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Abstract

Objective    Increased carotid artery intima-media thickness (CIMT) and carotid plaque as manifestations
of carotid atherosclerosis have been used as markers of cardiovascular disease (CVD). The components
of  metabolic  syndrome  (MetS)  are  linked  to  CVD,  but  the  association  between  MetS  and  CVD  is
controversial.

Methods    A total of 8,933 Chinese adults aged 40 years or older from 2010 to 2014 were selected from
the  Jidong  and  Kailuan  communities.  MetS  was  defined  by  the  International  Diabetes  Federation
criteria.  CIMT  and  carotid  plaque  were  measured  using  color  Doppler  ultrasound.  Logistic  regression
models were used to assess the association of MetS with carotid plaque and CIMT.

Results    MetS was found among 3,461 (3,461/8,933) participants. The odds ratio and 95% confidence
internal  (CI)  for  carotid  plaques  in  participants  with  MetS  was  1.16  (1.03−1.30).  The  risk  of  carotid
plaques increased with the number of MetS components. The average CIMT was higher in participants
with MetS (β = 0.020, 95% CI, 0.014−0.027) and in participants with more MetS components.

Conclusion     Individuals  with  MetS  are  at  an  increased  risk  for  carotid  atherosclerosis  compared  to
those without MetS.
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INTRODUCTION

C ardiovascular disease (CVD) was ranked as
the  leading  global  cause  of  death  in  1990
and 2010. The global death rate associated

with CVD for individuals aged 15 to 49 was 10.7% in
female  patients  and  12.8% in  male  patients  in
2010[1].  In China, the number of all-age deaths from
CVD  was  approximately  3.7  million  in  2013,  which
increased  by  46% from  1990[2].  Increased  carotid
artery  intima-media  thickness  (CIMT)  and  carotid
plaque  as  manifestations  of  carotid  atherosclerosis
have  been  used  as  markers  of  CVD,  and  several
studies  have suggested that  the predictive ability  of
carotid plaque for CVD is better than that of CIMT[3-8].

Metabolic syndrome (MetS) is characterized by a
cluster  of  signs  of  metabolic  disturbance,  e.g.,
visceral  obesity,  dyslipidemia,  hyperglycemia,  and
arterial  hypertension[9].  The  prevalence  of  MetS  is
about  27.0% in  urban  adults  in  Northeastern
China[10],  and  MetS  has  reached  epidemic
proportions,  even  in  adolescents[11].  Patients  with
MetS were more likely to have new plaques, carotid
stenosis[12],  and  increased  intima-media  thickness
(IMT)[13].  Association  between  MetS  and  IMT[14] was
observed in various study populations[15-19], however,
the  findings  were  inconsistent[20,21].  In  the  current
study,  we  explored  the  association  between  MetS
and  carotid  atherosclerosis  by  measuring  CIMT  and
carotid plaque.

 METHODS

 Study Design and Population

From 2010 to 2014, all residents from the Jidong
and Kailuan communities were invited to participate
in  this  research.  Previous  publications  have
described the study design and population[22,23]. Only
participants  aged  40  years  or  older  were  evaluated
for  carotid  plaques  and  CIMT  by  ultrasound.
Participants were excluded when they did not meet
the  inclusion  criteria  as  follows:  (1)  no  history  of
stroke, transient ischemic attack, or coronary disease
at baseline as assessed by a validated questionnaire;
(2) absence of neurologic deficits indicating previous
stroke  determined via examination  by  experienced
physicians; (3) all necessary data are completed and
available.  Finally,  the  present  study  included  8,933
participants.  The  study  was  conducted  according  to
the  guidelines  of  the  Helsinki  Declaration  and  was
approved by the Ethics Committee of Jidong Oilfield
Inc.  Medical  Centers  and  Kailuan  General  Hospital.

Written  informed  consent  was  obtained  from  all
participants.  The participants  were also informed of
abnormal  findings  and  the  recommended
treatment[24].

 Definition of MetS

MetS  was  defined  according  to  previously
published  criteria  from  the  International  Diabetes
Federation[25].  The  definition  includes  the  presence
of  central  obesity  (waist  circumference ≥ 90  cm  for
Chinese men and ≥ 80 cm for Chinese women), plus
at  least  two  of  the  following  factors:  triglycerides
(TG) ≥ 150 mg/dL (1.7 mmol/L) or specific treatment
for  elevated  triglyceride  concentrations;  high-
density  lipoprotein  cholesterol  (HDL-C)  <  40  mg/dL
(1.03 mmol/L) in men and < 50 mg/dL (1.29 mmol/L)
in  women,  or  specific  treatment  for  low  HDL-C;
systolic  blood  pressure  (SBP) ≥ 130  mmHg  or
diastolic  blood  pressure  (DBP) ≥ 85  mmHg,  or
treatment  of  previously  diagnosed  arterial
hypertension;  fasting  plasma  glucose  (FPG) ≥
100  mg/dL  (5.6  mmol/L)  or  previously  diagnosed
type 2 diabetes mellitus.

 Assessments of Carotid Plaques and CIMT

Carotid  plaques  were  evaluated  using  duplex
sonography (Philips iU-22 ultrasound system, Philips
Medical  Systems,  Bothell,  WA,  USA)  by  two
independent  certified  sonographers  who  were
unaware of the baseline information and laboratory
results  of  the  participants.  Bilateral  carotid  arteries,
including  the  common  carotid  artery,  carotid
bifurcation,  and  internal  and  external  carotid
arteries,  were  examined.  The  carotid  plaque  was
defined  as  either  a  focal  structure  encroaching  into
the arterial lumen by at least 0.5 mm or 50% of the
surrounding  CIMT  value,  or  a  focal  structure  with  a
thickness of 1.5 mm from the intima-lumen interface
to  the  media  adventitia  interface.  CIMT  was
measured  at  the  far  wall  of  the  common  carotid
artery  proximal  to  the  bifurcation,  along  a  plaque-
free  segment  of ≥ 10  mm  long  at  each  side,  with  a
quality  index  of ≥ 0.60.  The  mean  value  of  bilateral
common CIMT was used in the present study.

 Covariates

Questionnaires were used to collect  information
from  the  participants,  including  demographic
variables,  history  of  disease,  lifestyle,  and  drug
history.  Clinical  characteristics  and  biochemical
indicators  were  assessed  at  Jidong  Oilfield  Inc
Medical Centers and Kailuan General Hospital[22,23,26].
The  covariates  included  age,  sex,  education  level,
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monthly per capita income, smoking, alcohol intake,
low-density  lipoprotein  cholesterol  (LDL-C)  and  uric
acid.  Education  level  was  classified  as ‘illiteracy  or
primary school’ ‘middle school’ or ‘college or above’.
Average monthly income was classified as �‘< ¥3,000’
‘¥3,001−5,000’ or ‘>  ¥5,000’.  Smoking  status  and
drinking  status  were  classified  as ‘current’ or ‘else’
(including ‘former’ or ‘never’).  Physical  activity  was
classified  as  inactive  (none),  moderately  active
(1−149  min/week  of  moderate  intensity  or  1−
74  min/week  of  vigorous  intensity),  or  very  active
(≥ 150  min/week  of  moderate  intensity  or ≥
75 min/week of vigorous intensity).

 Statistical Analysis

The  independent  samples t-test  was  used  to
compare  differences  in  CIMT  between  participants
with  and  without  MetS.  Continuous  variables  were
described  using  means  ±  standard  deviations.
Categorical  variables  were  described  using
frequencie and percentages and compared using the
chi-squared  test.  Logistic  regression  models  were
used  to  assess  the  association  between  MetS  and
carotid  plaques.  The  association  between MetS  and
CIMT was evaluated using multiple linear regression
model  analysis.  All  statistical  tests  were  two  sided,
and the significance level was P < 0.05. The statistical
analyses  were  carried  out  using  SAS  9.4  software
(SAS Institute Inc, Cary, NC, USA).

 RESULTS

Of  the  8,933  participants,  3,461  were  found  to
have metabolic syndrome. Compared to participants
without  MetS,  those  with  MetS  were  significantly
older,  had  a  lower  education  level  and  family
income,  and  were  more  likely  to  consume  alcohol.
Waist  circumference,  uric  acid,  FPG,  SBP,  DBP,  TG,
LDL-C,  and  total  cholesterol  (TC)  were  significantly
higher in participants with MetS than those without
MetS, while HDL-C was significantly lower (P < 0.001)
(Table 1).

Table 2 shows the distribution of MetS as well as
its  components  in  participants  with  and  without
carotid  plaques.  Participants  with  carotid  plaques
were  more  likely  to  have  MetS.  The  single
components  of  MetS  were  also  different  between
participants  with  and  without  carotid  plaques  (P <
0.001), except for central obesity. The prevalence of
carotid plaques was higher in participants with MetS
(P <  0.001)  and  the  average  CIMT  increased
significantly  from  0.766  mm  in  participants  without
MetS to 0.801 mm in participants with MetS (Figure 1).

The  odds  ratio  (OR)  of  carotid  plaques  for
participants  with  MetS  was  1.16  [95% confidence
internal  (CI):  1.03−1.30]  after  adjusting  for  possible
confounding factors (Table 3). The adjusted ORs with
95% CIs of carotid plaques for participants with 1, 2,
3, 4 and 5 MetS components were 1.02 (0.81−1.28),
1.18  (0.95−1.48),  1.30  (1.03−1.63),  1.50  (1.19−1.88)
and  1.45  (1.11−1.89),  respectively,  compared  to
participants without MetS components (P for trend <
0.001).

The average CIMT was greater by 0.020 mm (95%
CI:  0.014−0.027)  in  participants  with  MetS  than
those  without  MetS  (Table  4).  In  participants  with
multiple MetS components, CIMT increased by 0.023
mm, 0.022 mm, 0.042 mm, and 0.035 mm for 2, 3, 4,
and 5 MetS components, respectively.

 DISCUSSION

In  this  community-based  study,  a  significant
association was observed between MetS and carotid
atherosclerosis. The rate of carotid plaques was 16%
higher  in  participants  with  MetS.  The  participants
with  five  MetS  components  have  an  approximately
50% increased  risk  of  carotid  plaque  than
participants with no MetS components. The average
CIMT was significantly increased in participants with
MetS  compared  to  those  without  MetS.  Increased
CIMT was also found in participants with two to five
components of MetS.

A  follow-up  study  provided  evidence  that
increased  CIMT  is  associated  with  future
cerebrovascular  and  cardiovascular  events[27].  CIMT
and  plaques  are  different  phenotypes  indicating
increased  vascular  disease  risk,  and  CIMT  without
plaque remains a  significant  marker  of  an increased
risk of vascular events[28]. A previous study evaluated
the  prevalence  of  carotid  atherosclerosis  in
Hangzhou  and  mentioned  that  the  prevalence  and
risk  of  carotid  plaque  and  carotid  atherosclerosis
aggregated  with  an  increasing  number  of  MetS
components[13].  Another  study  reported  results
consistent  with  this  study,  determining  that  MetS
components  were  independently  related  to  CIMT,
and  the  risk  of  increased  CIMT  was  significantly
higher for those with two to five MetS components,
compared to those with none[21].

However, some reports have indicated that there
is  not  sufficient  evidence to demonstrate that  CIMT
can  be  a  factor  for  assessing  the  risk  of  CVD[29,30].  A
Japanese study reported the risk of the total plaque
score against  the control  (total  plaque score = 0)  to
be significantly higher only in males, and the author
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ascribed  the  negative  results  in  females  to  the
limited number of women in the study[31]. Nobukazu
Ishizaka reported that the association between MetS
and  carotid  atherosclerosis  was  mediated  entirely
through the components of MetS, because MetS was
not  significantly  associated  with  carotid  plaque  or
intima-media  thickening  after  a  full  adjustment
including four components of MetS in their study[17].
Ishizaka  determined in  another  study  that  MetS  did

not  independently  increase  the  risk  of  carotid
atherosclerosis  in  participants  whose  blood
pressures  were  high-normal[20].  In  our  study,  after
adjusting  for  confounding  factors,  MetS  remained
significantly  associated  with  carotid  plaques.
Differences  in  race,  definitions  of  major  variables,
and  adjusted  confounders  may  be  possible  reasons
for these discrepancies.

Increased  CIMT  and  carotid  plaques  are

Table 1. Characteristics of study population with and without metabolic syndrome

Characteristics Total With metabolic syndrome Without metabolic syndrome P-value

N 8,933 3,461 5,472

Age (years) 54.21 ± 10.81 55.51 ± 10.03 53.38 ± 11.21 < 0.001

Male, n (%) 4,940 (55.30) 1,799 (57.40) 3,141 (51.98) < 0.001

Education, n (%) < 0.001

　Illiteracy/primary school    907 (10.16)   394 (11.39)  513 (9.38)

　Middle school 5,631 (63.04) 2,243 (64.83) 3,388 (61.92)

　College or above 2,394 (26.80)   823 (23.79) 1,571 (28.71)

Income, ¥/month, n (%)   0.001

　< 3,000 6,449 (72.21) 2,535 (73.27) 3,914 (71.54)

　3,001–5,000 2,070 (23.18)   801 (23.15) 1,269 (23.20)

　> 5,000  412 (4.61)  124 (3.58)  288 (5.26)

Currently smoking, n (%) 2,063 (27.87)   799 (27.46) 1,264 (28.13)   0.527

Currently consuming alcohol, n (%) 1,821 (20.39)   759 (21.93) 1,062 (19.41)   0.039

Physical activity, n (%)   0.068

　Inactive 3,144 (35.20) 1,175 (33.95) 1,969 (35.98)

　Moderately active 1,755 (19.65)   672 (19.42) 1,083(19.79)

　Very active 4,034 (45.16) 1,614 (46.63) 2,420 (44.23)

Waist circumference (cm) 87.67 ± 9.83  93.68 ± 7.59  83.86 ± 9.17  < 0.001

Uric acid (μmol/L) 290.86 ± 87.39  312.20 ± 90.82 277.40 ± 82.37 < 0.001

FPG (mmol/L) 3.01 ± 2.22 3.46 ± 2.43 2.72 ± 2.02 < 0.001

SBP (mmHg) 131.11 ± 19.92  137.20 ± 19.43  127.25 ± 19.25  < 0.001

DBP (mmHg)  83.10 ± 12.00 86.37 ± 12.06 81.03 ± 11.48 < 0.001

TG (mmol/L) 1.69 ± 1.41 2.34 ± 1.77 1.27 ± 0.90 < 0.001

HDL-C (mmol/L) 1.47 ± 0.44 1.35 ± 0.41 1.54 ± 0.45 < 0.001

TC (mmol/L) 4.91 ± 0.98 5.23 ± 1.08 4.72 ± 0.86 < 0.001

LDL-C (mmol/L) 2.63 ± 0.71 2.82 ± 0.79 2.51 ± 0.62 < 0.001

　 　 Note. FPG,  fasting  plasma  glucose;  SBP,  systolic  blood  pressure;  DBP,  diastolic  blood  pressure;  TG,
triglycerides;  HDL-C,  high-density lipoprotein cholesterol;  TC,  Total  cholesterol;  LDL-C,  low-density lipoprotein
cholesterol.
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indicators  of  carotid  atherosclerosis,  and  each
reflects  a  different  stage  of  the  condition[32].
Increased  CIMT  represents  the  earlier  stage  of
carotid  atherosclerosis,  while  carotid  plaques
reflect  the  later  stage.  Moreover,  advanced
atherosclerosis  can  be  expressed  through  the
plaque  formation[33].  A  previous  study  indicated
that  insulin  resistance  mediates  the  association
between  MetS  and  carotid  atherosclerosis.  Insulin
resistance  is  likely  the  critical  pathophysiologic

factor  in  a  sequence  of  metabolic  disorders,
including  atherogenic  dyslipidemia  (higher  TG,
apolipoprotein  B,  and  LDL-C;  lower  HDL-C),
inflammation,  and  prothrombotic  state[34].  Effects
of  uric  acid  remain  controversial[35,36].  As  in
previous  reports[31,37],  this  study  found  that  the
number  of  MetS  components  was  related  to  the
severity  of  CIMT  and  carotid  plaques.  Yet,  the
specific  mechanisms  between  MetS  and  carotid
atherosclerosis need further investigation.

Table 2. Metabolic syndrome (MetS) and its components in participants with and without carotid plaques

Items Total
N = 8,933

Carotid plaques
n = 3,582

No carotid plaques
n = 5,351 P-value

MetS, n (%) < 0.001

　Yes 3,461 (38.74) 1,511 (42.18) 1,950 (36.44)

　No 5,472 (61.26) 2,071 (57.82) 3,401 (63.56)

Single components of MetS, n (%)

　Central obesity 5,444 (60.94) 2,196 (61.31) 3,248 (60.70)   0.564

　Raised TG 4,162 (46.59) 1,934 (53.99) 2,228 (41.64) < 0.001

　Reduced HDL-C 5,086 (56.93) 2,102 (58.68) 2,984 (55.77)   0.006

　Raised BP 5,394 (60.38) 2,633 (73.51) 2,761 (51.60) < 0.001

　Raised FPG 1,667 (18.66) 758 (21.16) 909 (16.99) < 0.001

Num. of components of MetS, n (%) < 0.001

　0 956 (10.70) 253 (7.06) 703 (13.14)

　1 1,719 (19.24) 573 (16.00) 1,146 (21.42)

　2 1,965 (22.00) 787 (21.97) 1,178 (22.01)

　3 1,738 (19.46) 725 (20.24) 1,013 (18.93)

　4 1,885 (21.10) 919 (25.66) 966 (18.05)

　5 670 (7.50) 325 (9.07) 345 (6.45)

　　Note. MetS, Metabolic syndrome; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; BP, blood
pressure; FPG, fasting plasma glucose; Num., number.
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Figure 1. Prevalence  of  carotid  plaques  and  average  CIMT  in  participants  with  or  without  MetS.  CIMT,
intima-media thickness of common carotid artery; MetS, metabolic syndrome.
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Although  the  present  study  had  a  large  sample
size,  several  limitations  should  be  noted.  First,  all
participants  in  this  study  are  from  the  Jidong  and
Kailuan communities, whose residents have a higher
income  and  more  education  than  the  general
Chinese  population.  For  this  reason,  we  cannot
generalize  our  results  to  the  entire  Chinese
population. Second, this cross-sectional study cannot
prove a causal relationship, which usually requires a
longitudinal investigation.

In  conclusion,  our  community-based  study
showed  MetS  to  be  significantly  associated  with
carotid atherosclerosis, independent from additional
risk  factors  for  CVD.  The  average  CIMT  increased
significantly in the participants with MetS compared

to  those  without  MetS.  The  present  study  indicates
that MetS therapy can help reduce the risk of carotid
atherosclerosis.

 AUTHOR CONTRIBUTIONS

ZHOU  Ping  An  and  ZHANG  Chen  Huan  designed
the  study  and  wrote  the  paper.  CHEN  Yan  Ru,  LI
Dong,  SONG  Dai  Yu,  and  LIU  Hua  Min  helped  with
the acquisition and analyses of the data. ZHOU Ming
Yue participated in  the modification and edit  of  the
manuscript.  SONG  Guo  Shun  helped  coordinate  the
study  within  the  communities.  CHEN  Sheng  Yun
reviewed  the  manuscript  and  made  suggestions.  All
authors  contributed  to  the  development  of  the

Table 3. Association between MetS and carotid plaque

Item Model 1 OR (95% CI) Model 2 OR (95% CI) Model 3 OR (95% CI)

MetS 1.27 (1.17−1.39) 1.18 (1.07−1.30) 1.16 (1.03−1.30)

Num. of components of MetS

0 1 1 1

1 1.39 (1.17−1.66) 1.04 (0.85−1.27) 1.02 (0.81−1.28)

2 1.86 (1.57−2.20) 1.28 (1.06−1.55) 1.18 (0.95−1.48)

3 1.99 (1.67−2.36)  1.41 (1.16 −1.71) 1.30 (1.03−1.63)

4 2.64 (2.23−3.13) 1.67 (1.38−2.03) 1.50 (1.19−1.88)

5 2.62 (2.12−3.23) 1.45 (1.15−1.83) 1.45 (1.11−1.89)

P for trend < 0.001 < 0.001 < 0.001

　　Note. Model 1, crude OR; Model 2, adjusted for age and sex; Model 3, adjusted for Model 2 and education
level, income, smoking, alcohol consumption, low-density lipoprotein cholesterol and uric acid. OR, odds ratio;
CI, confidence internal; MetS, metabolic syndrome; Num., number.

Table 4. Association between MetS and average CIMT

Item
Model 1 Model 2 Model 3

β (95% CI) P β (95% CI) P β (95% CI) P

MetS 0.035 (0.028−0.042) < 0.0001 0.023 (0.017−0.029) < 0.0001 0.020 (0.014−0.027) < 0.001

Num. of components of MetS

0 0 0 0

1 0.035 (0.022−0.047) < 0.0001   0.007 (−0.003−0.017)  0.192   0.010 (−0.001−0.022)    0.069

2 0.064 (0.052−0.076) < 0.0001 0.021 (0.012−0.032) < 0.0001 0.023 (0.011−0.033) < 0.001

3 0.063 (0.050−0.075) < 0.0001 0.021 (0.011−0.031) < 0.0001 0.022 (0.010−0.033) < 0.001

4 0.098 (0.086−0.110) < 0.0001 0.042 (0.032−0.052) < 0.0001 0.042 (0.030−0.054) < 0.001

5 0.104 (0.089−0.120) < 0.001 0.038 (0.025−0.051) < 0.001  0.035 (0.020−0.049) < 0.001

　　Note. Model 1, crude OR; Model 2, adjusted for age and sex; Model 3, adjusted for Model 2 and education
level,  income,  smoking,  alcohol  consumption,  low-density  lipoprotein  cholesterol  and  uric  acid.  MetS,
metabolic syndrome; CIMT, carotid artery intima-media thickness; CI, confidence internal; Num, number.

MetS and carotid atherosclerosis 919



manuscript  and  all  authors  read  and  approved  the
manuscript.

Received: March 21, 2019;
Accepted: September 2, 2019

REFERENCES

 Lozano  R,  Naghavi  M,  Foreman  K,  et  al.  Global  and  regional
mortality from 235 causes of death for 20 age groups in 1990
and  2010:  a  systematic  analysis  for  the  Global  Burden  of
Disease Study 2010. Lancet, 2012; 380, 2095−128.

1.

 Zhou M, Wang H, Zhu J, et al. Cause-specific mortality for 240
causes  in  China  during  1990-2013:  a  systematic  subnational
analysis for the Global Burden of Disease Study 2013. Lancet,
2016; 387, 251−72.

2.

 Nguyen-Thanh  HT,  Benzaquen  BS.  Screening  for  subclinical
coronary  artery  disease  measuring  carotid  intima  media
thickness. Am J Cardiol, 2009; 104, 1383−8.

3.

 Lorenz  MW,  Markus  HS,  Bots  ML,  et  al.  Prediction  of  clinical
cardiovascular  events  with  carotid  intima-media  thickness:  a
systematic  review  and  meta-analysis. Circulation,  2007;  115,
459−67.

4.

 Sipila  K,  Moilanen  L,  Nieminen  T,  et  al.  Metabolic  syndrome
and carotid intima media thickness in the Health 2000 Survey.
Atherosclerosis, 2009; 204, 276−81.

5.

 Simon  A,  Megnien  JL,  Chironi  G.  The  value  of  carotid  intima-
media thickness for predicting cardiovascular risk. Arterioscler
Thromb Vasc Biol, 2010; 30, 182−5.

6.

 Inaba  Y,  Chen  JA,  Bergmann  SR.  Carotid  plaque,  compared
with carotid intima-media thickness, more accurately predicts
coronary  artery  disease  events:  a  meta-analysis.
Atherosclerosis, 2012; 220, 128−33.

7.

 Wang  PQ,  Wang  Y,  Zhang  GB,  et  al.  Study  on  the  carotid
atherosclerotic  plaque  of  patients  suffering  from  ischemic
cerebrovascular  disease  by  64  slices  CT.  Eur  Rev  Med
Pharmacol Sci, 2015; 19, 3480−5.

8.

 Eckel  RH,  Grundy  SM,  Zimmet  PZ.  The  metabolic  syndrome.
Lancet, 2005; 365, 1415−28.

9.

 Song QB, Zhao Y, Liu YQ, et al. Sex difference in the prevalence
of metabolic syndrome and cardiovascular-related risk factors
in  urban  adults  from  33  communities  of  China:  The  CHPSNE
study. Diab Vasc Dis Res, 2015; 12, 189−98.

10.

 Kuschnir  MC,  Bloch  KV,  Szklo  M,  et  al.  ERICA:  prevalence  of
metabolic  syndrome  in  Brazilian  adolescents.  Rev  Saude
Publica, 2016; 50, 11s.

11.

 Bonora E, Kiechl S, Willeit J,  et al.  Carotid atherosclerosis and
coronary  heart  disease  in  the  metabolic  syndrome:
prospective data from the Bruneck study. Diabetes Care, 2003;
26, 1251−7.

12.

 Yin  JH,  Song  ZY,  Shan  PF,  et  al.  Age-  and  gender-specific
prevalence  of  carotid  atherosclerosis  and  its  association  with
metabolic syndrome in Hangzhou, China. Clin Endocrinol (Oxf),
2012; 76, 802−9.

13.

 Hassinen  M,  Komulainen  P,  Lakka  TA,  et  al.  Metabolic
syndrome  and  the  progression  of  carotid  intima-media
thickness  in  elderly  women. Arch  Intern  Med,  2006;  166,
444−9.

14.

 Zhang  YF,  Hong  J,  Zhan  WW,  et  al.  Hyperglycaemia  after
glucose  loading  is  a  major  predictor  of  preclinical
atherosclerosis  in  nondiabetic  subjects. Clin  Endocrinol  (Oxf),
2006; 64, 153−7.

15.

 Leoncini  G,  Ratto  E,  Viazzi  F,  et  al.  Metabolic  syndrome  is
associated  with  early  signs  of  organ  damage  in  nondiabetic,

16.

hypertensive patients. J Intern Med, 2005; 257, 454−60.
 Ishizaka N, Ishizaka Y, Yamakado M, et al. Association between
metabolic syndrome and carotid atherosclerosis in individuals
without  diabetes  based  on  the  oral  glucose  tolerance  test.
Atherosclerosis, 2009; 204, 619−23.

17.

 Mattsson N,  Ronnemaa T,  Juonala  M,  et  al.  Arterial  structure
and  function  in  young  adults  with  the  metabolic  syndrome:
the  Cardiovascular  Risk  in  Young  Finns  Study. Eur  Heart  J,
2008; 29, 784−91.

18.

 Johnson  HM,  Douglas  PS,  Srinivasan  SR,  et  al.  Predictors  of
carotid  intima-media  thickness  progression  in  young  adults:
the Bogalusa Heart Study. Stroke, 2007; 38, 900−5.

19.

 Ishizaka N, Ishizaka Y, Hashimoto H, et al. Metabolic syndrome
may  not  associate  with  carotid  plaque  in  subjects  with
optimal,  normal,  or  high-normal  blood  pressure.
Hypertension, 2006; 48, 411−7.

20.

 Leng  XY,  Chen  XY,  Chook  P,  et  al.  Association  between
metabolic  syndrome  and  carotid  atherosclerosis:  a
community-based  study  in  Hong  Kong. Metab  Syndr  Relat
Disord, 2013; 11, 109−14.

21.

 Luo  TY,  Liu  XH,  Dai  TY,  et  al.  Ideal  Cardiovascular  Health
Metrics and Coronary Artery Calcification in Northern Chinese
Population: A Cross-sectional Study. Biomed Environ Sci, 2016;
29, 475−83.

22.

 Zhou  Y,  Li  Y,  Xu  L,  et  al.  Asymptomatic  polyvascular
abnormalities in community (APAC) study in China: objectives,
design  and  baseline  characteristics. PLoS  One,  2013;  8,
e84685.

23.

 Craig CL, Marshall AL, Sjostrom M, et al. International physical
activity questionnaire: 12-country reliability and validity. Med
Sci Sports Exerc, 2003; 35, 1381−95.

24.

 Alberti  KG,  Zimmet  P,  Shaw  J.  Metabolic  syndrome--a  new
world-wide  definition.  A  Consensus  Statement  from  the
International  Diabetes  Federation. Diabet  Med,  2006;  23,
469−80.

25.

 Ge  S,  Xu  X,  Zhang  J,  et  al.  Suboptimal  health  status  as  an
independent  risk  factor  for  type  2  diabetes  mellitus  in  a
community-based cohort: the China suboptimal health cohort
study. EPMA J, 2019; 10, 65−72.

26.

 Bots  ML,  Hoes  AW,  Koudstaal  PJ,  et  al.  Common  carotid
intima-media  thickness  and  risk  of  stroke  and  myocardial
infarction:  the  Rotterdam  Study. Circulation,  1997;  96,
1432−7.

27.

 Touboul  PJ,  Hennerici  MG, Meairs  S,  et  al.  Mannheim carotid
intima-media  thickness  and  plaque  consensus  (2004-2006-
2011).  An update on behalf  of  the advisory board of  the 3rd,
4th and 5th watching the risk symposia, at the 13th, 15th and
20th  European  Stroke  Conferences,  Mannheim,  Germany,
2004, Brussels, Belgium, 2006, and Hamburg, Germany, 2011.
Cerebrovasc Dis, 2012; 34, 290-6.

28.

 Lorenz  MW,  Polak  JF,  Kavousi  M,  et  al.  Carotid  intima-media
thickness  progression  to  predict  cardiovascular  events  in  the
general  population  (the  PROG-IMT  collaborative  project):  a
meta-analysis of individual participant data. Lancet, 2012; 379,
2053−62.

29.

 Den  Ruijter  HM,  Peters  SA,  Anderson  TJ,  et  al.  Common
carotid  intima-media  thickness  measurements  in
cardiovascular  risk  prediction:  a  meta-analysis. Jama,  2012;
308, 796−803.

30.

 Kawada  T,  Andou  T,  Fukumitsu  M.  Metabolic  syndrome
showed  significant  relationship  with  carotid  atherosclerosis.
Heart Vessels, 2016; 31, 664−70.

31.

 Spence JD. Measurement of intima-media thickness vs. carotid
plaque:  uses  in  patient  care,  genetic  research  and  evaluation
of new therapies. Int J Stroke, 2006; 1, 216−21.

32.

 Johnsen  SH,  Mathiesen  EB.  Carotid  plaque  compared  with33.

920 Biomed Environ Sci, 2019; 32(12): 914-921

http://dx.doi.org/10.1016/S0140-6736(12)61728-0
http://dx.doi.org/10.1016/S0140-6736(15)00551-6
http://dx.doi.org/10.1016/j.amjcard.2009.07.005
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.628875
http://dx.doi.org/10.1016/j.atherosclerosis.2008.08.029
http://dx.doi.org/10.1161/ATVBAHA.109.196980
http://dx.doi.org/10.1161/ATVBAHA.109.196980
http://dx.doi.org/10.1016/j.atherosclerosis.2011.06.044
http://dx.doi.org/10.1016/S0140-6736(05)66378-7
http://dx.doi.org/10.1177/1479164114562410
http://dx.doi.org/10.2337/diacare.26.4.1251
http://dx.doi.org/10.1111/j.1365-2265.2011.04198.x
http://dx.doi.org/10.1001/archinte.166.4.444
http://dx.doi.org/10.1111/j.1365-2265.2005.02440.x
http://dx.doi.org/10.1111/j.1365-2796.2005.01468.x
http://dx.doi.org/10.1016/j.atherosclerosis.2008.10.022
http://dx.doi.org/10.1093/eurheartj/ehm576
http://dx.doi.org/10.1161/01.STR.0000258003.31194.0a
http://dx.doi.org/10.1161/01.HYP.0000233466.24345.2e
http://dx.doi.org/10.1089/met.2012.0099
http://dx.doi.org/10.1089/met.2012.0099
http://dx.doi.org/10.1371/journal.pone.0084685
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://dx.doi.org/10.1111/j.1464-5491.2006.01858.x
http://dx.doi.org/10.1161/01.CIR.96.5.1432
http://dx.doi.org/10.1016/S0140-6736(12)60441-3
http://dx.doi.org/10.1001/jama.2012.9630
http://dx.doi.org/10.1007/s00380-015-0668-y
http://dx.doi.org/10.1111/j.1747-4949.2006.00068.x
http://dx.doi.org/10.1016/S0140-6736(12)61728-0
http://dx.doi.org/10.1016/S0140-6736(15)00551-6
http://dx.doi.org/10.1016/j.amjcard.2009.07.005
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.628875
http://dx.doi.org/10.1016/j.atherosclerosis.2008.08.029
http://dx.doi.org/10.1161/ATVBAHA.109.196980
http://dx.doi.org/10.1161/ATVBAHA.109.196980
http://dx.doi.org/10.1016/j.atherosclerosis.2011.06.044
http://dx.doi.org/10.1016/S0140-6736(05)66378-7
http://dx.doi.org/10.1177/1479164114562410
http://dx.doi.org/10.2337/diacare.26.4.1251
http://dx.doi.org/10.1111/j.1365-2265.2011.04198.x
http://dx.doi.org/10.1001/archinte.166.4.444
http://dx.doi.org/10.1111/j.1365-2265.2005.02440.x
http://dx.doi.org/10.1111/j.1365-2796.2005.01468.x
http://dx.doi.org/10.1016/j.atherosclerosis.2008.10.022
http://dx.doi.org/10.1093/eurheartj/ehm576
http://dx.doi.org/10.1161/01.STR.0000258003.31194.0a
http://dx.doi.org/10.1161/01.HYP.0000233466.24345.2e
http://dx.doi.org/10.1089/met.2012.0099
http://dx.doi.org/10.1089/met.2012.0099
http://dx.doi.org/10.1371/journal.pone.0084685
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://dx.doi.org/10.1111/j.1464-5491.2006.01858.x
http://dx.doi.org/10.1161/01.CIR.96.5.1432
http://dx.doi.org/10.1016/S0140-6736(12)60441-3
http://dx.doi.org/10.1001/jama.2012.9630
http://dx.doi.org/10.1007/s00380-015-0668-y
http://dx.doi.org/10.1111/j.1747-4949.2006.00068.x


intima-media  thickness  as  a  predictor  of  coronary  and
cerebrovascular disease. Curr Cardiol Rep, 2009; 11, 21−7.
 Despres  JP,  Lemieux  I,  Bergeron  J,  et  al.  Abdominal  obesity
and  the  metabolic  syndrome:  contribution  to  global
cardiometabolic risk. Arterioscler Thromb Vasc Biol, 2008; 28,
1039−49.

34.

 Yousuf  O,  Mohanty  BD,  Martin  SS,  et  al.  High-sensitivity  C-
reactive  protein  and  cardiovascular  disease:  a  resolute  belief

35.

or an elusive link? J Am Coll Cardiol, 2013; 62, 397−408.
 Oda  E.  Serum  uric  acid  is  an  independent  predictor  of
metabolic  syndrome  in  a  Japanese  health  screening
population. Heart Vessels, 2014; 29, 496−503.

36.

 Rundek  T,  White  H,  Boden-Albala  B,  et  al.  The  metabolic
syndrome  and  subclinical  carotid  atherosclerosis:  the
Northern  Manhattan  Study. J  Cardiometab  Syndr,  2007;  2,
24−9.

37.

MetS and carotid atherosclerosis 921

http://dx.doi.org/10.1007/s11886-009-0004-1
http://dx.doi.org/10.1161/ATVBAHA.107.159228
http://dx.doi.org/10.1016/j.jacc.2013.05.016
http://dx.doi.org/10.1007/s00380-013-0386-2
http://dx.doi.org/10.1111/j.1559-4564.2007.06358.x
http://dx.doi.org/10.1007/s11886-009-0004-1
http://dx.doi.org/10.1161/ATVBAHA.107.159228
http://dx.doi.org/10.1016/j.jacc.2013.05.016
http://dx.doi.org/10.1007/s00380-013-0386-2
http://dx.doi.org/10.1111/j.1559-4564.2007.06358.x
http://dx.doi.org/10.1007/s11886-009-0004-1
http://dx.doi.org/10.1161/ATVBAHA.107.159228
http://dx.doi.org/10.1016/j.jacc.2013.05.016
http://dx.doi.org/10.1007/s00380-013-0386-2
http://dx.doi.org/10.1111/j.1559-4564.2007.06358.x

