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Introduction: Carotid atherosclerosis is a well-established biomarker associated with future
cardiovascular disease and stroke. We explored the influence of sex on the relationship
between metabolic syndrome (MetS) and its components with carotid intima-media thickness
(CIMT) among a low-income population in China, which has a high incidence of stroke.
Methods: This population-based study recruited participants aged >45 years from rural areas of
Tianjin, China between April 2014 and January 2015. Anthropometric characteristics and
biochemical profiles were measured. CIMT was assessed using ultrasonography. Diagnosis of
MetS and its components was made using the modified International Diabetes Federation criteria
for the Asian population. A multivariate linear regression model was used to evaluate the effects
of sex on the relationship between the presence of MetS and its components and CIMT.
Results: A total of 3583 individuals (men, 41.4%; women, 58.6%) were included in the
analyses. MetS was prevalent in 54.5% (men, 42.3%; women, 63.2%) of the participants.
Mean CIMT was 0.57 £ 0.09 mm. In the multivariate analysis, for both sexes, CIMT
increased significantly when MetS was present compared with when it was not (both P <
0.001). A common trend was observed in both sexes, in that CIMT increased as the number
of MetS components increased, with B (95% confidence interval [CI]) = 0.021 (0.000, 0.042)
for men and 0.014 (0.002, 0.026) for women (both P < 0.05). Of the five MetS components,
elevated blood pressure was an independent risk factor for increased CIMT in both sexes
(men: B =0.013; 95% CI: 0.003, 0.023; P = 0.008; women: = 0.024; 95% CI: 0.016, 0.033;
P < 0.001). Moreover, abdominal obesity was also an independent risk factor for increased
CIMT in men (B = 0.013; 95% CI: 0.003, 0.023; P = 0.008) but not in women.
Conclusion: The presence and number of components of MetS were associated with CIMT in
both men and women. Sex differences were found in the impact of individual components of
MetS on CIMT. Early identification and management of MetS according to sex-specific risk of
MetS should be considered to reduce the prevalence and burden of carotid atherosclerosis in rural
China, which has a high incidence of stroke, a known consequence of carotid atherosclerosis.
Keywords: atherosclerosis, carotid intima-media thickness, metabolic syndrome,
components, sex differences

Introduction

The Global Burden of Diseases, Injuries, and Risk Factors Study found that stroke
is a major cause of mortality and disability worldwide." In 2016, there were
5.5 million deaths and 116.4 million disability-adjusted life-years (DALYs) due to
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stroke.? In China, stroke is the main cause of death, and it
is associated with major expenses related to treatment and
post-stroke care as well as the loss of quite substantial
potential economic activity.

One of the main mechanisms of stroke is atherosclero-
sis, which is associated with an increased risk of recurrent
stroke events.* Epidemiological and clinical trial evidence
has supported the use of carotid intima-media thickness
(CIMT) as a validated and accepted marker for athero-
sclerosis burden® and for predicting the risk of stroke and
cardiovascular events.”’

More than 90% of stroke burden is attributable to modifi-
able risk factors.® A cluster of metabolic factors (ie, high
systolic blood pressure [SBP], high body mass index [BMI],
high fasting plasma glucose [FPG], high total cholesterol
[TC], and low glomerular filtration rate) is the second largest
contributor to DALYs.* Metabolic syndrome (MetS) is
a recognizable clinical cluster of risk factors, including
abdominal obesity, insulin resistance, hypertension, and
hyperlipidemia,” which are known to be associated with an
increased risk for cardiovascular disease and stroke.'
Previous studies have shown that the aggregation of compo-
nents of MetS was associated with the occurrence and pro-

gression of carotid atherosclerosis'' ™2

and increased mortality
and morbidity from cardiovascular disease and stroke.'*
Sex difference have been reported previously in the

15717 and the contri-

risk factors for carotid atherosclerosis
buting risk profiles for MetS.'®!' Moreover, atherosclero-
sis in men has presented with distinct inflammatory and
histologic features when compared with those in women.?’
Previous studies also found that the effect of MetS on
carotid atherosclerosis varied by sex.'®?' However, most
previous studies evaluated the relationship between MetS
and CIMT among populations in developed countries and
urban areas of developing countries. In contrast, few data
are available regarding sex-specific effects on the relation-
ship between MetS and its components with CIMT in low-
income areas, where income levels are insufficient and the
burden of stroke and other medical conditions remains
severe. Our previous study reported that the age-
standardized incidence of first-ever stroke per 100,000 per-
son-years was 318.2 in 2012 and that the incidence of
stroke had increased annually by 6.5% overall from 1992
to 2012,%2 and a greater proportion of women than men
experiencing an annual increase (8.0% versus 5.8%).%
Therefore, the present study explored the effect of sex
on the relationship between MetS and its components and

CIMT among a low-income population in China with
a high incidence of stroke.

Methods
Participant Selection and Study Design

This population-based cross-sectional study was per-
formed in rural areas of Tianjin, China from April 2014
to January 2015. Participants came from the previously
described Tianjin Brain Study.** Briefly, the Tianjin Brain
Study was a population-based stroke surveillance project
that included 14,251 participants from 18 administrative
villages in rural Tianjin, China. Approximately 95% of the
participants were low-income farmers, with a per capita
income of <1600 US dollars in 2014.
According to our previous research, the incidence of

disposable

stroke in this area was as high as 318.2 per 100,000 per-
son-years.”

The current study recruited all local permanent resi-
dents aged >45 years using the cluster sampling method.
Residents who had undergone carotid endarterectomy or
carotid stenting and those with a previous disease history
of stroke or coronary heart disease were excluded. All
eligible participants underwent anthropometric, biochem-
ical, and CIMT measurements.

Data Collection

Data in the present study were collected by well-trained
epidemiology researchers through face-to-face inter-
views based on a pre-designed questionnaire.
Sociodemographic factors included name, sex, date of
birth, and educational level. Participants were categor-
ized into three age groups: 45-54, 55-64, and >65
years. Educational level was categorized into two
groups: no formal education and some formal education.
Individual and family medical histories were determined
by a previous diagnosis of diabetes, hypertension, and/or
hyperlipidemia and medication history based on medical
records. Lifestyle factors included cigarette smoking
(defined as smoking more than one cigarette per day
for at least 1 year; participants were divided into never
smoking and now or ever smoking groups) and alcohol
consumption (defined as drinking more than 500 g of
alcohol per week for at least 1 year; participants were
divided into never drinking and now or ever drinking
groups), which were based on medical records or self-

reports.
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Physical Examinations and Measurements
Physical examination included measurements of waist cir-
cumference (cm), body mass index (BMI, kg/m?), and
blood pressure (mmHg), and the measurement processes
have been described in detail in our previous report.”’
Fasting blood samples were collected in the morning
after the participant had fasted for at least 12 hours and
were sent to the Ji County People’s Hospital within 2
hours for biochemical examination. Serum fasting blood
glucose (FBG), TC, triglycerides (TG), high-density lipo-
protein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C) concentrations were determined.

Ultrasonography Measurements

Each participant underwent detailed carotid ultrasound
examinations to evaluate CIMT. A well-trained technician
blinded to subject identification performed ultrasound
examinations while subjects were in the supine position.
All scans were performed using B-mode ultrasonography
(Terasont3000; Burlington, MA, USA) with a 5- to 12-
MHz linear array transducer. Both extracranial carotid
artery trees (including the common carotid artery, carotid
sinus, and internal and external carotid arteries) were
screened. The CIMTs at the near and far walls of the
common carotid artery were measured on both the left
and right sides, and the maximum CIMT, minimum
CIMT, and average CIMT per side were obtained.
Images were obtained and digitally stored in accordance

with a standard protocol.?®

Criteria for Metabolic Syndrome

MetS was defined according to the modified International
Diabetes Federation criteria for the Asian population
(2009) as
components:>’ (1) abdominal obesity (WC >90cm in

the presence of 3 or more abnormal

men and >80cm in women); (2) hypertriglyceridemia
(TG >1.70 mmol/L or using medications for elevated
TG); (3) low HDL-C (HDL-C <1.03 mmol/L in men and
<1.3 mmol/L in women, or using medications to increase
HDL-C); (4) increased blood pressure (SBP >130 mmHg
or diastolic blood pressure [DBP] >85 mmHg [hyperten-
sion], or using antihypertensive medications); (5) high
fasting glucose (FPG >5.6 mmol/L or using antidiabetic
medications).

MetS components in the present study refer to the five
diagnostic criteria noted above. The number of MetS

components per individual was classified into three
groups, namely 1-2, 3—4, and 5 components.

Statistical Analysis

Continuous variables, including age, education length,
CIMT, BMI, WC, FPG, TC, TG, HDL-C, LDL-C, SBP,
and DBP, were presented as means and standard devia-
tions. Categorical variables, including sex, age group,
education level, smoking status, alcohol consumption,
medications, presence of MetS and its components, and
number of components, were presented as frequencies and
percentages. Student’s t-tests and Pearson’s chi-squared
tests are used to analyze the differences in means and
proportions between groups. Multiple group comparisons
were performed with an analysis of variance. A linear
regression model was applied to estimate independent
correlates of CIMT and presented as B-coefficients and
95% confidence intervals (Cls). A two-tailed P value
<0.05 was considered significant. All statistical analyses
were performed with SPSS software (version 25.0; SPSS,
Chicago, IL, USA).

Results

Of the 5380 residents aged >45 years identified after
cluster sampling, 3956 residents participated in this sur-
vey. After excluding 373 residents who met exclusion
criteria, 3583 participants were ultimately included in
this study (Figure 1).

Demographic Characteristics

As shown in Table 1, a total of 3583 individuals aged >45
years (mean age, 60.06 years) participated in the study,
with 1482 (41.4%) men and 2101 (58.6%) women
included in the analysis. The median length of formal
education was 6 years, and 17.6% had no formal educa-
tion. Among men, 57% were current or ever smokers, and
36.1% currently or had ever consumed alcohol. Few indi-
viduals took anti-diabetes and lipid-lowering agents,
accounting for 5.5 and 0.5% respectively, and 29.0% of
individuals took anti-hypertensive drugs. The average
BMI, WC, FBG, TC, TG, HDL-C, LDL-C, SBP, DBP,
and CIMT measurements were 25.53 kg/mz, 89.15 cm,
5.92 mmol/L, 4.86 mmol/L, 1.75 mmol/L, 1.46 mmol/L,
2.70 mmol/L, 146.53 mmHg, 86.84 mmHg, and 0.57 mm
respectively.
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A total of 5380 participants were

45-years and over.

h 4

4012 participants(75%)
completed the study.

\ 4
3789 eligble participants were
analyzed in this study.

» history of stroke or myocardial

Y

3583 eligble participants were
analyzed in his study.

» of MetS components were

dd not
participate in this sudy.

1268 partidpants

223 residents with previous

infarcion were excluded.

206 residents who missing data

exchuded.

Figure | Flow chat of participants selection. Figure | showed that there were 5380 residents aged 245 years identified after cluster sampling, 3956 residents participated in
this survey. After excluding 373 residents who met exclusion criteria, 3583 participants were ultimately included in this study.

Characteristics of MetS and Its

Components and CIMT by Sex
As shown in Table 2, 1954 participants (54.5%) met the
AHA/NHLBI criteria for MetS (men, 42.3%; women,
63.2%) in the middle-aged and elderly groups, and the
prevalence of MetS was significantly higher in women
than in men (P < 0.001). More women than men were in
the 3—4 and 5 MetS components groups, with 52.3 and
10.9% in women, 37.2 and 5.1% in men (all P<0.001).
Among all MetS components, increased BP was a major
component for both men (84.6%) and women (79.2%).
Women had higher prevalences of abdominal obesity,
hypertriglyceridemia, and reduced HDL-C than did men
(all P < 0.001). Moreover, the component of abdominal
obesity accounted for the largest proportion in women, but
less than half of men (86.4% versus 48.9%, P < 0.001).
The average CIMT wvalues in men and women were
0.58 mm and 0.55 mm, respectively. Compared with
women, we found that men had greater CIMT values (P <
0.001).

Sex Differences in Factors Associated
with CIMT in the Univariate Analysis

Table 3 shows that age, educational level, LDL-C concen-
trations, and increased blood pressure (BP) were asso-
ciated with CIMT in both men and women in the
univariate analysis (all P < 0.001). The risk of greater
CIMT increased with older age, low education level,
high LDL-C concentrations, and increased BP in the over-
all population. In the univariate analysis, a positive corre-
lation was identified between CIMT and the presence and
number of components of MetS in women but not in men.

Sex Differences in Associations Between
MetS and CIMT in the Multivariate
Analysis

As shown in Table 4, the multivariate linear analysis
revealed that the presence and number of components of
MetS were associated with the risk of increased CIMT in
both men and women after adjusting for age, educational
level, and LDL-C. Compared with those in the group
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Table | Characteristics of Participants by Sex

Category Men Women Total
Total 1482 (41.4) 2101 (58.6) 3583 (100)
Age, means (SD), years 61.32 (9.70) 59.17 (9.30) 60.06 (9.52)
Age group, n (%)

45~54 years 386 (26.0) 734 (34.9) 1120 (31.3)

55~64 years 587 (39.6) 823 (39.2) 1410 (39.4)

265 years 509 (34.3) 544 (25.9) 1053 (29.4)
Education, median (range), years 6 (4) 5(7) 6 (6)
Education level, n (%)

llliteracy 134 (9.0) 498 (23.7) 632 (17.6)

Educated 1348 (91.0) 1603 (76.3) 2951 (82.4)
Smoking status, n (%)

Never smoking 638 (43.0) 2050 (97.6) 2688 (75.0)

Now or ever smoking 844 (57.0) 51 (2.4) 895 (25.0)
Alcohol consumption, n (%)

Never drinking 947 (63.9) 2072 (98.6) 3019 (84.3)

Now or ever drinking 535 (36.1) 29 (1.4) 564 (15.7)
Medication history, n (%)

Anti-hypertensive 431 (29.1) 607 (28.9) 1038 (29.0)

Anti-diabetes 72 (4.9) 124 (5.9) 196 (5.5)

Lipid-lowering agent 8 (0.5) I'1(0.5) 19 (0.5)
CIMT, mean (SD), mm 0.58 (0.09) 0.55 (0.08) 0.57 (0.09)
BMI, means (SD), Kg/m? 25.15 (3.44) 25.80 (3.8) 25.53 (3.69)
WC, means (SD), cm 89.35 (8.92) 89.01 (9.19) 89.15 (9.08)
FBG, means (SD), mmol/L 591 (1.41) 5.93 (1.67) 5.92 (1.57)
TC, means (SD), mmol/L 4.62 (1.01) 5.03 (1.09) 4.86 (1.08)
TG, means (SD), mmol/L 1.59 (1.19) 1.87 (1.24) 1.75 (1.23)
HDL-C, means (SD), mmol/L 1.40 (0.43) 1.51 (0.47) 1.46 (0.46)
LDL-C, means (SD), mmol/L 2.62 (1.22) 2.76 (1.29) 2.70 (1.26)
SBP, means (SD), mmHg 147.95 (21.36) 145.53 (22.59) 146.53 (22.12)
DBP, means (SD), mmHg 88.54 (11.23) 85.64 (11.41) 86.84 (11.43)

Abbreviations: SD, standard deviation; CIMT, carotid intima media thickness; BMI, body mass index; WC, waist circumference; FBG, fasting blood glucose; TC, total cholesterol;
TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure.

without MetS, the mean CIMTs for men and women with
MetS were 0.010 and 0.009 mm greater, respectively
(men: B = 0.010; 95% CI: 0.000, 0.019; P = 0.044;
women: B = 0.009; 95% CI: 0.001, 0.016; P = 0.019).
A common trend was observed in both sexes in which
CIMT increased in line as the number of MetS compo-
nents and with five MetS

increased, individuals

components had the greatest risk of increased CIMT,
with B (95% CI) of 0.021 (0.000, 0.042) for men and
0.014 (0.002, 0.026) for women (both P < 0.05).

Among the components of MetS, only increased BP was
an independent risk factor for increased CIMT in women (§
= 0.024; 95% CI: 0.016, 0.033; P < 0.001). In men,
increased BP and abdominal obesity were independent risk
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Table 2 Characteristics of MetS and Its Components, and CIMT by Sex

Category Men Women P value
MetS, n (%) <0.001
Yes 627 (42.3) 1327 (63.2)
No 855 (57.7) 774 (36.8)
Num. of MetS components, n (%) <0.001
0-2 855 (57.7) 774 (36.8)
34 551 (37.2) 1099 (52.3)
5 76 (5.1) 228 (10.9)
MetS components, n (%)
Raised BP 1254 (84.6) 1665 (79.2) <0.001
Raised FPG 783 (53.6) 1021 (49.4) 0.015
Reduced HDL-C 264 (18.1) 748 (36.2) <0.001
Raised TG 448 (30.6) 875 (42.4) <0.001
Abdominal Obesity 723 (48.9) 1811 (86.4) <0.001
CIMT, mean (SD), mm 0.58 (0.09) 0.55 (0.08) <0.001

Abbreviations: CIMT, carotid intima media thickness; MetS, metabolic syndrome; BP, blood pressure; FBG, fasting blood glucose; HDL-C, high density lipoprotein

cholesterol; TG, triglycerides; SD, standard deviation.

factors for increased CIMT, with B = 0.020; 95% CI: 0.008,
0.033; P = 0.002 for increased BP and = 0.013; 95% CI:
0.003, 0.023; P = 0.008 for abdominal obesity.

Discussion

In the present study, we evaluated for the first time the
association between MetS presence, number of MetS com-
ponents, and single components of MetS with CIMT in
low-income, middle-aged and elderly men and women
living in a rural area of China that has a high incidence
of stroke. We found that MetS presence and number of
components were associated with the risk of increased
CIMT in both men and women. With respect to the influ-
ence of sex on the relationship between MetS components
and CIMT, increased BP was a common independent risk
factor for and the greatest contributor to CIMT in both
men and women. Abdominal obesity was a risk factor for
increased CIMT only in man but not in women.

In recent years, with changes in lifestyle and dietary
habits, the prevalence of MetS has increased dramatically in
China.?’ In the present study, the overall prevalence of MetS
was 54.5% (42.3% in men and 63.2% in women) among this
low-income population using the modified International
Diabetes Federation (IDF) criteria for the Asian population
(2009). Another study conducted in rural areas of China
showed that the MetS prevalence in the elderly reached
56.9% using the same defining criteria, which is greater
than was identified using three other criteria: 42.4% using

the National Cholesterol Education Program Adult Treatment
Panel III (NCEP ATP I1I) criteria, 54.0% using the IDF (2005)
criteria, and 30.6% using the Chinese Diabetes Society
criteria.”® What is more, studies revealed that MetS defini-
tions using the IDF and AHA/NHLBI criteria were the best
among four sets of criteria for detecting subclinical athero-
sclerosis in non-diabetic Chinese subjects.”’
Epidemiological studies in various populations have
demonstrated that individuals with MetS had a larger CIMT

and greater risk of cardiovascular events and stroke'"'?

com-
pared with individuals without MetS. In the present study, we
also found that MetS presence was an independent risk for
increased CIMT in both sexes. The results are consistent with
those of studies among various populations.'"'**° The popu-
lation-based Tromse Study showed that both men and women
with MetS had greater CIMT at follow-up than did those
without MetS."" However, several studies reported different
results. Data from cross-sectional studies in Caucasian®' and
Taiwanese™ subjects indicated no correlation between MetS
and CIMT in the subgroup of men. More prospective cohort
studies with larger sample sizes should be conducted to resolve
this controversial issue.

Several studies have shown that interrelated compo-
nents of MetS might promote endothelial dysfunction
leading to progressive arterial injury and that the clustering
of three or more components exerted a synergistic negative
effect on vascular structure and function.'? In the present
study, we assessed sex differences in the effect of the
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Table 3 Associated Factors of CIMT by Sex in the Univariate Analysis

Risk Factors Men Women
Means (SD)/p (95% CI) P value Means (SD)/p (95% CI) P value
Age group <0.001 <0.001
45~54 years 0.55 (0.08) 0.53 (0.06)
55~64 years 0.58 (0.09) 0.56 (0.09)
265 years 0.61 (0.10) 0.58 (0.08)
Education <0.001 <0.001
llliteracy 0.06 (0.12) 0.58 (0.08)
Educated 0.58 (0.09) 0.55 (0.08)
Smoking status 0.582 0.063
Never smoking 0.58 (0.09) 0.55 (0.08)
Now or ever smoking 0.58 (0.09) 0.58 (0.10)
Alcohol consumption 0.583 0.140
Never drinking 0.58 (0.09) 0.55 (0.08)
Now or ever drinking 0.58 (0.10) 0.58 (0.11)
LDL-C 0.008 (0.004, 0.012) <0.001 0.007 (0.004, 0.009) <0.001
MetS 0.176 <0.001
No 0.58 (0.09) 0.54 (0.08)
Yes 0.59 (0.09) 0.56 (0.08)
Num. of components 0.356 <0.001
<3 0.59 (0.57, 0.59) 0.54 (0.08)
34 0.59 (0.58, 0.59) 0.56 (0.08)
5 0.59 (0.57, 0.61) 0.57 (0.08)
Single components of MetS
Raised BP 0.59 (0.09) <0.001 0.56 (0.08) <0.001
Raised FPG 0.59 (0.09) 0.030 0.56 (0.08) 0.001
Reduced HDL-C 0.59 (0.09) 0.551 0.56 (0.08) 0.662
Raised TG 0.58 (0.08) 0.055 0.55 (0.07) 0.73
Abdominal obesity 0.59 (0.09) 0.044 0.56 (0.08) 0.042

Abbreviations: CIMT, carotid intima media thickness; SD, standard deviation; Cl, confidence interval; LDL-C, low density lipoprotein cholesterol; MetS, metabolic

syndrome; BP, blood pressure; FBG, fasting blood glucose; HDL-C, high density lipoprotein cholesterol; TG, triglycerides.

number of MetS components on CIMT and found that
individuals of both sexes with more MetS components
tended to have a higher risk of increased CIMT. This
finding is consistent with those in other previous studies
in overall populations.**** A previous study reported that
using the number of components of MetS was better than
using the binary diagnosis of MetS for predicting subcli-
nical atherosclerosis.”* Our findings further confirm that
MetS is associated with an increased risk of CIMT in both
men and women. With the aging population and acceler-
ated changes in lifestyles, the overall prevalence of MetS

is increasing,®>~°

and more attention should be paid to
individuals with MetS, especially those with more compo-

nents, whether they are male or female.

Hypertension has consistently been considered to be asso-
ciated with an increased prevalence of preclinical atherosclero-
sis and with an increased risk of clinical atherosclerotic
cardiovascular disease.>” Studies in various populations have
found an association between elevated blood pressure and
increased CIMT in both sexes.>'*® Consistent with our results,
we found that elevated blood pressure was an independent risk
factor for increased CIMT in both men and women, with 8
(95% CI) of 0.020 (0.008, 0.033) in men and 0.024 (0.016,
0.033) in women. Furthermore, the results provided further
evidence that elevated BP, as a traditional risk factor, made the
greatest contribution to increased CIMT compared with the
other four components of MetS in both men and women.
Similarly, an earlier cross-sectional study showed that, when
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Table 4 Relationship Between Metabolic Syndrome and Carotid Atherosclerosis by Sex in Multivariate Analysis*

Categories References Men Women
B (95% CI) P B (95% CI) P
MetS No 0.010 (0.000, 0.019) 0.044 0.009 (0.001, 0.016) 0.019
Num. of <3
components
34 0.008 (—-0.001, 0.018) 0.108 0.007 (0.000, 0.015) 0.051
5 0.021 (0.000, 0.042) 0.046 0.014 (0.002, 0.026) 0.018
Components
Raised BP No 0.020 (0.008, 0.033) 0.002 0.024 (0.016, 0.033) <0.001
Raised FPG No 0.004 (—0.006, 0.013) 0.460 0.003 (—0.004, 0.010) 0.452
Reduced HDL-C No 0.008 (—0.004, 0.021) 0.180 0.002 (—0.005, 0.010) 0.522
Raised TG No —0.010 (—0.020, 0.001) 0.076 —0.006 (—0.013, 0.001) 0.111
Abdominal No 0.013 (0.003, 0.023) 0.008 0.001 (-0.009, 0.011) 0.800
obesity

Note: *Multivariate analysis in MetS, Num.of MetS components and MetS components were adjusted by age, education, LDL-C.
Abbreviations: Cl, confidence interval; MetS, metabolic syndrome; BP, blood pressure; FBG, fasting blood glucose; HDL-C, high density lipoprotein cholesterol; TG,

triglycerides.

comparing individuals with an equal number of components of
MetS, the prevalence of carotid atherosclerosis was signifi-
cantly higher in subjects with elevated BP than in those with-
out, and it increased with the number of components in the
elevated BP group (P= 0.0277).*° Therefore, more attention
should be paid to individuals with both MetS and elevated BP
with respect to the progression of carotid atherosclerosis and in
the evaluation of cardiovascular disease risk.

Although obesity is a risk factor for insulin resistance and
type 2 diabetes and a significant risk factor for cardiovascular
disease, not every obese individual is insulin resistant or at high
risk of diabetes and cardiovascular disease.*’ In the present
study, WC was used to measure abdominal obesity, and
a significant correlation was found between WC and CIMT
in men but not in women. In the male group, WC was an
independent risk factor for CIMT, second to increased BP as
a contributor to increased CIMT. This result is similar to results
of an earlier study in Finnish men, in which abdominal obesity
was associated with a 4-year increase in CIMT.*!' Contrary to
our findings, the Italian SardiNIA study showed that abdom-
inal obesity was correlated with increased CIMT in both sexes,
but the correlation was stronger in women.*> Another cross-
sectional study in a Caucasian population showed that WC was
an independent CIMT determinant in women, while no sig-
nificant correlation was found between CIMT and increased
WC in men.>! In view of these inconsistent research results,
further epidemiological studies are needed to provide stronger
evidence.

In present study, the other three components of MetS
(ie, increased FPG, reduced HDL-C, and increased TG)
were not correlated with CIMT in either sex. Literature
reports on sex-specific relationships between the other
three single MetS components and CIMT are contradic-
tory. A longitudinal study in Japan reported that reduced
HDL-C, increased TG, and increased FPG levels com-
pared with baseline were related to greater CIMT in both
sexes, except for high FPG in men. After the 1.2+0.4-year
follow-up period, the annual increase in CIMT was only
associated with reduced HDL-C in women and was not
related to the three single MetS components in men.*
Similar results were obtained in a longitudinal adult health
study in Norway, which reported that these three single
MetS components were not independent risk factors for
the progression of atherosclerosis in either men and

women. 1

Our study has some limitations. First, the study used
a cross-sectional design; further follow-up and cohort studies
may be used to reveal causality. Second, the study population
came from a rural area in Tianjin, China, so our findings from
this low-income population regarding the association between
MetS and its components with CIMT may not be generalizable
to other populations. Third, CIMT is considered to be an early
indicator of carotid atherosclerosis. In the future, adding in
measurement of carotid plaque and plaque burden may
strengthen our results.
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Conclusions

In this population-based cross-sectional study, we confirmed
that the presence and number of components of MetS were
associated with increased CIMT among both men and
women aged >45 years in a low-income area with a high
incidence of stroke. The association between MetS compo-
nents and CIMT varied by sex. Increased BP was a common
independent risk factor for increased CIMT in men and
women, and WC was significantly associated with CIMT in
men but not in women. Early intervention and management
of MetS and its components based on sex-specific differ-
ences, such as blood pressure and weight in men and blood
pressure in women, are essential for reducing the occurrence
and progression of carotid atherosclerosis.

Abbreviations

MetS, metabolic syndrome; CIMT, carotid intima-media
thickness; DALY, disability-adjusted life-years; SBP, sys-
tolic blood pressure; BMI, body mass index; FPG, fasting
plasma glucose; TC, total cholesterol; FBG, fasting blood
glucose; TG, triglycerides; HDL-C, high-density lipopro-
tein cholesterol; LDL-C, low-density lipoprotein choles-
terol; DBP, diastolic blood pressure; Cls, confidence
intervals; BP, blood pressure.
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