among the patients with MetS. It is known that hyperglycemia 
is linked to an increase in the local activity of the renin-angiotensin-aldosterone system and 
expression of angiotensin II (AT II). AT II plays an important role through the AT1 receptor, 
induces proliferation of vascular smooth muscle cells (VSMC), and increases collagen synthesis 
[1]. These changes in the vascular wall may lead to the development of arterial stiffness.  
(2) Impaired glucose tolerance enhances nonenzymatic advanced glycation end products on 
the vascular matrix proteins, with a consequent increase in collagen fiber production in the 
vascular wall [15], leading to generation of oxidative stress or interaction with membrane 
receptors triggering the inflammatory process [16]. A chronic inflammatory process in MetS 
and all of its components, which activates extracellular matrix metalloproteinases, is thought 
to contribute to alterations in vascular collagen and/or elastin content in the arterial wall, 
proliferation and migration of VSMC, and plaque rupture, leading to vascular remodeling and 
arterial stiffness [17].

The present study showed that aPWV indicating arterial stiffness in elderly persons with 
MetS was higher than in elderly persons without MetS. Similar findings were also obtained in 
the previous study, in which aPWV was significantly higher in the MetS group compared to 
the non-MetS group [7]. Interestingly, aPWV has been used for the gold standard assessment 
of central arterial stiffness [18]. It is well established that the aPWV corresponds to systemic 
vascular aging, vascular elasticity, and PP amplification, which are significantly and indepen-
dently associated with vascular damage [19]. aPWV > 10 m/s has been suggested as a conser-
vative estimate of significant alterations of aortic function [7]. Thus, aPWV measurement 
would be an important strategy for the identification of people at a high cardiovascular risk. 
Elevated aPWV is also associated with pathological factors such as old age, hypertension, and 
arteriosclerosis, which are directly linked to cardiovascular morbidity and mortality [20, 21]. 
Our study procedure and results are similar to those of Kim et al. [21], who found the baPWV 

Table 3. Multiple linear regression analysis for aPWV

Variables All participants
(n = 48)

Non-MetS
(n = 24)

MetS
(n = 24)

β p value β p value β p value

SBP, mm Hg –0.02 0.86 –0.15 0.63 0.32 0.17
DBP, mm Hg –0.04 0.76 –0.03 0.92 0.10 0.64
WC, cm –0.01 0.93 0.14 0.54 0.43 0.05
HDL-C, mg/dL 0.16 0.27 –0.44 0.11 –0.06 0.80
TG, mg/dL –0.01 0.90 –0.17 0.54 –0.23 0.30
FBS, mg/dL 0.02 0.87 0.03 0.86 0.07 0.71
MDA, μmol 0.01 0.94 –0.00 0.99 0.24 0.24

Multiple linear regression analyses were performed to determine the components of MetS and MDA asso-
ciated with aPWV. β, unstandardized regression coefficient.
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values were higher in MetS subjects than in non-Mets subjects and that baPWV was positively 
related with age. However, we further investigated the differences among elderly individuals 
with and without MetS. Moreover, ABI was also analyzed to determine peripheral vascular 
degeneration and the cardiovascular risk independently of traditional cardiovascular risk 
factors.

High SBP and DBP are the components of MetS. However, the present study found no 
difference in SBP and DBP between the groups. Moreover, BP was not correlated with aPWV. 
Inconsistent with previous studies, these studies revealed that the effect of a high BP on 
progressive arterial stiffness is mediated by its direct effect on endothelial cells and arterial 
smooth muscle cells in patients with MetS [2, 11, 22]. There is a greater recruitment of 
collagen fibers and a reduction in vascular elasticity [23], which reflects an increased aPWV. 
Moreover, aPWV was correlated significantly with SBP, MAP, and PP but not with DBP in a 
study of patients with peritoneal dialysis [24]. Other studies have found a strong relation 
between DBP and aPWV in young healthy males [25]. PP has the strongest correlation with 
aPWV in normotensive and hypertensive subjects [26]. The controversial results on the 
relation between aPWV and each of the BP parameters were explained by the different 
demographic characteristics of the study populations such as age, gender, and body size. 
Moreover, the different methods and locations of measurement may also affect the results 
[26]. 

Oxidative stress and chronic low-grade inflammation are common comorbidities of MetS. 
Our study showed that plasma MDA was significantly higher in the MetS group compared to 
the non-MetS group. In our study, MDA was not significantly associated with aPWV in patients 
with MetS. This is inconsistent with a previous study, which indicated a high MDA level in an 
elderly woman with MetS [9]. MDA is known to generate secondary products of lipid per- 
oxidation, reflecting the magnitude of the oxidative stress present in the organism [27]. 
Furthermore, the MetS prevalence was greater in participants with higher plasma MDA con- 
centrations [28]. The mechanism that leads to a higher aPWV with increased MDA is still 
unclear. There are possible mechanisms linking oxidative stress and arterial stiffness. En- 
hanced generation of reactive oxygen species within the vascular wall may be responsible for 
vascular remodeling, contributing to the proliferation of VSMC, which leads to endothelial 
dysfunction [29, 30]. Thus, all of the mechanisms that reduce vascular distensibility lead to a 
faster aPWV.

In this study we also determined ABI, which is the index for predicting subclinical PAD 
[31]. The previous study found a relationship between a low ABI and high all-cause and 
cardiovascular disease mortality in patients with MetS [32]. However, the unchanged ABI in 
this study may be explained by the fact that ABI is likely to be unreliable because of falsely 
increased values, or a marked decrease in ankle pressure measurement, caused by medial 
arterial calcification and incompressibility in advanced-age subject [33]. Meanwhile, because 
of interference with circulation through the lower extremities, aPWV cannot be estimated 
properly in patients with PAD [13, 34]. Thus, when estimating the significance of arterial 
stiffness, it is necessary to exclude patients with PAD.

The present study had some limitations. Firstly, we measured parameters in only a small 
number of participants. Furthermore, differences in the study population such as gender, 
genetic factors, health status, lifestyle characteristics, and others could impact arterial 
stiffness. Thus, a large population is required with adjustment for possible confounding. 
Secondly, we did not directly measure the vascular path length. The arterial distance between 
recording sites was estimated using only calculations from height, age, and gender. 

A high aPWV is more prevalent among patients with MetS than among those without 
MetS. Hence, aPWV has potential as a noninvasive tool for the detection of vascular stiffness. 
Monitoring of aPWV might be more useful for early detection of vascular damage in certain 
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populations, such as those with cardiovascular risk or other vascular abnormalities. However, 
it seems that the clinical interpretation and availability of these techniques is largely limited, 
and additional research is needed to clarify and explain the aPWV value.
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