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Cardiovascular Topics
Comparison of carotid intima–media thickness and
coronary artery calcium score for estimating subclinical
atherosclerosis in patients with fatty liver disease
Hyun-Jin Kim, Hyung-Bok Park, Yongsung Suh, Yoon-Hyeong Cho, Eui-Seok Hwang, Deok-Kyu Cho,
Tae-Young Choi

Abstract
Introduction: Fatty liver disease (FLD) is correlated with
cardiovascular disease. Carotid intima–media thickness
(CIMT) and coronary artery calcium score (CACS) can noninvasively identify subclinical atherosclerosis and predict risk
for cardiovascular events. This study evaluated CIMT and
CACS measurements to detect subclinical atherosclerosis in
patients with and without FLD.
Methods: Patients who underwent carotid and abdominal
ultrasounds as well as cardiac computed tomography (CT)
scans were evaluated retrospectively. The differences between
the mean CIMT value and CACS measurements in patients
with FLD and those with normal livers were estimated.
Results: Among 819 patients (average age of 53.3 ± 11.2
years), 330 had FLD. The CIMT was greater in patients with
FLD compared to the controls (0.79 ± 0.17 vs 0.76 ± 0.17
mm, p = 0.012), and carotid plaques were more commonly
seen in patients with FLD. The incidence of a composite of
larger CIMT (≥ 75th percentile) plus plaque presence was
higher in FLD patients (43.3 vs 36.0%, p = 0.041). Particularly
among young patients (≤ 50), the CIMT was larger in patients
with FLD than in the controls. FLD increased the risk of
a composite of large CIMT plus plaque presence in young
patients (odds ratio 1.92, 95% confidence interval 1.05–3.49,
p = 0.034). However, patients with FLD had no greater incidence of CACS of over 100 than the controls.
Conclusion: CIMT was a better marker of underlying subclinical atherosclerotic risk among patients with FLD than CACS.
FLD particularly, increases the risk of subclinical atherosclerosis in patients younger than 50 years of age. These patients
should undergo screening CIMT to detect atherosclerosis and
modify risk factors.
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Fatty liver disease, a common hepatic manifestation of
the metabolic syndrome, is linked to an increased risk for
cardiovascular disease and is proposed to be an independent risk
factor for cardiovascular disease.1-3 Patients with fatty liver disease
also have increased cardiovascular mortality rates regardless of
other traditional risk factors,4 and have increased incidence of
subclinical atherosclerosis.3 Although the biological mechanism
that explains the relationship between fatty liver disease and
atherosclerosis has not been fully proven, recent studies have
shown that it may be related to hepatic insulin resistance, chronic
inflammation, oxidative stress and dyslipidaemia, including low
adiponectin levels.5-7
Carotid intima–media thickness (CIMT), as measured by
carotid ultrasound, has been used as a surrogate measurement of
subclinical atherosclerosis.8 This measurement is correlated with
risk for cardiovascular events.9 Coronary artery calcium score
(CACS), as measured by cardiac computed tomography (CT)
scan, is also a known marker of atherosclerosis, and the clinical
risk for all-cause mortality and cardiovascular disease events
increases with increasing CACS.10 In addition, CACS over 100 is
a known predictor of coronary events.11,12
Although previous studies have shown that fatty liver disease
is associated with coronary artery calcification,13,14 there are
no specific guidelines recommending screening for subclinical
atherosclerosis in patients with fatty liver disease. Further
evaluations should assess the progression of atherosclerosis in
young patients with fatty liver disease, even in the absence of
other traditional risk factors.
This study evaluated the efficacy of CIMT measurements and
CACS in detecting subclinical atherosclerosis in patients with
fatty liver disease.

Methods
This was a retrospective cohort study and the sample was
made up of patients who visited our healthcare centre to
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undergo routine healthcare maintenance evaluations between
June 2011 and December 2013 (n = 23 474). Inclusion criteria
were performance on the same day of carotid and abdominal
ultrasounds as well as cardiac CT scans evaluating for coronary
calcifications (n = 1 064). Patients were excluded from the study
if they had conditions that could lead to chronic liver disease,
including hepatitis B surface antigen positivity (n = 60), hepatitis
C antibody positivity (n = 6), or excessive alcohol consumption
(≥ 20 g/day)15 (n = 179).
The study population was composed of 819 patients. Their
clinical features and laboratory findings were collected using
electronic medical records.
The study was approved by the local institutional review
board and was conducted according to the Declaration of
Helsinki. The institutional review board exempted written
informed patient consent (MJH 2015-01-068).
Carotid artery examination was performed using a Vivid
E9 ultrasound system (GE Healthcare, Little Chalfont, UK)
and an 11L linear probe. Mean CIMT measurements were
performed by an experienced ultrasonographer on the far wall of
both common carotid arteries at end-diastole along an arterial
segment of 10 mm in length located 10 mm proximal to the
carotid bulb, using semi-automated border detection software.
Carotid plaques were defined as focal and isolated areas of
abnormal intima protruding into the lumen, greater than 15
mm or 50% of the surrounding IMT value.16 Carotid plaque-free
segments were evaluated for CIMT analysis.
The mean CIMT value was calculated by averaging the CIMT
measurements of the left and right common carotid arteries. For
evaluating carotid plaque, the common carotid arteries, carotid
bifurcations and external and internal carotid arteries were
scanned. We also evaluated the incidence of a composite of a
CIMT value higher than the 75th percentile plus the presence
of carotid plaque. We defined this composite as subclinical
atherosclerosis. The 75th percentile values of the mean CIMT
value were estimated according to gender.
Abdominal ultrasound is the most commonly used imaging
tool for diagnosing fatty liver disease.17 Abdominal ultrasound
examination was performed by an experienced ultrasonographer
using an Acuson Sequoia 512 ultrasound system (Siemens
Medical Solutions, USA) and a 4C1 curved probe. Normal
liver echogenicity was equal to the echogenicity of the cortex of
the right kidney.18 Fatty liver disease was diagnosed if the liver
echogenicity was diffusely increased compared to the cortex
echogenicity of the right kidney.19,20
Calcium score CT was performed to evaluate for coronary
artery calcifications (GE LightSpeed VCT, USA). CT images
were obtained with a 2.5-mm slice thickness from the carina to
the bottom of the heart. The CACS from all calcified plaques
in the coronary tree was calculated by an automated program
according to the Agatston method.21 We also evaluated the
incidence of a CACS over 100, which was a threshold in a
previous study, known to increase the risk of atherosclerotic
cardiovascular disease.22

Statistical analysis
All data were summarised as frequencies and percentages or
means and standard deviations. The laboratory findings of
liver function and lipid profiles were summarised as median
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and interquartile range. The Pearson chi-square test was used
to compare categorical variables. The Student’s t-test was used
to compare continuous variables and the Mann-Whitney U-test
was used when the sample size of at least one group was less
than 30. The mean CIMT value, CACS value and the presence
of carotid plaques were stratified by age.
Univariate followed by multivariate logistic regression analyses
were performed to evaluate the association between subclinical
atherosclerosis and fatty liver disease, with adjustments for
individuals following traditional risk factors for atherosclerosis:
age, hypertension, diabetes and dyslipidaemia. A p-value of less
than 0.05 was considered statistically significant. All analyses
were performed using SPSS 18.0 (SPSS Inc, Chicago, IL).

Results
Among a total of 819 patients (mean age: 53.3 ± 11.2 years old) who
met the inclusion criteria for this study, 330 (40.3%) patients had
fatty liver disease. Patients’ baseline characteristics are presented
in Table 1. Patients with fatty liver disease had significantly larger
waist and hip circumferences and body mass indices than patients
without fatty liver disease. In addition, patients with fatty liver
disease had a higher incidence of medical co-morbidities, including
hypertension, diabetes and dyslipidaemia and had worse clinical
laboratory findings, including haemoglobin A1c, homocysteine,
total cholesterol, triglycerides, low-density lipoprotein cholesterol,
aspartate aminotransferase, alanine aminotransferase, gammaglutamyl transpeptidase and alkaline phosphatase levels than
patients without fatty liver disease.
Of the 819 patients, the mean CIMT was 0.77 ± 0.17 mm;
194 (23.7%) patients had carotid plaques (Table 2). The CIMT
was significantly higher in patients with fatty liver disease than
among patients with normal livers (0.79 ± 0.17 vs 0.76 ± 0.17
mm, p = 0.012). Carotid plaques were identified more commonly
in patients with fatty liver disease, but did not reach statistical
significance (27.0 vs 21.7%, p = 0.094). The incidence of a
composite of larger CIMT (≥ 75th percentile) plus the presence
of carotid plaque was significantly higher in patients with fatty
liver disease (43.3 vs 36.0%, p = 0.041). The 75th percentile
CIMT value of male patients was 0.92 mm and that of female
patients was 0.88 mm.
Among 819 patients, 561 (68.5%) had a CACS of zero. The
mean CACS was 53.07 ± 250.14 (Table 2). Conversely, there were
no significant differences in the mean CACS and in the incidence
of a CACS greater than 100 between patients with fatty liver
disease and those with normal livers.
Table 3 shows the mean CIMT values, the presence of carotid
plaques, and the CACS according to the age groups. Interestingly,
among patients under 50 years old (n = 310), the CIMT value
was significantly higher in the group with fatty livers than among
those with normal livers. These young patients with fatty liver
disease had increased risk of subclinical atherosclerosis [odds
ratios (OR) 1.92, 95% confidence interval (CI): 1.05–3.49, p =
0.034]. After adjustment for age, hypertension, diabetes and
dyslipidaemia, fatty liver disease also increased the risk of
subclinical atherosclerosis in young patients (OR 1.90, 95% CI:
1.01–3.59, p = 0.047].
However, there were no significant differences in CACS
and carotid plaque presence among patients with fatty liver
disease compared to those with normal livers according to age
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Table 1. Baseline patient characteristics
All (n = 819)

Fatty liver disease (n = 330)

Normal livers (n = 489)

Age (years)

53.25 ± 11.20

53.44 ± 10.87

53.13 ± 11.42

Male, n (%)

415 (50.7)

212 (64.2)

206 (41.5)

< 0.001

Waist circumference (cm)

81.66 ± 9.39

87.07 ± 7.88

77.99 ± 8.53

< 0.001

Hip circumference (cm)

94.56 ± 6.14

97.02 ± 6.02

92.89 ± 5.65

< 0.001

Waist-to-hip ratio

0.86 ± 0.07

0.90 ± 0.06

0.84 ± 0.07

< 0.001

BMI (kg/m2)

25.07 ± 3.41

26.88 ± 3.19

23.85 ± 2.98

< 0.001

SBP (mmHg)

121.95 ± 13.11

125.9 ± 12.38

119.25 ± 12.91

< 0.001

DBP (mmHg)

74.67 ± 9.80

77.95 ± 9.12

72.46 ± 9.63

< 0.001

Hypertension, n (%)

263 (32.1)

141 (42.17)

122 (24.9)

< 0.001

Diabetes, n (%)

108 (13.2)

70 (21.2)

38 (7.8)

< 0.001

p-value
0.698

Previous history

263 (32.1)

141 (42.7)

122 (24.9)

< 0.001

Fasting blood glucose (mg/dl)

Dyslipidaemia, n (%)

99.54 ± 18.95

105.04 ± 20.85

95.82 ± 16.57

< 0.001

(mmol/l)

(5.52 ± 1.05)

(5.83 ± 1.16)

(5.32 ± 0.92)

5.75 ± 0.68

5.96 ± 0.78

5.62 ± 0.57

< 0.001

10.5 (8.9–12.4)

11.1 (9.3–13.2)

10.2 (8.7–12.0)

< 0.001

191.0 (170.0–214.0)

194.0 (174.0–218.0)

186.0 (167.0–211.5)

(mmol/l)

[4.95 (4.40–5.54)]

[5.02 (4.51–5.65)]

[4.82 (4.33–5.48)]

Triglycerides (mg/dl)

115.0 (77.0–17.01)

146.0 (102.8–212.8)

95.0 (59.0–143.0)

(mmol/l)

[1.30 (0.87–0.19)]

[1.65 (1.16–2.40)]

[1.07 (0.67–1.62)]

HbA1c (%)
Homocysteine (μmol/l)
Total cholesterol (mg/dl)

0.001
< 0.001

LDL cholesterol (mg/dl)

112.0 (93.0–131.0)

116.5 (98.0–134.0)

107.0 (91.0–129.0)

(mmol/l)

[2.90 (2.41–3.39)]

[3.02 (2.54–3.47)]

[2.77 (2.36–3.34)]

0.001

AST (IU/l)

23.0 (19.0–27.0)

25.0 (20.0–31.0)

21.0 (18.0–26.0)

< 0.001

ALT (IU/l)

20.0 (14.0–29.0)

27.0 (19.0–40.3)

17.0 (13.0–23.0)

< 0.001

Gamma-GTP (IU/l)

25.5 (17.0–42.0)

35.5 (24.0–59.0)

21.0 (15.0–31.0)

< 0.001

ALP (IU/l)

83.0 (53.0–193.0)

85.0 (56.8–201.3)

79.0 (52.0–182.0)

0.023

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HbA1c: haemoglobin A1c; LDL cholesterol: low-density lipoprotein cholesterol;
AST: aspartate aminotransferase; ALT: alanine aminotransferase; Gamma-GTP: gamma-glutamyl transpeptidase; ALP: alkaline phosphatase.
Table 2. Difference in CIMT and CACS between the two groups
All (n = 819)

Fatty liver disease (n = 330)

Normal liver (n = 489)

p-value

CIMT (mm)

0.77 ± 0.17

0.79 ± 0.17

0.76 ± 0.17

0.012

Presence of plaque, n (%)

195 (23.8)

89 (27.0)

106 (21.7)

0.094

CIMT ≥ 75th percentile or presence of plaque, n (%)

319 (38.9)

143 (43.3)

176 (36.0)

0.041

53.07 ± 250.14

73.85 ± 323.29

39.05 ± 184.20

0.077

73 (8.9)

32 (9.7)

41 (8.4)

0.518

Cardiac CT calcium score
Cardiac CT calcium score > 100, n (%)

CIMT: carotid intima–media thickness; CACS: coronary artery calcium score.
Table 3. CIMT, carotid plaque and CACS according to age group
Fatty liver disease

Normal liver

p-value

< 30 (20)

0.66 ± 0.11 (4)

0.54 ± 0.11 (16)

0.056

31–40 (98)

0.70 ± 0.15 (43)

0.63 ± 0.14 (55)

0.022

41–50 (192)

0.76 ± 0.17 (73)

0.69 ± 0.16 (119)

0.006

51–60 (295)

0.80 ± 0.16 (123)

0.80 ± 0.15 (172)

0.951

61–70 (158)

0.85 ± 0.15 (65)

0.85 ± 0.14 (93)

0.936

> 70 (56)

0.89 ± 0.14 (22)

0.87 ± 0.16 (34)

0.661

Age group, years (n)
CIMT (mm) (n)

CACS
< 30

0

0

–

31–40

1.21 ± 4.06

2.25 ± 14.62

0.650

41–50

16.62 ± 73.57

18.37 ± 133.82

0.918

51–60

82.89 ± 412.46

28.67 ± 117.79

0.158

61–70

93.32 ± 300.54

94.85 ± 337.18

0.977

311.00 ± 521.03

89.18 ± 197.92

0.028

> 70
Carotid plaque, n (%)
< 30

0

0

–

31–40

3 (7.0)

4 (7.3)

1.000

41–50

10 (13.7)

9 (7.6)

0.167

51–60

32 (26.0)

36 (20.9)

0.306

61–70

32 (49.2)

40 (43.0)

0.440

> 70

12 (54.4)

17 (50.0)

0.740

group. Young patients with fatty liver disease did not have a
significantly increased incidence of CACS > 100 (OR 0.79, 95%
CI: 0.14–4.37, p = 0.785) or incidence of carotid plaque presence
(OR 1.65, 95% CI: 0.74–3.70, p = 0.221).
Of the patients with a CACS of zero (n = 561), the patients
with fatty liver disease (n = 212) had a significantly higher mean
CIMT value than the patients with normal livers (n = 349) (0.77
± 0.15 vs 0.72 ± 0.16 mm, p = 0.002) (Fig. 1). In addition, among
patients with a CACS under 100, the mean CIMT value was also
significantly higher among patients with fatty liver disease (n =
298) compared to those with normal livers (n = 448) (0.78 ± 0.17
vs 0.75 ± 0.17 mm, p = 0.013).

Discussion
The clinical characteristics of patients with fatty liver disease
were worse than those of patients with normal livers in our
study. The carotid ultrasound images reflected these findings
that an increased mean CIMT value was associated with fatty
liver disease, and that a composite incidence of larger CIMT
(≥ 75th percentile) plus the presence of carotid plaque was also
associated with fatty liver disease. Interestingly, young patients
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1.0

p = 0.002

p = 0.013

CACS 0

CACS <100

Carotid IMT (mm)

0.8
0.6
0.4
0.2
0.0

Fatty liver

Normal liver

Fig 1. CIMT values according to the presence of fatty liver
disease in patients with a CACS of zero and less than
100. The mean CIMT value was significantly higher
among patients with fatty liver disease compared to those
with normal livers in both groups. CACS: coronary artery
calcium score; CIMT: carotid intima–media thickness.

(less than 50 years of age) with fatty liver disease showed an
increased risk of subclinical atherosclerosis proven by carotid
ultrasound rather than by CACS. CIMT was a sensitive marker
in identifying atherosclerosis in patients with fatty liver disease,
even with a CACS of zero or less than 100.
The pathogenesis of fatty liver disease has been not fully
elucidated, but insulin resistance and subclinical inflammation
are known to be key mechanisms in the development of fatty
liver disease.3 Fatty liver disease and the metabolic syndrome
share many pathophysiological mechanisms and co-morbidities,
such as dyslipidaemia, type 2 diabetes mellitus, insulin resistance
and obesity.
As demonstrated in our study, patients with fatty liver disease
had more metabolic co-morbidities than those without fatty liver
disease. The metabolic syndrome promotes the progression of
atherosclerosis and increases the risk of cardiovascular disease.23
Moreover, fatty liver disease has been found to be associated with
increased mortality rates due to cardiovascular disease and was
an independent risk factor for atherosclerosis.24,25 The association
of fatty liver disease with the development of cardiovascular
disease indicates the importance of early detection and close
follow up of atherosclerosis in patients with fatty liver disease.
The goal of clinical medicine is to prevent as well as cure
disease. However, guidelines do not exist regarding which
method of screening should be performed in patients with
fatty liver disease and how often they should be evaluated to
prevent complications caused by atherosclerosis. Prior studies
have shown that the measurement of CIMT using carotid
ultrasound and of CACS using cardiac CT can detect subclinical
atherosclerosis in fatty liver disease patients.9,26
Increased CIMT in the carotid artery reflects the onset of early
atherosclerotic change in the arterial wall. It is known that CIMT
measurement by carotid ultrasound in asymptomatic individuals
can independently predict future cardiovascular events.27,28
Importantly, by showing a significant increase in CIMT values in
patients with fatty liver disease compared to those with a normal
liver, our study demonstrated that the development of subclinical
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atherosclerosis had already been initiated in patients under 50
years of age with fatty liver disease. In addition, it revealed that
CIMT evaluation can effectively detect subclinical atherosclerosis
in patients with a CACS of zero or below 100. These findings
have important implications for screening and prevention of
cardiovascular disease in asymptomatic young patients.
An elevated CACS is also an independent risk factor
for coronary artery disease.22 Moreover, as coronary artery
calcification is associated with a higher incidence of major and
minor cardiovascular events, CACS estimation may serve as
an important tool in cardiovascular risk assessment. Because
arterial calcification represents end-stage changes in vascular
atherosclerosis,29 the absence of calcifications does not mean that
the artery is free of atherosclerosis or non-calcified plaque. Our
study also suggests that there was no significant difference in the
CACS or in the presence of carotid plaques between patients
with fatty liver disease and those with normal livers, despite a
difference in CIMT values. Prior studies have also demonstrated
that coronary artery calcification was more strongly correlated
with carotid plaque burden than with CIMT values in patients
with asymptomatic subclinical atherosclerosis.30,31
In earlier studies, the CACS has been shown to be the best
predictor of total cardiovascular disease, while the CIMT or
presence of carotid plaque have been found to be slightly better
than the CACS in predicting cerebrovascular events.32-34 Both
cardiovascular and cerebrovascular events can be especially
catastrophic for young patients with underlying metabolic disease.
Therefore, a sensitive method for early detection of subclinical
atherosclerosis is needed for patients with fatty liver disease in
order to predict the likelihood of vascular complications and to
intervene with preventative therapies.
The main limitation of this study is that inclusion required
that patients had all examinations performed, including carotid
and abdominal ultrasound and calcium score CT, therefore our
results may not be generalisable to other subjects with the same
clinical characteristics. Another limitation of this study is its crosssectional design. A long-term, causal study is needed to assess the
impact of atherosclerosis screening on patient outcomes.

Conclusion
CIMT was a better marker of underlying subclinical
atherosclerotic risk among patients with fatty liver disease
than CACS. The measurement of CIMT was especially useful
in evaluating the risk of subclinical atherosclerosis in young
patients less than 50 years of age. Young patients with fatty liver
disease should undergo screening CIMT to detect atherosclerosis
so that their risk factors can be modified.

References
1.

Neuschwander-Tetri BA. Nonalcoholic steatohepatitis and the metabolic syndrome. Am J Med Sci 2005; 330(6): 326–335.

2.

Targher G, Arcaro G. Non-alcoholic fatty liver disease and increased
risk of cardiovascular disease. Atherosclerosis 2007; 191(2): 235–240.

3.

Ozturk K, Uygun A, Guler AK, Demirci H, Ozdemir C, Cakir M, et al.
Nonalcoholic fatty liver disease is an independent risk factor for atherosclerosis in young adult men. Atherosclerosis 2015; 240(2): 380–386.

4.

Maurantonio M, Ballestri S, Odoardi MR, Lonardo A, Loria P.
Treatment of atherogenic liver based on the pathogenesis of nonalco-

AFRICA

5.

CARDIOVASCULAR JOURNAL OF AFRICA • Advance Online Publication, October 2017

holic fatty liver disease: a novel approach to reduce cardiovascular risk?

ultrasonographic nonalcoholic fatty liver disease and cardiometabolic

Arch Med Res 2011; 42(5): 337–353.

risk among Filipino wellness patients. J Cardiovasc Thorac Res 2017;
9(2): 85–89.

Yki-Jarvinen H, Westerbacka J. The fatty liver and insulin resistance.
Curr Mol Med 2005; 5(3): 287–295.

6.

21.

with nonalcoholic Fatty liver disease. Am J Gastroenterol 2005; 100(4):

computed tomography. J Am Coll Cardiol 1990; 15(4): 827–832.
22.

calcification, coronary disease risk factors, C-reactive protein, and

Leach NV, Dronca E, Vesa SC, Sampelean DP, Craciun EC, Lupsor M,

atherosclerotic cardiovascular disease events: the St. Francis Heart

in non-alcoholic steatohepatitis. Eur J Intern Med 2014; 25(8): 762–767.

study. J Am Coll Cardiol 2005; 46(1): 158–165.
23.

RC, et al. Carotid atherosclerosis and coronary heart disease in the

et al. Use of carotid ultrasound to identify subclinical vascular disease

metabolic syndrome: prospective data from the Bruneck study. Diabetes

the American Society of Echocardiography Carotid Intima-Media

Care 2003; 26(4): 1251–1257.
24.

lation-based cohort study. Am J Gastroenterol 2008; 103(9): 2263–2271.

Am Soc Echocardiogr 2008; 21(2): 93–111.
Greenland P, Abrams J, Aurigemma GP, Bond MG, Clark LT, Criqui

25.

and pathological severity. Gastroenterology 1999; 116(6): 1413–1419.

identifying the high-risk patient for primary prevention: noninvasive
26.

A systematic review: burden and severity of subclinical cardiovascular

Berman DS, Arnson Y, Rozanski A. Coronary artery calcium scanning:

disease among those with nonalcoholic fatty liver; should we care?

1417–1419.

Atherosclerosis 2013; 230(2): 258–267.
27.

SK, Jr. Carotid-artery intima and media thickness as a risk factor for

J, et al. Usefulness of regional distribution of coronary artery calcium

myocardial infarction and stroke in older adults. Cardiovascular Health

115(9): 1229–1234.

Study Collaborative Research Group. N Engl J Med 1999; 340(1): 14–22.
28.

Interrelationship between non-invasive measurements of atheroscle-

RS, Blaha MJ. Improving the relationship between coronary artery

rosis: flow-mediated dilation of brachial artery, carotid intima-media

ures of coronary artery calcium distribution. Atherosclerosis 2015;

thickness and pulse wave velocity. Atherosclerosis 2004; 173(1): 13–18.
29.

et al. Relationships among regional arterial inflammation, calcifica-

Park HE, Kwak MS, Kim D, Kim MK, Cha MJ, Choi SY. Nonalcoholic

tion, risk factors, and biomarkers: a prospective fluorodeoxyglucose

fatty liver disease is associated with coronary artery calcification devel-

positron-emission tomography/computed tomography imaging study.

3134–3143.

Circ Cardiovasc Imaging 2009; 2(2): 107–115.
30.

et al. Carotid plaque burden as a measure of subclinical atherosclerosis:

risk for development of coronary artery calcification in subjects with

comparison with other tests for subclinical arterial disease in the High

non-alcoholic fatty liver disease and systemic inflammation. PLoS One

Risk Plaque BioImage study. J Am Col Cardiol Cardiovasc Imaging

Adams LA, Waters OR, Knuiman MW, Elliott RR, Olynyk JK.

2012; 5(7): 681–689.
31.

al. Relationship between carotid disease on ultrasound and coronary

bolic syndrome: an eleven-year follow-up study. Am J Gastroenterol

disease on CT angiography. J Am CC Cardiovasc Imaging 2013; 6(11):

Nambi V, Chambless L, Folsom AR, He M, Hu Y, Mosley T,

1160–1167.
32.

carotid intima–media thickness and plaque add to the prediction of

plaque improves prediction of coronary heart disease risk: the ARIC

stroke and cardiovascular disease risk in older adults? The cardiovascu-

55(15): 1600–1607.

18.

lar health study. J Am Soc Echocardiogr 2014; 27(9): 998–1005.
33.

et al. Comparison of coronary artery calcium presence, carotid plaque

Ann Hepatol 2009; 8(Suppl 1): S25–33.

presence, and carotid intima-media thickness for cardiovascular disease

Osawa H, Mori Y. Sonographic diagnosis of fatty liver using a histo-

prediction in the Multi-Ethnic Study of Atherosclerosis. Circ Cardiovasc

J Clin Ultrasound 1996; 24(1): 25–29.

20.

Gepner AD, Young R, Delaney JA, Tattersall MC, Blaha MJ, Post WS,

Myers RP. Noninvasive diagnosis of nonalcoholic fatty liver disease.

Imaging 2015; 8(1).

gram technique that compares liver and renal cortical echo amplitudes.
19.

Gardin JM, Bartz TM, Polak JF, O’Leary DH, Wong ND. What do

et al. Carotid intima–media thickness and presence or absence of
(Atherosclerosis Risk In Communities) study. J Am Coll Cardiol 2010;
17.

Cohen GI, Aboufakher R, Bess R, Frank J, Othman M, Doan D, et

NAFLD as a risk factor for the development of diabetes and the meta2009; 104(4): 861–867.
16.

Sillesen H, Muntendam P, Adourian A, Entrekin R, Garcia M, Falk E,

Kim J, Lee DY, Park SE, Park CY, Lee WY, Oh KW, et al. Increased

2017; 12(7): e0180118.
15.

Rudd JH, Myers KS, Bansilal S, Machac J, Woodward M, Fuster V,

238(1): 126–131.

opment: a longitudinal study. J Clin Endocrinol Metab 2016; 101(8):
14.

Kobayashi K, Akishita M, Yu W, Hashimoto M, Ohni M, Toba K.

Tota-Maharaj R, Al-Mallah MH, Nasir K, Qureshi WT, Blumenthal
calcium score and coronary plaque burden: addition of regional meas-

13.

O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson

Tota-Maharaj R, Joshi PH, Budoff MJ, Whelton S, Zeb I, Rumberger
to improve the prediction of all-cause mortality. Am J Cardiol 2015;

12.

Oni ET, Agatston AS, Blaha MJ, Fialkow J, Cury R, Sposito A, et al.

101(1): E16–22.
the agatston score and beyond. JACC Cardiovasc Imaging 2016; 9(12):
11.

Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu YC,
McCullough AJ. Nonalcoholic fatty liver disease: a spectrum of clinical

MH, et al. Prevention Conference V: Beyond secondary prevention:
tests of atherosclerotic burden: Writing Group III. Circulation 2000;

Dunn W, Xu R, Wingard DL, Rogers C, Angulo P, Younossi ZM, et al.
Suspected nonalcoholic fatty liver disease and mortality risk in a popu-

Thickness Task Force. Endorsed by the Society for Vascular Medicine. J

10.

Bonora E, Kiechl S, Willeit J, Oberhollenzer F, Egger G, Bonadonna

Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER,
and evaluate cardiovascular disease risk: a consensus statement from

9.

Arad Y, Goodman KJ, Roth M, Newstein D, Guerci AD. Coronary

850–855.
et al. Serum homocysteine levels, oxidative stress and cardiovascular risk
8.

Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M, Jr.,
Detrano R. Quantification of coronary artery calcium using ultrafast

Yesilova Z, Yaman H, Oktenli C, Ozcan A, Uygun A, Cakir E, et al.
Systemic markers of lipid peroxidation and antioxidants in patients

7.

5

34.

Folsom AR, Kronmal RA, Detrano RC, O’Leary DH, Bild DE,

Mohammadi A, Bazazi A, Ghasemi-Rad M. Evaluation of atheroscle-

Bluemke DA, et al. Coronary artery calcification compared with carotid

rotic findings in patients with nonalcoholic fatty liver disease. Int J Gen

intima-media thickness in the prediction of cardiovascular disease inci-

Med 2011; 4: 717–722.

dence: the Multi-Ethnic Study of Atherosclerosis (MESA). Arch Intern

Cuenza LR, Razon TLJ, Dayrit JC. Correlation between severity of

Med 2008; 168(12): 1333–1339.

