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Abstract: Objective: Asymptomatic carotid atherosclerosis is a risk equivalent factor for cardiovascular disease 
(CVD). Nonalcoholic fatty liver disease (NAFLD) has a high prevalence in the general population and is a critical risk 
factor of CVD. We investigated the effect of NAFLD and metabolic syndrome (MetS) on asymptomatic carotid ath-
erosclerosis. Method: This cross-sectional study included 3,147 participants in a health examination center based 
population over the preceding 10 years. Differences in participants with and without carotid atherosclerosis were 
compared using ANCOVA with adjustment for age. The multivariable logistic regression models were performed 
to determine whether components of MetS and NAFLD are associated with carotid atherosclerosis. Results: The 
prevalence of carotid atherosclerosis was considerably higher in individuals with both NAFLD and MetS compared 
with individuals with one of or neither NAFLD or MetS. In a multivariable logistic regression model, age, sex, smoking 
status and exercise status were included. The patients with moderate-severe NAFLD (odds ratio [OR]=1.53, 95% 
confidence interval [CI]=1.19-1.96) had a notably higher risk of carotid atherosclerosis than did those with mild 
NAFLD (OR=1.30, 95% CI=1.06-1.58). In the combined groups, the patients with MetS and NAFLD (OR=1.91, 95% 
CI=1.47-2.47) had a higher risk of carotid atherosclerosis than did those with NAFLD (OR=1.37, 95% CI=1.08-1.74) 
or MetS (OR=1.64, 95% CI=1.01-2.65). Conclusion: NAFLD and MetS are independent risk factors of carotid ath-
erosclerosis. The patients with moderate-severe NAFLD had a notably higher risk of carotid atherosclerosis than did 
those with mild NAFLD. The patients with NAFLD and MetS had the highest risk of carotid atherosclerosis.
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Introduction

Cardiovascular disease (CVD), including coro-
nary heart disease, cerebrovascular disease 
and peripheral vascular disease, is the most 
common disease in the general population, 
and is the leading cause of mortality and mor-
bidity [1]. Well-established risk factors for ath-
erosclerotic CVD are age, hypertension, hyper-
lipidemia, diabetes mellitus, smoking and ob- 
esity [2]. Non-coronary atherosclerotic disea- 
se, including carotid artery disease, peripheral 
artery disease and abdominal aortic aneurysm, 
is also associated with cardiovascular risk for 
CVD [3]. 

Studies have demonstrated that asymptomatic 
carotid atherosclerosis is a risk equivalent fac-
tor for ischemic stroke and coronary artery dis-
ease [4, 5]. Risk factors for carotid plaque are 

older age, male sex, obesity, smoking (current/
past) and metabolic syndrome (MetS) [6]. 
Hence, we used carotid atherosclerosis as a 
surrogate marker for predicting CVD risk.

Nonalcoholic fatty liver disease (NAFLD) is 
defined as follows: (a) evidence of hepatic ste-
atosis, either by imaging or by histology; and (b) 
no causes for secondary hepatic fat accumu- 
lation [7]. NAFLD is increasing in prevalence 
worldwide and affects 5%-35% (median 20%)  
of the population [8]. NAFLD and the compo-
nents of MetS are critical risk factors for CVD, 
the progression of carotid atherosclerosis, and 
all-cause-mortality [9]. 

Few studies have investigated associations 
among NAFLD, MetS, and asymptomatic carot-
id atherosclerosis. To predict CVD early in 
asymptomatic patients, we evaluated the rela-
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tionships among MetS, grading of NAFLD, and 
severity of asymptomatic carotid atheroscl- 
erosis.   

Materials and methods    

This retrospective study included patients 
between 40 and 69 years of age who under-
went a check-up at a health examination center 
in the preceding 10 years. We began by excl- 
uding participants with incomplete or missing 
laboratory data, individuals with a history of 
alcohol consumption of more than three days 
per week or history of hepatitis B or hepatitis C 

infection. The final study population comprised 
3,147 participants.

The following study variables were obtained  
for all participants: age, sex, diabetes mellitus, 
hypertension, cigarette smoking, exercise hab-
its, systolic blood pressure (SBP) and diastolic 
blood pressure (DBP), body mass index (BMI), 
waist circumference, lipid profiles, and fasting 
plasma glucose.

The definition of MetS was based on revised 
adult treatment panel III of the National Ch- 
olesterol Education Program, and diagnosis 
was based on the presence of three or more of 
the following components: (1) waist circumfer-
ence of >90 cm in men and >80 cm in women; 
(2) fasting glucose of ≥ 100 mg/dl or known 
treatment for diabetes mellitus; (3) blood pr- 
essure of ≥ 130/85 mmHg or receiving anti-
hypertensive treatment; (4) serum triglycerides 
of ≥ 150 mg/dL; (5) high density lipoprotein 
(HDL)-cholesterol levels < 40 mg/dL in men 
and < 50 mg/dL in women [10]. Carotid athero-
sclerosis was measured by carotid duplex ultra-
sound. The severity of carotid atherosclerosis 
was defined as intima-media thickness: normal 
(< 1 mm), mild (1-2 mm), moderate (2-4 mm) 
and severe (≥ 4 mm) [11].

NAFLD was defined when abdominal ultra-
sound revealed fatty liver, that was diagnosed 
based on known standard ultrasound criteria. 
NAFLD was subdivided into normal, mild and 
moderate-severe according to the severity of 
the fatty liver status. We excluded participants 
with alcohol consumption of more than 3 days 
per week and history of hepatitis B or hepatitis 
C infection. 

All statistical analysis was performed using 
SAS 9.2 software (SAS Institute, Inc., Cary, NC, 
USA). Categorical variables were expressed as 
numbers and percentages, and were compared 
using an chi-squared (X2-) test. Continuous vari-
ables were expressed as mean ± standard 
deviation by using a Student’s t-test. The diff- 
erences in participants with mild, moderate-
severe, and without carotid atherosclerosis 
were compared using ANCOVA. The multiple 
logistic regressions were performed to analyze 
whether MetS and carotid atherosclerosis are 
independently associated with carotid athero-
sclerosis, after adjustment for age, sex, and 

Table 1. Basic characteristics of the study 
sample

All subjects
(n=3,147)

Age (years) 51.7 ± 7.4
Sex (male, %) 2,521 (80.1)
BMI (kg/m2) 24.8 ± 3.2
    Low BMI (< 18.5) 57 (1.8)
    Normal BMI (18.5 ≤ BMI < 24) 1,255 (39.9)
    Overweight (24 ≤ BMI < 27) 1,134 (36.0)
    Obesity (≥ 27) 701 (22.3)
Waist circumference (cm) 86.7 ± 9.4
Fasting plasma glucose (mg/dL) 107.1 ± 24.5
Triglyceride (mg/dL) 148.3 ± 103.5
LDL (mg/dL) 122.8 ± 30.4
HDL (mg/dL) 53.7 ± 13.8
Systolic blood pressure (mmHg) 118.3 ± 15.1
Diastolic blood pressure (mmHg) 76.1 ± 10.2
Diabetes mellitus (%) 422 (13.4)
Hypertension (%) 941 (29.9)
Smoking every day (%) 302 (9.6)
Exercise habit (%) 876 (30.7)
Carotid atherosclerosis
    Normal 1,046 (33.2)
    Mild 2,028 (64.5)
    Moderate to severe 73 (2.3)
Nonalcoholic fatty liver disease
    Normal 750 (23.8)
    Mild 1,725 (54.8)
    Moderate to severe 672 (21.4)
Metabolic syndrome
    No 1,830 (58.2)
    Yes 1,317 (41.8)
BMI, body mass index; LDL, low-density lipoprotein; HDL, 
high-density lipoprotein.
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smoking and exercise habits. P values of < 0.05 
were considered significant.

Results

Basic characteristics

The basic characteristics of the group are 
shown in Table 1. The mean age was 51.7 years 
and most individuals were male (80.1%). A  
total of 302 participants were current smo- 
kers (9.6%). Approximately 13% of participants 
(n=422, 13.4%) had diabetes mellitus and 
approximately 30% (n=941, 29.9%) had hyper-
tension at baseline. A third of the participants 
(n=876, 30.7%) had regular exercise habits. A 
total of 2,397 participants were diagnosed  
with NAFLD (mild: 54.8%; moderate-severe: 
21.4%). Only a third of the participants (n= 
1,046, 33.2%) did not have carotid atheros- 
clerosis, whereas 64.5% (n=2,028) and, 2.3% 
participants (n=73) had mild and, moderate-
severe carotid atherosclerosis, respectively. 
Approximately 1,317 participants (41.8%) had 
MetS. 

Relationship of severity of asymptomatic 
carotid atherosclerosis and cardio-metabolic 
risk factors 

We classified all cohorts into three groups:  
normal (n=1,046), mild (n=2,028) and moder-
ate-severe (n=73) according to the severity of 
carotid atherosclerosis (Table 2). The partici-
pants in the mild and moderate-severe gro- 
ups had greater age, BMI, waist circumference, 
fasting plasma glucose, triglyceride, low-densi-
ty lipoprotein, SBP and DBP level compared 
with the normal group. Moreover, considerable 
differences in diabetes mellitus and hyperten-
sion were observed among the three groups. 
Prevalence of moderate-severe NAFLD and 
MetS progressively increased according to the 
severity of carotid atherosclerosis. NAFLD and 
MetS were independent predictors of carotid 
atherosclerosis. When individuals were group- 
ed according to status of NAFLD and MetS, the 
presence of carotid atherosclerosis notably 
increased in individuals with NAFLD and MetS 
(mild carotid atherosclerosis: n=837, 70.4%; 
moderate-severe carotid atherosclerosis: n= 
33, 2.8%) compared with individuals with one 
of the two factors but not NAFLD or MetS  
(mild carotid atherosclerosis: n=378, 56.4%; 

moderate-severe carotid atherosclerosis: n= 
12, 1.8%). 

Multivariable logistic regression models for 
asymptomatic carotid atherosclerosis

The multivariable logistic regression models of 
age, gender, smoking status (none, past, or cur-
rent), exercise status (none, seldom, or regular) 
were included. Individuals with NAFLD or MetS 
had a significantly higher risk of asymptomatic 
carotid atherosclerosis compared with normal 
individuals (Table 3).

The patients with moderate-severe NAFLD 
(odds ratio [OR]=1.53, 95% confidence interval 
[CI]=1.19-1.96) had a considerably higher risk 
of carotid atherosclerosis than did those with 
mild NAFLD (OR=1.30, 95% CI=1.06-1.58). The 
patients with only MetS had a higher risk of 
carotid atherosclerosis (OR=1.44, 95% CI= 
1.21-1.71). In model 3 of the combined gro- 
ups, the patients with either NAFLD (OR=1.37, 
95% CI=1.08-1.74) or MetS (OR=1.64, 95% 
CI=1.01-2.65) had an increased risk of carotid 
atherosclerosis; those patients with MetS and 
NAFLD (OR=1.91, 95% CI=1.47-2.47) had a 
highest risk of carotid atherosclerosis. 

Discussion

In this study, we examined the association 
between asymptomatic carotid atherosclero-
sis, NAFLD, and MetS for predicting risks of car-
diovascular events. NAFLD and MetS are inde-
pendent predictors of carotid atherosclerosis.

NAFLD is a crucial factor in carotid atheroscle-
rosis and has received attention because of  
the increasing risk of mortality and morbidity of 
CVD [12]. A meta-analysis review showed that 
NAFLD was notably associated with increased 
carotid intima thickness and carotid plaque 
[11]. The risk of carotid plaque for an NAFLD 
patient was 3.73 times higher than that for a 
non-NAFLD patient [13]. Another meta-analysis 
review involving 27 cross-sectional studies 
showed that NAFLD was associated with in- 
creased carotid intima thickness, increased 
coronary calcification, increased endothelial 
dysfunction and increased arterial stiffness 
[14]. Our study was in agreement with previ- 
ous studies and indicated, that patients with 
moderate-severe NAFLD (OR=1.53) had a no- 
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tably higher risk of asymptomatic carotid ath-
erosclerosis than did those with mild NAFLD 
(OR=1.30).

The association between NAFLD and CVD has 
been consistent in several studies. NAFLD has 
increased all-cause mortality, CVD mortality 
and nonfatal CVD events [15-19]. A SMART 
study including 2,684 patients with clinical 
manifestations of arterial disease or type 2 dia-
betes mellitus, but without a history of cerebral 
ischemia, showed that patients with asymp-
tomatic carotid atherosclerosis of 50% or great-

er increased by 12.3% (95% CI=10.7-13.9) in 
subsequent vascular events after 5 years, by 
2.2% (95% CI=1.4-2.8) in cerebral infarction, 
and by 8.0% (95% CI=6.6-9.4) in myocardial 
infarction [4]. The pathogenesis of NAFLD is 
linked to insulin resistance due to increased 
hepatic lipogenesis, decreased fatty acid oxi- 
dation and decreased release of lipids from 
hepatocytes into circulation [20, 21].    

Although participants with NAFLD typically 
meet the criteria of MetS, strong evidence sug-
gested that elevated risk of CVD in NAFLD 

Table 2. Relationship of severity of carotid atherosclerosis and cardiometabolic risk factors
Carotid intima-media thickness

p
            Normal (N=1046) Mild (N=2028) Moderate-Severe (N=73)

Age (years) 46.9 ± 5.4 54.1 ± 7.1 54 ± 6.7 < 0.0001
BMI (kg/m2) 24.7 ± 3.5 24.9 ± 3.1 25.2 ± 3.0 0.04
    Low BMI 27 (2.6) 30 (1.5) 0 0.0191
    Normal BMI 449 (42.9) 777 (38.3) 29 (39.7)
    Overweight 340 (32.5) 766 (37.8) 28 (38.4)
    Obesity 230 (22.0) 455 (22.4) 16 (21.9)
Waist circumference (cm) 85.7 ± 9.9 87.1 ± 9.1 89.1 ± 6.6 0.0032
Fasting plasma glucose (mg/dL) 103.3 ± 19.9 109.0 ± 26.5 109.0 ± 19.4 0.0004
Triglyceride (mg/dL) 147.9 ± 102.9 148.4 ± 104.5 149.1 ± 84.1 0.08
LDL (mg/dL) 116.8 ± 28.8 125.7 ± 30.8 129.9 ± 30.9 < 0.0001
HDL (mg/dL) 54.7 ± 14.2 53.3 ± 13.7 51.3 ± 11.4 < 0.0001
SBP (mmHg) 115.1 ± 14.3 119.8 ± 15.2 121.4 ± 16.2 0.0002
DBP (mmHg) 74.9 ± 10.5 76.7 ± 10 77.6 ± 10.7 < 0.0001
Diabetes (%) 76 (7.3) 334 (16.5) 12 (16.4) < 0.0001
Hypertension (%) 206 (19.7) 714 (35.2) 21 (28.8) < 0.0001
Current smoking (%) 90 (8.6) 205 (10.1) 7 (9.6) 0.4066
Exercise habit (%) n=2,853 237 (25.9) 621 (33.1) 18 (29.0) 0.0004
Nonalcoholic fatty liver
    Normal 303 (28.9) 433 (21.4) 14(19.2) < 0.0001
    Mild 546 (52.2) 1,142 (56.3) 37 (50.7)
    Moderate to severe 197 (18.8) 453(22.3) 22 (30.1)
Metabolic syndrome
    No 690 (65.9) 1,103 (54.4) 37 (50.7) < 0.0001
    Yes 356 (34.0) 925 (45.6) 36 (49.3)
Groups
    Non MetS and non NAFLD 280 (41.8) 378 (56.4) 12 (1.8) < 0.0001
    NAFLD without MetS  410 (35.3) 725 (62.5) 25 (2.2)
    MetS without NAFLD 37 (28.9) 88 (68.8) 3 (2.3)
    MetS with NAFLD 319 (26.8) 837 (70.4) 33 (2.8)
BMI, body mass index; LDL, low-density lipoprotein; HDL, high-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; MetS, metabolic syndrome; NAFLD, nonalcoholic fatty liver disease. Values are expressed as mean ± standard 
deviation or number (%). All parameters were adjusted for age.
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patients is independent of the risk of MetS 
[22]. A study reported that carotid-intimal 
medial thickness was greater in patients with 
NAFLD than in healthy control, with all data 
adjusted for age, sex, MetS components and 
insulin resistance [23]. A prospective cohort 
study, where patients who underwent coronary 
angiogram had ultrasound screening for fat- 
ty liver, revealed that fatty liver (adjusted 
OR=2.31; 95% CI=1.46-3.64) was indepen-
dently associated with coronary artery disease 
after adjustment for demographic characteris-
tics and MetS [24]. Hence, in our study, we 
directly investigated the influence of MetS and 
NAFLD on carotid atherosclerosis and discov-
ered that patients with MetS but without NAFLD 
(OR=1.64) had a higher risk of carotid athero-
sclerosis than did those with only NAFLD 
(OR=1.37).     

A previous study of 37,799 asymptomatic 
adults aged 20 years or older who underwent a 
health check-up examination in the Republic of 
Korea, revealed that NAFLD (Sensitivity: 44%; 
Specificity: 60%) was more sensitive than MetS 
(Sensitivity: 27%; Specificity: 81%) regarding 
carotid plaque but was less specific. The pres-
ence of NAFLD plus MetS (Sensitivity: 53%; 
Specificity: 55%) improved sensitivity. There 
may have been some benefit from NAFLD 
screening for carotid plaque but with limited 
sensitivity and specificity. NAFLD has more a 
prominent association with carotid plaque in 

in woman required further evaluation. Second, 
this study was a cross-sectional study; further 
longitudinal studies are required to determi- 
ne whether early intervention of NAFLD could 
decrease CVD risk. Third, NAFLD was diag-
nosed by ultrasonography-an operator-depen-
dent examination, which may need to incorrect 
diagnosis in 10%-30% of cases [25]. However, 
ultrasonography is still the most frequently 
used tool for diagnosing NAFLD because of its 
noninvasiveness and acceptable accuracy, and 
is recommended by several guidelines on the 
diagnosis and management of NAFLD [7].

In conclusion, this study demonstrated that 
NAFLD and MetS are independent risk factors 
of subclinical carotid atherosclerosis. The risk 
of carotid atherosclerosis is proportional to the 
severity of NAFLD. Furthermore, the patients 
with NAFLD and MetS had highest risk of ca- 
rotid atherosclerosis. Thus, NAFLD and MetS 
could be a valuable tool for early prediction of 
CVD risk in asymptomatic patients in the gen-
eral population.
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Table 3. Odds ratios for carotid atherosclerosis according to 
multivariate logistic regression models

OR (95% CI)
Model 1 with fatty liver
    No fatty liver 1.00
    Mild fatty liver 1.30 (1.06-1.58)
    Moderate to severe fatty liver 1.53 (1.19-1.96)
Model 2 with metabolic syndrome (yes v.s. non)
    No 1.00
    Yes 1.44 (1.21-1.71)
Model 3 with combined groups
    Non MetS and non NAFLD 1.00
    NAFLD without MetS  1.37 (1.08-1.74)
    MetS without NAFLD 1.64 (1.01-2.65)
    MetS with NAFLD 1.91 (1.47-2.47)
OR, odds ratio; CI, confidence interval; MetS, metabolic syndrome; NAFLD, 
nonalcoholic fatty liver disease. The variables included in multivariable 
analysis were age (years), sex, smoking status (none, past, or current), 
and exercise status (none, seldom, or regular). 

young adults (< 60 years) without 
MetS than old adults (≥ 60 years) or 
adults with MetS [6]. In our study, the 
population was young and apparently 
metabolically healthy (e.g. approxi-
mately 13.1% of the participants  
had diabetes mellitus and 41% had 
MetS). These findings suggested that 
NAFLD could be another tool to pre-
dict CVD risks early in young adults.  

Our study had several strengths and 
limitations. We included a large study 
population without major CVD; this 
enabled us to test for interactions 
and generalize the results to the 
entire population. However, the limi-
tations were as follows. First, the  
participants were mostly men under-
going a routine health check-up. 
Therefore, the association between 
NAFLD and carotid atherosclerosis  
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