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Effect of metabolic syndrome components and their
clustering on carotid atherosclerosis in a sample of the
general Japanese population

Chiaki Hirata, Nobuyuki Miyai, Ayaka Idoue, Miyoko Utsumi, Sonomi Hattori, Akihiko Iwahara,
Yuji Uematsu, Mitsuru Shiba and Mikio Arita

The objective of this study was to investigate the impact of metabolic syndrome (MS) on carotid atherosclerosis in a Japanese

population. A total of 1727 subjects (805 males and 922 females) were included. Intima-media thickness (IMT) was measured

using ultrasonography. To evaluate the independent determinants of IMT, a stepwise multiple regression analysis was employed

that included age, current smoking habit, LDL-C, HbA1c and the MS components (SBP, DBP, TG, HDL-C, FBG, and WC) as

independent variables. Multivariate regression analyses were performed to determine the independent associations of the MS

components with IMT. In males, age (β=0.383, Po0.001), SBP (β=0.237, Po0.001), LDL-C (β=0.188, Po0.001), current

smoking habit (β=0.124, P=0.007) and HbA1c (β=0.110, P=0.014) were significantly associated with IMT. In females, age

(β=0.474, Po0.001), SBP (β=0.130, P=0.003) and FBG (β=0.110, P=0.038) were significantly associated with IMT. The

present study demonstrated that an elevated number of MS components, with or without central obesity, is associated with

higher IMT. Among the analyzed components, hypertension has the strongest association with higher IMT.
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INTRODUCTION

It is well known that even though each of the arteriosclerotic risk
factors alone is not serious, the risk becomes more ‘powerful’ when
they are combined. According to this concept, metabolic syndrome
(MS) has been highlighted as a cluster of risk factors for arterio-
sclerosis. Intima-media thickness (IMT) of the carotid arteries, as
determined via non-invasive ultrasonography, is a useful measure
for preclinical atherosclerosis1–3 and predicts an individual’s future
risk of cerebrovascular and cardiovascular events.4–7 Although
several epidemiological studies have demonstrated a correlation
between MS and carotid atherosclerosis, most of these studies used
data from western populations8–12 or MS definitions that differ
from Japanese definitions.13–16 Hence, few studies have investigated
the association between carotid IMT and MS based on the Japanese
criteria definitions in a large Japanese population. In addition, it
remains unclear whether each component of MS confers a similar
risk for increasing IMT and which components of MS are more
strongly associated with IMT.8,9,17,18

The objective of this study was to investigate the impact of MS
on carotid atherosclerosis in a community-based population
in Japan.

METHODS

Study population
The subjects in the present study were residents living in two communities in
the western part of Japan (Minabe Town and Katsuragi Town) who
participated in a specific health checkup conducted between July 2011 and
July 2012. A total of 1727 subjects (805 males and 922 females) were enrolled in
this study. All participants were informed about the aim of the study and
provided informed consent before the examination. The study was approved by
the ethical committee of Wakayama Medical University.

Evaluation of risk factors
Body height and weight were measured using a standard protocol and were
then used to calculate body mass index (BMI). Waist circumference (WC) was
measured by trained staff members at the umbilical level, with the subjects in a
standing position. Resting systolic and diastolic blood pressures (SBP and
DBP), respectively, were measured in the seated position using an automated
sphygmomanometer (HEM-907; Omron, Kyoto, Japan). Blood samples were
collected from an antecubital vein in the morning after an overnight fast.
Serum total cholesterol (T-C), high-density lipoprotein cholesterol (HDL-C),
triglycerides (TG) and fasting blood glucose (FBG) were measured using
enzymatic methods. An automated ion-exchange chromatographic method was
used to calculate hemoglobin A1c (HbA1c). Each patient’s low-density
lipoprotein cholesterol (LDL-C) level was calculated using the Friedewald
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formula (T-C (mg dl− 1)−HDL-C (mg dl− 1)− 0.2×TG (mg dl− 1)), and those
patients with a TG level ⩾ 400 mg dl− 1 were excluded from the study.
A questionnaire was administered to evaluate smoking habits and the use of
medications for hypertension, dyslipidemia and diabetes mellitus. Subjects with
smoking habits were identified as current regular smokers.

Ultrasonography examination
Carotid atherosclerosis was determined using a B-mode ultrasound machine
(GM-72P00A; Panasonic, Kanagawa, Japan) equipped with an 8.5-MHz linear
scan type B-mode probe. The subjects were kept in the supine position with
their heads slightly extended. We measured the thickness of the IMT on the far
wall of the bilateral common carotid artery (CCA) at ~ 10 mm proximal to the
bifurcation of the carotid artery because the image at that site is more clearly
depicted than the site near the wall.5,19 The mean value of the area was
calculated for each side, and the mean value (mean IMT) was used for the
further analyses. If carotid plaque was isolated, the carotid IMT was measured
outside of that portion. The average values of both the right and left arteries
from each segment were used for analyses (the software program gives the
average thickness of the IMT complex on the left and right side of the CCA).
The images were measured in an automated analyzing system composed of four
automated settings (Auto ROI, Auto Trigger, Auto IMT, Auto Freeze) based on
ultrasound echo signal processing.20 By using this method, we overcame some
problems, such as the high time requirement of a more complicated procedure
and insufficient reproducibility due to operator bias.

Definition of MS
MS was defined using the Japanese criteria that consist of central obesity and
the presence of two or more of the following conditions: hypertension,
dyslipidemia and hyperglycemia. Central obesity was defined as WC ⩾ 85 cm
for males and ⩾ 90 cm for females. Hypertension was defined as SBP ⩾ 130
and/or DBP ⩾ 85 mm Hg or a history of treatment for hypertension.

Dyslipidemia was defined as TG ⩾ 150 mg dl− 1 and/or HDL-C o40 mg dl− 1

or a history of treatment for dyslipidemia. Hyperglycemia was defined as FBG
⩾ 110 mg dl− 1 or a history of treatment for diabetes mellitus.

Statistical analysis
The data are presented as the mean values± s.d., unless otherwise specified.
Logarithmic transformation was performed before the analyses if the variables
were normally distributed. Differences in the characteristics of the subjects with
and without MS were analyzed by Student’s t-test for continuous variables and
by the chi-square test for categorical variables. The effects of MS and the
increasing number of MS components on IMT were investigated using the
analysis of covariate (ANCOVA) after controlling for age as a covariate. To
evaluate the independent determinants of IMT, a stepwise multiple regression
analysis was employed that included age, current smoking habit, LDL-C, HbA1c

and the MS components (SBP, DBP, TG, HDL-C, FBG and WC) as
independent variables. The impact of the number of MS components on
IMT was compared among subjects with and without central obesity using
two-way analysis of variance (ANOVA; (those with central obesity vs. those
without central obesity)×number of MS components). When appropriate, post
hoc testing was performed using one-way ANOVA followed by the Bonferroni
correction for multiple comparisons. Values o0.05 were considered significant
in all analyses. Data analyses were performed using the SPSS statistical software
package (SPSS Software; Chicago, IL, USA).

RESULTS

The age range of the enrolled subjects was 34–75 years, and the
mean age was 59.9± 9.0 years (males, 59.7± 10.2 years; females,
60.2± 9.4 years).
Table 1 shows the clinical and biochemical characteristics of the

study population according to the presence or absence of MS. In males
and females, subjects with MS had significantly higher age, BMI, WC,

Table 1 Characteristics of the subjects according to the presence of MS

Males Females

MS(− ) MS(+) MS(− ) MS(+)

(n=653) (n=152) (n=871) (n=51)

Age, years 59.6±10.2 61.8±8.0** 60.0±9.2 65.0±6.5**

BMI, kg m−2 22.2±2.7 25.7±2.5** 21.7±3.0 27.8±3.3**

WC, cm 81.2±1.0 91.7±5.6** 79.1±8.5 95.8±5.2**

Systolic BP, mm Hg 125.3±18.2 138.3±16.8** 123.7±18.9 137.5±12.7**

Diastolic BP, mm Hg 72.5±10.7 78.4±10.6** 70.1±10.5 76.7±8.1**

TG, mg dl−1 119.4±81.2 202.4±130.7** 108.0±80.0 151.0±74.7**

TC, mg dl−1 193.0±31.8 195.2±34.1 207.4±32.2 195.2±29.7

HDL -C, mg dl−1 60.0±15.1 50.9±12.9** 66.4±15.0 57.7±10.9**

LDL -C, mg dl−1 113.1±28.3 111.1±28.9 109.6±26.9** 120.9±28.2

Fasting glucose, mg dl−1 98.7±17.6 116.3±30.4** 94.7±14.3 114.9±34.2**

HbA1c, % 5.1±0.6 5.6±0.9** 5.1±0.5 5.6±0.7**

Current smoking habita 159(24.2) 32(21.0) 19(2.2) 2(3.9)

Hypertension 312(47.7) 43(30.7) 409(46.9) 49(96.1)**

Medication (− ) 162(51.9) 43(30.7) 198(48.4) 13(26.5)

Medication (+) 150(48.1) 97(69.3) 211(51.6) 36(73.5)

Dyslipidemia 177(27.1) 97(69.3) 251(28.8) 46(90.1)**

Medication (− ) 127(71.8) 88(68.8) 112(44.6) 19(41.3)

Medication (+) 50(28.2) 40(31.3) 139(55.4) 27(58.7)

Hyperglycemia 82(12.5) 59(73.8) 69(7.9) 22(43.1)**

Medication (− ) 55(67.1) 59(73.8) 50(72.5) 14(63.6.)

Medication (+) 27(32.9) 21(26.3) 19(27.5) 8(36.4)

Values are mean± s.d. or number of subjects (percentage).
Abbreviations: BMI, body mass index; BP, blood pressure; HbA1c, hemoglobinA1c; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MS, metabolic syndrome;
TC, total cholesterol; TG, triglycerides; WC, waist circumference.
**Po0.001 (unpaired t-test for continuous variables and chi-square test for categorical variables).
aA current regular smoker is a person who has smoked a total of 100 or more cigarettes or smoked for 6 months or longer and has been smoking for the last 1 month.
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SBP, DBP, TG, FBG and HbA1c and lower HDL-C than those without
MS. Moreover, hypertension, dyslipidemia and hyperglycemia
occurred significantly more frequent in subjects with MS than in
those without MS. In addition, females with MS had significantly
higher LDL-C compared with those without MS. According to
Japanese criteria, MS was detected in 152 males (18.9%) and 51
females (5.6%). Hypertension (males, 54.8%; females, 49.1%) was the
most frequent MS component, followed by dyslipidemia (males,
38.2%; females, 32.4%) and hyperglycemia (males, 20.0%; females,
9.8%) in both sexes.
The use of antihypertensive, antidyslipidemic and antihyperglycemic

drugs were 499 (28.9%), 256 (14.8%) and 75 (4.3%), respectively.
Comparisons of IMT according to the presence or absence of MS

and the number of MS components are shown in Table 2. In both
sexes, IMT tended to be greater in subjects with MS than in those
without MS. However, the difference did not reach statistical
significance after adjustment for age by ANCOVA. A gradual increase
in IMT was observed as the number of MS components increased in
both sexes. In addition, the IMT of the male subjects who had more
than one MS component was significantly greater than that of subjects
without any MS components. Female subjects with one MS compo-
nent had significantly higher IMT than those without any MS
components.
The impact of the increasing number of MS components on IMT

was compared among subjects with and without central obesity
(Figure 1). Despite the presence or absence of central obesity, the
associations between the number of MS components and IMT were
similar in both sexes. Furthermore, the MS component effect was
significant, but neither the group effect (central obesity) nor
the group×MS component interaction was significant by two-
way ANOVA.
To identify which MS component had a more prominent impact on

IMT, we selected subjects who had only one MS component. The
effects of hypertension, dyslipidemia and hyperglycemia on
IMT are shown in Figure 2. The same results were obtained
in the subjects without anti-hypertensive, antidyslipidemic and
antihyperglycemic drugs.
The subjects with any MS components tended to have greater IMT

than subjects without any MS components. However, a significant
difference was found in only hypertension in both sexes. Multivariate
regression analyses were performed to determine the independent

associations of MS components with IMT (Table 3). In males, age
(β= 0.383, Po0.001), SBP (β= 0.237, Po0.001), LDL-C (β= 0.188,
Po0.001), current smoking habit (β= 0.124, P= 0.007) and HbA1c

(β= 0.110, P= 0.014) were significantly associated with IMT. In
females, age (β= 0.474, Po0.001), SBP (β= 0.130, P= 0.003) and
FBG (β= 0.110, P= 0.038) were significantly associated with IMT.

Table 2 IMT according to the presence or absence of MS and the

number of MS components

Males Females

MS n IMT, mm n IMT, mm

Absent 653 0.65±0.14 871 0.61±0.12

Present 152 0.67±0.13 51 0.63±0.09

Number of MS componentsa

0 224 0.61±0.11 346 0.58±0.10

1 315 0.66±0.14* 352 0.63±0.11*

2 206 0.68±0.14** 183 0.64±0.10

3 60 0.70±0.13* 41 0.62±0.10

P for trend 0.001 0.006

Abbreviations: IMT, intima-media thickness; MS, metabolic syndrome.
*Po0.05, **Po0.01 (vs. subjects without any MS components by ANCOVA adjusted for age).
aNumber of MS components indicates the sum of presence of hypertension, dyslipidemia and
hyperglycemia.

Figure 1 IMT according to the number of MS components among subjects
with and without central obesity. The circle plots represent the IMT values of
the subjects with increasing number of MS components including
hypertension, dyslipidemia and hyperglycemia. Closed circles indicate
subjects with central obesity and open circles those without central obesity.
Data are shown as the mean± s.d. MS components effect was significant
(Po0.01) but central obesity effect was not significant in both genders by
two-way ANOVA. **Po0.01 (vs. the subjects without any MS component by
post hoc analysis using Bonferroni correction).

Figure 2 Effects of each MS component on IMT. Hypertension, subjects
with hypertension and without any other MS components; dyslipidemia,
subjects with dyslipidemia and without any other MS components;
hyperglycemia, subjects with hyperglycemia and without any other MS
components; none, subjects without any MS components. Data are shown as
mean ± s.d. *Po0.05 vs. none group by ANCOVA adjusted for age and
smoking habit.
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DISCUSSION

We analyzed the data from 1727 subjects (aged 34–75 years)
in a general Japanese population and found that the clustering of
MS components contributes to increased IMT. Among the MS
components, hypertension had the greatest impact on IMT.
The impact of an increasing number of MS components on

atherosclerosis was previously investigated in several epidemiological
studies.8,10,11,21 Similarly, we found that IMT increased as the number
of MS components increased in both genders.
However, the association between IMT and MS did not reach

statistical significance after adjusting for age and smoking. In this
regard, we showed that IMT in subjects without central obesity was
similar to that in subjects with central obesity when they had the same
number of MS components (two-way ANOVA). Noda et al.22 found a
higher prevalence of carotid atherosclerosis in subjects with a higher
number of MS components, irrespective of central obesity. Moreover,
Lee et al.23 reported that individuals in the central obesity/metabolic
syndrome group and the no central obesity/metabolic syndrome group
were at similar risk of ischemic heart disease. This finding suggests that
central obesity is not an indicator of increased risk of ischemic heart
disease.
Central obesity is a significant predictor of insulin resistance that

causes impaired glucose tolerance, hypertension and dyslipidemia.24

Our findings suggest that central obesity may not directly cause
arteriosclerosis but, instead, may cluster risk factors including hyper-
tension, dyslipidemia and hyperglycemia. Yasuda et al.25 suggested that
central obesity itself has a key role in the clustering of risk factors,
which is positively associated with the development of atherosclerosis.
Our most important finding is that the risk of developing IMT was

associated with the number of MS components but not with central
obesity. We should not ignore subjects without central obesity who
have a clustering of MS components because they are also at a risk of
developing IMT.
It has been unclear whether each individual component of MS is

equally associated with IMT and whether the presence of a particular
component confers an increased risk. We investigated the impact of

each MS component on increases in IMT and demonstrated that
subjects with hypertension but not those with dyslipidemia and
hyperglycemia had IMT values that were significantly higher than
those of subjects without any MS components in both sexes. In
addition, multivariate regression analyses revealed that among MS
components, BP was most strongly associated with IMT in both sexes.
These results suggest that not all MS components confer similar
atherosclerotic risk and that hypertension might be the most
important determinant in the development of increased IMT with
investigation of only one MS component.
Hypertension has been recognized as a strong risk factor for

atherosclerotic cardiovascular disease and stroke. Ishizaka et al.14 have
shown that among the five MS components based on the cutoff points
of ATP-III, hypertension had a greater odds ratio for carotid plaque
independent of age, gender, T-C and smoking status. Su et al.26 also
demonstrated that among risk factors including hypertension,
hypercholesterolemia, hypertriglyceridemia and diabetes mellitus,
hypertension was the most prominent risk factor for thicker IMT
and the development of carotid stenosis.
In the present study, hypertension was the most common

component of MS in both sexes. Therefore, hypertension is important
to both the frequency and development of arteriosclerosis.
Several population-based studies have found associations between

IMT and conventional atherosclerotic risk factors other than BP,
including smoking, dyslipidemia and hyperglycemia.27–29 In our study,
multivariate analysis results showed that LDL-C, smoking habit and
HbA1c were associated with IMT in males and FBG was associated
with IMT in females. Accordingly, although hypertension seems to be
the most important risk factor for the development of IMT, we should
not ignore subjects with risk factors other than BP.
We consider each MS component, including hypertension, dyslipi-

demia and hyperglycemia, as an equal risk factor for increased IMT.
The contribution of MS components to the impact on IMT, however,
may be unbalanced. The present study demonstrated that subjects
with hypertension are likely to be at a higher risk for carotid
atherosclerosis than subjects without hypertension, who have only
one MS component. When hypertension is among an individual’s MS
components, particular care might be required in their risk assessment
and interventional approach.
This study has some advantages that are worth mentioning. First,

we included a large study population, which enabled the assessment
of gender differences. Second, we used an automated ultrasound
analyzing system to measure the carotid IMT, which provided an
accurate measure of atheroma development and enabled the study of
the association between MS and atherosclerosis.
There are limitations in interpreting the present findings. First, the

study population may not be representative of the Japanese population
as a whole. We only included those subjects who were able to
participate in annual medical health checks in the community;
therefore, the present study has the potential for selection bias by
including relatively healthier subjects. In our study, the subjects’
carotid atherosclerotic thicknesses were relatively thinner, and the
prevalence of MS was less than those reported in previous studies in
Japan.1 Thus, it is possible that the frequency of MS and the observed
associations of MS with the carotid IMT were underestimated. Second,
the present data, obtained by a cross-sectional study, cannot allow
the temporal sequence of the observed association to be inferred.
Longitudinal observations are required to evaluate longitudinal effects
of MS in the progression of IMT.

Table 3 Stepwise multiple linear regression analysis with IMT as the

dependent variable

Variables stepwise mult B s.e. β P-value

Males (n=805)
Age, years 0.005 0.000 0.385 o0.001

Systolic BP, mm Hg 0.001 0.000 0.102 0.012

LDL -C, mg dl−1 0.000 0.000 0.100 0.006

HbA1c, % 0.017 0.007 0.091 0.014

BMI 0.003 0.002 0.079 0.041

Adjusted R2 =0.217, F ratio=34.7, Po0.01

Females (n=922)
Age, years 0.004 0.000 0.415 o0.001

Systolic BP, mm Hg 0.001 0.000 0.283 o0.001

Diastolic BP, mm Hg 0.001 0.000 0.15 0.001

TC 0.000 0.000 0.088 0.008

Adjusted R2 =0.308, F ratio=73.3, Po0.01

Variables entered in the models were age, BMI, WC, SBP, DBP, TC, TG*, LDL-C, HDL-C, fasting
glucose, HbA1c, smoking habits, yes=1, no=0.
B, partial regression coefficient; s.e., standard error of the B coefficient;
β, standard partial regression coefficient; adjusted R2, multiple correlation coefficient adjusted
for the degrees of freedom R.
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CONCLUSION

The present study demonstrated that an increased number of MS
components, in the presence or absence of central obesity, is
associated with higher IMT. We also found that the risk of developing
IMT differs among MS components; hypertension is the most
important determinant in the development of IMT. Our finding
strongly supports the idea that the simple diagnosis of MS is not
sufficient to define a subject’s atherosclerotic risk factors and that it
might be advisable to evaluate MS components both qualitatively and
quantitatively.
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