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Abstract
BACKGROUND 
Increased gut permeability and bacterial translocation play an important role in 
liver cirrhosis. Zonulin is a recently recognized protein involved in the disinteg-
ration of the intestinal barrier.

AIM 
To investigate possible differences in serum zonulin levels among patients with 
different cirrhosis stages and their potential prognostic implications.

METHODS 
Consecutive cirrhotic patients who attended our liver clinic were included in the 
study. Serum zonulin levels, clinical, radiological and biochemical data were 
collected at baseline. Patients who accepted participation in a regular surveillance 
program were followed-up for at least 12 mo.

RESULTS 
We enrolled 116 cirrhotics [mean Child-Turcotte-Pugh (CTP) score: 6.2 ± 1.6; 
model for end-stage liver disease score: 11 ± 3.9]. The causes of cirrhosis were 
viral hepatitis (39%), alcohol (30%), non-alcoholic fatty liver disease (17%), and 
other (14%). At baseline, 53% had decompensated cirrhosis, 48% had ascites, and 
32% had history of hepatic encephalopathy. Mean zonulin levels were 
significantly higher in patients with CTP-B class than CTP-A class (4.2 ± 2.4 
ng/dL vs 3.5 ± 0.9 ng/dL, P = 0.038), with than without ascites (P = 0.006), and 
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with than without history of encephalopathy (P = 0.011). Baseline serum zonulin 
levels were independently associated with the probability of decompensation at 1 
year (P = 0.039), with an area under the receiving operating characteristic of 0.723 
for predicting hepatic decompensation. Higher CTP score (P = 0.021) and portal 
vein diameter (P = 0.022) were independent predictors of mortality.

CONCLUSION 
Serum zonulin levels are higher in patients with more advanced chronic liver 
disease and have significant prognostic value in identifying patients who will 
develop decompensation.

Key Words: Zonulin; Cirrhosis; Intestinal barrier; Bacterial translocation; Decompensation; 
Permeability

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Zonulin is a protein that appears to play a significant role in gut barrier 
integrity. Increased zonulin levels and deregulation of intestinal permeability have been 
demonstrated in patients suffering from celiac disease or type 2 diabetes. However, the 
role of zonulin as a promoting factor of intestinal barrier disruption in patients with 
liver cirrhosis has not been studiedadequately. We evaluated serum zonulin levels in 
patients with different stages of advanced liver disease. According to our findings, 
serum zonulin levels are increased in patients with more advanced liver disease and are 
independently associated with progression to decompensation.

Citation: Voulgaris TA, Karagiannakis D, Hadziyannis E, Manolakopoulos S, Karamanolis GP, 
Papatheodoridis G, Vlachogiannakos J. Serum zonulin levels in patients with liver cirrhosis: 
Prognostic implications. World J Hepatol 2021; 13(10): 1394-1404
URL: https://www.wjgnet.com/1948-5182/full/v13/i10/1394.htm
DOI: https://dx.doi.org/10.4254/wjh.v13.i10.1394

INTRODUCTION
Bacterial translocation (BT) is defined as the passage of viable endogenous bacteria 
and endotoxins from the intestinal lumen through the mucosa into the mesenteric 
lymph nodes and other organs[1]. In patients with liver disease, ΒΤ has been 
demonstrated to play a pivotal role on the occurrence or aggravation of serious 
complications[2]. Bacterial overgrowth, decreased intestinal peristalsis with 
concomitant increased permeability, as well as immunological alterations that have 
been found in patients with chronic liver diseases appear to be the main causative 
factors of ΒΤ[3-6]. Among them, the exact pathophysiological mechanism leading to 
increased intestinal permeability is the most difficult to investigate and remains to be 
thoroughly explained.

Recently, Fasano[7] identified zonulin, a novel 47-kDa protein precursor of 
haptoglobin-2 (pre-HP2), which is synthesized by the intestinal and liver cells and 
mayplay a significant role in disruption of the gut barrier. Evidence exist to support 
that small intestine epithelial cells exposed to enteric bacteria, secret zonulin, which in 
turn attaches to special receptors located on the membrane of intestinal epithelial cells, 
leading to a disconnection of occludin from ZO-1. This disrupts the tight junctions and 
consequently increases the gut permeability[8].

Currently, the connection between increased zonulin levels and the deregulation of 
intestinal permeability has been observed in patients suffering from celiac disease, 
type 2 diabetes, obesity and inflammatory bowel disease (IBD)[9-13]. However, the 
role of zonulin and its possible involvement in the dysfunction of intestinal barrier 
function in patients with cirrhosis has not been studiedthoroughly.

The aim of our study was to assess the serum zonulin levels in patients with 
cirrhosis and investigate their possible impact on patients’ prognosis.

mailto:jvlavhog@hotmail.com
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MATERIALS AND METHODS
Over a period of 12 mo (February 2017-January 2018), all cirrhotic patients, aged from 
18 years to 80 years, who attended our outpatient liver clinics were considered eligible 
for inclusion in the study, regardless of the etiology and severity of their liver disease. 
We excluded patients with alcoholic hepatitis, porto-splenic vein thrombosis, non-
cirrhotic portal hypertension, hepatocellular carcinoma (HCC), transjugular 
intrahepatic portosystemic shunt (TIPS), chronic kidney disease, celiac disease, acute 
infection, IBD, or any other chronic intestinal disease.

The diagnosis of cirrhosis was based on clinical and laboratory findings, imaging 
studies or liver histology, when available. All patients had liver stiffness measurement 
(LSM) of ≥ 14 kPa (by elastography). At baseline, all patients underwent abdominal 
ultrasound with spleen and portal diameter measurements and baseline LSM and 
spleen stiffness measurement (SSM) by shear wave elastography (SWE). In addition, 
all patients underwent clinical examination and laboratory testing every 3 mo, and 
abdominal ultrasound every 6 mo.

The study protocol was approved by the Ethics Committee of “Laiko” General 
Hospital of Athens, Greece. A written consent was obtained from each patient with 
respect to all ethical guidelines issued by the 2000 revision (Edinburgh) of the 1975 
Declaration of Helsinki.

Clinical and laboratory data
Clinical and laboratory data, routine blood parameters, including platelet count, 
prothrombin time, serum albumin, serum creatinine, international normalized ratio 
(INR), serum aspartate aminotransferase, alanine aminotransferase, and bilirubin, 
were measured at the time of patient enrollment. Likewise, the existence of ascites or 
hepatic encephalopathy (HE) was noted. The severity of liver disease was determined 
by Child-Turcotte-Pugh (CTP) scoring, and the model for end-stage liver disease 
(MELD) score calculated according to the UNOS formula. Study end-points included 
death, liver transplantation and liver decompensation in patients with compensated 
cirrhosis at baseline.

Two-dimensional SWE
All patients underwent LSM and SSM by two-dimensional (2D)-SWE performed by a 
single experienced operator (> 500-exam experience) in fasting patients. The 
Aixplorer® ultrasound system (Supersonic Imagine S.A., Aix-en-Provence, France) 
with an abdominal 3.5 MHz curved array probe was used, as recommended. 2D-SWE 
measurements were performed at each patient’s initial assessment. Ten reliable LSM 
and ten reliable SSM values were obtained from each patient and the mean values 
were then calculatedrespectively. The SD was < 20% of the mean values of LSM and 
SSM, respectively.

Sample collection-zonulin measurement
A venous blood sample was collected from each patient, with or without precooled 
anticoagulant (heparinized/EDTA)-coated tube. The serum or plasma was then 
separated from the blood by centrifugation at 3000 rpm for 10 min at room 
temperature. The samples were stored at -80 °C.

Serum levels of zonulin were measured using an enzyme-linked immune-sorbent 
assay (Immundiagnostik AG, Bensheim, Germany); the sensitivity of the assay was 
0.01 ng/mL.

Statistical analysis
Statistical analysis was performed by SPSS V23 (IBM Corp., Armonk, NY, United 
States). Data were expressed as frequencies, mean with SD, or median with 
interquartile range, as appropriate. Quantitative variables were compared with 
Student’s t-test or Mann-Whitney test for normally distributed and non-normally 
distributed variables, respectively. Qualitative variables were compared with chi-
squared test or Fisher’s exact test, as appropriate. The relationship between parameters 
was assessed by using Spearman’s correlation coefficient. Multivariate logistic 
regression analysis models were used to identify independent, significant, predictive 
factors of a poor outcome. Only parameters with a significant or a trend for significant 
associations (P < 0.10) with the dependent variable in the univariate analysis being 
included in the multivariate analysis models. The area under the receiving operating 
characteristic (AUROC) curves for zonulin predictability, as well as sensitivity, 
specificity, positive predictive value (PPV), and negative predictive value (NPV), were 
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calculated. The c-statistics of AUROC curves were provided with their 95% confidence 
intervals (CIs). Diagnostic accuracy was considered to be poor when a c-statistic was 
0.65-0.75, good when a c-statistic was 0.76-0.85, and excellent when a c-statistic was > 
0.85. The optimal cut-off was selected from the AUROC curves as the point which 
provided the maximum sum of sensitivity and specificity. All tests were two-sided 
and P values < 0.05 were considered to be significant.

RESULTS
In total, 127 consecutive cirrhotic patients were initially assessed. Eleven patients were 
excluded, due to HCC (n = 5), acute infection (n = 4) or portal vein thrombosis (n = 2). 
Therefore, 116 patients were finally included in the study. Mean age was 59 ± 13 years, 
and 71 (61.2%) were male. Viral hepatitis was the main cause of liver disease (38.8%). 
Compensated and decompensated liver disease were marginally equally distributed in 
our cohort, while a significant proportion of patients had ascites at the time of 
enrollment. Esophageal or gastric varices were documented in 65 (55.2%) of the 
patients and 60 (51.7%) were under treatment with b-blockers. Patient characteristics 
are presented in Table 1.

Compared to patients with compensated liver disease, those with decompensated 
liver disease had significantly lower platelet counts (106 ± 37 × 109/L vs 137 ± 55 × 109

/L, P = 0.006), higher INR values (1.3 ± 0.28 vs 1.2 ± 0.2, P = 0.003) and lower albumin 
levels (3.5 ± 0.5 g/Dl vs 4.8 ± 0.6 g/dL, P < 0.001) as well as higher MELD (12.6 ± 4.1 vs 
9.2 ± 1.6, P < 0.001) and CTP scores (7 ± 1.7 vs 5.3 ± 0.5, P < 0.001).

Zonulin levels
Mean serum zonulin levels were 3.6 ± 1.5 ng/dL. Patients with CTP-B had 
significantly higher serum zonulin levels compared to those with CTP-A cirrhosis (4.2 
± 2.4 ng/dL vs 3.5 ± 0.9 ng/dL, P = 0.038). On the other hand, patients with CTP-C 
cirrhosis had lower levels of serum zonulin compared to the two other groups. 
Specifically, CTP-C patients had lower levels of zonulin than CTP-A (2.6 ± 0.7 ng/dL 
vs 3.5 ± 0.9 ng/dL, P = 0.035) or CTP-B patients, although the latter difference did not 
reach statistical significance (2.6 ± 0.7 ng/dL vs 4.2 ± 2.4 ng/dL, P = 0.157) (Figure 1).

Serum zonulin levels were higher in patients with than without ascites (4.16 ng/dL 
vs 3.26 ng/dL, P = 0.006). Similarly, patients with a history of HE had higher zonulin 
levels compared to those without history of HE (4.17 ng/dL vs 3.39 ng/dL, P = 0.011). 
The presence of varices was also associated with numerically higher levels of zonulin 
but this difference did not reach statistical significance (Figure 2).

No significant correlation was observed between serum zonulin levels and platelets, 
serum albumin, bilirubin, INR, MELD score, age or body mass index. Moreover, 
treatment with b-blockers was not found to affect the levels of zonulin (patients on 
treatment: 3.6 ± 1.5 ng/dL vs no treatment with b-blockers: 3.4 ± 0.9 ng/dL, P = 0.513).

Follow-up
Sixty-three out of the one-hundred and sixteen patients were followed for at least 12 
mo or until death/Liver transplantation, whichever occurred first. Their mean age was 
60 ± 15 years and 30 (48%) were male. The majority of patients (n = 36, 57%) had 
compensated cirrhosis at baseline. Forty-four (69.8%) patients had CTP-A and nineteen 
had CTP-B (30.2%) cirrhosis. Mean MELD score was 11.3 ± 3.2. Thirty-nine (61.9%) 
patients had no varices or small varices without red spots and twenty-four (38.1%) 
patients had high-risk varices (large varices or small varices with red spots). Twenty of 
the twenty-seven (74%) patients with decompensated cirrhosis had ascites at baseline. 
No patient with compensated liver disease who was in the follow-up group was under 
rifaximin treatment, while 8/27 patients with decompensated disease were receiving 
rifaximin. Patients with decompensated cirrhosis receiving rifaximin on baseline and 
followed up for at least 12 mo showed numerically higher serum zonulin levels at 
baseline, though not statistically significant (patients onrifaximin treatment: 4.49 ± 2.37 
ng/dL vs no rifaximintreatment: 3.41 ± 1.08 ng/dL, P = 0.144)

Specific treatment was received by 32 (50.8%) of the 63 patients. Among them, mean 
baseline LSM was 22.9 ± 9.3 kPa and mean baseline SSM was 35.3 ± 8.6 kPa.

Twelve (33.3%) of the thirty-six patients with compensated cirrhosis at baseline 
progressed to decompensated disease [11/36 (30.5%) developed ascites and 1/36 
(2.8%) developed variceal bleeding]. Patients who progressed to liver decompensation 
(n = 12) had higher baseline serum zonulin levels at (3.98 ± 0.79 ng/dL vs 3.18 ± 1.02 
ng/dL, P = 0.011) and lower albumin levels (3.64 ± 0.53 g/dL vs 4.10 ± 0.51 g/dL, P = 
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Table 1 Baseline clinical and laboratory characteristics of the patients

Examined parameter Baseline value

Sex as M/F, n  (%) 71/45 (61.2)

Age in yr1 59 ± 13

BMI, kg/m2 27.5 ± 5.0

Liver disease etiology, n  (%)

Chronic hepatitis B 25 (21.6)

Chronic hepatitis C 20 (17.2)

Alcohol abuse 35 (30.2)

NAFLD 20 (17.2)

Autoimmune hepatitis 5 (4.3)

Other 11 (9.5)

CTP class, n  (%)

A 78 (67.2)

B 33 (28.4)

C 5 (4.4)

CTP score 6.2 ± 1.6

MELD score 11.0 ± 3.9

Decompensated cirrhosis, n  (%) 61 (52.6)

History of HE, n  (%) 37 (31.9)

Ascites, n  (%) 56 (48.3)

Bilirubin in mg/dL 1.3 ± 0.9

Creatinine in mg/dL 1.0 ± 1.2

Albumin in g/L 41.0 ± 4.0

Platelet count as × 109/L 121 ± 49

INR 1.3 ± 0.3

1Quantitative variables are expresses as mean ± SD.
BMI: Body mass index; CTP: Child-Turcotte-Pugh; F: Female; HE: Hepatic encephalopathy; INR: International normalized ratio; M: Male; MELD: Model 
for end-stage liver disease; NAFLD: Nonalcoholic fatty liver disease.

0.013) as well as a trend for lower platelet counts (104 × 109/L vs 138 × 109/L, P = 
0.094) and higher SSM (36.1 ± 9.3 kPa vs 31.1 ± 7.4 kPa, P = 0.087) compared to patients 
who remained compensated during follow-up (Table 2). In multivariate logistic 
regression analysis, progression to liver decompensation within 12 mo was 
independently associated with higher serum zonulin [odds ratio (OR): 6.53, 95%CI: 
1.08-39.57, P = 0.041] and lower albumin at baseline (OR: 0.03, 95%CI: 0.002-0.92, P = 
0.044). Baseline serum zonulin levels offered an AUROC of 0.723 (P = 0.039) for 
predicting development of decompensation within 1 year (Figure 3). The cut-off point 
that could better predict progression to decompensation was 3.65 ng/dL, with 
specificity 73%, sensitivity 73%, NPV 84% and PPV 57%.

In total, 7 (11.3%) patients died (6 due to liver related causes and 1 due to non-liver 
related malignancy), while 2 patients (2.9%) underwent liver transplantation. Patients 
who died or underwent liver transplantation (n = 9) had lower baseline albumin levels 
compared to patients (n = 54) who survived (3.20 ± 0.62 g/dL vs 3.87 ± 0.62 g/dL, P = 
0.010), higher CTP score (7.4 vs 5.9, P < 0.001) and greater portal vein diameter (1.55 
cm vs 1.27 cm, P = 0.002) (Table 3). In multivariate logistic regression analysis, higher 
CTP score (OR: 2.06, 95%CI: 1.02-4.16, P = 0.021) and portal vein diameter (OR: 71.54, 
95%CI: 1.56-329.52, P = 0.022) were independently associated with mortality.
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Table 2 Univariate analysis of factors associated to liver disease decompensation

Examined parameter, 
baseline values

Patients who remained compensated 
during follow-up, n = 24

Patients who proceed to decompensated disease 
during follow-up, n = 12

P 
value

Sex as M/F 13/11 3/9 0.157

Age in yr1 59 ± 12 61 ± 14 0.710

Liver-specific treatment, Y/N 13/11 9/3 0.292

High-grade varices, Y/N 6/24 6/12 0.157

Platelet count as × 109/L 138 ± 54 105 ± 46 0.094

Albumin in g/dL 3.64 ± 0.53 4.13 ± 0.51 0.013

Spleen diameter in cm 13.1 ± 2.5 14.0 ± 2.3 0.325

Portal diameter in cm 1.29 ± 0.22 1.27 ± 0.21 0.768

Liver stiffness in kPa 19.7 ± 6.9 23.9 ± 9.2 0.139

Spleen stiffness in kPa 31.1 ± 7.4 36.1 ± 9.3 0.087

Serum zonulin levels in ng/mL 3.19 ± 1.02 4.15 ± 0.95 0.011

1Quantitative variables are expressed as mean±standard deviation.
F: Female; M: Male; N: No; Y: Yes.

Table 3 Univariate analysis of factors associated to transplant free survival

Examined parameter, baseline 
values

Patients alive/not transplanted at the end of the follow-
up, n = 54

Patients transplanted or dead, n 
= 9

P 
value

Age in yr1 59 ± 15 66 ± 14 0.238

Liver-specific treatment, Y/N 28/26 4/5 0.474

CTP score 5.9 ± 1.0 7.4 ± 1.4 < 0.001

MELD score 11.3 ± 3.0 11.7 ± 3.6 0.772

High-risk varices, Y/N 19/54 5/9 0.241

Platelet count as × 109/L 120 ± 52 109 ± 40 0.602

Albumin in g/dL 3.87 ± 0.62 3.20 ± 0.62 0.010

Spleen diameter in cm 13.7 ± 2.8 15.2 ± 2.5 0.154

Portal diameter in cm 1.27 ± 0.21 1.55 ± 0.25 0.002

Liver stiffness in kPa 22.5 ± 9.2 27.9 ± 10.3 0.127

Spleen stiffness in kPa 35.0 ± 8.8 37.9 ± 6.9 0.383

Serum zonulin levels in ng/mL 3.70 ± 1.36 3.17 ± 1.21 0.300

1Quantitative variables are expressed as mean ± SD.
CTP: Child-Turcotte-Pugh; MELD: Model for end-stage liver disease; N: No; Y: Yes.

DISCUSSION
BT is increased in cirrhosis and seems to play a pivotal pathophysiological role in the 
development of complications related to end-stage liver disease, such as hepatorenal 
syndrome, HE, spontaneous bacterial peritonitis and acute-on-chronic liver failure[2,
14]. Although many factors have been implicated in the pathophysiology of BT, the 
exact pathogenic mechanisms leading to gut epithelial disfunction in liver cirrhosis 
remain unclear[1,15,16]. To date, the role of zonulin as a promoting factor of the 
intestinal barrier’s disruption has been thoroughly investigated in several diseases, but 
in patients with cirrhosis there is only limited information.
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Figure 1 Mean serum zonulin levels (ng/mL) among different Child-Turcotte-Pugh classes. Serum zonulin levels (expressed in ng/mL as mean) 
according to Child-Turcotte-Pugh stage. CTP: Child-Turcotte-Pugh.

Figure 2  Mean serum zonulin levels (ng/mL) among different manifestations of advanced liver disease.

In our cohort, we investigated whether serum zonulin levels have any impact on the 
prognosis of patients with cirrhosis. Initially, we found that mean serum zonulin levels 
were higher in patients with CTP-B than CTP-A class cirrhosis, supporting its possible 
contribution in the development of decompensated liver disease (CTP-B stage). 
Interestingly, serum zonulin levels were lowest in our few cases with CTP-C cirrhosis; 
although, the small number of CTP-C patients in our study weakens the validity of 
such a finding, as any type of statistical errors cannot be excluded. The latter finding is 
in contrast to the results of a recently published study, which reported increasing 
serum zonulin levels from CTP-A to -B and to -C class. However, only chronic HBV 
patients were included in the abovementioned study and, more importantly, the study 
also included patients with HCC, a fact that could have affected the result[17]. The role 
of zonulin has also been previously investigated by others in small cohorts of patients 
with chronic liver disease. Serum zonulin levels were reported to decrease 
progressively, as liver function deteriorated in 9 patients with chronic viral hepatitis
[18]. Obviously, such an under-powered study cannot lead to any valuable conclusion. 
In another study, serum zonulin levels were found to be lower in 40 patients with 
chronic HBV infection compared to 17 controls, but besides the small sample size of 
the study, no data for stage of liver disease were provided[19]. A pivotal study in 
children and adolescents reported increased serum zonulin levels in cases with rather 
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Figure 3 Receiver operating characteristic curve displacing baseline serum zonulin levels in predicting liver disease decompensation. 
Area under the receiver operating characteristic curve: 0.723, P = 0.039. ROC: Receiver operating characteristic.

than without NASH[20]. In the latter study, zonulin levels were found to correlate 
with the severity of liver steatosis and not of liver fibrosis, but cases with cirrhosis 
were not included. Contrary to the previous studies, we recruited a larger number of 
cirrhotic patients, irrespective of liver disease etiology, while at the same time we 
excluded older patients or patients with HCC which could jeopardize our results.

Additionally, in our study, we found that patients with more advanced cirrhosis, as 
documented by the presence of ascites or history of HE, had higher serum zonulin 
levels compared to those without these complications. Unexpectedly, in our cohort, we 
found a numerical but not statistically significant difference in zonulin levels between 
patients with or without varices. Moreover, there was no correlation between serum 
zonulin and SSM, which by recent data is suggested to correlate wellwith hepatic 
venous pressure gradient levels and the presence of high-risk varices[21,22]. It could 
be argued that the secretion of zonulin is regulated by mechanisms acting locally in 
the gut and is not directly affected by changes in portal pressure. However, such a 
speculation, taking under consideration the complexity of mechanisms implicated in 
the regulation of gut permeability in liver cirrhosis carries a great level of uncertainty.

Finally, the potential association between serum zonulin levels and the 
development of liver decompensation is further supported by the predictive role of 
zonulin for such an outcome within 1year of follow-up. In particular, baseline serum 
zonulin levels in our patients with compensated cirrhosis were found to be 
independently associated with progression to decompensated liver disease within the 
next year. The predictability of serum zonulin levels to predict progression to 
decompensated liver disease was significant but suboptimal (AUROC: 0.723). In 
addition, serum zonulin levels < 3.65 ng/mL at baseline offered a NPV of 84% for 
progression to liver decompensation within the next year.

Our study has some limitations. A substantial proportion of patients did not 
participate in the follow-up study and we included a small number of patients with 
CTP-C stage disease. Furthermore, serum zonulin levels were measured in a single 
time frame. According to guidelines, in our department, no patient with compensated 
disease was under rifaximin treatment. Therefore, the effect of rifaximin or other 
antibiotic treatment (patients with acute infection were excluded from our study) in 
the transition from compensated towards decompensated disease and their correlation 
to zonulin levels were not assessed. Undoubtedly, serial measurements of zonulin 
levels and their fluctuations during the course of the liver disease would enforce its 
prognostic value.
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CONCLUSION
In conclusion, we have clearly shown that serum zonulin levels are increased in 
patients with more advanced liver disease and are independently associated with the 
progression to decompensation. The results of our study may be of particular value as 
they reveal, for the first time, the adverse effect of a new agent, zonulin, on the deteri-
oration of chronic liver disease. More studies are needed to confirm our findings and 
to further investigate the pathophysiological mechanisms by which zonulin is 
involved in alteration of intestinal barrier and gut permeability.Taking into consid-
eration that zonulin antagonists are already being tested in phase IIb studies in 
diseases characterized by disrupted intestinal permeability, such as celiac disease, 
confirmation of our results may have significant clinical implications[23].

ARTICLE HIGHLIGHTS
Research background
Gut permeability is distorted in patients with liver cirrhosis and the observed deregu-
lation of the intestinal integrity plays a crucial role in the development of bacterial 
translocation. Bacterial translocation contributes to the occurrence or aggravation of 
serious complications in patients with liver cirrhosis. Zonulin is a recently recognized 
protein, synthesized by the intestinal and liver cells, and thought to play an important 
role in the regulation of tight junctions between intestinal cells.

Research motivation
Increased zonulin levels have been observed in such diseases as celiac disease and 
inflammatory bowel disease and have shown correlation to the impairment of 
intestinal permeability. The exact mechanism that leads to the deregulation of the 
intestinal integrity in liver cirrhosis is not thoroughly investigated. Zonulin may have 
a role in the observed alterations of the gut barrier in advanced chronic liver disease.

Research objectives
We aimed to investigate if serum zonulin levels are altered in patients with different 
stages of liver cirrhosis and investigate their possible impact on patients’ prognosis.

Research methods
We included 116 cirrhotic patients who attended our outpatient clinic during a 12-mo 
period. Serum zonulin levels were measured, as were epidemiological, laboratory and 
clinical data, and data from elastography and ultrasonography at baseline. Sixty-three 
patients were followed up for at least 1year and data from clinical events (death, liver 
transplantation and liver disease decompensation) were collected.

Research results
Our study included mainly Child-Turcotte-Pugh (CTP)-A (67%) and CTP-B patients 
(28%). We observed that serum zonulin levels are increased in patients with more 
advanced liver disease, such as patients with CTP–B stage, patients with ascites, or 
those with history of hepatic encephalopathy. What is more, serum zonulin levels 
were independently associated with the probability of decompensation within the next 
year.

Research conclusions
According to our study results, serum zonulin levels are increased in patients with 
advanced chronic liver disease. What is more, a new agent, zonulin, is found to be 
implicated in the progress towards advanced liver disease.

Research perspectives
Our findings highlight once more the significance of gut barrier deregulation in the 
setting of liver cirrhosis and emphasize the need of further studies in the field, aiming 
to reveal the complex pathophysiological interplay which leads to bacterial translo-
cation. Especially, the role of zonulin should be further investigated, due to its possible 
therapeutic implications, as a zonulin antagonist alreadyexists and is being tested in 
studies of celiac disease.
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