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Abstract

BACKGROUND

Hepatitis C virus (HCV) infection may affect lipid metabolism by enhancing the
circulating levels of inflammatory cytokines, together with its impact on
endothelial function.

AIM

To evaluate the potential correlation of changes in lipid profile, carotid intima-
media thickness (CIMT), and ankle-brachial index with the severity of fibrosis,
grades of esophageal varices (EVs), and fibrosis indices.

METHODS

The study included 240 subjects who were divided into 3 groups; group 1 (n = 90,
HCV-related cirrhotic patients with EVs), group 2 (n = 90, HCV-related cirrhotic
patients without EVs), and group 3 (n = 60, served as the healthy control group).
All patients underwent routine laboratory tests, including a lipid profile assay.
Low-density lipoproteins (LDL)/platelet count and platelet/splenic diameter
ratios were calculated. Abdominal ultrasonography, CIMT by carotid Doppler,
bedside ankle-brachial index (ABI), liver stiffness measurement, and upper
gastrointestinal endoscopy were performed.

RESULTS

Multivariate logistic regression revealed that very-low-density lipoprotein
(VLDL) (B = 0.988, odds ratio 2.5, P = 0.001), LDL/ platelet count ratio (p = 1.178,
odds ratio 3.24, P = 0.001), CIMT (p = 1.37, odds ratio 3.9, P = 0.001), and ABI ( =
2.3, odds ratio 5.9, P = 0.001) were the key variables associated with significant
fibrosis, EVs and endothelial dysfunction. CIMT and LDL/ platelet count ratio
were predictive of advanced fibrosis and EVs at cutoff values of 1.1 mm and 1
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mm, respectively, with an area under the curve (AUC) of 0.966 and 0.960 (P =
0.001), while VLDL and ABI at a cutoff of 16.5 mg/dL and 0.94 were predictive of
advanced fibrosis and EVs with an AUC of 0.891 and 0.823, respectively (P =
0.001).

CONCLUSION
CIMT, ABI, VLDL, LDL/platelet count ratio are good non-invasive predictors of
advanced fibrosis, presence of EVs, and endothelial dysfunction in liver cirrhosis.

Key Words: Lipid profile; Liver cirrhosis; Esophageal varices; Carotid-intima media
thickness; Ankle-brachial index

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Hepatitis C virus (HCV) infection may affect lipid metabolism by enhancing
the circulating levels of inflammatory cytokines. HCV may induce endothelial
dysfunction. Carotid intima-media thickness, low-density lipoproteins (LDL)/platelet
count ratio, ankle-brachial index, and very LDL were predictive of advanced fibrosis,
esophageal varices, and endothelial dysfunction at cutoff values of 1.1 mm, 1, 0.94,
and 16.5 mg/dL, respectively. Novel markers provide information beyond the previous
traditional markers such as platelet count, FIB-4, and platelet/splenic diameter ratio
with additional data regarding endothelial dysfunction and subclinical atherosclerosis.

Citation: Hanafy AS, Basha MAK, Wadea FM. Novel markers of endothelial dysfunction in
hepatitis C virus-related cirrhosis: More than a mere prediction of esophageal varices. World J
Hepatol 2020; 12(10): 850-862

URL: https://www.wjgnet.com/1948-5182/full/v12/i10/850.htm

DOI: https://dx.doi.org/10.4254/wjh.v12.i110.850

INTRODUCTION

Hepatitis C virus (HCV) infection represents a major public health burden with an
estimated global prevalence of 2.8% resulting in more than 185 million infected
patients!l. Prompt recognition of vascular changes in patients with significant liver
fibrosis is required for directing therapy and follow-up against both cardiovascular
disease and esophageal varices (EVs).

Chronic HCV infection is associated with a chronic inflammatory state leading to a
disproportion of pro-inflammatory/anti-inflammatory cytokines ratio. Also, lipid
abnormalities, insulin resistance (IR), and increased risk of atherosclerosis have been
described in chronic HCVE.,

HCV may trigger atherosclerosis through the production of intracellular adhesion
molecules, anti-endothelial antibodies, oxidative stress generation, and IR\ Increased
carotid intima-media thickness (CIMT) represents an initial ultrasonographic sign of
atherosclerosis that can be easily evaluated at the bedside. Previously, HCV RNA was
isolated from carotid plaques from patients infected with HCV*7.,

HCV is a hybrid molecule composed of viral and lipoprotein components
(lipoviroparticles); the latter resemble very low-density lipoproteins (VLDLs) and low-
density lipoproteins (LDLs)", and conjugate with cell surface receptors mainly
scavenger receptor class B member 1 protein and the LDL receptor!”, the latter binds to
either the lipoprotein component of the viral particle or the hyper-variable region 1 of
glycoprotein E21'1.

HCV infection causes a defect in intrahepatic cholesterol synthesis due to its
employment in viral replication, with a later decrease in the available cholesterol for
peripheral delivery via VLDL and this stimulates more expression of LDL receptors
and an increase in LDL uptake by the liver accounting for the decreased serum LDL;
therefore, sustained virological response (SVR) may cause a rebound increase in lipid
levels!'. VLDL level may be low in advanced liver diseases due to decreased synthesis
and therefore it can be used as a marker of advanced fibrosis!*"l.

In addition to predicting EVs and fibrosis severity, the objective of this study was to

October 27,2020 | Volume12 | Issue10 |
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determine predictive markers of vascular changes and endothelial dysfunction in
HCV-related cirrhosis.

MATERIALS AND METHODS
Study aim

Evaluation of the association of changes in lipid profile, CIMT and ankle-brachial
index (ABI) with the severity of fibrosis, grades of EVs, and fibrosis indices.

Study design
This cross-sectional case-control study was conducted in the Gastroenterology and
Hepatology Clinic, Department of Internal Medicine, Faculty of Medicine, Zagazig
University Hospitals during the period from November 2018 to December 2019. The
research protocol (IRB-255-2018) was accepted by the Zagazig Faculty of Medicine
Ethical Committee.

All procedures were carried out under the Zagazig University's ethical principles
and in compliance with the Helsinki declaration and its more recent modifications.
Informed consent was obtained from each patient who participated in the study.

Patient population

The study included chronic HCV infected patients (1 = 180) and 60 healthy subjects as
a control group, all were matched for age, sex, and body mass index.Diagnosis of liver
cirrhosis was based on clinical, laboratory, ultrasonographic, and FibroScan features.
Eligible patients obtained a diagnosis of liver cirrhosis secondary to HCV infection
proven by a positive anti-HCV test and HCV-RNA in serum, and were divided into 2
groups: Group 1 which included 90 cirrhotic patients complicated with EVs and group
2 which included 90 cirrhotic patients without EVs. Group 3 included the control
subjects.

Exclusion criteria

Smoking, obesity, patients with other diseases that may alter serum lipid levels such as
diabetes, non-alcoholic fatty liver disease or chronic alcohol consumption, any patients
who had previously received anti-viral therapy for HCV or had been cured of HCV
which may induce a rebound increase in serum lipids, lipid-lowering medications,
recipients of solid organ transplantation and patients who had refused to participate in
the study.

Laboratory analysis

Routine laboratory tests were performed including liver and kidney function tests, full
blood count, and coagulation profile. LDL-C was calculated using the Friedewald
formula: LDL-C (mg/dL) = Total cholesterol-(HDL-C)-(triglycerides/5)!"). The
LDL/platelet count ratio was also calculated. VLDL cholesterol was estimated by
dividing the TGs/5if the TGs were lower than 450 mg/dL"l.

Abdominal ultrasonography

The ultrasonographic features of liver cirrhosis or the presence of ascites were
documented. Criteria for portal hypertension were defined as portal vein diameter
greater than 13 mm, splenic bipolar diameter greater than 130 mm or the presence of
portal venous collaterals!.

Carotid artery intima-media thickness

Common carotid arteries were evaluated on both sides by an experienced radiologist
who was blinded to clinical data using B-mode duplex ultrasound with a 7.5MHz
linear probe (Siemens G60°). CIMT was measured from the intima lumen interface to
the media adventitia interface; with a value > 0.9 mm considered abnormal. Three
measures were obtained on either side; the mean CIMT was defined as the mean right
and left CIMT!'.

Non-invasive documentation of liver fibrosis

Liver stiffness measurement: Liver stiffness measurement was performed by an
experienced physician who was blinded to the clinical data of the patients using
FibroScan®. Fibrosis stages F0-1; F2; F3 and F4 or cirrhosis were defined by the
spectrum of liver stiffness values 2.5-7, 7-9.5, 9.5-12.5 and > 12.5 kPa, respectively!‘.
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Traditional non-invasive tools

Fibrosis index-4: This was calculated by the following equation using 4 factors: [age
(year)xaspartate aminotransferase (U/L)]/[platelet count (PLT) (10°/L)]*[alanine
aminotransferase (U/L)]. A fibrosis index-4 (FIB-4) score < 1.45 displayed a negative
predictive value of 90% for advanced fibrosis, however, a FIB-4 > 3.25 had a 97%
specificity and a positive predictive value of 65% for advanced fibrosis!"’l.

PLT/splenic diameter ratio: The PLT/splenic diameter (PLT/SD) ratio was calculated
by dividing the number of platelets (uL) by the maximum bipolar diameter of the
spleen in millimeters, detected by abdominal ultrasound.

Upper gastrointestinalendoscopy
EVs were diagnosed and graded from grade I to grade IV, using the Paquet grading
system.

Assessment of endothelial dysfunction

Endothelial dysfunction can be evaluated by flow-mediated dilatation in the brachial
artery using high-resolution ultrasound or simply by bedside ABI which is considered
an easy and cost-effective method for assessing endothelial dysfunction”l.The patient
remained in the supine position for 5 min and the blood pressure cuff was applied to
the arm and lower calf, then the stethoscope was used to measure the systolic pressure
in the brachial and dorsalis pedis arteries of both sides. ABI was calculated by dividing
the highest value of pressure in the dorsalis pedis arteries by the highest brachial
pressure. The normal ABI is over 1 and the cutoff value to diagnose peripheral arterial
disease is < 0.90 at rest with a sensitivity of 95% and specificity of 100%, values > 1.40
suggest arteriosclerosis mainly seen in diabetes or chronic renal failurel*!.

Statistical analysis

All data were statistically analyzed using SPSS 20 for Windows (SPSS Inc., Chicago, IL,
United States). Quantitative data were expressed as the mean + SD. Qualitative data
were expressed as absolute frequencies (number) and (percentage). The F test was
performed to compare between more than two groups of normally distributed
variables. LSD with Bonferroni correction was applied to detect the difference between
groups.

Spearman’s correlation coefficient (r) was performed for ordinal variables and
Pearson correlation for continuous variables. Logistic regression analysis was
performed by forwarding selection to identify variables independently associated with
advanced fibrosis and endothelial dysfunction. All variables with P < 0.05 were
considered statistically significant.

Receiver operating characteristic curves were plotted and the area under the curve
(AUC) was calculated, the performance of the cutoff value was judged by calculation
of Youden’s ] value; values near 1 indicated good performance (J = sensitivity +
specificity - 1). Sensitivity/specificity and positive/negative predictive values for the
non-invasive diagnosis of fibrosis, EVs, and endothelial dysfunction were assessed
considering liver stiffness as the reference for stages of fibrosis.

RESULTS

Basic demographic, clinical, laboratory and endoscopic findings

The current study included 240 subjects, and the baseline demographic, laboratory,
and endoscopic findings of all subjects are summarized in Table 1. A highly significant
statistical difference regarding serum transaminases and platelet count was found
among the groups with the key significant difference between group 1 (cirrhosis with
EVs) and group 2 (cirrhosis without EVs), and group 1 (cirrhosis with EVs) and group
3 (control group) (P = 0.001 and 0.001, respectively).

The total cholesterol and LDL levels were significantly lower in group 1 with a
significant difference between groups 1 & 2, and 1 & 3 (P = 0.001 and 0.001,
respectively).

VLDL was significantly lower in group 1 with a significant difference between
groups 1 & 2, and 1 & 3 (P = 0.001 and 0.001, respectively) and between group 2 & 3 (P
= 0.001). Also, the LDL/ platelet count ratio was significantly higher in group 1 with a
significant difference between groups 1 & 2, and 1 & 3 (P = 0.001 and 0.001,
respectively).

WJH | https://www.wjgnet.com 853 October 27,2020 | Volume12 | Issue10 |



Hanafy AS et al. Endothelial dysfunction in liver cirrhosis

Table 1 Baseline laboratory and endoscopic findings of the enrolled patients

Variable Liver cirrhosis with EVs Liver cirrhosis without EVs  Control group P value'
n 90 90 60 =
Sex (M/F) 62/28 60/30 40/20 04
Age (yr) 49.6 + 84 477 £ 97 46 £6.7 0.32
BMI (kg/m’) 263 + 21 258 + 13 266 + 09 021
ABI 0.94 £ 0.09 1.08 £ 0.13 1.16 £ 0.11 0.001
AST (IU/L) 53.7 + 10.2 437 £ 5.6 31.1 + 10.8 0.001
ALT (IU/L) 472 £ 78 362 + 85 306 = 7.7 0.001
Platelet count x 10° 792 + 21.2 189.3 + 43.2 197.7 + 18.7 0.001
Total cholesterol (mg/dL) 177.6 + 18.8 199.2 + 274 2104 + 12.6 0.01
HDL (mg/dL) 395 + 43 446 £ 71 354 + 53 0.004
TGs (mg/dL) 135.7 + 144 168.8 + 12.8 180.8 + 8.4 0.01
VLDL (mg/dL) 16.6 £ 4.3 26.5 £ 53 25 £5.7 0.001
LDL (mg/dL) 105.8 £14.5 128.9 £ 20.6 1389 £ 16.5 0.03
FIB-4 497 £ 18 1.54 £ 0.47 1.51 £ 0.3 0.001
Platelets/SD ratio 449 + 167 1375 + 380 1702 + 238 0.001
LDL/ platelet count ratio 141 + 0.4 0.71 £ 0.21 0.75 + 0.09 0.001
Child-Pugh class (1) A (26), B (46), C (18) A (88),B (2 Non-cirrhotic -

Endoscopy

EVs

Grade I-1I, n (%)
Grade III, 1 (%)
Grade IV, n (%)

“Fundal varix, 1 (%)

32 (35.5)
42 (46.7)
16 (17.8)

12 (13.3)

1P value less than 0.05 is considered significant.
2Fundal varices were not isolated but associated with G I esophageal varices (EV) (1 =2), G I EV (1 =6), G III-IV EV (1 = 4).
BMI: Body mass index; ABIL: Ankle-brachial index; LDL: Low-density lipoproteins; HDL: High-density lipoproteins; VLDL: Very low-density lipoproteins;

TGs: Triglycerides; EVs: Esophageal varices; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; SD: Splenic diameter; FIB-4: Fibrosis index-

4.
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FIB-4 values were significantly higher in group 1 with a significant difference
between group 1 & 2, and 1 & 3 (P = 0.001 and 0.001, respectively) as presented in
Table 1. In addition, ABI was significantly lower in group 1 when compared with
group 2 and 3 (Table 1).

Radiological findings
Carotid-intima media thickness was significantly higher in group 1 when compared
with group 2 and 3. These results are presented in Figure 1 and Table 2. SD and
FibroScan readings (kPa) were significantly higher in cirrhotic patients with EVs with
a significant difference between group 1 & 2, and 1 & 3 (P = 0.001 and 0.001), however,
the PLT/SD ratio was significantly lower in the same group as presented in Table 2.
The cutoff value of the PLT/SD ratio associated with advanced fibrosis and presence
of EVs was 872 with a sensitivity of 100%, specificity of 94%, AUC of 0.991, P = 0.001,
and Youden's J value of 0.94.

Liver stiffness significantly correlated with platelet count (r = -0.615, P = 0.001),
VLDL (r = -0.619, P = 0.001), SD (r = 0.534, P = 0.001), FIB-4 (r = 0.588, P = 0.001), CIMT
(0.712, P = 0.001), LDL/PLT ratio (r = 0.677, P = 0.001), and ABI (r = -0.546, P = 0.001).
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Table 2 Ultrasonographic and liver stiffness values of the enrolled patients

Variable Liver cirrhosis with EVs Liver cirrhosis without EVs Control group P value
Splenic diameter 1829 +21.4 141 +12.8 111.2+9.7 0.003
Platelets/SD ratio 449 £166 1374.9 + 380 1701 + 239 0.001
FibroScan (kPa) 244 + 6.02 148+19 52 + 0.82 0.001
CIMT (mm) 1.2+ 013 0.69 + 0.14 0.62 £ 0.11 0.001

CIMT: Carotid-intima media thickness; EVs: Esophageal varices; SD: Splenic diameter.

Figure 1 Carotid intima-media thickness in the study groups. A: Carotid-intima media thickness (CIMT) in a cirrhotic patient without esophageal varices
(EVs) (0.72 mm); B: CIMT in a cirrhotic patient with EVs (1.42 mm); C: CIMT in a healthy control subject (0.6 mm).

Jaishideng®

Correlation of the new non-invasive markers to traditional tools

An increasingly significant direct correlation was detected between the LDL/PLT
ratio, LS (r = 0.677, P = 0.001) and FIB4 (r = 0.763, P = 0.001). On the other hand, a high
significant negative correlation was detected between VLDL and LS (r = -0.769, P =
0.001) as well as FIB4 (r = -0.533, P = 0.001) as shown in Figure 2 and Supplementary
Figure 1.

Cutoff values of the new non-invasive markers for diagnostic performance for

fibrosis severity, EVs and endothelial dysfunction in cirrhotic patients

Multivariate logistic regression was carried out to identify variables independently
associated with fibrosis severity, EVs and endothelial dysfunction and revealed that
VLDL (B = 0.988, odds ratio 2.5, P = 0.001), LDL/PLT ratio (p = 1.178, odds ratio 3.24, P
=0.001), CIMT (B = 1.37, odds ratio 3.9, P = 0.001), and ABI (p = 2.3, odds ratio 5.9, P =
0.001) were independently associated with fibrosis severity.

CIMT and LDL/PLT ratio were predictive of advanced fibrosis, EVs and endothelial
dysfunction at cutoff values 1.1 mm and 1, respectively, with an AUC of 0.966 and
0.960, 95%CI(0.913-1 and 0.916-1), sensitivity of 86.9% and 94%, specificity of 95% and
82% as presented in Figure 3, and Youden’s ] value = 0.819 and 0.76, respectively.

VLDL and ABI cutoff values predictive of advanced fibrosis, EVs and endothelial
dysfunction were 16.5 mg/dL and 0.94 with an AUC of 0.891 and 0.823, sensitivity of
74.1% and 90.5%, and specificity of 100% and 92%, and corresponding to Youden’s J
value = 0.741 and 0.82, respectively, as presented in Figure 4.

When patients were categorized based on the determined cutoff values of VLDL,
CIMT, ABI, and the LDL/platelet ratio; they displayed an extremely significant
discriminating ability for lipid profile, platelet count, SD, FIB-4 and the PLT/SD ratio
as presented in Table 3.

CIMT > 1.1 mm, LDL/PLT ratio > 1, and VLDL < 16.5 were associated with lower
ABI values and in this way endothelial dysfunction (P = 0.001) when compared with
other non-invasive tools. Also, CIMT > 1.1 mm, LDL/PLT ratio > 1, ABI < 0.94 and
VLDL < 16.5 showed comparable results for liver stiffness and were more efficient in
identifying EVs (P = 0.001) and equally large EVs (P = 0.048) when compared with
traditional tools such as FIB-4 and the platelets/SD ratio as shown in Table 4.
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Table 3 Discriminating ability of the novel markers in the studied groups

Variable VLDL CIMT LDL/platelet ratio ABI

Cutoff value Below 16.5 Above 16.5 P value Below 1.1 Above 1.1 P value Below 1 Above 1 P value Below 0.94 Above 0.94 P value
n 76 164 s 9% 144 - 98 142 - 70 170 -

Sex (M/F) 56,20 106/58 0.2 64/32 98/46 0.86 66/32 96/46 0.83 47/23 115/55 0.45
Age (yr) 50.3 + 10 485 + 83 03 496 + 8.6 487 + 9 0.56 498 + 88 48 + 9 0.78 51.5 + 8.9 482 + 7.4 0.2
AST (IU/L) 46 + 11.6 384 + 121 0.01 475 + 11.8 349 + 84 0.01 52 + 11 35 £ 9 0.001 49 + 12 38 + 11 0.03
ALT (IU/L) 45 + 84 375 + 85 0.03 46 + 8 354 + 7 0.03 45 + 7.8 34 £ 56 0.02 43 £ 8 32+ 8 0.047
Platelet count x 10 83.6 + 47 165.5 + 62.2 0.001 825 + 41.4 182 + 40 0.001 81 + 26 188 + 41 0.001 87 + 23 160 + 61 0.001
Total cholesterol 166 + 21 198 + 24 0.02 170 + 18 200.5 + 26 0.034 168 + 26 197 + 28 0.04 173 + 27 196 + 25 0.023
Triglycerides (mg/dL) 135.7 + 15 164 + 19 0.03 137 + 15 168 + 15 0.032 140 + 19 168 + 16 0.045 143 + 18 162 + 24 0.01
VLDL (mg/dL) 14.6 + 15 262 + 5.6 0.001 17 + 49 28 £ 7 0.001 15 + 4 32+ 6 0.001 17 £ 5 25 + 12 0.03
LDL (mg/dL) 106 + 15 126 + 21 0.001 102 + 13 130 + 20 0.023 110 + 17 122 + 20 0.06 109 + 19 129 + 22 0.021
HDL (mg/dL) 40 + 4 43 £ 8 0.89 39 +5 42 + 82 0.45 40 £ 5 42 + 8 0.82 39 + 4 42 + 8 0.34
FIB-4 503 + 1.8 22+ 1.6 0.001 5+ 2 1.7 + 0.6 0.001 49 + 1.9 1.6 + 05 0.001 42 +2 24 + 19 0.01
LDL/platelet countratio 1.5 + 0.48 0.84 + 03 0.001 14 + 04 0.75 + 0.21 0.001 15 + 03 0.7 + 015 0.001 1.24 + 021 0.91 + 0.34 0.001S
Splenic diameter (mm) 186.3 + 254 1415 + 24 0.001 185.4 + 20 133 + 17 0.001 181 + 24 122 + 11 0.001 171 £ 29 136 + 13 0.001
Platelets/SD 4926 + 76.2 1237.7 + 502 0.001 4633 + 43 1400 + 410 0.001 471 + 213 1440 + 402 0.001 678 + 298 1173 + 554 0.001

ABI: Ankle-brachial index; LDL: Low-density lipoproteins; HDL: High-density lipoproteins; VLDL: Very low-density lipoproteins; CIMT: Carotid-intima media thickness; SD: Splenic diameter; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; FIB-4: Fibrosis index-4.

DISCUSSION

Compensated cirrhosis may be difficult to differentiate from chronic hepatitis®**.
Accurate assessment of the fibrosis stage requires screening for complications mainly
EVs to commence appropriate treatment*.

Tools to estimate the extent and severity of liver fibrosis may be invasive such as
liver biopsy, or non-invasive such as serological tests and imaging™™l. Liver biopsy is
the best available standard modality of reference, but it has some limits and it is
refused by most patients**1.

Could endothelial dysfunction be linked to histological severity and EVs
development in HCV-related cirrhosis? This was the research question in the current
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Table 4 Performance of the novel markers when compared to the traditional tools

PLT/SD ratio FIB-4 above  ABI below LDL/PLT ratio CIMT above  VLDL below
Cutoff value P value
above 872 3.25 0.94 above 1 1.1 16.5
n 90 90 70 98 9 76
LS (kPa) 244 + 62 26.5 + 52 22 + 82 23+ 7 246 + 6.7 253 + 63 F=187,P=
0.117
ABI 1.08 + 0.09 1.09 + 0.1 0.887 + 004 093 + 0.1 0.88 + 0.1 0.96 + 0.08 F=30,P=
0.001
Endoscopy - - - - - - =
EVs, 1 (%) 82/90 (91.1) 56/90 (62.2) 65/70 (92.9) 92/98 (94) 90/96 (93.8) 68/76 (89.5) P =0.001
Grade I, n (%) 26/32 (81.3) 14/32 (35) 20/32 (62.5) 24/32 (75) 24/32 (75) 10/32 (31.3) ¥2=133,P=
0.009
Grade III, 1 (%) 32/42 (76.2) 30/42 (71.4) 30/42 (71.4) 42/42 (100) 40/42 (95) 34/42 (81) X2=7.67,P=
0.104
Grade IV, 1 (%) 14/16 (87.5) 6/16 (37.5) 9/16 (56.3) 16/16 (100) 16/16 (100) 12/16 (75) X2=9.55,P =
0.048
Fundal varix, n 10/12 (83.3) 6/12 (50) 6/12 (50) 10/12 (83) 10/12 (83) 12/12 (100) X2=3.47,P =
0.48

(%)

LS: Liver stiffness; ABI: Ankle-brachial index; LDL: Low-density lipoproteins; VLDL: Very low-density lipoproteins; EVs: Esophageal varices; CIMT:
Carotid-intima media thickness; PLT: Platelets; SD: Splenic diameter; FIB-4: Fibrosis index-4.
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Figure 2 Correlation of liver stiffness with low-density lipoproteins/platelet count ratio (A) and very low-density lipoproteins (B). LS: Liver
stiffness; LDL: Low-density lipoproteins; VLDL: Very low-density lipoproteins.
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study, which revealed that cirrhotic patients with and without EVs experienced
significantly more reduced levels of total cholesterol, triglycerides, LDL, VLDL and
several studies determined the changes in the lipid profile of patients with chronic
liver disease and correlated them with the severity of liver disease. Abbasi et al™
stated that serum cholesterol and triglycerides levels were inversely proportional to
the histological severity. Ghadir et al! and Boemeke et all"! observed a significant
decrease in LDL, triglyceride, VLDL, and total cholesterol in cirrhotic patients
compared with controls.

In advanced cirrhosis, IR is more common and associated with dyslipidemia with
enhanced systemic inflammation™”). There are no available reports that link lipid
profile changes, CIMT, and ABI as non-invasive tools to the presence and size of EVs.

The current study is the first to describe the capability of predicting the presence
and grading of EVs using lipid profile, CIMT, and ABI and to link the emergence of
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Figure 3 Receiver operating characteristic curve to detect cutoff values of carotid-intima media thickness and low-density
lipoproteins/platelet count ratio. LDL: Low-density lipoproteins; CIMT: Carotid-intima media thickness; AUC: Area under the curve; ROC: Receiver operating
characteristic.

EVs with underlying endothelial dysfunction that may increase morbidity through an
added cardiovascular risk.

In a study which enrolled patients with HCV and liver cirrhosis, the CIMT and
epicardial fat thickness were significantly increased in the cirrhotic and non-cirrhotic
HCV groups when compared with the control group, and CIMT and epicardial fat
thickness were significantly increased with the progression of Child's class, spleen
span, portal vein diameter and negatively associated with PLT™.

Another study showed that CIMT was significantly higher in HCV-positive patients
(1.04) than in HCV-negative patients (0.71) with more frequent plaque formation and
therefore chronic HCV was an independent risk factor for strokel™. Patients with
chronic liver disease and cirrhosis have more elevated risks of acute coronary
syndrome and peripheral arterial disease than those without chronic liver disease and
cirrhosis™" .

In another study conducted in patients with HCV-related liver cirrhosis without a
previous history of cerebrovascular disease, cardiac and peripheral vascular diseases, a
decrease in the brachial-ankle pulse wave velocity was reported to be directly in
proportion to the severity of cirrhosis (F = 4.90, P < 0.05)F1.

Due to the proven lipid changes in cirrhotic patients and thrombocytopenia as a
well-known non-invasive predictor of liver cirrhosis and EVs; a new promising non-
invasive predictor (LDL/PLT ratio) was calculated, and our results confirmed that this
ratio was significantly higher in cirrhotic patients complicated with EVs (P < 0.001).

Using multivariate logistic regression to detect variables independently associated
with significant fibrosis, EVs, and endothelial dysfunction; CIMT, VLDL, LDL/PLT
ratio, and ABI were the most significant variables.

CIMT > 1.1 mm, LDL/PLT ratio > 1,VLDL < 16.5 mg/d, and ABI < 0.94 were
significantly associated with higher liver stiffness values, FIB4, SD and increased
incidence of larger varices (P < 0.001) with a significant discriminating ability for the
degree of liver stiffness and grades of EVs with the advantage of providing
information on endothelial dysfunction assessed by ABI when they were compared
with the traditional non-invasive tools such as FIB-4 and PLT/SD ratio.

The limitation of the current study is that it was conducted in a single center and
specific cardiac investigations should be performed to diagnose cardiovascular disease
risk such as electrocardiography, echocardiography and coronary CT angiography
which need to be conducted in high risk cirrhotic patients in future studies.

CONCLUSION

In conclusion, based on the current results, this may offer the chance for these markers
to serve as non-invasive predictors of cirrhosis, EVs and endothelial dysfunction in
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this category of patients. The study raised an issue worthy of research, as patients with
advanced fibrosis and larger varices had higher CIMT and lower ABI; therefore,
placing these patients at an increased cardiovascular risk added to the risk of variceal
bleeding; thus, prevention and treatment should be discussed in other studies.

ARTICLE HIGHLIGHTS

Research background

Hepatitis C virus (HCV) infection may affect lipid metabolism by enhancing the
circulating levels of inflammatory cytokines. HCV may induce endothelial

dysfunction.
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Research motivation

We believe that there is a potential correlation between the changes in lipid profile,
carotid intima-media thickness (CIMT) and ankle-brachial index with the severity of
fibrosis, grades of esophageal varices (EVs), and fibrosis indices.

Research objectives
To identify predictive markers of vascular changes and endothelial dysfunction in
HCV-related cirrhosis

Research methods

HCV infected cirrhotic patients with and without EVs were evaluated by routine
laboratory tests, including lipid profile assay, abdominal ultrasonography, carotid
intima-media thickness (CIMT) by carotid Doppler, bedside ankle-brachial index
(ABI), liver stiffness measurement, and upper gastrointestinal endoscopy and
compared to the healthy control group. Logistic regression analysis was performed to
identify variables independently associated with advanced fibrosis and endothelial
dysfunction.

Research results

CIMT, low-density lipoproteins (LDL)/ platelet ratio, ABI, and very LDL (VLDL) were
predictive of advanced fibrosis, EVs and endothelial dysfunction. They were effective
at cutoff values of 1.1 mm, 1, 0.94, and 16.5 mg/dL, respectively.

Research conclusions
CIMT, ABI, VLDL, and LDL/ platelet count ratio are good non-invasive predictors of
advanced fibrosis, presence of EVs, and endothelial dysfunction in liver cirrhosis.

Research perspectives

The proposed markers serve as non-invasive predictors of cirrhosis, EVs and
endothelial dysfunction, and patients with advanced fibrosis and larger varices had
higher CIMT and lower ABI consequently, they bear an increased cardiovascular risk
added to the risk of variceal bleeding. The study was designed and validated in a
single-center. External, prospective validation is required to determine the widespread
applicability and utility of this model.
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