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The study objective was to assess the relationship between carotid intima-media thickness (IMT) and
arterial stiffness in subjects with hypertension, and to investigate the risk factors for increasing carotid
IMT and arterial stiffening. 336 eligible residents participated in a community-based survey. Arterial
stiffness and carotid intima-media thickness (IMT) were evaluated using carotid arterial stiffness
parameter and high-resolution B-mode ultrasonography in 232 subjects with hypertension and 104
control subjects. Serum homocysteine and hs-C reactive protein (CRP) were measured. Arterial
stiffness parameter and carotid IMT were significantly higher in the subjects with hypertension than
those in the control (P<0.05). There was a significant positive correlation between the carotid IMT and
arterial stiffness parameter in both the subjects with hypertension (r=0.421, P < 0.001) and from the
control group (r=0.337, P < 0.001). Homocysteine and high-sensitivity C-reactive protein (hs-CRP)
increased with arterial stiffness and IMT (P < 0.05). Homocysteine, but not hs-CRP, was independently
related to arterial stiffness parameter (P < 0.01) when age, smoking, hypertension, estimated glomerular
filtration rate (eGFR) and the roles of high density lipoprotein (HDL)- cholesterol were accounted for
(R2=0.330, P < 0.001). On the other hand, not only homocysteine but hs-CRP were independently related
to IMT (P < 0.01, respectively) when age, smoking, hypertension and the roles of low density lipoprotein
(LDL)-cholesterol were accounted for (R2=0.361, P < 0.001). The results indicate that there was
association between arterial atherotic (structural) and sclerotic (functional) changes. Homocysteine, but
not hs-CRP, associates with the changes of carotid artery IMT and arterial stiffness.
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INTRODUCTION

Subjects with hypertension and ageing have accelerated
atherosclerotic vascular changes (Eren et al., 2004).
Arterial wall thickening and stiffening often appear at the
same time, which may partly delineate different athero-
sclerotic processes (Eren et al., 2004; lkonomidis et al.,
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et al., 2008). Atherosclerosis involves a combination of
fatty degeneration (atherosis) and of vessel stiffening
(sclerosis) of the arterial wall (Sharrett et al., 2006).
There-fore, atherosclerosis should be evaluated based
on two aspects: Atherosis, which reflects structural
changes in the intima and media of vascular walls and
provides information about vessel wall anatomy; and
sclerosis, which reflects changes in vascular distensibility
and relates to vessel function (Jourdan et al., 2005).

In animal studies, a direct relationship has been
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established between regression of atherosis and an
increase in arterial distensibility (Farrar et al., 1980).
Some clinical trials also demonstrated that carotid arterial
stiffness was associated with the morphological changes
(Niki et al., 2002; Taniwaki et al., 1999). The association
of arterial stiffness and structural changes in the intima
and media of vascular walls in different age periods are
required to be studied in detail and with priority remains
to be elucidated. Furthermore, the study tried to explore
the predictors for this process from metabolic factors and
chronic subclinical inflammation.

Chronic subclinical inflammation, commonly assessed
using high-sensitivity C-reactive protein (hs-CRP), has
been associated with obesity and coronary heart disease
(Bahrami et al., 2008; Niki et al., 2002; Taniwaki et al.,
1999). As we know, inflammation is important in the
pathogenesis and progression of endothelial dysfunction
and fatty degeneration (atherosis) (Chrysohoou et al.,
2009), and hs-CRP has been established as an
independent prognostic predictor for IMT (Braunwald,
2008). Controversy surrounds, at present, regarding the
association between hs-CRP and arterial stiffness indices
(Tomiyama et al., 2004). Homocysteine, as a marker for
metabolism, has recently been shown to be independent
of cardiovascular events (Robinson, 2002). Increased
plasma homocysteine levels have been considered as an
independent risk factor for cardiovascular disease (Welch
and Loscalzo, 1998; Vasan et al.,, 2003; Vollset et al.,
2001). However, the influence of homocysteine in the
development of IMT and arterial stiffness has not been
clarified at present (de Bree et al., 2006; Anan et al.,
2007).

The aims of the present study were to assess the
relationship between carotid IMT and arterial stiffness,
and to explore a possible approach to determine the
association between regression of atherosis and an
increase in arterial distensibility by the way of identifying
markers for metabolic disorders and chronic subclinical
inflammation.

MATERIALS AND METHODS

This study was conducted in accordance with the declaration of
Helsinki and with approval from the Ethics Committee of Chinese
PLA General Hospital. Written informed consent was obtained from
all participants. Participants with hypertension (n=232) were
enrolled into the study consecutively. The community has a
population of 2334 residents, and 1867 residents participated in the
health survey. Of these participants, 452 subjects were defined as
hypertension according to the following criteria, and 232 subjects
had not taken medicines for hypertension in recent three weeks.
Hypertension was defined as a resting systolic blood pressure =
140 or a resting diastolic blood pressure = 90, and the systolic pres-
sure and the diastolic pressure were the means of measurements
on three occasions. We had excluded subjects with evidence of
cardiovascular complications as indicated by medical history or
physical examination, with history of diabetes or fasting plasma
glucose >7.0 mmol/l, with taking statins and with any condition

preventing echocardiography evaluation. Age and gender-
matched normotensive control subjects (n = 104) were recruited
randomly from the same community during the same period. All
participants were grouped by age according to their corresponding
arterial stiffness (Niki et al., 2002): the group of <45 years, 45 to 55
years, 56 to 65 years and >65 years.

All the participants completed a self-administered questionnaire
about smoking habits and diet. Exposure to smoking was estimated
as the product of the number of years of smoking and the number
of tobacco products smoked daily at the time of the study. That
product was expressed in statistical analysis as cigarette-years.
The intakes of folate, vitB6 and vitB12 daily were gotten from three
days averaged through diet questionnaire survey and food-B
vitamins conversion system. We used a brief food frequency ques-
tionnaire (FFQ) designed specifically for estimating intakes of folate,
vitamins B(6) and B(12), and covering 21 food items (Yoshino et al.,
2010). Blood pressure was determined with a standard mercury
sphygmomanometer and cuffs adapted to the arm circumference
after the subject had rested for at least 15 min by professional
doctors. The systolic blood pressure was taken as the point of
appearance of Korotkoff sounds, and the diastolic blood pressure
as the point of disappearance of the sounds. Results are reported
as averages of three measurements (Table 1).

Measurement of arterial stiffness parameter

Arterial wall stiffness was expressed by the arterial stiffness
parameter 3, which was measured through e-tracking technology of
ultrasound on the right carotid artery by the machine (a-10, Aloka,
Tokyo, Japan) equipped with a 7.5-MHz linear array probe and
calculated according to the formula: In [(Ps-Pd)]/[(Ds- Dd)/Dd],
where Ps and Pd were the mean values of three times of simulta-
neously measured brachial systolic blood pressure and diastolic
blood pressure, respectively. Ps and Pd were, measured using an
automated sphygmomanometer (705CP, Omron, Dalian, China),
and Ds and Dd are the maximal and minimal diameters of the com-
mon carotid artery, respectively measured using ultrasonic high-
resolution wall tracking. Measurements were taken as a mean of
five beats (Figure 4).

Ultrasonographic measurements of carotid IMT

B-mode imaging of the carotid artery was performed with a high
resolution real-time ultrasonograph (a-10, Aloka, Tokyo, Japan). All
the participants were examined in the supine position. The exami-
nation included the bilateral common carotid artery and the carotid
bulb. These regions were scanned in the longitudinal and the
transverse projections. In each longitudinal projection, the IMT was
measured at the site with the greatest thickness. IMT was defined
as the distance between the places with the strongest ultrasound
reflection, from the leading edge of the lumen-intima interface to the
leading edge of the media-adventitia interface. Three still images
from the same section of the artery were used for the
measurement, and the mean value was calculated.

Biochemistry parameters measurements

Venipuncture was performed in the morning on patients and healthy
control subjects after overnight fasting and maintained at 4°C for <2
h before being centrifuged at 1200 g for 15 min. Serum aliquots
were frozen at -80°C until assays were performed. Concentrations
of fasting glucose, total cholesterol, triglyceride, HDL-c and LDL-c
were determined using the Roche enzymatic assays (Roche
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Table 1. Clinical characteristics of hypertensive and control subjects.

Characteristic

Hypertensive subject (n=232)

Control subject (n=104)

Age (years)

Sex (M/F)

Body mass index(kg/m?)
Cigarette-years

Systolic blood pressure(mmHg)
Diastolic blood pressure(mmHg)
Total cholesterol (mmol/L )
HDL-cholesterol (mmol/L)
LDL-cholesterol (mmol/L)
Triglycerides (mmol/L)

Fasting plasma glucose (mmol/L)
Creatinine(mmol/L)
eGFR(mI/min/1.73 m?)
Homocysteine ((umol/L))
hs-CRP(mg/dL)

Carotid IMT(mm)

Arterial stiffness parameter
Folate (ug/d)

Vitamin Bg(mg/d)

Vitamin Bio(pg/d)

17.6(13.8-27.9) *
0.24(0.11-0.37) *

56.7+13.7 57.5+14.4
128/94 54/50
24.8+3.3" 22.9+2.8
474+411"% 248+178
145+16* 126+15
808" 7310
5.23+1.08* 4.86+0.75
1.21+0.38" 1.39+0.27
3.50+1.11* 3.09+1.05
1.48+0.89 1.34+0.78
5.36+0.80* 5.10+0.76
80.9(66.2-81.0) * 65.7(51.8-72.2)
82.8+16.5" 91.2+15.2

8.22(6.01-12.6)
0.14(0.08-0.25)

0.88+0.38" 0.62+0.16
9.05+2.19" 7.65+1.18
217.3+97.7" 308+113.2
0.50+0.14" 0.83+0.26
0.69+0.18" 1.00+0.22

Exposure to smoking was estimated as the product of the number of years of smoking and the number of tobacco
products smoked daily at the time of the study. That product was expressed in statistical analysis as cigarette-years.
HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; eGFR, estimated glomerular
filtration rate; hs-CRP, high-sensitivity C-reactive protein. *P<0.05, #P<0.001 vs. control subjects.

Diagnostics GmbH, Mannheim, Germany) on a Roche autoanalyser
(Roche Diagnostics, Indianapolis, Indiana). Homocysteine was
determined by enzymatic assay (Roche Diagnostics GmbH,
Germany). hs-CRP was measured using immunoturbidometry
(Siemens Healthcare Diagnostics Inc.) with the help of -Siemenes
RXL-MAX, (Germany). The inter-assay variations for the bio-
markers were as follows: hs-CRP, 4.6% and homocysteine, 4.1%.
Concentrations of serum creatinine were measured by enzymatic
assay (Roche Diagnostics GmbH) on a Hitachi 7600 autoanalyser
(Hitachi, Tokyo, Japan). The plasma creatinine was standardized
using a calibration equation: Jaffe’s kinetic method Scr
(mg/dL)=0.795x%[enzymatic method Scr (mg/dL)]+0.29. The
estimated glomerular filtration rate (eGFR) was calculated with the
Chinese modified Modification of Diet in Renal Disease (C-MDRD)
equation:

eGFR (mL/min/1.73 m2 ) =175xstandardized creatinine (mg/dL)
—-1.234 xage (year) —0.179 x0.79 (if female).

All testing was performed by well-trained personnel blinded to
clinical data in the Department of Biochemistry of Chinese PLA
General Hospital.

Statistical analysis

Characteristics are reported as percentages for categorical
variables and mean * standard deviation (SD) or median (with
interquartile range) for continuous variables. Student’s t test or Chi-
square test was used to compare differences between groups. The
relationship between IMT values and arterial stiffness in the control
and hypertensive subjects were examined by linear regression

analysis. The relationship of homocysteine and hs-CRP with IMT
values and arterial stiffness were examined by spearman analysis.
The relationship of homocysteine with B vitamins and smoking
(present as cigarette-years) were also analyzed by spearman
analysis. Multiple regression analyses were performed to identify
the predictors of homocysteine, carotid IMT and arterial stiffness.
All statistical procedures were performed using SPSS statistical
package, version 13.0 (SPSS Inc., Chicago, lllinois). Intercorrelated
independent variables were removed from the regression model if
multicollinearity was detected by a tolerance<0.10 or a variance
inflation factor>10. P<0.05 was considered significant.

RESULTS
Clinical characteristics

The clinical characteristics of subjects are shown in Table
1. The subjects aged from 40 to 72 year. There were no
differences in age or the male-female ratio between the
control and hypertensive subjects. BMI, cigarette-years,
blood pressure, the levels of plasma lipids excepting for
HDL-C, blood glucose and renal function were sig-
nificantly higher in the hypertensive subjects than in the
control subjects. All of the participants had not taken B
vitamins supplements, containing folate, VitB6 and other
B vitamins in the six months. Homocysteine and hs-CRP
were significantly higher in the hypertensive subjects than
in the control subjects. The level of HDL cholesterol and
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Figure 1. Bar graphs showing mean values of IMT of carotid artery in control subjects (n =104 blue
bar) and patients with hypertension (n = 232 purple bar) by age group. *P<0.05, #P<0.001 vs.

control subjects.

and the intakes of B vitamins were lower in the

hypertensive subjects than in the control subjects.

Carotid IMT in different age durations

The IMT values of the carotid artery in the groups of 45-
to 55-year-old (0.78 £0.32 mm, n =88), 56- to 65-year-old
(0.86 + 0.28 mm, n = 72), and > 65 years (0.96 + 0.30
mm, n = 46) were significantly higher than those in the
age-matched control subjects (0.58 + 0.12 mm, n =34;
0.63 = 0.17 mm, n = 36; 0.74 £0.20 mm,n =18, res-
pectively) with the exception of the group of less than 45
years (0.56 = 0.14 mm, n = 26 vs. 0.48 £0.11mm, n=16)
(Figurel). The carotid IMT was significantly higher in the
hypertensive subjects (0.88 + 0.38 mm, n = 232) than in
the control subjects (0.62 + 0.16 mm, n = 104) (P <
0.001). There is no gender difference in the presence of
carotid IMT.

Arterial stiffness in different age durations

The arterial stiffness values of the hypertensive subjects
in the group of < 45 years (6.94+ 0.63 m/s, n = 26), 45—
55 years (8.78 £ 1.33 m/s, n = 88), 56-65 years (9.37 =
1.81 m/s, n = 72), or >65 years (10.75 = 1.09 m/s, n =46)

significantly exceeded those in age-matched control
subjects (6.27 £ 0.44 m/s, n=16; 7.30 £ 0.54 mm, n = 34;
7.88 £ 0.59 m/s, n=36; 8.96+1.16 m/s, n=18, respectively)
(Figure 2). The arterial stiffness was significantly higher in
the hypertensive subjects than in the control subjects
(P<0.001). There is no gender difference in the presence
of arterial stiffness.

Relationship between the carotid IMT and arterial
stiffness

A significant positive correlation between the carotid IMT
and arterial stiffness was found in the control subjects (r =
0.337, P <0.001). We also observed a significant positive
correlation between the carotid IMT and arterial stiffness
in the hypertensive subjects (r = 0.421, P<0.001) (Figure
3). Moreover, the slope of the regression line between
the carotid IMT to the arterial stiffness was significantly
steeper in the hypertensive patients than in the control
subjects (P< 0.05).

Risk factors for increased arterial stiffness

Multiple regression analysis showed that homocysteine
was independently related to arterial stiffness parameter



Miao et al. 507

—_
[N}

[
o

co

Arterial stiffness parameter
(@)

4
2
0
<45 45-55 56-65 >65
Age (years)

Figure 2. Bar graphs showing mean values of the arterial stiffness parameter in
control subjects (n = 104 blue bar) and patients with hypertension (n =232 purple
bar) by age group. *P<0.05, #P<0.001 vs. control subjects
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Figure 3. The relationship between the IMT of the carotid artery and arterial stiffness
in patients with hypertension (n = 232; r = 0.421, P<0.001, see the above figure) and
control subjects (n =104; r = 0.337, P<0.001, see the below figure).
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Figure 4. The collecting image of arterial stiffness measured
by echo-tracking technology on carotid ultrasonography.

(standardized

regression parameter

0.155,

P<0.01)

besides that age, smoking, hypertension, eGFR and the
roles of HDL-cholesterol were accounted for (Table 2).

Risk factors for increased carotid IMT

Multiple regression analysis showed not only
homocysteine but hs-CRP were independently related to
IMT (standardized regression parameters 0.102, P<0.01;
0.117 P<0.01; respectively) besides that age, smoking,
hypertension and the roles of LDL-cholesterol were
accounted for (Table 3).

Multivariate predictors of log-transfurmed
homocysteine levels

The associations of these vitamins including folate, Vit.
B6 and Vit. B12, intakes with homocysteine concentra-
tions were examined using multiple linear regression
analysis after adjusting for age, gender, cigarette-years,
body mass index, hypertension, systolic blood pressure,
diastolic blood pressure, total cholesterol, triglyceride,
HDL cholesterol levels, LDL cholesterol and fasting blood
glucose. Homocysteine were independently related with
age, gender, smoking, hypertension, intakes of folate and
eGFR (Table 4).

DISCUSSION

We demonstrated that carotid IMT and arterial stiffness
were significantly higher in subjects with hypertension
than in age-matched control subjects and found
significant correlations between structural and functional
changes (as indicated by IMT and arterial stiffness para-
meter, respectively) in hypertensive patients and control
subjects in the present study. It is notable that carotid
IMT presented no difference between hypertensive and
control groups younger than 45 years of age. On the
contrary, arterial stiffness parameter showed obvious
increase in the hypertensive group younger than 45 years
of age. This finding is consisted with the fact that vascular
functional (sclerotic) changes occur prior to structural
(atherotic) changes (Alan et al., 2003; Davignon and
Ganz, 2004; Yambe et al., 2004).

An association between arterial atherotic (structural)
and sclerotic (functional) changes is present not only in
hypertensive patients but also in senior healthy subjects
aged over 45 years. A comprehensive histopathologic
study of medium-to-large caliber blood vessels showed
vascular fibrosis was a complex process (Selvin et al.,
2010). Aging, hypertension, diabetes, poor renal function
and dyslipidemia were significantly associated with in-
creased systemic vascular fibrosis and fatty degeneration
(atherosis) (Aronson, 2003; Greenwald, 2007). Such
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Table 2. Risk factors affecting arterial stiffness.

Independent variable  Standard regression coefficient P-value
Hypertension 0.316 <0.001
Systolic blood pressure 0.221 <0.001
Age 0.169 <0.001
cigarette-years 0.142 0.0076
HDL-cholesterol -0.113 0.0175
Homocysteine 0.155 0.0035

R2=0.330 (P<0.001). Variables assessed in all subjects included age, gender,
BMI, cigarette-years, hypertension, blood pressure, fasting plasma glucose, total

cholesterol, triglyceride,

HDL cholesterol
homocysteine,hs-CRP, intake of folate, Vitamin Bs

LDL cholesterol, eGFR,
and Vitamin Bi,. eGFR,

levels,

estimated glomerular filtration rate; hs-CRP, high-sensitivity C-reactive protein. R?,

multiple coefficient of determination.

Table 3. Risk factors affecting carotid IMT.

Independent variable  Standard regression coefficient P-value
Hypertension 0.320 <0.001
Systolic blood pressure 0.262 <0.001
Age 0.191 <0.001
cigarette-years 0.174 0.0019
LDL-cholesterol 0.227 <0.001
Hs-CRP 0.117 0.0067
Homocysteine 0.102 0.0078

R°=0.361 (P<0.001). Variables assessed in all subjects included age, gender,
BMI, cigarette-years, hypertension, blood pressure, fasting plasma glucose, total

cholesterol, triglyceride,

HDL cholesterol
homocysteine,hs-CRP, intake of folate, Vitamin Bs

LDL cholesterol, eGFR,
and Vitamin Bi,. eGFR,

levels,

estimated glomerular filtration rate; hs-CRP, high-sensitivity C-reactive protein. R?,

multiple coefficient of determination.

Table 4. Multivariate predictors of log-transfurmed homocysteine levels.

Independent variable Standard regression coefficient P-value
Age 0.218 <0.001
Gender(male=0,femal=1) -0.147 <0.001
Hypertension 0.175 <0.001
Cigarette-years 0.126 0.0065
Folate (ug/d) 0.117 0.0142
eGFR(ml/mi n/1.73 m?) -0.112 0.0365

R°=0.318 (P<0.001), Homocysteine levels were natural logarithm transformed.
Abbreviations are listed in Table 1. Variables assessed in all subjects included age,
gender, BMI, cigarette-years, body mass index, hypertension, systolic and diastolic

blood pressure, fasting plasma glucose,
cholesterol levels, LDL cholesterol.

and sclerotic changes may be commonly
associated with homocysteine, which should be
considered to be a potential target for intervention of
arterial stiffening and IMT thickening.

Because high plasma homocysteine was considered as

total cholesterol, triglyceride, HDL

a biomarker for metabolic disorders, a positive associa-
tion of homocysteine with arterial stiffness parameter may
support the association between metabolic disorder and
increased arterial stiffness (Di Minno et al., 2010). Earlier
data suggest that homocysteine levels are associated
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with aortic stiffness in patients with type Il diabetes
mellitus (Anan et al., 2007) and arterial hypertension
(Vyssoulis et al., 2010). In another study (de Bree et al.,
2006), such an association between homocysteine levels
and arterial stiffness indices was not indicated, pointing to
a clear controversy at present. Our study showed the
independentrelationship between circulating homocysteine
levels and arterial stiffness on carotid artery. The possible
mechanisms of the relationship between homocysteine
and arterial stiffness are not yet fully well established
(Cohen et al.,, 2001; Spoelstra-De Man et al., 2005).
However, it is known that elevated homocysteine levels
induce oxidative injury to vascular endothelial cells and
impair the production of nitric oxide, a strong relaxing
factor by the endothelium (Tawakol et al., 1997; van den
Bosch et al., 2003; Anan et al., 2007; Cohen et al., 2001,
de Bree et al., 2006; Di Minno et al., 2010; Spoelstra-De
Man et al., 2005; Vyssoulis et al., 2010).

A significant positive association between hs-CRP and
pulse wave velocity has been shown in healthy Japanese
men, but the association may become insignificant after
adjusting for conventional cardiovascular risk factor
(Tomiyama et al., 2004). In the present study, only homo-
cysteine, but not hs-CRP, was associated with arterial
stiffness parameter independently of age, gender, BMI,
blood pressure and metabolic components. High arterial
stiffness was mainly determined by high homocysteine,
and not high hs-CRP.

The complex metabolic  factors, especially
homocysteine, had an important role in this complex
development of IMT and arterial stiffness, but the exact
mechanism may be a hopeful illuminating factor for
intervention in future. There were many complex
influence factors of homocysteine, for example dietary
factors (Scuteri et al., 2004). Especially, folate intake, but
not other B vitamins, significantly negative correlated with
homocysteine level. Folate was the needed substrate of
the homocysteine metabolism, while vitB6 and vitB12
were only as coenzymes in the process (Nygard et al.,
1995). In China, especially in the north, folate levels in
the elderly people were below those in the European and
American countries. So, it should be strengthen in the
elder of nutrition knowledge to pay attention to adequate
B vitamins foods and supplements. There was a
correlation between cigarette smoking and increased
homocysteine level. Some research showed the in-
creased formation of reactive oxygen species in smokers
led to sulfydryl oxidation and reduction. Additionally,
smoking could inhibit the vigor of methionine synthase
and decreased homocysteine concentrations. Smoking
could also affect the absorption of B vitamins (Kim et al.,
2002). Lastly, even if the intake of folate was a predictor
for the homocysteine, the intake of folate is not
independent for the development of IMT and arterial
stiffness, which was not like the role of homocysteine
level. The complex influence factors and the potential

mechanism would be explored in the future studies. In
conclusion, the study confirmed the association between
arterial atherotic (structural) and sclerotic (functional)
changes. Homocysteine, but not hs-CRP, associated with
the changes of carotid artery IMT and arterial stiffness.

Clinical implications

The independent association of the level of serum
homocysteine with increased arterial stiffness and IMT
supports the biologic and mechanistic links between
these two entities. Because arterial stiffness may be
modifiable, it can be considered a potential target for
intervention of IMT. Complex metabolic factors, espe-
cially homocysteine, have important roles in this process.
However, the deep and exact mechanisms of the roles,
including folate, may be focused on in our future
investigations.

Potential limitations

Because of the cross-sectional design, the present study
could not explore the causal associations among arterial
stiffness, LV diastolic function, hs-CRP and homo-
cysteine. Additional studies with designs to address the
relevant questions will be conducted in future.
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