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Abstract

Aim of the study: Non-alcoholic fatty liver disease (NAFLD) is regarded as the most relevant liver disease of
the twenty-first century, affecting at least one third of the general population. NAFLD is associated with increased
mortality due to cardiovascular disease (CVD) and cancer. The carotid intimal media thickness (CIMT), mean plate-
let volume (MPV) and endocan level could be markers for generalised atherosclerotic burden and endothelial
dysfunction. The aims of the study were to evaluate the association between non-alcoholic fatty liver disease
and early atherosclerosis by measuring CIMT, MPV and endocan level, as markers of endothelial dysfunction,
in NAFLD patients.

Material and methods: This cross-sectional study included 50 patients who were divided into two groups:
group | included 25 subjects with NAFLD and group Il included 25 healthy subjects. Complete blood count with
MPV, liver profile, lipid profile, fasting blood glucose level, 2-hour postprandial kidney function test, and serum
concentrations of endocan were measured for all patients. NAFLD fibrosis score (NFS) was calculated. Abdominal
ultrasonography and carotid ultrasound scan for measurement of CIMT were performed.

Results: Serum endocan levels, MPV and CIMT were significantly higher (p < 0.005) in NAFLD patients (0.6,
9.3 +1.2 and 0.9 £0.3 respectively) than healthy subjects (0.1, 8.1 +0.6 and 0.6 +0.1 respectively). The analysis
of diagnostic performance of these factors revealed that they have good sensitivity and specificity in prediction
of endothelial dysfunction with AUC (0.950, 0.844 and 0.849 respectively).

Conclusions: Serum endocan levels, MPV and CIMT could be considered as good predictors of endothelial dys-
function and therefore early detection of subclinical atherosclerosis in NAFLD patients.

Key words: metabolic associated fatty liver disease, cardiovascular disease, carotid intimal media thickness,
endocan, mean platelet volume.
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Introduction

Non-alcoholic or more recently re-defined metabol-
ic associated fatty liver disease (MAFLD) is regarded as
the mostrelevantliver disease of the twenty-first century,
affecting at least one third of the general population
[1-3], and it is predicted to become the leading cause

of liver transplantation by 2030 [4]. Non-alcoholic fat-
ty liver disease (NAFLD) is a cardiovascular risk factor
that is independent of the classic risk factors [5].

The global prevalence of NAFLD is currently esti-
mated to be 24%. NAFLD is highly prevalent in all
countries, but the highest rates are reported from the
Middle East (32%) and South America (31%), followed
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by Asia (27%), the USA (24%) and Europe (23%),
whereas NAFLD is less common in Africa (14%) [1].

Many epidemiological studies have shown that
NAFLD, especially in its more severe forms (NASH),
is linked to an increased risk of cardiovascular disease
(CVD), independently of underlying cardiometabolic
risk factors. This suggests that NAFLD is not solely
a marker of CVD, but may also be involved in its
pathogenesis [6].

Measurement of carotid intima-media thickness
(CIMT) is a standard method for evaluation of sub-
clinical atherosclerosis [7]. Nahandi et al. found that
there was a strong association between NAFLD and
increased CIMT, but this association is not affected by
the severity of fatty liver and increasing liver enzymes.
So, it is recommended immediately to treat patients
with NAFLD in order to prevent atherosclerotic com-
plications [8]. Endothelial dysfunction is an early step
in the process of atherosclerosis, before development
of fatty streaks or plaque inflammation [9]. One of the
markers for endothelial dysfunction is endocan, which
also increases in NAFLD [10].

Endocan is synthesized and secreted by activated
vascular endothelial cells [11]. Previous studies have
verified that endocan might play a key role in the
pathophysiology of endothelial dysfunction by regu-
lating major processes such as cell adhesion in inflam-
matory disorders [12-14]. It is well known that endo-
thelial dysfunction is a key early event in atherogenesis
and is integral to the onset of coronary artery disease
(CAD) [15].

Mean platelet volume (MPV) is a biomarker of
platelet (PLT) activation and function. It has been report-
ed that MPV has prognostic value for cardiovascular dis-
eases and is a risk factor for atherothrombosis [16].

Larger platelets (PLTs) compared to small PLTs are
more active enzymatically and produce more throm-
boxane A2 with higher possibility of vascular damage
and thrombosis formation [17].

Mean platelet volume seems to be a noticeable lab-
oratory marker which increases significantly in NAFLD
patients. As MPV is reported to be a potential risk fac-
tor for atherosclerosis, this marker may be useful in fol-
low-up of patients with NAFLD [18].

Material and methods

Study design and population

This prospective observational cross sectional study
was performed on 50 subjects attending the outpatient
clinic of Hepatology, Gastroenterology and Infectious
Diseases Department, Benha University Hospital, Ben-

ha University within the period from November 2021
to May 2022. Subjects included in this study were
adults (> 18 years) and were divided into 25 appar-
ently healthy persons with normal liver enzymes and
abdominal ultrasonography as a control group and
25 NAFLD subjects diagnosed with ultrasonography.
Subjects with a history of significant alcohol consump-
tion (more than or equal to 30 g of alcohol per day for
men and 20 g of alcohol per day for women) evaluat-
ed by a questionnaire, viral and autoimmune hepati-
tis, hereditary haemochromatosis, and al-antitrypsin
deficiency (evaluated by history and examination),
steatogenic medications (amiodarone, valproic acid,
antiretroviral drugs, methotrexate, and tetracyclines),
or medicines that are used for management of NAFLD
(vitamin E, metformin, and thiazolidinediones) or
medicines that interact with normal platelet functions
(such as aspirin and heparin) were excluded from the
study and no evidence of metabolic syndrome [overt
diabetes mellitus (fasting blood glucose > 126 mg/1 or
> 200 mg/l at 2 hours on a standard oral glucose load,
hypertension > 140/90 mm Hg, high-density lipo-
protein cholesterol (HDL-C) < 35 mg/dl in men or
< 40 mg/dl in women, triglycerides (TG) = 150 mg/d],
obesity (body mass index - BMI > 30 kg/m?)] was
found.

Clinical and laboratory assessment

Full history and thorough clinical examination were
done for all patients. The clinical/pathological data of
the patients were recorded, including age, sex, history
of steatogenic medications intake, alcohol intake, man-
ifestations of chronic liver diseases due to viral or other
non-viral causes (ascites, LL oedema, jaundice, pru-
ritus, Kayser-Fleischer ring by slit lamp examination,
clubbing of fingers, signs of chest disease, signs of heart
and renal failure).

Anthropometric evaluation: Weight, height and
BMI were measured for each patient. BMI formula uses
weight (in kg) and height (in meters) and is expressed
in kg/m? using this formula: weight (kg)/[height (m)]>.
BMI results are interpreted as follows:

« severely underweight - BMI less than 16.5 kg/m?,

o underweight - BMI under 18.5 kg/m?,

« normal weight - BMI greater than or equal to 18.5 to
24.9 kg/m?,

» overweight — BMI greater than or equal to 25 to
29.9 kg/m?,

o obesity — BMI greater than or equal to 30 kg/m*
— obesity class I - BMI 30 to 34.9 kg/m?,
— obesity class IT - BMI 35 to 39.9 kg/m?,
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- obesity class III - BMI greater than or equal to
40 kg/m? (also referred to as severe, extreme, or
massive obesity) [19].

Blood collection and sample preparation: Ten mil-
lilitres of blood was withdrawn from each subject.
The complete blood count was estimated using a cell
counter with a Cell Dyn machine. Estimation of the
levels of serum creatinine and liver enzymes was per-
formed using a kinetic method via an automated Di-
mension system. The serum levels of albumin, pro-
thrombin concentration (PC), and the international
normalized ratio (INR) for prothrombin time were
determined. Fasting blood sugar and 2-hour post-
prandial (mg/dl), HbA, (%), viral markers including
HBsAg using 3™ generation enzyme-linked immuno-
sorbent assay technique (ELISA) and anti-HCV-AD us-
ing 3" generation ELISA were determined. Lipid profile
includes total cholesterol (mg/dl). Triglycerides (mg/dl),
high-density lipoproteins (HDL) (mg/dl) and low-den-
sity lipoprotein (LDL) (mg/dl) were determined.

NAFLD fibrosis score (NFS) was measured with
this formula:

-1.675 + 0.037 x age (years) + 0.094 x BMI (kg/m?)
+ 1.13 x IFG/diabetes (yes = 1, no = 0) + 0.99 x AST/
ALT ratio - 0.013 x platelet (x 10°/1) - 0.66 x albumin
(g/dl) [20].

Radiological evaluation

Abdominal ultrasonography for diagnosis
of NAFLD

Abdominal ultrasonography for diagnosis of
NAFLD using a 2-5 MHz convex transducer, various
(0-3) grades of steatosis have been proposed based on
visual analysis of the intensity of the echogenicity, pro-
vided that the gain setting is optimum. When the echo-
genicity is just increased, it is grade I; when the echoge-
nic liver obscures the echogenic walls of portal vein
branches, it is grade II, and when the echogenic liver
obscures the diaphragmatic outline, it is grade III fatty
infiltration [21].

Carotid ultrasound scan for measurement
of CIMT

Ultrasonography was performed with a GE Vivid
7 system equipped with a 13 MHz linear array imag-
ing probe. The right common carotid artery (CCA)
was examined with the patient lying supine, the head
was directed away from the side of interest, and the
neck extended slightly. The transducer was manip-
ulated so that the near and far walls of the CCA were
parallel to the transducer footprint, and the lumen

diameter was maximized in the longitudinal plane.
A region 1 cm proximal to the carotid bifurcation
was identified, and the intima-media thickness (IMT)
of the far wall was evaluated as the distance between
the lumen-intima interface and the media-adven-
titia interface. The IMT was measured on the fro-
zen frame of a suitable longitudinal image, with
the image magnified to achieve a higher resolution of
detail. The IMT measurement was obtained from four
contiguous sites at 1 mm intervals, and the average of
the four measurements was used for analyses. All mea-
surements were performed by the same investigator
without knowledge of clinical data. Upper normal av-
erage IMT is estimated to be up to 0.8 mm while ath-
erosclerotic plaque defined as a thickness > 1.5 mm
as measured from the media-adventitia interface to
the intima-lumen interface [22].

Statistical methods

Data management and statistical analysis were done
using SPSS version 25 (IBM, Armonk, New York, Unit-
ed States). Quantitative data were assessed for normality
using the Shapiro-Wilk test and direct data visualiza-
tion methods. Then, numerical data were summarized
as means and standard deviations or medians and
ranges. Categorical data were summarized as numbers
and percentages. Quantitative data were compared
between study groups using the independent #-test or
Mann-Whitney U test for normally and non-normally
distributed numerical variables, respectively. Categori-
cal data were compared using the x* test. ROC analysis
was done for CIMT in differentiating between cases and
controls. Area under curve (AUC) with 95% confidence
interval, best cut-off point, and diagnostic indices were
calculated. Correlations were done using Pearson’s or
Spearman’s correlation. CIMT was compared according
to different parameters using the independent #-test. All
statistical tests were two-sided. P values less than 0.05
were considered significant.

Ethics

This study was conducted in compliance with the
Declaration of Helsinki and approved by the local
institutional review board (protocol number: MD.
15.10.2018).

Results

Baseline characteristics of the study population

The current study population comprised 50 sub-
jects, and was divided into two groups: group I includ-
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Table 1. Characteristics and laboratory findings of studied groups

Characteristics Group | Group Il P-value
n=25 n=25
Age (years), mean +SD 42 £9 38 49 0.094
Male sex, n (%) 11 (44.0) 13 (52.0) 0.571
Smoking, n (%) 7(28.0) 5(20.0) 0.508
Weight (kg), mean +SD 79 £7 78 £4 0.474
Body mass index 26.9 £0.9 269 +1.4 0.848
Platelets 250 67 282 163 0.086
MPV 9.4 £1.2 8.1+0.6 <0.001
Blood glucose (mg/dl) 102 £16 94 +14 0.05
AST 32 (12-127) 28 (13-56) 0.151
ALT 42 (14-93) 25(9-22) 0.002
Albumin 43104 45 £0.5 0.113
Total bilirubin 1.1£0.2 140.1 0.033
Creatinine 1102 0.9 £0.2 0.049
INR 140.1 140.1 0.828
Total cholesterol (mg/dl) 181 £14 167 16 0.002
HDL 45 5 47 15 0.183
LDL 121 £18 107 £17 0.007
16 139 12 98 +28 <0.001
Endocan 0.6(0.1-49)  0.1(0.01-04) <0.001
CIMT (mm) 0.9 £03 0.6 £0.1 < 0.001

MPV - mean platelet volume, ALT - alanine transaminase, AST - aspartate transaminase,
INR - international normalized ratio, HDL - high-density lipoprotein, LDL - low-density

lipoprotein, TG - triglyceride

Table 2. Diagnostic performance of CIMT as predictor of early atherosclerosis

in patients with NAFLD
ROC characteristics
AUC (95% CI) 0.849 (0.738-0.959)
Best cut-off >0.7
Sensitivity 68%
Specificity 92%
PPV 89.5%
NPV 74.2%
Pvalue < 0.001

AUC - area under curve, 95% CI - 95% confidence interval, PPV - positive predictive

value, NPV - negative predictive value

ed 25 subjects with NAFLD and group II included
25 healthy subjects. The baseline characteristics of this
cohort are presented in Table 1.

The mean age was 48.6+11.1years, and 58.2% of
these subjects were male.

The laboratory findings of studied groups are
shown in Table 1; MPV, alanine transaminase (ALT),

AUC (95% Cl) = 0.849 (0.738-0.959)
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Fig. 1. ROC analysis of CIMT in prediction of early atherosclerosis in NAFLD
patients
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Fig. 2. ROC analysis for endocan in predicting endothelial dysfunction in
NAFLD patients
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Fig. 3. ROC analysis for MPV in predicting endothelial dysfunction in patients
with NAFLD
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Table 3. Diagnostic performance of endocan as a predictor of endothelial
dysfunction and early atherosclerosis in patients with NAFLD

Table 4. Diagnostic performance of MPV as a predictor of endothelial
dysfunction in patients with NAFLD

ROC characteristics ROC characteristics

AUC (95% Cl) 0.950 (0.894-1) AUC (95% Cl) 0.844 (0.737-0.951)
Best cut-off >0.197 Best cut-off >82
Sensitivity 92% Sensitivity 80%
Specificity 84% Specificity 80%

PPV 85.2% PPV 80%

NPV 91.3% NPV 80%

Pvalue < 0.001 Pvalue <0.001

AUC - area under curve, 95% CI - 95% confidence interval, PPV - positive predictive
value, NPV - negative predictive value

total bilirubin, serum creatinine, total cholesterol,
LDL, TG, serum endocan and CIMT were significantly
higher in group I than group II.

Diagnostic performance of noninvasive tools
as predictors of early atherosclerosis in patients
with NAFLD

Figures 1-3 and Tables 2-4 show the accuracy, in
terms of AUC, of different noninvasive tools to de-
tect early atherosclerosis in patients with NAFLD;
the three noninvasive tools used were CIMT, endocan and
MPV with AUC values of 0.849, 0.950, and 0.844 respec-
tively, with p-value < 0.001, which is highly significant.

Tables 5-7 show that the three noninvasive tools
(CIMT, endocan and MPV) were significantly asso-
ciated with most of the characteristics and laboratory
investigations of patients. Also there is a highly signif-
icant correlation between CIMT, endocan and MPV.

Discussion

Non-alcoholic or more recently re-defined as met-
abolic associated fatty liver disease is regarded as the
most relevant liver disease of the twenty-first century,
affecting at least one third of the general population
[1-3] and it is predicted to become the leading cause of
liver transplantation by 2030 [4].

Non-alcoholic fatty liver disease is associated not
only with increased liver-related morbidity and mor-
tality, but also with increased mortality due to CVD
and cancer [23, 24]. Nahandi et al. found a strong asso-
ciation between NAFLD and increased CIMT, which
is a standard method for evaluation of subclinical ath-
erosclerosis, and on the other hand, this association is
not influenced by the severity of fatty liver and increas-
ing liver enzymes [8].

Therefore, it is recommended to treat patients with
NAFLD to prevent atherosclerotic complications.

AUC - area under curve, 95% CI - 95% confidence interval, PPV - positive predictive
value, NPV - negative predictive value

Table 5. Correlation between CIMT and characteristics and laboratory
investigations of patients

Variable CIMT (mm)

r P-value
Age (years) 0.705* < 0.001
Systolic blood pressure 0.580* 0.002
Diastolic blood pressure 0.514* 0.009
Body mass index 0.429* 0.032
Platelets -0.689* <0.001
MPV 0.806* <0.001
AST 0.666* <0.001
ALT 0.595* 0.002
INR 0.436* 0.029
Albumin -0.451* 0.024
Total bilirubin 0.436* 0.03
Direct bilirubin 0.527* 0.007
Total cholesterol 0.664* <0.001
LDL 0.552* 0.004
TG 0.403* 0.046
Fasting blood sugar 0.733* < 0.001
Creatinine 0.631% 0.001
Endocan 0.877 0.001
NFS (NAFLD fibrosis score) 0.879* <0.001
NAFLD grade 0.843* <0.001

MPV - mean platelet volume, ALT - alanine transaminase, AST - aspartate transaminase,
INR - international normalized ratio, HDL - high-density lipoprotein, LDL - low-density
lipoprotein, TG - triglyceride, NFS — NAFLD fibrosis score, NAFLD - nonalcoholic liver
disease

Endothelial dysfunction is an early step in the
process of atherosclerosis, and hence crucial in CVD
development [9]. Endothelial dysfunction of the sys-
temic circulation was also observed in NAFLD, more
pronounced in NASH [25]. One of the markers for
endothelial dysfunction is endocan, which also incre-
ases in NAFLD [10].
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Table 6. Correlation between endocan and characteristics and laboratory
investigations of patients

Table 7. Correlation between MPV and characteristics and laboratory
investigations of patients

Variable Endocan Variable MPV
r P-value r P-value
Age (years) 0.687* < 0.001 Age (years) 0.673** < 0.001
Body mass index 0.630* < 0.001 Systolic blood pressure 0.525* 0.007
Platelets -0.772* < 0.001 Diastolic blood pressure 0.509* 0.009
MPV 0.76* < 0.001 Body mass index 0.482* 0.015
AST 0.00* 0.002 Platelets -0.689* < 0.001
ALT 0.470* 0.018 MPV 0.806* < 0.001
INR 0.505* 0.01 AST 0.696** < 0.001
Albumin -0.473** 0.017 ALT 0.622* 0.001
Total bilirubin 0.442* 0.027 INR 0.462 0.02
Direct bilirubin 0.511* 0.009 Albumin -0.481* 0.015
Total cholesterol 0.650* <0.001 Total bilirubin 0.485* 0.014
LDL 0.482* 0.015 Direct bilirubin 0.561* 0.004
TG 0.407* 0.044 Total cholesterol 0.550* < 0.004
Fasting blood sugar 0.773* <0.001 LDL 0.500** 0.011
Creatinine 0.564* 0.003 TG 0.508* 0.009
NFS (NAFLD fibrosis score) 0.958** < 0.001 Fasting blood sugar 0.773* < 0.001
NAFLD grade 0.863* < 0.001 Creatinine 0.571* 0.003
MPV - mean platelet volume, ALT - alanine transaminase, AST - aspartate transaminase, NFS (NAFLD fibrosis score) 0.866* < 0.001
INR ~ international normalized ratio, HDL ~ high-density lipoprotein, LDL - low-density NAFLD grade 0.819* < 0.00]

lipoprotein, TG - triglyceride, NFS — NAFLD fibrosis score, NAFLD ~ non-alcoholic liver
disease

Also, MPV is a biomarker of platelet activation and
function. It has been reported that MPV has prognos-
tic value for cardiovascular diseases and is a risk fac-
tor for atherothrombosis [16]. Mean platelet volume
seems to be a noticeable laboratory marker which in-
creases significantly in NAFLD patients; this marker
may be useful in follow-up of NAFLD patients [18].

We aimed in this work to study the relation between
NAFLD and subclinical atherosclerosis by measuring
carotid artery intima media thickness, as a known
marker of subclinical atherosclerosis. In addition, we
evaluated the MPV and endocan level, as markers of
endothelial dysfunction, in patients with NAFLD.

Taking non-invasive tools as predictors of early ath-
erosclerosis into account, MPV was significantly higher
in the NAFLD patient group (9.4 +1.2 fl) than the con-
trol group (8.1 £0.6 fl) (p-value < 0.001), which is in
agreement with Madan et al., who reported from anal-
ysis of data from 8 observational studies including 1428
subjects (NAFLD = 842 and non-NAFLD = 586) which
showed that MPV was significantly higher in patients
with NAFLD than those without, with a p value < 0.001,
indicating the presence of increased platelet activity in
NAFLD patients [25]. Also, this agrees with Nallath-

MPV - mean platelet volume, ALT - alanine transaminase, AST - aspartate transaminase,
INR - international normalized ratio, HDL - high-density lipoprotein, LDL - low-density
lipoprotein, TG - triglyceride, NFS — NAFLD fibrosis score, NAFLD — nonalcoholic liver
disease

ambi et al., who reported that increased MPV with
NAFLD patients indicates enhanced platelet activity
and this may be used as a simple surrogate marker for
the prediction of NAFLD [26]. Also, Saremi et al. re-
ported that MPV was a significant marker which was
higher in NAFLD patients (10.29 +£0.95 fl) compared to
the control group (9.56 £1.18 fl) (p-value < 0.001) [18].

Mean platelet volume showed significant positive
correlations with AST (r = 0.696, p < 0.001) and ALT
(r = 0.622, p < 0.001), and significant negative cor-
relations with platelets (r = -0.734, p < 0.001) and PC
(r=-0.413, p = 0.04), and this is in concordance with
Tuzer et al., who reported that lower platelet count and
higher MPV were observed in NAFLD patients [27].
Also MPV showed significant positive correlations
with NFS (r = 0.866, p-value < 0.001) and NAFLD
grade (r = 0.819, p-value < 0.001), which is similar to
Saremi et al., who reported that MPV was higher in
NAFLD patients (10.29 +0.95 fl) compared to the con-
trol group (9.56 £1.18 fl) (p-value < 0.001), and MPV
was significantly different between NAFLD grade I
(10.23 +1.00), NAFLD grades II and IIT (11.29 +1.84)
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and the control group (9.56 £1.18) (p = 0.001) [18].
So, MPV is positively correlated with grade of NAFLD
and can be used in follow-up of patients with NAFLD.
In the current study, the endocan level was signifi-
cantly higher in the NAFLD group (0.6; range from
0.1 to 4.9 ng/ml) than the control group (0.1; range
from 0.01 to 0.4 ng/ml and p-value was < 0.001), which
is in agreement with Dallio et al., who reported that en-
docan level was significantly higher in NAFLD subjects
compared to controls (1.23 +1.51 vs 0.68 +0.4 ng/ml;
p-value =0.016) [28]. Also, this agrees with Klisic et al.,
who found that endocan level was higher in NAFLD as
well as in advanced fibrosis as compared with controls
(p-value < 0.002) [29]. Also, Elsheikh et al. reported
that endocan (as a marker for endothelial dysfunc-
tion) was also increased in NAFLD [10]. Also, NAFLD
subjects had significantly higher endocan levels than
the control group, as reported by Ustyol et al. [30].
ROC analysis was performed for endocan in pre-
dicting endothelial dysfunction in NAFLD patients,
and showed that there was a significant excellent
AUC of 0.950 with a 95% confidence interval range of
0.894-1 (p < 0.001). The best cut-oft was > 0.197 ng/ml,
at which sensitivity and specificity, PPV, and NPV
were 92%, 84%, 85.2%, and 91.3%, respectively. This is
in agreement with Erman et al., who reported that en-
docan showed AUC 0f 0.867 (p < 0.001) and the cut-off
value of serum endocan level to predict NAFLD was
122.583 pg/ml with a sensitivity of 71.79%, specificity
of 90%, PPV 0of 93.3% and NPV of 62.1% [31].
Endocan showed significant positive correlations
with NFS (r = 0.958, p < 0.001) and NAFLD grade
(r = 0.863, p < 0.001). This is similar to Dallio et al.,
who found that NAFLD was associated with a statisti-
cally significant increase in endocan serum levels com-
pared to controls, and the increase was more marked
in NASH patients compared to NAFLD patients
(p=0.001 and p = 0.004 vs. controls, respectively) [28],
which indicates that there was a positive correlation
between endocan level and severity of NAFLD.
Another non-invasive tool in our study is CIMT,
which was significantly higher in the NAFLD group
(0.9 £0.3 mm) than the control group (0.6 £0.1 mm),
and the p-value was < 0.001. This was in agreement
with Musa et al., who reported that CIMT was higher
in NAFLD patients compared to controls (0.74 +0.14
vs.0.65 £0.11; p = 0.025) [32]. Also, Aygun et al. report-
ed that carotid artery ultrasound measurements in the
NAFLD group revealed that the mean and maximum
CIMT values were significantly higher than those of
the control group with a higher frequency of plaque
(0.646 +0.101 vs. 0.544 +0.067; p < 0.001) [33]. Also,
Madan et al. reported that CIMT, a marker for gen-

eralised atherosclerotic burden, was associated with
NAFLD, which means that the patients with NAFLD
may be at risk of early generalized atherosclerosis [25].
Also, in the study performed by Dogru et al. subjects
with NAFLD had significantly greater CIMT measure-
ments than controls (p < 0.001) [34]. Also, Thakur et al.
reported that NAFLD patients had higher average
CIMT (0.6 +0.12) vs. controls (0.489 +0.1), p < 0.05,
and had higher prevalence of atherosclerotic plaques
(20% vs. 5%, p < 0.05) than controls [35].

Diagnostic performance of CIMT as a predictor of
early atherosclerosis in NAFLD patients was done, and
revealed an excellent significant AUC of 0.849 with
a 95% confidence interval range from 0.738 to 0.959.
The best cut-off point was > 0.7, at which sensitivity,
specificity, PPV, and NPV were 68%, 92%, 89.5%, and
74.2%, respectively. This is in agreement with Musa
et al., who found that the AUC for CIMT was 0.567,
with a cutoff value of 0.6 as a possible cut-off value to
discriminate NAFLD giving a sensitivity of 70%, spec-
ificity 53.3%, PPV 75%, NPV 47.1%, and diagnostic
accuracy 64.4% [32].

In this study, CIMT showed a significant positive
correlation with MPV (r = 0.806, p < 0.001) and a sig-
nificant negative correlation with platelets (r = -0.689,
p < 0.001). This agrees with Arslan et al., who found
a significant relationship between MPV and CIMT
[36]. Also, Kilciler et al. reported a positive relation-
ship between MPV and carotid atherosclerosis in adult
patients with NAFLD, but there was no difference be-
tween NAFLD and the control group regarding MPV
and CIMT [37].

In the current study, CIMT showed significant
positive correlations with AST (r = 0.666, p < 0.001),
ALT (r = 0.595, p = 0.002), total bilirubin (r = 0.436,
p =0.0.03), direct bilirubin (r = 0.527, p = 0.007), NES
(r = 0.879, p < 0.001) and NAFLD grade (r = 0.843,
p < 0.001). Also, CIMT showed a significant negative
correlation with albumin (r = -0.451, p = 0.024). This
agrees with Fracanzani et al., who performed a lon-
gitudinal cohort study on 125 NAFLD patients and
250 controls at baseline and 10 years later and found
that major cardiovascular events were observed in 19%
of NAFLD patients, with an estimated cumulative risk
significantly higher in NAFLD than in controls [38].

Colak et al. found that CIMT was significantly
higher in patients with NAFLD than the control group
(0.67 £0.09 vs. 0.52 £0.11 mm, p < 0.001), and the
average CIMT measurements were found in groups
of control, simple steatosis, and NASH as 0.52 +0.11,
0.63 +0.07, and 0.68 +0.1 mm, respectively; the differ-
ences between groups were significant (p < 0.001) [39].
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This mean that CIMT was positively correlated with
severity and grade of NAFLD.

In the current study, CIMT showed a significant
positive correlation with endocan (r=0.877, p < 0.001).
This is in agreement with Nalbantoglu et al., who
found that obese children have a higher endocan level
compared to the control group and also have increased
CIMT, so there was a significant correlation between
CIMT and endocan in obese children [40].

In conclusion, patients with NAFLD have signifi-
cantly higher mean values of carotid intima-media
thickness, representing a possible increased risk of ath-
erosclerosis. Also MPV and endocan level were higher
in NAFLD patients and can be used as predictors for
endothelial dysfunction, so the clinical implication of
these results might be that patients with NAFLD are at
significantly increased risk for subclinical atheroscle-
rosis and endothelial dysfunction independent of obe-
sity, dyslipidaemia and metabolic syndrome.

Disclosure

The authors declare no conflict of interest.

References

1. Younossi ZM, Koenig AB, Abdelatif D, et al. Global epidemiolo-
gy of nonalcoholic fatty liver disease — meta-analytic assessment
of prevalence, incidence, and outcomes. Hepatology 2016; 64:
73-84.

2. Eslam M, Sanyal AJ, George ]. MAFLD: a consensus-driven pro-
posed nomenclature for metabolic associated fatty liver disease.
Gastroenterology 2020; 158: 1999-2014.

3. Eslam M, Newsome PN, Sarin SK, et al. A new definition for
metabolic dysfunction-associated fatty liver disease: an interna-
tional expert consensus statement. ] Hepatol 2020; 73: 202-209.

4. Cholankeril G, Wong RJ, Hu M, et al. Liver transplantation for
nonalcoholic steatohepatitis in the US: temporal trends and
outcomes. Dig Dis Sci 2017; 62: 2915-2922.

5. Stephen S, Baranova A, Younossi ZM. Nonalcoholic fatty liver
disease and bariatric surgery. Exp Rev Gastroenterol Hepatol
2012; 6: 163-171.

6. Targher G, Marra F, Marchesini G. Increased risk of cardiovas-
cular disease in non-alcoholic fatty liver disease: causal effect or
epiphenomenon? Diabetologia 2008; 51: 1947-1953.

7. Targher G, Bertolini L, Padovani R, et al. Relation of nonalco-
holic hepatic steatosis to early carotid atherosclerosis in healthy
men. Diabetes Care 2004; 27: 2498-2500.

8. Nahandi MZ, Khoshbaten M, Ramazanzadeh E, et al. Effect of
non-alcoholic fatty liver disease on carotid artery intima-me-
dia thickness as a risk factor for atherosclerosis. Gastroenterol
Hepatol Bed Bench 2014; 7: 55-62.

9. Vanhoutte PM. Endothelial dysfunction: the first step toward
coronary arteriosclerosis. Circ ] 2009; 73: 595-601.

10. Elsheikh E, Younoszai Z, Otgonsuren M, et al. Markers of en-
dothelial dysfunction in patients with non-alcoholic fatty liver
disease and coronary artery disease. ] Gastroenterol Hepatol
2014; 29: 1528-1534.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ozaki K, Toshikuni N, George J, et al. Serum endocan as a novel
prognostic biomarker in patients with hepatocellular carcinoma.
J Cancer 2014; 5: 221-230.

Sarrazin S, Adam E, Lyon M, et al. Endocan or endothelial cell
specific molecule-1 (ESM-1): a potential novel endothelial cell
marker and a new target for cancer therapy. Biochim Biophys
Acta 2006; 1765: 25-37.

Balta S, Mikhailidis DP, Demirkol S, et al. Endocan a novel in-
flammatory indicator in newly diagnosed patients with hyper-
tension: a pilot study. Angiology 2014; 65: 773-777.

Balta I, Balta S, Demirkol S, et al. Elevated serum levels of en-
docan in patients with psoriasis vulgaris: correlations with car-
diovascular risk and activity of disease. Br ] Dermatol 2013; 169:
1066-1070.

Wang XS, Yang W, Luo T, et al. Serum endocan levels are cor-
related with the presence and severity of coronary artery disease
in patients with hypertension. Genet Test Mol Biomarkers 2015;
19: 124-127.

Celikbilek M, Giirsoy S, Deniz K, et al. Mean platelet volume in
biopsy proven non alcoholic fatty liver disease. Platelets 2013;
24:194-199.

Alkhouri N, Kistangari G, Campbell C, et al. Mean platelet vol-
ume as a marker of increased cardiovascular risk in patients
with nonalcoholic steatohepatitis. Hepatology 2012; 55: 331.
Saremi Z, Rastgoo M, Mohammadifard M, et al. Comparison of
platelet number and function between nonalcoholic fatty liver
disease and normal individuals. ] Res Med Sci 2017; 22: 75.
WHO Expert Consultation. Appropriate body-mass index for
Asian populations and its implications for policy and interven-
tion strategies. Lancet 2004; 363: 157-163.

Angulo P, Hui JM, Marchesini G, et al. The NAFLD fibrosis
score: a noninvasive system that identifies liver fibrosis in pa-
tients with NAFLD. Hepatology 2007; 45: 846-854.

Saadeh S, Younossi ZM, Remer EM, et al. The utility of radio-
logical imaging in nonalcoholic fatty liver disease. Gastroenter-
ology 2002; 123: 745-750.

Celik S, Erdogan T, Kasap H, et al. Carotid intima-media thick-
ness in patients with isolated coronary artery ectasia. Athero-
sclerosis 2007; 190: 385-387.

Ekstedt M, Hagstrom H, Nasr P, et al. Fibrosis stage is the stron-
gest predictor for disease-specific mortality in NAFLD after up
to 33 years of follow-up. Hepatology 2015; 61: 1547-1554.
Satapathy SK, Sanyal AJ. Epidemiology and natural history
of nonalcoholic fatty liver disease. Semin Liver Dis 2015; 35:
221-235.

Madan SA, John E Pitchumoni CS. Nonalcoholic fatty liver
disease and mean platelet volume: a systemic review and meta-
analysis. ] Clin Gastroenterol 2016; 50: 69-74.

Nallathambi N, Sivakumar K, Jibin J, et al. Mean platelet volume
(MPV) in non alcoholic fatty liver disease (NAFLD) patients.
Global Journal For Research Analysis 2018; 7: 71-73.

Tuzer C, Sertbas Y, Duman E, et al. The role of mean platelet
volume in nonalcoholic fatty liver disease without cardiovascu-
lar comorbidities, obesity and diabetes mellitus. Eur ] Gastroen-
terol Hepatol 2021; 33: 1222-1228.

Dallio M, Masarone M, Caprio GG, et al. Endocan serum levels
in patients with non-alcoholic fatty liver disease with or without
type 2 diabetes mellitus: a pilot study. ] Gastrointestin Liver Dis
2017; 26: 261-268.

Klisic A, Kavaric N, Stanisic V, et al. Endocan and a novel
score for dyslipidemia, oxidative stress and inflammation (DOI
score) are independently correlated with glycated hemoglobin

Clinical and Experimental Hepatology 2/2023

113



Badawy Abdulkhalik Abdulaziz, Ahmed Mahmoud Bendary, Aida Thabet, Eman Gamal Behery, Mona Salah, Medhat A Khalil, Ghadeer Rashad

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

(HbA1Ic) in patients with prediabetes and type 2 diabetes. Arch
Med Sci 20205 16: 42-50.

Ustyol A, Ustyol EA, Gurdol E et al. P-selectin, endocan, and
some adhesion molecules in obese children and adolescents
with non-alcoholic fatty liver disease. Scand J Clin Lab Invest
2017; 77: 205-209.

Erman H, Beydogan E, Cetin SI, Boyuk B. Endocan: a biomark-
er for hepatosteatosis in patients with metabolic syndrome.
Mediators Inflamm 2020; 2020: 3534042.

Musa NI, Safwat E, Abdelhakam SM, et al. Noninvasive tool
for the diagnosis of NAFLD in association with atherosclerotic
cardiovascular risk. Egypt Liver Journal 2019; 9: 1.

Aygun C, Kocaman O, Sahin T, et al. Evaluation of metabolic
syndrome frequency and carotid artery intima-media thickness
as risk factors for atherosclerosis in patients with nonalcoholic
fatty liver disease. Dig Dis Sci 2008; 53: 1352-1357.

Dogru T, Genc H, Tapan §, 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.

Thakur ML, Sharma S, Kumar A, et al. Nonalcoholic fatty liv-
er disease is associated with subclinical atherosclerosis inde-
pendent of obesity and metabolic syndrome in Asian Indians.
Atherosclerosis 2012; 223: 507-511.

Arslan N, Makay B, Hizli §, et al. Assessment of atherosclero-
sis in obese adolescents: Positive correlation of mean platelet
volume and carotid intima media thickness. ] Paediatr Child
Health 2013; 49: 963-968.

Kilciler G, Genc H, Tapan S, et al. Mean platelet volume and
its relationship with carotid atherosclerosis in subjects with
non-alcoholic fatty liver disease. Ups J Med Sci 2010; 115:
253-259.

Fracanzani AL, Tiraboschi S, Pisano G, et al. Progression of
carotid vascular damage and cardiovascular events in non-al-
coholic fatty liver disease patients compared to the general
population during 10 years of follow-up. Atherosclerosis 2016;
246:208-213.

Colak Y, Senates E, Yesil A, et al. Assessment of endothelial
function in patients with nonalcoholic fatty liver disease. Endo-
crine 2013; 43: 100-107.

Nalbantoglu A, Kizilca O, Guzel S, et al. Increased carotid
intima-media thickness and endothelial cell-specific mole-
cule-1 (endocan) levels in obese children. Angiology 2021; 72:
633-639.

114

Clinical and Experimental Hepatology 2/2023



