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Abstract: Background and Aims: Nonalcoholic fatty liver disease (NAFLD) is strongly associated
with both atherosclerotic cardiovascular disease (CVD) and Fetuin-A. However, the association of
Fetuin-A with atherosclerosis is more controversial. We hypothesized that the pathogenic interplay
of NAFLD, Fetuin-A and atherosclerosis varies based on arterial site. Accordingly, we aimed to
assess NAFLD prevalence, Fetuin-A values and their relationship with symptomatic atherosclerosis
occurring in different localizations: coronary artery disease (CAD) vs. peripheral arterial disease
(PAD). Methods: One hundred and forty-nine consecutive patients with symptomatic atherosclerotic
CVD were recruited: 45 with CAD diagnosed by coronary angiography and 104 with PAD detected by
doppler-ultrasound and/or computed tomography angiography and/or angiography. NAFLD was
diagnosed based on both ultrasonography and exclusion of competing etiologies. Serum Fetuin-A was
measured with ELISA. Results: NAFLD was detected in 54% of the overall group, with higher rates in
PAD (59%) than CAD (42%) patients. Median Fetuin-A values were 256 (111–662) µg/mL, higher in
patients with CAD (378 (124−662) µg/mL) than those with PAD (236 (111−461) µg/mL). The main
findings were: (1) CAD patients had higher Fetuin-A values and less frequently NAFLD than PAD
patients; (2) NAFLD was positively associated with Fetuin-A values; however, this association was
limited to CAD patients only; (3) Fetuin-A values were positively associated with both CAD and
NAFLD. Conclusion: The pathogenic interplay of NAFLD, Fetuin-A and atherosclerosis probably
varies according to the arterial site.
Keywords: atherosclerosis; coronary artery disease; fetuin-A; nonalcoholic fatty liver disease;
peripheral arterial disease

1. Introduction
Patients with nonalcoholic fatty liver disease (NAFLD) are prone to developing atherosclerotic
cardiovascular disease (CVD) independently of classical cardiovascular risk factors, and CVD is
a leading cause of mortality in NAFLD [1–3]. NAFLD may play a major pro-atherogenic role through
a variety of mechanisms [1–4]. The hepatokine Fetuin-A is gaining attention on the grounds that
Fetuin-A mRNA expression in hepatocytes and serum Fetuin-A levels are increased in those with
liver steatosis [5–7]. Biologically, Fetuin-A serves a dual function: on the one hand, it is a powerful
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inhibitor of vascular ectopic calcification [8]; on the other hand, it is associated with insulin resistance
(IR), type 2 diabetes (T2D), metabolic syndrome (MS) and NAFLD [7–9]. However, the link between
Fetuin-A and atherosclerotic CVD is more controversial. Some studies have suggested an association
of CVD with either high or low Fetuin-A levels [10,11]. The different localizations of atherosclerosis
may account for these conflicting results.
Probably as a result of its virtually systemic nature, atherosclerosis is a heavily heterogeneous
condition, which affects different age groups and has diverse risk factors and plaque features according
to the arterial site [12–16]. For example, coronary artery disease (CAD) will typically anticipate
the occurrence of peripheral arterial disease (PAD) by approximately ten years [17]. Moreover,
coronary atherosclerosis is more frequently characterized by lipid core plaques; conversely, peripheral
atherosclerosis is more typically fibro-calcific in its pathological nature [14,16].
To reconcile all the above discrepancies, we postulated that the interaction of NAFLD, Fetuin-A
and atherosclerosis might vary based on the arterial site. Accordingly, this study aimed to explore
the relationship of NAFLD and Fetuin-A with clinically relevant atherosclerosis affecting different
localizations. Specifically, we assessed NAFLD prevalence, serum Fetuin-A values and their
relationship with symptomatic CAD and PAD.
2. Patients and Methods
Series: Overall, the study population included 149 patients with established atherosclerotic CVD
admitted either to the Cardiology Unit or Vascular Surgery Unit of Our Institution.
Inclusion criteria: Forty-five patients were consecutively recruited from the Cardiology Unit
from April 2010 to July 2010 based on the results of an elective coronary angiography positive for CAD,
defined as the presence of ≥50% stenosis in at least one main branch of coronary arteries. Coronary
angiography was invariably indicated, in these patients, on the grounds for clinically suspected,
symptomatic CAD. This group, already described in a previous work of our group [18], was named
CAD group. Per clinical practice, individuals undergoing coronary angiography were not routinely
submitted to procedures aimed at ruling out the presence of atherosclerosis at different localizations,
unless clinically indicated.
One hundred and four patients, eligible for elective vascular surgery, were consecutively enrolled
from the Vascular Surgery Unit from May 2013 to July 2014 based on the presence of carotid artery
disease, lower extremity artery disease, or atherosclerotic thoracic and/or abdominal aortic aneurysm.
In these patients, instrumental assessment of the peripheral arterial site was invariably indicated
on the grounds of clinically suspected, symptomatic peripheral CVD. This group defined as PAD
group consisted of: 23 symptomatic patients with Doppler ultrasound and computed tomography
angiography imaging findings consistent with hemodynamically significant carotid artery stenosis;
55 symptomatic patients with lower extremity artery disease, confirmed by Doppler ultrasound and/or
computed tomography angiography and/or lower extremity angiography; 26 patients with Doppler
ultrasound and computed tomography angiography imaging findings consistent with atherosclerotic
thoracic and/or abdominal aortic aneurysm.
Exclusion criteria were: significant self-reported alcohol consumption (>30 g daily in men
and >20 g daily in women); concurrent known aetiologies of chronic liver disease, notably
viral, autoimmune, drug-induced and inherited (α1-antitrypsin deficiency, haemochromatosis or
Wilson disease); either primary or metastatic liver cancer; end-stage renal disease on chronic renal
replacement therapy. Competing etiologies of chronic liver disease were ruled out according to
appropriate laboratory testing [19].
Study protocol: All recruited patients underwent an interview aimed at investigating their
familial and personal history including concurrent diseases, metabolic co-morbidities, previous surgery
and/or cardiovascular events, dietary habits, alcohol drinking and tobacco smoking, past and current
use of medications, possible contacts with chemicals or drugs. During the hospitalisation period
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and before surgical procedures, physical examination, including measurement of anthropometric
parameters and blood pressure, blood sampling and liver ultrasound were also performed.
Informed written consent was obtained from all participating individuals. The study was performed
in agreement with the Declaration of Helsinki and the protocol of this study was approved by the local
Ethical Committee (Prot. Num. 2159/C.E.).
Laboratory tests: Blood was sampled after an overnight fasting. Our metabolic laboratory
evaluation included serum total cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides,
fasting glucose and insulin. IR was calculated according to the homeostasis model assessment of
IR (HOMA-IR) [20]; body mass index (BMI) ((kg)/height (m)2 ), T2D [21], arterial hypertension [22]
and MS [23] were defined based on standard criteria. In all subjects, the presence of competing
etiologies of chronic liver disease was ruled out by appropriate testing [19]. Finally, serum Fetuin-A
was determined by a commercially available enzyme-linked immunosorbent assay (ELISA) (Fetuin-A
(α2-HS Glycoprotein, AHSG) ELISA CE/IVD, 96 wells, BioVendor, Czech Republic).
Ultrasound evaluation: Liver ultrasound scanning was performed after overnight fasting,
by an expert physician (either S.B. or D.R.), blinded to the biochemical and clinical data of patients,
with a 3.5- to 5-MHz convex probe and a high-resolution B-mode scanner (Siemens Sonoline ANTARESTM,
Erlangen, Germany). Fatty liver was diagnosed based on increased liver echogenicity compared to renal
cortex. The severity of steatosis was evaluated according to the Ultrasonographic-Fatty Liver Indicator
(US-FLI), a semiquantitative ultrasonographic score initially proposed and further developed by our
group [24–26] and externally validated by others [27]. US-FLI ranges from 2 to 8. Diagnosis of steatosis was
based on the presence of liver/kidney echo contrast, scored as mild/moderate (score 2) and severe (score 3).
Additional criteria include the presence (score 1 each) or absence (score 0 each) of posterior attenuation of
ultrasound beam, vessel blurring, difficult visualization of gallbladder wall or diaphragm, and areas of
focal sparing [24–26]. The diagnosis of NAFLD was based on the presence of US-FLI ≥ 2 and exclusion of
competing etiologies as detailed above [19].
Statistical analysis: Results were expressed as median (range, minimum−maximum) for continuous
variables and as frequencies (percentages) for categorical variables. Comparisons between the medians
of continuous variables were performed using the Mann–Whitney test. The Fisher exact test was used to
compare nominal variables. Spearman’s Rho ($) was used to analyze correlations between Fetuin-A values
and demographic, anthropometric, metabolic and ultrasonographic parameters. Two multivariate binary
logistic regression analyses were performed to identify factors associated with NAFLD (vs. non-NAFLD)
and CAD (vs. PAD). Odds ratios and 95% confidence intervals (CI) were reported with p values. Multivariate
linear regression analysis was performed to identify factors associated with Fetuin-A values. Beta coefficients,
standard errors (SE) and p values were reported. In order to avoid over-fitting of the multivariate analyses,
we entered variables into the multivariate models based on: clinical relevance (i.e., age, NAFLD, T2D,
Fetuin-A and/or CAD vs. PAD were invariably included into analyses) and on the results of univariate
analyses (variables being chosen among those statistically significant at the univariate analysis). Moreover,
in order to avoid co-linearity, we included, among the potential candidates, only those variables exploring
physiologically distinct phenomena. Further to the overall study population, the analysis of factors
associated with NAFLD and Fetuin-A was also separately performed in the CAD group and in the
PAD group. A two-sided p value < 0.05 was considered to be significant. Statistical analyses were performed
using the statistical software package SPSS, version 17.0 for Windows (SPSS Inc., Chicago, IL, USA).
3. Results
3.1. General Features of Study Population and Comparison of CAD vs. PAD Groups
In our series, approximately one in four individuals had multi-site artery disease based on medical
history and even a larger proportion of patients may have had clinically silent multi-site artery disease.
However, in this study, emphasis was given to the clinically relevant symptomatic arterial site at the
time of enrolment. Indeed, the study protocol faithfully mirrored clinical practices and this justifies
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why not all different localizations of atherosclerosis were systematically evaluated. Furthermore,
owing to the relatively small sample size we decided to analyze data collectively from a potentially
heterogeneous group of patients who had peripheral atherosclerotic disease located at different arterial
sites (carotid arteries, arteries of the lower extremities and aorta). We did so based on the preliminary
finding that subgroup analysis had failed to identify significant differences (in term of demographic
and metabolic variables, Fetuin-A levels and NAFLD prevalence) among patients with carotid artery
disease versus lower extremity artery disease and atherosclerotic aortic aneurysm (data not shown).
Demographic, anthropometric and metabolic features of the overall study population, and according
to CAD and PAD groups are shown in Table 1.
Table 1. Clinical features of study population and comparison of coronary artery disease vs. peripheral
arterial disease groups.
Parameter
Age (years)
Male sex (n (%))
BMI (Kg/m2 )
Waist circumference (cm)
Type 2 diabetes mellitus (n (%))
Arterial hypertension (n (%))
Lipid lowering drugs (n (%))
Metabolic syndrome (n (%))
Smoking status (n (%))
Non-smokers
Ex-smokers
Active smokers
US-FLI
NAFLD (US-FLI ≥ 2) (n (%))
Glucose (mg/dL)
HOMA-IR (mg/dL × µIU/mL)
Total cholesterol (mg/dL)
HDL cholesterol (mg/dL)
Triglycerides (mg/dL)
ALT (U/l)
AST (U/l)
GGT (U/l)
Alkaline phospatase (U/l)
Creatinine (mg/dL)
eGFR (mL/min/1.73 m2 )
Cockroft–Gault equation
eGFR ≥ 60
eGFR ≥ 30 and < 60
eGFR < 30
Platelets (1000/mL)
Fetuin-A values (µg/mL)

Overall Study
Population (n = 149)

Coronary Artery
Disease Group (n =4 5)

Peripheral Arterial
Disease Group (n = 104)

p

72 (40–89)
116 (78)
27 (19–43)
101 (70–133)
53 (36)
138 (93)
92 (62)
74 (50)

69 (40–89)
34 (76)
27 (19–43)
100 (70–132)
10 (22)
39 (87)
31 (69)
19 (42)

73 (53–89)
82 (79)
26 (20–35)
102 (76–133)
43 (41)
99 (95)
61 (59)
55 (53)

0.040
0.657
0.211
0.447
0.025
0.068
0.265
0.232

30 (20)
62 (42)
57 (38)

15 (33)
1 (2)
29 (64)

15 (14)
61 (59)
28 (27)

<0.001

2 (0–8)
80 (54)
103 (44–275)
1.6 (0.2–18.5)
161 (68–296)
40 (16–90)
118 (37–451)
17 (1–268)
19 (6–395)
30 (8–348)
77 (36–502)
1.0 (0.4–11.1)

0 (0–8)
19 (42)
98 (64–197)
1.3 (0.3–7.3)
175 (123–280)
41 (16–77)
116 (37–287)
23 (7–268)
21 (12–395)
27 (13–105)
70 (36–502)
0.9 (0.6–3.0)

2 (0–8)
61 (59)
108 (44–275)
1.8 (0.2–18.5)
156 (68–296)
40 (20–90)
118 (57–451)
14 (1–74)
19 (6–80)
34 (8–348)
82 (38–257)
1.0 (0.4–11.1)

0.038
0.065
0.181
0.009
0.023
0.988
0.291
<0.001
0.020
0.259
0.003
0.420

72 (4–170)
97 (66)
38 (26)
13 (9)

79 (18–170)
34 (76)
7 (16)
4 (9)

67 (4–145)
63 (61)
31 (30)
9 (9)

0.070
0.168

198 (89–668)
256 (111–662)

182 (104–320)
378 (124–662)

207 (89–668)
236 (111–461)

0.084
<0.001

Data were expressed as median (range, minimum–maximum) for continuous variables and as frequencies
(percentages) for categorical variables. BMI: body mass index; US-FLI: ultrasonographic-fatty liver indicator;
NAFLD: nonalcoholic fatty liver disease; HOMA-IR: homeostasis model assessment of insulin resistance;
eGFR: estimated glomerular filtration rate.

Seventy-eight percent of patients were males; median age was of 72 (40–89) years. Metabolic
comorbidities were common: median BMI was 27 (19–43) kg/m2 , 36% of patients had T2D, 93% were
hypertensive, 62% used lipid-lowering drugs and 50% had MS. NAFLD was detected in 54% of
patients. Median Fetuin-A values were 256 (111–662) µg/mL. Patients with CAD were significantly
younger, had lower HOMA-IR, less frequently had T2D and NAFLD (NAFLD prevalence 42% vs. 59%,
p = 0.065; median (IQR) US-FLI 0 (0–3) vs. 2 (0–4), p = 0.038), but higher total cholesterol and Fetuin-A
values (378 (124–662) vs. 236 (111–461), p < 0.001) than PAD patients.
3.2. Comparison of Non-NAFLD vs. NAFLD Patients
In the overall study population, NAFLD patients were significantly younger and had higher
BMI, waist circumference, total cholesterol and triglycerides, and more frequently had T2D and MS
than non-NAFLD patients. However, Fetuin-A values did not significantly differ between patients
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with NAFLD and their counterpart without NAFLD (268 (111–568) vs. 244 (124–662), p = 0.333)
(Supplementary Table S1).
Comparison of non-NAFLD and NAFLD patients was also performed separately in the two
groups of CAD and PAD patients. In the CAD group, NAFLD patients were significantly younger and
with higher BMI, total cholesterol, triglycerides and Fetuin-A values than non-NAFLD patients. In the
PAD group, patients with NAFLD still had higher BMI, waist circumference and total cholesterol,
and suffered from T2D and MS more frequently than patients without NAFLD. However, no significant
differences were found in age and Fetuin-A values between non-NAFLD and NAFLD patients in this
group (Supplementary Table S1).
3.3. Correlations of Fetuin-A with Demographic, Anthropometric and Metabolic Parameters
In the overall group, Fetuin-A was weakly, though significantly and positively correlated with systolic
and diastolic blood pressure, BMI, number of features of the MS, and total cholesterol. Moreover, there
was a weak but significant inverse correlation of Fetuin-A with age. Indeed, patients older than 75 years
(58 patients, 39% of the entire cohort) had significantly lower Fetuin-A values with respect to patients
younger than 75 years (232 (111–537) vs. 273 (139–662), p = 0.011). No significant correlations were found with
sex, HOMA-IR, creatinine, estimated glomerular filtration rate (eGFR) and US-FLI (Supplementary Table S2).
Moreover, no differences in Fetuin-A values were found between patients with and without T2D (p = 0.279),
and between patients with eGFR ≥ or < 60 mL/min/1.73 m2 (p = 0.250 for Cockroft–Gault equation).
In the CAD group, only US-FLI was found positively correlated with Fetuin-A, even if the
association failed to reach full statistical significance (rho 0.261, p = 0.087). In the PAD group, Fetuin-A
was weakly, though significantly and positively correlated with systolic blood pressure and number
of MS features. No correlation was found between Fetuin-A and US-FLI in this group (rho 0.086,
p = 0.390). (Supplementary Table S2).
Median Fetuin-A values were significantly higher in NAFLD than in non-NAFLD in CAD patients
only. Moreover, the CAD group showed significantly higher values of Fetuin-A than the PAD group
irrespective of the presence or absence of NAFLD (Figure 1) and irrespective of age. Indeed, the CAD
group had significantly higher Fetuin-A values than the PAD group both in patients younger than
75 years (387 (139–662) vs. 239 (140–430), p < 0.001) and in patients older than 75 years (336 (124–537)
vs. 221 (111–461),
p = 0.009).
Diseases 2018, 6, 0
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Figure 1. Fetuin-A values according to the presence of NAFLD and localization of atherosclerosis.

Figure 1. Fetuin-A
values according to the presence of NAFLD and localization of atherosclerosis. Boxes
Boxes represent the inter-quartile range and the line across the boxes indicates the median. The
represent the“whiskers”
inter-quartile
range
the
line
the
boxes
theexcluding
median.
The “whiskers”
are the lines
thatand
extend
from
theacross
box to the
highest
andindicates
lowest values,
outliers
(dots
and
stars).
The
Mann–Whitney
test
was
performed
to
compare
medians.
US
=
ultrasound.
are the lines that extend from the box to the highest and lowest values, excluding outliers (dots and
stars). The
Mann–Whitney test was performed to compare medians. US = ultrasound.
3.4. Factors Associated with CAD (vs. PAD), NAFLD and Fetuin-A at Multivariate Analyses
CAD (vs. PAD) was positively associated with Fetuin-A values (OR 1.02, 95% CI 1.01–1.02; p <
0.001) and negatively with NAFLD (OR 0.16, 95% CI 0.05–0.50; p = 0.002) (Table 2).
Table 2. Multivariate analysis exploring factors associated with coronary artery disease (vs.
peripheral arterial disease).

Parameter
Fetuin-A *

OR (95% CI)
1.02 (1.01–1.02)

p
<0.001
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3.4. Factors Associated with CAD (vs. PAD), NAFLD and Fetuin-A at Multivariate Analyses
CAD (vs. PAD) was positively associated with Fetuin-A values (OR 1.02, 95% CI 1.01–1.02;
p < 0.001) and negatively with NAFLD (OR 0.16, 95% CI 0.05–0.50; p = 0.002) (Table 2).
Table 2. Multivariate analysis exploring factors associated with coronary artery disease (vs. peripheral
arterial disease).
Parameter

OR (95% CI)

p

Fetuin-A *
NAFLD (US-FLI ≥ 2) **
Age *
Type 2 diabetes mellitus **
Total cholesterol *

1.02 (1.01–1.02)
0.16 (0.05–0.50)
0.96 (0.92–1.01)
0.83 (0.28–2.40)
1.01 (1.00–1.02)

<0.001
0.002
0.154
0.723
0.111

Model including Fetuin-A, NAFLD, age, type 2 diabetes mellitus and total cholesterol. *per unit; ** yes vs. no.
NAFLD: nonalcoholic fatty liver disease; US-FLI: ultrasonographic-fatty liver indicator; HOMA-IR: homeostasis
model assessment of insulin resistance. OR: odds ratio; CI: confidence interval.

The factors associated with NAFLD in the overall study population were Fetuin-A (OR 1.01,
95% CI 1.00–1.01; p = 0.024), CAD group (OR 0.16, 95% CI 0.05–0.53; p = 0.003), BMI and T2D. In the
CAD group, NAFLD was significantly associated with Fetuin-A (OR 1.01, 95% CI 1.00–1.02; p = 0.020) and
BMI. In the PAD group, the factors positively associated with NAFLD were BMI and T2D, whereas Fetuin-A
was not (Table 3).
Table 3. Multivariate analysis exploring factors associated with NAFLD.
Overall Study
Population

Parameter
Fetuin-A *
Coronary artery disease **§
Age *
BMI *
Type 2 diabetes mellitus **

Coronary Artery
Disease Group

Peripheral Arterial
Disease Group

OR (95% CI)

p

OR (95% CI)

p

OR (95% CI)

p

1.01 (1.00–1.01)
0.16 (0.05–0.53)
0.96 (0.92–1.00)
1.18 (1.06–1.31)
3.40 (1.49–7.75)

0.024
0.003
0.067
0.003
0.004

1.01 (1.00–1.02)
0.94 (0.88–1.01)
1.40 (1.05–1.88)
5.32 (0.75–37.75)

0.020
0.100
0.024
0.094

1.00 (1.00–1.01)
0.97 (0.92–1.03)
1.14 (1.00–1.29)
3.09 (1.23–7.78)

0.353
0.294
0.045
0.017

Model for the overall study population including Fetuin-A, coronary artery disease, age, BMI and type 2 diabetes mellitus;
model for coronary artery disease group including Fetuin-A, age, type 2 diabetes mellitus and BMI; model for peripheral
arterial disease including Fetuin-A, age, BMI and type 2 diabetes mellitus. * per unit; ** yes vs. no; § vs. peripheral arterial
disease. NAFLD: nonalcoholic fatty liver disease; BMI: body mass index. OR: odds ratio; CI: confidence interval.

In the overall study population, Fetuin-A was positively associated with CAD (Beta coefficient 131.36,
SE 16.52; p < 0.001) and NAFLD (Beta coefficient 34.63, SE 16.44; p = 0.037). In the CAD group there was
a trend towards a positive association between Fetuin-A and NAFLD independently of age, T2D and MS
(Beta coefficient 77.77, SE 42.49; p = 0.075), which was not the case in the PAD group. (Table 4)
Table 4. Multivariate analysis exploring factors associated with Fetuin-A.

Parameter

Coronary artery disease **§
NAFLD (US-FLI ≥ 2) **
Age *
BMI *
Total cholesterol *
Type 2 diabetes mellitus **
Metabolic syndrome **

Overall
Study Population

Coronary Artery
Disease Group

Peripheral Arterial
Disease Group

Beta
Coefficient

SE

p

Beta
Coefficient

SE

p

Beta
Coefficient

SE

p

131.36
34.63
−0.690
0.059
−0.005
−16.43
-

16.52
16.44
0.801
1.939
0.184
16.05
-

<0.001
0.037
0.390
0.976
0.977
0.308
-

77.77
−0.074
−25.88
6.452

42.49
1.747
48.75
40.04

0.075
0.967
0.598
0.873

10.41
−0.844
−32.80
52.33

12.47
0.702
13.07
12.66

0.406
0.232
0.014
<0.001

Model for the overall study population including coronary artery disease, NAFLD, age, BMI, total cholesterol and
type 2 diabetes mellitus; model for coronary artery disease group including NAFLD, age, type 2 diabetes mellitus
and metabolic syndrome; model for peripheral arterial disease including NAFLD, age, type 2 diabetes mellitus and
metabolic syndrome. * per unit; ** yes vs. no; § vs. peripheral arterial disease. NAFLD: nonalcoholic fatty liver
disease; US-FLI: ultrasonographic-fatty liver indicator; BMI: body mass index.
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4. Discussion
Overall, the results of the present study are compatible with the postulate that the interaction
among NAFLD, Fetuin-A and atherosclerosis probably varies based on the localization of
atherosclerosis. More analytically, we have three main findings: (a) NAFLD is highly prevalent
among all patients with definite atherosclerotic disease, though the highest prevalence rates are found
among those patients with PAD; (b) despite a lower prevalence of NAFLD, patients with CAD have
higher values of Fetuin-A than patients with PAD; (c) Fetuin-A is positively associated with NAFLD in
CAD patients.
4.1. NAFLD Is Highly Prevalent among Patients with Definite Atherosclerotic Disease, though the Highest
Prevalence Rates Are Found among Those Patients with PAD
More than 50% of patients in our series had NAFLD; in agreement with previous reports [28–32],
this prevalence is significantly higher than that reported in the general population. Accordingly, further
to dysmetabolic individuals [33], those with clinically significant atherosclerosis are another group at
high risk for NAFLD.
A novel finding in our study is that, compared to PAD individuals, CAD patients had a lower
prevalence of NAFLD. A milder grade of IR and a lower prevalence of T2D in CAD patients may partly
account for this finding. Of note, CAD patients were significantly younger than patients with PAD.
It is tempting to speculate that the difference in NAFLD prevalence between CAD and PAD patients
may also be explained by excess mortality (especially due to CAD) in NAFLD patients, as suggested
by previous studies [34,35]. However, either selection bias or the limited number of recruited patients
may have affected this finding, which prompts further investigation.
4.2. Patients with CAD Have Higher Values of Fetuin-A than Patients with PAD
Compared to PAD patients, CAD individuals had significantly higher Fetuin-A values. A dual
role of Fetuin-A on cardiovascular biology and risk has been described. Studies have shown that
(mainly among patients with end-stage renal failure) low Fetuin-A concentrations are associated with
accelerated atherosclerosis and enhanced cardiovascular morbidity and mortality [11]. This finding
may result from an impairment in the inhibitory role of circulating Fetuin-A on vascular calcification
in vivo. Fetuin-A also enhances IR by inhibiting the intrinsic tyrosine kinase activity of the insulin
receptor and, probably, by directly reducing adiponectin expression. Moreover, Fetuin-A seems to
promote both adipose tissue inflammation and adipocyte dysfunction, by contributing to toll-like
receptor 4 activation and macrophage migration and polarization into adipose tissue [36,37]. Finally,
increased Fetuin-A levels are independently associated with T2D and MS development and correlate
with the accumulation of hepatocyte triglycerides [7–9,38]. On these grounds, increasing evidence
supports the notion that high, rather than low, Fetuin-A concentrations may be associated with
atherosclerosis and cardiovascular events, especially in CAD [10]. However, studies investigating the
relationship between Fetuin-A and atherosclerotic CVD are affected by high heterogeneity in patient
populations, the different localizations of atherosclerosis, the presence/absence and stage of chronic
kidney disease and T2D.
Our findings are compatible with the postulate that Fetuin-A may act differently depending on
the specific arterial site affected by atherosclerosis. The finding of higher values of Fetuin-A observed
in younger patients with CAD may suggest that this hepatokine plays a major role in promoting
advanced atherosclerosis at the coronary site through IR. Conversely, the lower levels of Fetuin-A
observed in older PAD patients may suggest that this hepatokine mainly exhibits impairment/failure
of its anti-calcification activity at the peripheral arterial sites. Several lines of evidence support this
view. Epidemiological studies have shown that CAD occurs in individuals who are approximatively
ten years younger than those with peripheral atherosclerotic disease [17]. Moreover, imaging and
pathological studies suggest that peripheral plaques tend to be more fibro-calcific than coronary
plaques, which are more frequently lipid core plaques [14,16].
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4.3. Fetuin-A Is Positively Associated with NAFLD in CAD Patients
NAFLD was independently associated with higher values of Fetuin A in our patients with
clinically-relevant atherosclerotic CVD, even if this association seems to be limited to individuals
affected by CAD. We cannot exclude that Fetuin-A levels in CAD patients may reflect MS rather
than NAFLD. However, a statistical trend toward an association of fetuin-A with NAFLD was found
independently of T2D and MS.
Fetuin-A is mainly synthesized by hepatocytes, hence liver dysfunction may affect serum
Fetuin-A concentration. Increasing evidence supports that liver steatosis stimulates the synthesis of
Fetuin-A [5–7]. Accordingly, serum Fetuin-A levels increase in patients with NAFLD proportionally
to hepatic triglyceride content and, conversely, they are reduced by body weight loss, aerobic
excercise and reduction of the grade of steatosis [39,40]. Moreover, Fetuin-A has been associated with
inflammation and endothelial dysfunction; specifically, it has been shown that circulating Fetuin-A
levels are independently associated with endothelial dysfunction and subclinical atherosclerosis in
patients with NAFLD [41], suggesting that this hepatokine may be an important mediator of the
atherogenic potential of NAFLD.
4.4. Limitations and Strengths
We acknowledge that our study has several limitations. Firstly, the study population appears
relatively low; this may account for the mainly weak correlations we found in the study and, for the
same reason the results of multivariate analysis should be interpreted with caution. Secondly,
the groups are very co-morbid, quite heterogeneous in term of age and renal function, and not
closely balanced given that this study faithfully reflects clinical practice. In the attempt to overcome
the heterogeneity in age we have performed sensitivity analyses by stratifying the groups according
to age and we have included age as a covariate in all the analyses. It is a matter of debate whether
Fetuin-A concentrations are directly related to renal function. Lower Fetuin-A concentrations have
consistently been reported in patients with end-stage renal disease on dialysis [11]. To overcome the
potential confounding effect of renal function, we excluded patients on chronic renal replacement
therapy; moreover, only a minority of our patients had severe chronic kidney disease assessed
according to eGFR. Previous studies failed to demonstrate that mild-to-moderate chronic kidney
disease is associated with lower concentrations of Fetuin-A [42]. Consistently, we did not find any
correlation between eGFR and Fetuin-A values in our cohort. Thirdly, owing to its cross-sectional
design, our analysis describes associations but does not prove a causal link between NAFLD, Fetuin-A
and atherosclerosis. Fourthly, age- and sex-matched healthy controls and NAFLD patients without
CVD were not recruited in this study, given that we wanted to compare CAD vs. PAD patients.
Moreover, owing to the virtually systemic nature of atherosclerosis, a proportion of patients may have
had clinically silent multi-site artery disease. Nevertheless, we also emphasize that the rationale for
dividing the cohort into CAD and PAD is strongly based on those specific clinical manifestations
of often severely symptomatic individual vascular patients: these specific clinical manifestations
were the main and most relevant focus of our research. The study protocol followed here has
tried to faithfully mirror clinical practices and this accounts for not all PAD patients undergoing
coronary angiography. Similarly, not all CAD-patients were submitted to systematic evaluation of
other localizations of atherosclerosis. Additionally, we acknowledge that the two groups of CAD and
PAD patients were recruited at different times, three years apart. However, the same study protocol
and the same methods of measurements (notably including Fetuin-A assay and ultrasonographic fatty
liver score) were applied for each group, irrespective of the time of recruitment. On these grounds,
we strongly believe that parameters are reliably comparable. Finally, although some would argue
that ultrasonography is relatively inaccurate in diagnosing and excluding NAFLD, it does remain the
first-line imaging technique in diagnosing NAFLD both in clinical practice and in epidemiological
studies. Of note, the semi-quantitative ultrasonographic score used in this study, US-FLI, has been
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externally validated [27] and has recently been reported to be able to detect as little steatosis as 10% in
our hands [26].
Studies have addressed the link between Fetuin-A and CVD or Fetuin-A and MS/NAFLD.
However, we emphasize that ours is a comparative study specifically aimed at exploring the
relationship of NAFLD and Fetuin-A with clinically relevant symptomatic atherosclerosis affecting
different arterial sites.
5. Conclusions
Our findings are fully consistent with previous studies [5–7] and, for the first time, extend the
positive association of Fetuin-A with NAFLD also to a group of patients with established atherosclerotic
CVD. However, when subgroup analyses were performed based on the arterial site affected by
atherosclerosis, NAFLD was found to be associated with higher Fetuin-A values in CAD patients alone.
This finding supports the postulate that the association of Fetuin-A, NAFLD and atherosclerosis varies
depending on the localization of atherosclerosis. We speculate that Fetuin-A could modulate the effect
of age by exhibiting elevated values, strongly associated with NAFLD, in CAD, which is more prone
to lipid core plaques, and decreased values, weakly associated with NAFLD, in PAD, more commonly
characterized by fibro-calcific plaques. This hypothesis should be either confirmed or rejected by larger
prospective studies.
Supplementary Materials: The following are available online. Table S1: Comparison of non-NAFLD vs. NAFLD
patients; Table S2: Correlations of Fetuin-A with demographic, anthropometric and metabolic parameters.
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high-density lipoprotein
homeostasis model assessment of insulin resistance
insulin resistance
metabolic syndrome
nonalcoholic fatty liver disease
odds ratio
peripheral arterial disease
standard error
type 2 diabetes
ultrasonographic-fatty liver indicator

Diseases 2018, 6, 17

10 of 12

References
1.
2.

3.
4.

5.

6.

7.

8.

9.

10.

11.

12.
13.
14.

15.

16.

17.

18.

Lonardo, A.; Nascimbeni, F.; Mantovani, A.; Targher, G. Hypertension, diabetes, atherosclerosis and NASH:
Cause or consequence? J. Hepatol. 2017, 68, 335–352. [CrossRef] [PubMed]
Ballestri, S.; Lonardo, A.; Bonapace, S.; Byrne, C.D.; Loria, P.; Targher, G. Risk of cardiovascular, cardiac and
arrhythmic complications in patients with non-alcoholic fatty liver disease. World J. Gastroenterol. 2014, 20,
1724–1745. [CrossRef] [PubMed]
Lonardo, A.; Ballestri, S.; Targher, G.; Loria, P. Diagnosis and management of cardiovascular risk in
nonalcoholic fatty liver disease. Expert Rev. Gastroenterol. Hepatol. 2015, 9, 629–650. [CrossRef] [PubMed]
Loria, P.; Marchesini, G.; Nascimbeni, F.; Ballestri, S.; Maurantonio, M.; Carubbi, F.; Ratziu, V.; Lonardo, A.
Cardiovascular risk, lipidemic phenotype and steatosis. A comparative analysis of cirrhotic and non-cirrhotic
liver disease due to varying etiology. Atherosclerosis 2014, 232, 99–109. [CrossRef] [PubMed]
Haukeland, J.W.; Dahl, T.B.; Yndestad, A.; Gladhaug, I.P.; Loberg, E.M.; Haaland, T.; Konopski, Z.; Wium, C.;
Aasheim, E.T.; Johansen, O.E.; et al. Fetuin A in nonalcoholic fatty liver disease: In vivo and in vitro studies.
Eur. J. Endocrinol. 2012, 166, 503–510. [CrossRef] [PubMed]
Rametta, R.; Ruscica, M.; Dongiovanni, P.; Macchi, C.; Fracanzani, A.L.; Steffani, L.; Fargion, S.; Magni, P.;
Valenti, L. Hepatic steatosis and PNPLA3 I148M variant are associated with serum Fetuin-A independently
of insulin resistance. Eur. J. Clin. Investig. 2014, 44, 627–633. [CrossRef] [PubMed]
Stefan, N.; Hennige, A.M.; Staiger, H.; Machann, J.; Schick, F.; Krober, S.M.; Machicao, F.; Fritsche, A.;
Häring, H.U. Alpha2-Heremans-Schmid glycoprotein/fetuin-A is associated with insulin resistance and fat
accumulation in the liver in humans. Diabetes Care 2006, 29, 853–857. [CrossRef] [PubMed]
Ix, J.H.; Wassel, C.L.; Kanaya, A.M.; Vittinghoff, E.; Johnson, K.C.; Koster, A.; Cauley, J.A.; Harris, T.B.;
Cummings, S.R.; Shlipak, M.G.; et al. Fetuin-A and incident diabetes mellitus in older persons. JAMA 2008,
300, 182–188. [CrossRef] [PubMed]
Ix, J.H.; Shlipak, M.G.; Brandenburg, V.M.; Ali, S.; Ketteler, M.; Whooley, M.A. Association between human
fetuin-A and the metabolic syndrome: Data from the Heart and Soul Study. Circulation 2006, 113, 1760–1767.
[CrossRef] [PubMed]
Weikert, C.; Stefan, N.; Schulze, M.B.; Pischon, T.; Berger, K.; Joost, H.G.; Häring, H.U.; Boeing, H.; Fritsche, A.
Plasma fetuin-a levels and the risk of myocardial infarction and ischemic stroke. Circulation 2008, 118,
2555–2562. [CrossRef] [PubMed]
Ketteler, M.; Bongartz, P.; Westenfeld, R.; Wildberger, J.E.; Mahnken, A.H.; Bohm, R.; Metzger, T.;
Wanner, C.; Jahnen-Dechent, W.; Floege, J. Association of low fetuin-A (AHSG) concentrations in serum
with cardiovascular mortality in patients on dialysis: A cross-sectional study. Lancet 2003, 361, 827–833.
[CrossRef]
Allison, M.A.; Criqui, M.H.; Wright, C.M. Patterns and risk factors for systemic calcified atherosclerosis.
Arterioscler. Thromb. Vasc. Biol. 2004, 24, 331–336. [CrossRef] [PubMed]
VanderLaan, P.A.; Reardon, C.A.; Getz, G.S. Site specificity of atherosclerosis: Site-selective responses to
atherosclerotic modulators. Arterioscler. Thromb. Vasc. Biol. 2004, 24, 12–22. [CrossRef] [PubMed]
Dalager, S.; Paaske, W.P.; Kristensen, I.B.; Laurberg, J.M.; Falk, E. Artery-related differences in atherosclerosis
expression: Implications for atherogenesis and dynamics in intima-media thickness. Stroke 2007, 38, 2698–2705.
[CrossRef] [PubMed]
Herisson, F.; Heymann, M.F.; Chetiveaux, M.; Charrier, C.; Battaglia, S.; Pilet, P.; Rouillon, T.; Krempf, M.;
Lemarchand, P.; Heymann, D.; et al. Carotid and femoral atherosclerotic plaques show different morphology.
Atherosclerosis 2011, 216, 348–354. [CrossRef] [PubMed]
Matsuo, Y.; Takumi, T.; Mathew, V.; Chung, W.Y.; Barsness, G.W.; Rihal, C.S.; Gulati, R.; McCue, E.T.;
Holmes, D.R.; Eeckhout, E.; et al. Plaque characteristics and arterial remodeling in coronary and peripheral
arterial systems. Atherosclerosis 2012, 223, 365–371. [CrossRef] [PubMed]
Mozaffarian, D.; Benjamin, E.J.; Go, A.S.; Arnett, D.K.; Blaha, M.J.; Cushman, M.; de Ferranti, S.; Després, J.P.;
Fullerton, H.J.; Howard, V.J.; et al. Heart disease and stroke statistics–2015 update: A report from the
American Heart Association. Circulation 2015, 131, e29–e322. [CrossRef] [PubMed]
Ballestri, S.; Meschiari, E.; Baldelli, E.; Musumeci, F.E.; Romagnoli, D.; Trenti, T.; Zennaro, R.G.; Lonardo, A.;
Loria, P. Relationship of serum fetuin-A levels with coronary atherosclerotic burden and NAFLD in patients

Diseases 2018, 6, 17

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.
30.
31.

32.

33.

34.

11 of 12

undergoing elective coronary angiography. Metab. Syndr. Relat. Disord. 2013, 11, 289–295. [CrossRef]
[PubMed]
Morisco, F.; Pagliaro, L.; Caporaso, N.; Bianco, E.; Sagliocca, L.; Fargion, S.; Smedile, A.; Salvagnini, M.;
Mele, A.; University of Naples Federico II, Italy. Consensus recommendations for managing asymptomatic
persistent non-virus non-alcohol related elevation of aminotransferase levels: Suggestions for diagnostic
procedures and monitoring. Dig. Liver Dis. 2008, 40, 585–598. [CrossRef] [PubMed]
Matthews, D.R.; Hosker, J.P.; Rudenski, A.S.; Naylor, B.A.; Treacher, D.F.; Turner, R.C. Homeostasis model
assessment: Insulin resistance and beta-cell function from fasting plasma glucose and insulin concentrations
in man. Diabetologia 1985, 28, 412–419. [CrossRef] [PubMed]
American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care 2010, 33
(Suppl. 1), S62–S69.
ESH/ESC Task Force for the Management of Arterial Hypertension. 2013 Practice guidelines for the
management of arterial hypertension of the European Society of Hypertension (ESH) and the European
Society of Cardiology (ESC): ESH/ESC Task Force for the Management of Arterial Hypertension. J. Hypertens.
2013, 31, 1925–1938.
Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.C.; James, W.P.;
Loria, C.M.; Smith, S.C., Jr.; et al. Harmonizing the metabolic syndrome: A joint interim statement of
the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung,
and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis
Society; and International Association for the Study of Obesity. Circulation 2009, 120, 1640–1645. [PubMed]
Ballestri, S.; Lonardo, A.; Romagnoli, D.; Carulli, L.; Losi, L.; Day, C.P.; Loria, P. Ultrasonographic fatty liver
indicator, a novel score which rules out NASH and is correlated with metabolic parameters in NAFLD.
Liver Int. 2012, 32, 1242–1252. [CrossRef] [PubMed]
Ballestri, S.; Romagnoli, D.; Nascimbeni, F.; Francica, G.; Lonardo, A. Role of ultrasound in the diagnosis
and treatment of nonalcoholic fatty liver disease and its complications. Expert Rev. Gastroenterol. Hepatol.
2015, 9, 603–627. [CrossRef] [PubMed]
Ballestri, S.; Nascimbeni, F.; Baldelli, E.; Marrazzo, A.; Romagnoli, D.; Targher, G.; Lonardo, A.
Ultrasonographic fatty liver indicator detects mild steatosis and correlates with metabolic/histological
parameters in various liver diseases. Metabolism 2017, 72, 57–65. [CrossRef] [PubMed]
Yang, K.C.; Hung, H.F.; Lu, C.W.; Chang, H.H.; Lee, L.T.; Huang, K.C. Association of Non-alcoholic Fatty
Liver Disease with Metabolic Syndrome Independently of Central Obesity and Insulin Resistance. Sci. Rep.
2016, 6, 27034. [CrossRef] [PubMed]
Targher, G.; Bertolini, L.; Padovani, R.; Rodella, S.; Tessari, R.; Zenari, L.; Day, C.; Arcaro, G. Prevalence
of nonalcoholic fatty liver disease and its association with cardiovascular disease among type 2 diabetic
patients. Diabetes Care 2007, 30, 1212–1218. [CrossRef] [PubMed]
Arslan, U.; Turkoglu, S.; Balcioglu, S.; Tavil, Y.; Karakan T and Cengel, A. Association between nonalcoholic
fatty liver disease and coronary artery disease. Coron. Artery Dis. 2007, 18, 433–436. [CrossRef] [PubMed]
Sookoian, S.; Pirola, C.J. Non-alcoholic fatty liver disease is strongly associated with carotid atherosclerosis:
A systematic review. J. Hepatol. 2008, 49, 600–607. [CrossRef] [PubMed]
Wong, V.W.; Wong, G.L.; Yip, G.W.; Lo, A.O.; Limquiaco, J.; Chu, W.C.; Chim, A.M.; Yu, C.M.; Yu, J.;
Chan, F.K.; et al. Coronary artery disease and cardiovascular outcomes in patients with non-alcoholic fatty
liver disease. Gut 2011, 60, 1721–1727. [CrossRef] [PubMed]
Choi, D.H.; Lee, S.J.; Kang, C.D.; Park, M.O.; Choi, D.W.; Kim, T.S.; Lee, W.; Cho, B.R.; Kim, Y.H.;
Lee, B.K.; et al. Nonalcoholic fatty liver disease is associated with coronary artery disease in Koreans.
World J. Gastroenterol. 2013, 19, 6453–6457. [CrossRef] [PubMed]
Non-Alcoholic Fatty Liver Disease Study Group; Lonardo, A.; Bellentani, S.; Argo, C.K.; Ballestri, S.;
Byrne, C.D.; Caldwell, S.H.; Cortez-Pinto, H.; Grieco, A.; Machado, M.V.; et al. Epidemiological modifiers of
non-alcoholic fatty liver disease: Focus on high-risk groups. Dig. Liver Dis. 2015, 47, 997–1006. [CrossRef]
[PubMed]
Dunn, W.; Xu, R.; Wingard, D.L.; Rogers, C.; Angulo, P.; Younossi, Z.M.; Schwimmer, J.B. Suspected
nonalcoholic fatty liver disease and mortality risk in a population-based cohort study. Am. J. Gastroenterol.
2008, 103, 2263–2271. [CrossRef] [PubMed]

Diseases 2018, 6, 17

35.

36.

37.

38.
39.
40.

41.

42.

12 of 12

Bertolotti, M.; Lonardo, A.; Mussi, C.; Baldelli, E.; Pellegrini, E.; Ballestri, S.; Romagnoli, D.; Loria, P.
Nonalcoholic fatty liver disease and aging: Epidemiology to management. World J. Gastroenterol. 2014, 20,
14185–14204. [CrossRef] [PubMed]
Pal, D.; Dasgupta, S.; Kundu, R.; Maitra, S.; Das, G.; Mukhopadhyay, S.; Ray, S.; Majumdar, S.S.;
Bhattacharya, S. Fetuin-A acts as an endogenous ligand of TLR4 to promote lipid-induced insulin resistance.
Nat. Med. 2012, 18, 1279–1285. [CrossRef] [PubMed]
Chatterjee, P.; Seal, S.; Mukherjee, S.; Kundu, R.; Mukherjee, S.; Ray, S.; Mukhopadhyay, S.; Majumdar, S.S.;
Bhattacharya, S. Adipocyte fetuin-A contributes to macrophage migration into adipose tissue and
polarization of macrophages. J. Biol. Chem. 2013, 288, 28324–28330. [CrossRef] [PubMed]
Trepanowski, J.F.; Mey, J.; Varady, K.A. Fetuin-A: A novel link between obesity and related complications.
Int. J. Obes. 2015, 39, 734–741. [CrossRef] [PubMed]
Reinehr, T.; Roth, C.L. Fetuin-A and its relation to metabolic syndrome and fatty liver disease in obese
children before and after weight loss. J. Clin. Endocrinol. Metab. 2008, 93, 4479–4485. [CrossRef] [PubMed]
Malin, S.K.; Mulya, A.; Fealy, C.E.; Haus, J.M.; Pagadala, M.R.; Scelsi, A.R.; Huang, H.; Flask, C.A.;
McCullough, A.J.; Kirwan, J.P. Fetuin-A is linked to improved glucose tolerance after short-term exercise
training in nonalcoholic fatty liver disease. J. Appl. Physiol. 2013, 115, 988–994. [CrossRef] [PubMed]
Dogru, T.; Genc, H.; Tapan, S.; Aslan, F.; Ercin, C.N.; Ors, F.; Kara, M.; Sertoglu, E.; Karslioglu, Y.; Bagci, S.;
et al. Plasma fetuin-A is associated with endothelial dysfunction and subclinical atherosclerosis in subjects
with nonalcoholic fatty liver disease. Clin. Endocrinol. 2013, 78, 712–717. [CrossRef] [PubMed]
Ix, J.H.; Chertow, G.M.; Shlipak, G.M.; Brandenburg, V.M.; Ketteler, M.; Whooley, M.A. Fetuin-A and kidney
function in persons with coronary artery disease—Data from the Heart and Soul Study. Nephrol. Dial. Transplant.
2006, 21, 2144–2151. [CrossRef] [PubMed]
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

