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Diagnostic validity of serum YKL-40 
as a non-invasive diagnostic marker 
of oesophageal varices in cirrhotic hepatitis C 
virus patients
Abdelfattah Hanno1, Ali M. EL‑Kady1, Essam Bedewy1, Reham A. Abo Elwafa2 and Mohammed S. Ahmed1*   

Abstract 

Background: Liver cirrhosis is the last phase of chronic hepatitis C virus infection. During the compensated phase, 
portal pressure is still below the point where varices start to form. On the contrary, decompensated individuals have 
clinically significant portal hypertension. YKL‑40 protein is categorized as an inflammatory protein and is related to 
various different variables in expressing the severity of hepatic fibrosis, including hepatic venous pressure gradient. 
The objective of this research was to evaluate the diagnostic validity of serum YKL‑40 in cirrhotic hepatitis C virus 
patients as a predictive non‑invasive marker for the diagnosis of oesophageal varices and to compare it to other 
non‑invasive clinical, laboratory, and ultrasonographic parameters, as well as endoscopy with and without treatment 
modalities.

Results: The present research was done on 80 participants visiting the Tropical Medicine Department at the Main 
University Hospital in Alexandria; they were divided into four groups, group I (n = 20) cirrhotic patients with no 
oesophageal varices, group II (n = 20) with small varices, group IIIa (n = 20) with large varices, and group IIIb same 
patients of group IIIa but after disappearance of varices by band ligation and medical treatment with carvedilol and 
group IV as apparently healthy control. YKL‑40 in serum was evaluated using ELISA. Serum YKL‑40 was statistically 
significantly higher in all cirrhotic patients than healthy controls (p = <0.001). Furthermore, it was statistically signifi‑
cantly greater in patients with small varices compared to those without varices (p = <0.001) and in large varices rather 
than no varices or small varices (p < 0.001) and (p < 0.001) respectively. However, there was no statistically significant 
difference between IIIa and IIIb (p = 0.881). In all tested groups, there was no correlation between serum YKL‑40 and 
FIB‑4 or APRI. However, only participants in group I exhibited a significant negative correlation between serum YKL‑40 
and AST/ALT ratio, whereas subjects in groups II and IIIa exhibited no significant correlation.

Conclusion: Serum YKL‑40 could be used as a sensitive non‑invasive predictor for diagnosis and grading of oesopha‑
geal varices but not for follow up after treatment.
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Background
Infection with the hepatitis C virus (HCV) is one of the 
leading causes of chronic liver disease worldwide [1, 2]. 
The outcome of HCV infection is very different, ranging 
from mild necro-inflammatory changes to severe fibrosis 
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and cirrhosis, with or without hepatocellular cancer 
(HCC) [2].

Egypt’s HCV prevalence rate is among the highest 
in the world [1]. So, Egypt launched the biggest illness 
screening program in history on July 29, 2018 [3], screen-
ing more than 60 million Egyptians with a prevalence of 
less than 5% post direct acting antiviral treatment.

In Egypt, liver cirrhosis is the last stage of numerous 
liver injuries following HCV infection. It is character-
ized by persistent necro-inflammatory and fibrogenetic 
processes, followed by structurally aberrant nodules and 
thick fibrotic septa [4].

Portal hypertension is by far the most important result 
of liver cirrhosis. A long-term rise in portal pressure 
causes collateral development, which changes the way 
blood flows from portal veins to systemic veins, causing 
oesophageal varices (OV) [5].

The estimation of the hepatic venous pressure gradi-
ent (HVPG) is necessary for the accurate measurement of 
portal pressure. Although upper gastrointestinal endos-
copy (UGIE) is the primary diagnostic method for OV, it 
is not accepted by all patients and is not available in all 
facilities [6, 7].

Nonselective beta blockers (NSBBs) should be provided 
as a primary prophylactic treatment against variceal 
hemorrhage (VH) in cirrhotic patients with high-risk OV. 
Moreover, they may be used with endoscopic band liga-
tion (EBL) for secondary prevention of VH. Preventing 
early bleeding with EBL and NSBB both worked excep-
tionally well [8].

Due to bleeding EBL-ulcers, EBL is linked with more 
severe and even life-threatening consequences. Surveil-
lance endoscopies are needed to check for variceal recur-
rence, which shows that NSBBs are the best treatment 
overall [8].

Carvedilol has been linked to a higher decrease in por-
tal pressure than the standard NSBB. It decreases resist-
ance inside the liver due to its favorable effect on alpha-1 
receptors. However, in decompensated patients, this 
comes at a higher cost in terms of systemic arterial pres-
sure consequences [9].

Through hepatic vein catheterization and the use of a 
balloon catheter, the HVPG can be evaluated, and the 
best way to measure portal pressure is to use a balloon 
catheter. However, this method has many complications 
[10].

In addition, the expense and challenges of UGIE urge 
the search for simpler, non-invasive indicators of OV that 
might reduce the frequency with which UGIE is done 
[11]. So, we need to search for a serum non-invasive 
marker for the diagnosis of portal hypertension.

The glycoprotein YKL-40 (chitinase 3-like 1) belongs 
to the same non-chitinolytic protein family as human 

chitinase. Some cells, including macrophages, chondro-
cytes, and cancer cells, release YKL-40 mRNA, which 
seems to be elevated in diseases including hepatic fibrosis 
and malignancy. For the liver, it was shown that hepato-
cyte macrophages were responsible for its secretion [12].

YKL-40 proteins stimulate chemotaxis, cell adhesion, 
and migration, which all contribute to endothelial dys-
function. It has been linked to hepatic fibrosis severity 
indicators such as HVPG and post-sinusoidal resistance 
[13–15].

The ability of a test to tell the difference between peo-
ple with and without a certain disorder is called its “diag-
nostic validity” [16].

Aim of the work
This research aimed to assess the diagnostic validity of 
serum YKL-40 as a noninvasive diagnostic marker for 
OV in cirrhotic HCV patients and to compare it with 
other noninvasive clinical, laboratory, ultrasonographic, 
and endoscopic findings. In addition, an association 
between serum YKL-40 and different grades of OV was 
determined with and without the use of various treat-
ment methods.

Subjects
This prospective controlled research was done on 80 par-
ticipants visiting the Tropical Medicine Department at 
the Main University Hospital in Alexandria. Participants 
were divided into 4 groups. Group I includes 20 patients 
with liver cirrhosis without OV. Group II contains 20 
patients with liver cirrhosis with small OV grade (I, II). 
Group IIIa contains 20 patients with liver cirrhosis with a 
large OV grade (III, IV). Group IIIb consists of the same 
20 patients as group IIIa but after eradication of OV by 
band ligation and carvedilol in 3–6 months, and group IV 
contains 20 healthy subjects as normal controls. The par-
ticipants’ ages varied from 37 to 54 years old.

Exclusion criteria
Patients with sepsis, causes of liver cirrhosis other than 
HCV, diabetes mellitus, malignancies, rheumatoid arthri-
tis, acute liver failure, and portal vein thrombosis were 
eliminated from the study.

Methods
All enrolled patients included in this study were sub-
jected to complete history taking including demographic 
data and clinical data such as abdominal distension, dys-
pepsia, jaundice, bleeding tendency, weight loss, anemia 
manifestation, hematemesis, and melena. They were clin-
ically examined for hepatomegaly, splenomegaly, and the 
detection of ascites and manifestations of hepatocellular 
failure. They were subjected to laboratory investigations 
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as complete blood picture (CBC), erythrocyte sedimenta-
tion rate (ESR), and C-reactive protein (CRP), blood urea, 
serum creatinine, fasting blood sugar (FBG), alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), 
alkaline phosphatase (ALP), prothrombin activity (PA), 
international normalized ratio (INR), serum albumin, 
bilirubin, and serum alpha fetoprotein (AFP).

Serum samples from all subjects were assayed for our 
main study marker (YKL-40); also, it was evaluated at the 
time of eradicated varices for patients of group IIIb by an 
enzyme-linked immunosorbent assay (ELISA) technique 
using the Human Chitinase-3-like protein 1 kit (Bioassay 
Technology Laboratory, China). We calculated the Child 
Pugh score and performed HCV antibodies (ELISA), 
hepatitis B surface antigen (ELISA), and anti-schistoso-
mal antibodies (IHAT) for all participating patients.

Regarding ultrasonic parameters, we assessed all 
parameters; ultrasound evaluation of the liver and ascites 
was performed on all recruited patients to determine the 
existence of cirrhosis and/or bilharzial hepatic fibrosis. 
They were evaluated with ultrasound measurements of 
right liver lobe diameter, splenic bipolar diameter, and 
ultrasound Doppler measurements of portal vein diam-
eter. Moreover, portal blood flow volume was calculated 
as [mean velocity of PV (ml/min) x cross-sectional area 
of PV  (cm2)] [17].

We took into account all noninvasive clinical, labora-
tory, and predictive scores, such as the AST to platelet 
ratio index (APRI) [18] calculated as [(AST/ULN)_100]/
platelet count  109/L, the index for liver fibrosis FIB4 
[18] calculated as [age (years)_AST (IU/L)]/[platelet 
count  (109/L) _ ALT (IU/L) 1/2], platelet count to spleen 
diameter [19], and AST/ALT ratio [20]. In addition, 
triphasic CT scans were performed on individuals with 
ultrasound-detected focal hepatic lesions, and UGIE was 
done for all patients.

Data was entered into the computer and analyzed using 
version 20.0 of the IBM SPSS software package. Numbers 
and percentages were used to describe qualitative data. 
Quantitative data were described by the range (the mini-
mum and maximum), mean, standard deviation, median, 
and interquartile range (IQR).

Ethical approval
This research was approved by the ethics committee of 
the Faculty of Medicine at the University of Alexan-
dria. All participants provided their written, informed 
consent.

Results
This study was conducted on 80 candidates in the Alex-
andria Main University Hospital, Tropical Medicine 
Department. Subjects were divided into four groups.

Concerning the demographic information of the ana-
lyzed groups, there were no significant variations in age 
and gender across all groups. As demonstrated in Table 1, 
females outnumbered males in groups I (60%), group II 
(55%), and the control group (55%), but males outnum-
bered females in group IIIa (55%), with mean ages of 
44.65 ±3.15 years, 45.70 ± 2.05 years, 45.90 ±4.79 years, 
and 43.55 ±4.79 years in groups I, II, and IIIa and the 
control group, respectively.

When it came to patients’ symptoms when they were 
admitted, those with no or small varices (55 and 65%, 
respectively) were most likely to have dyspepsia. How-
ever, Fig. 1 shows that all patients with large varices had 
abdominal distension and lower limb swelling.

According to the general examination of groups I, II, 
and IIIa, Fig. 2 shows that pallor and hematemesis were 
the most common findings in 25% of the people in group 
I. However, 30% of group II patients had hematemesis, 
while 60% of patients in group IIIa had palmer erythema.

As shown in Table  1, ascites was found in 30%, 50%, 
and 100% of the people in groups I, II, and IIIa, respec-
tively, but not in all of the people in group IV, the control 
group.

Regarding laboratory investigations, CBC findings 
showed a significant difference in all parameters between 
liver cirrhosis groups (I, II, and IIIa) and controls. More-
over, a statistically significant difference in platelet count 
was seen between groups II and IIIa and between groups 
I and III, but not between groups I and II, as illustrated in 
Table 1.

All groups had normal kidney function tests, serum 
AFP level, and FBG level with no significant differences 
between them. Moreover, all the candidates had a nega-
tive CRP with a normal ESR level.

Concerning the liver profile, there were statistically sig-
nificant differences between all cirrhotic groups and the 
control group for all measures (p < 0.001). As shown in 
Table 1, serum levels of ALP and total bilirubin were sig-
nificantly increased in all cirrhotic patients compared to 
healthy controls.

Table 1 shows that the serum albumin levels of people 
with both small and large varices were much lower than 
those of people without varices.

Moreover, serum levels of liver enzymes (AST, ALT) 
were considerably higher in all cirrhotic groups com-
pared to the control group. Additionally, INR increased 
considerably in groups I, II, and IIIa relative to the con-
trol group. In contrast, PA decreased significantly in 
groups I, II, and IIIa compared to the control group with 
a mean of 83.65 ± 14.72, 65.80 ± 11.17, 43.80 ± 8.30, and 
94.30 ± 8.41, respectively, as illustrated in Table 1.

All participants in groups I, II, and IIIa had post-viral 
liver cirrhosis. All were due to chronic HCV infection, 
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and all of them received treatment for HCV and had 
a negative polymerase chain reaction for HCV. Fur-
thermore, they were negative for the hepatitis B virus 
(HBV) and the autoimmune hepatitis marker. Table  1 
displays the Child-Pugh score and classification of all 
cases.

In terms of ultrasonography, all participants in groups 
I, II, and IIIa were cirrhotic, while those in group IV 
had normal livers. In addition, individuals with large 

varices had statistically significantly larger spleens than 
patients without varices or small varices, as illustrated 
in Table 1.

Also, Table 2 shows that Schistosoma caused mixed cir-
rhosis with periportal hepatic fibrosis in 10% of the peo-
ple in group I, 15% of the people in group II, and 30% of 
the people in group IIIa.

All participants in the control and group I had hepato-
petal portal blood flow, whereas 45% and 70% of patients 

Fig. 1 Comparison between the different studied groups according to symptoms

Fig. 2 Comparison between the different studied groups according to signs
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in groups II and IIIa had hepatofugal portal blood flow, 
respectively. Between the control group and the group 
with liver cirrhosis, there was a substantial difference 
in portal blood volume, with the control group having a 
median of 1400.0. In addition, among the liver cirrhosis 
groups, substantial differences were seen between groups 
I and II and between groups I and IIIa, but not between 
groups II and IIIa. There were statistically significant 
variations in portal vein diameter between groups I and 
II (p1 < 0.016), between groups I and IIIa (p2 < 0.001), 

and between groups II and IIIa (p3 = 0.005), as shown in 
Table 2.

Regarding the classic predictive scores, APRI [18], FIB4 
[18], the AST/ALT ratio, and the ratio of platelet count 
to spleen diameter [19] all demonstrated statistically sig-
nificant differences between the control and cirrhotic 
groups. Within all cirrhotic groups, there was a statisti-
cally significant difference between groups I and IIIa and 
between groups II and IIIa, but not between groups I and 
II, in all predicted scores, as shown in Table 3.

Table 3 Comparison between the different studied groups according to predictive non‑invasive liver cirrhosis scores

H: H for Kruskal-Wallis test, pairwise comparison between each 2 groups was done using post hoc test (Dunn’s for multiple comparisons test)

F: F for ANOVA test, pairwise comparison between each 2 groups was done using post hoc test (Tukey)

p: p value for comparing between the studied groups

p0: p value for comparing between groups IV and each other group

p1: p value for comparing between groups I and II

p2: p value for comparing between groups I and III

p3: p value for comparing between groups II and III

*Statistically significant at p ≤ 0.05

IQR interquartile range, SD standard deviation

Group I: cirrhosis without varices

Group II: cirrhosis with small varices (I, II)

Group IIIa: cirrhosis with large varices (III, IV)

Group IV: control

Group I (n = 20) Group II (n = 20) Group IIIa (n = 20) Group IV (n = 20) Test of sig. p

FIB-4
 Min.–max. 3.16–4.15 3.17–4.48 3.34–11.53 0.22–0.83 H = 62.963* < 0.001*

 Mean ± SD. 3.37 ± 0.22 3.52 ± 0.39 5.58 ± 2.04 0.42 ± 0.15

 Median (IQR) 3.29 (3.25–3.47) 3.37 (3.30–3.51) 4.90 (4.14–6.92) 0.42 (0.31–0.48)

 p0 < 0.001* < 0.001* < 0.001*

Sig.bet.Grps p1 = 0.317, p2 < 0.001*, p3 < 0.001*

APRI
 Min.–max. 0.74–2.34 1.03–1.77 1.14–6.75 0.06–0.30 H = 53.436* < 0.001*

 Mean ± SD. 1.32 ± 0.45 1.30 ± 0.25 2.25 ± 1.32 0.15 ± 0.06

 Median (IQR) 1.23 (1.03–1.64) 1.19 (1.10–1.52) 1.81 (1.37–2.83) 0.14 (0.11–0.16)

 p0 < 0.001* < 0.001* < 0.001*

Sig.bet.Grps p1 = 0.814, p2 = 0.007*,  p3 = 0.014*

PLT/spleen diameter
 Min.–max. 931.20–1357.10 812.50–1364.20 268.40–1050.0 1758.30–3536.3 F = 126.160* < 0.001*

 Mean ± SD. 1158.92 ± 139.22 1023.83 ± 160.86 645.83 ± 253.64 2404.40±508.86

 Median (IQR) 1119.95 (1056.6–1271.4) 946.85 (906.2–1149.95) 607.88 (442.60–853.10) 2349.95 (1987.5–2813.3)

 p0 < 0.001* < 0.001* < 0.001*

Sig.bet.Grps p1 = 0.499, p2 < 0.001*, p3 = 0.001*

AST/ALT ratio
 Min.–max. 1.26–4.50 1.27–3.84 0.77–3.25 0.37–0.95 F = 37.712* < 0.001*

 Mean ± SD. 2.40 ± 0.87 2.20 ± 0.61 1.46 ± 0.63 0.65 ± 0.14

 Median (IQR) 2.19 (1.78–2.99) 2.26 (1.91–2.41) 1.21 (1.12–1.57) 0.63 (0.57–0.74)

 p0 < 0.001* < 0.001* 0.001*

Sig.bet.Grps p1 = 0.499, p2 < 0.001*, p3 < 0.001*
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All patients were graded for portal hypertensive gas-
tropathy (PHG) using UGIE, finding that 80% of patients 
in group I had no PHG, 25% and 35% of patients in group 
II had mild and moderate PHG, respectively, and 35% of 
people in group IIIa had severe PHG.

The number of OV band ligation procedures necessary 
to eradicate the large OV in group IIIa varied from 2 to 5 
sessions over a period of 12 to 24 weeks.

Regarding our primary study marker, serum YKL-40 is 
significantly different between the control and liver cir-
rhosis groups, with a mean of 46.04 ± 9.11 ng/ml in the 

control group and 70.95 ± 13.11 ng/ml, 99.11 ± 15.46 ng/
ml, and 146.89 ± 29.18 ng/ml in groups I, II, and IIIa, 
respectively. In addition, among groups I, II, and IIIa, sta-
tistically significant differences were discovered between 
I and II, I and IIIa, and between groups II and IIIa. How-
ever, there was no difference between the IIIa and IIIb 
groups, as illustrated in Figs. 3 and 4.

Moreover, a cutoff value of > 80.3 (ng/ml) for serum 
YKL-40 was a very good predictor of the presence of 
OV, with 90% sensitivity and 75% specificity, as shown in 
Table 4 and Fig. 5.

Fig. 3 Comparison of the several investigated groups based on serum YKL‑40

Fig. 4 Serum YKL‑40 in group IIIa and group IIIb after oesophageal varices elimination
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Also, with a cutoff value of > 111.1 (ng/ml) and a sen-
sitivity of 80% and a specificity of 75%, serum YKL-40 
could tell the difference between small varices and large 
varices. This is shown in Table 5 and Fig. 6.

There was no correlation between serum YKL-40 and 
the Child Pugh score, FIB-4, or APRI in any of the exam-
ined groups.

Discussion
Recent studies have revealed that liver macrophages 
(Kupffer cells) play an important role in the fibrotic pro-
cess [21]. Macrophage specific indicators may, therefore, 
prove to be valuable for the monitoring of fibrosis pro-
gression, such as serum YKL-40.

In addition, YKL-40 serum levels correlate strongly 
with the degree of liver fibrosis resulting from nonalco-
holic fatty liver disease, HCV, and HBV [22].

YKL-40 may be considered an inflammatory protein as 
it enhances chemotaxis, cell adhesion, and migration in 
response to endothelium damage. Several studies suggest 
an association between elevated blood levels of YKL-40 
and endothelial damage, liver injury, and fibrosis [12].

Thrombocytopenia, splenomegaly, AST/ALT ratio [20], 
APRI [18], and platelet count to spleen diameter ratio 
[19] are all non-invasive ways that have been developed 
recently to evaluate the value of different laboratory, clin-
ical, and ultrasonographic parameters that are linked to 
portal hypertension.

In this study, serum YKL-40 was evaluated as a poten-
tial noninvasive diagnostic marker for OV, and statis-
tically significant differences were seen between the 
control and liver cirrhosis groups. In addition, statisti-
cally significant differences were found among groups 
I, II, and IIIa; between groups I and II; between groups 

Table 4 Validity (AUC, sensitivity, specificity) for serum YKL‑40 to discriminate group II (n = 20) from group I (n = 20)

AUC  area under a curve, p value probability value, CI confidence intervals, NPV negative predictive value, PPV positive predictive value

*Statistically significant at p ≤ 0.05

AUC p 95% C.I Cut off Sensitivity Specificity PPV NPV

Serum YKL-40 0.919 < 0.001* 0.835–1.0 > 80.3 90.0 75.0 78.3 88.2

Fig. 5 ROC curve for serum YKL‑40 to discriminate group II (n = 20) from group I (n = 20)

Table 5 Validity (AUC, sensitivity, specificity) for serum YKL‑40 to discriminate group III (n = 20) from group II (n = 20)

AUC  area under a curve, p value probability value, CI confidence intervals, NPV negative predictive value, PPV positive predictive value

*Statistically significant at p ≤ 0.05

AUC p 95% C.I Cut off Sensitivity Specificity PPV NPV

Serum YKL-40 0.893 < 0.001* 0.794–0.991 > 111.1 80.0 75.0 76.2 78.9
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I and IIIa; and between groups II and IIIa. This matches 
the findings of Sumanth et al. (2018) [23].

However, there was no statistically significant differ-
ence between group IIIa and group IIIb in terms of serum 
YKL-40 following eradication of OV by combined band 
ligation and carvedilol, which diminishes its prognostic 
value. However, additional larger randomized studies are 
required to confirm this finding.

This was in line with what Sira et al. (2016) [24] found. 
They concluded that YKL-40 serum levels are linked with 
more advanced stages of liver fibrosis and can distinguish 
those with significant fibrosis efficiently. Also, the lev-
els of YKL-40 in the blood of people with cirrhosis and 
hepatic schistosomiasis were statistically significantly 
higher than those without schistosomiasis.

This was consistent with the findings of Johansen et al. 
[15]. Individuals with alcoholic cirrhosis had the highest 
median blood YKL-40 levels (532 μg/L). Serum YKL-
40 levels were also linked to the severity of liver fibrosis 
(p = 0.001), as they were higher in patients with mod-
erate fibrosis (270 μg/L) than in those without fibrosis 
(p = 0.018).

The discrepancy in blood levels between our research 
and that of Johansen et  al. [15] may be attributed to a 
larger sample size, different etiological causes of cirrho-
sis, such as alcoholism, the existence of additional con-
founding variables, or the use of different serological kits.

Moreover, Wang et  al. [25] observed an increase in 
immunohistochemistry YKL-40 expression in the spleen 
of individuals with portal hypertension. This was also 
consistent with the findings of Abruzzi et al. (2015) [26], 

who mentioned that co-infection with HCV and schisto-
soma reduces the capacity to spontaneously cure the viral 
infection and often leads to rapid fibrosis and greater 
mortality, which is explained by the synergistic interac-
tion between schistosoma-HCV and hepatic fibrosis.

In the present research, we additionally correlated 
serum YKL-40 with other non-invasive cirrhosis indica-
tors in each group, and found that there was no signifi-
cant correlation between serum YKL-40 and FIB-4 or 
APRI in any of the examined groups.

This matched the findings of Yan et al. [27], who men-
tioned that serum YKL-40 was a viable biomarker of liver 
fibrosis in individuals with chronic HBV. In addition, 
the YKL-40 model proved better than the APRI, FIB-4, 
Forns’ index, and Hui model for diagnosing severe fibro-
sis in individuals with normal or modestly increased ALT 
levels.

Meanwhile, in our research, a significant negative asso-
ciation between serum YKL-40 and AST/ALT ratio was 
discovered only in group I, but there was no significant 
correlation in groups II and III.

Also, Ruizhao Qi et  al. [28] found that the levels of 
YKL-40 in the blood of people with cirrhosis were sig-
nificantly higher and were linked to the Child–Pugh 
score and HBV infection. Moreover, patients with 
HBV-related cirrhotic portal hypertension had higher 
YKL-40 levels than those with HCV infection, who 
had a higher serum YKL-40 level than in our study, 
possibly due to the effect of HBV infection, the dif-
ference in study participant number or the use of dif-
ferent kits. This is mostly owing to the persistence of 

Fig. 6 ROC curve for serum YKL‑40to discriminate group III (n = 20) from group II (n = 20)
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HBV infection inside the hepatocyte, which makes the 
necro-inflammation last longer than it does in HCV-
infected people.

The highest acceptable dosage of carvedilol utilized 
in our research to achieve a 25% drop in pulse rate but 
not below 60 beats per minute varied from 6.25 to 12 
mg per day. This dose is identical to the one used in the 
trial by Tripathi et al. [29].

In our research, following full eradication of OV with 
EBL and carvedilol, there was also a statistically signifi-
cant improvement in PHG among group IIIb. This was 
consistent with Abbasi et al. [30], who said that the sever-
ity of PHG was related to the severity of OV, which sug-
gests that the two conditions have similar causes.

Conclusions
YKL-40 is an effective noninvasive predictor for the pres-
ence of OV and may be used to grade OV, according to 
our findings. The serum YKL-40 level does not change 
after OV eradication. However, the serum YKL-40 level 
increases dramatically in the presence of bilharziasis.
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