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Purpose: Zonulin is considered as a biomarker of increased intestinal permeability. The relation-

ship between intestinal permeability and obesity is known, and many studies have investigated 

the relationship between intestinal permeability and liver disease. Thus, we aimed to investigate 

the potential association between plasma zonulin concentrations and fatty liver in obese men.

Patients and methods: A total of 140 obese men without inflammatory bowel diseases, 

autoimmune diseases, and severe liver diseases were included. The subjects were divided into 

three groups: normal, mild fatty liver, and moderate-to-severe fatty liver, according to abdominal 

ultrasonography findings. We subdivided the subjects into two subgroups based on the amount 

of alcohol consumption (appropriate drinking and hazardous drinking), and subgroup analyses 

were performed.

Results: The mean plasma zonulin concentrations (ng/mL) in the normal, mild fatty liver, and 

moderate-to-severe fatty liver groups were 0.618, 2.143, and 5.815, respectively (P<0.001). 

A multivariate multinomial logistic regression analysis revealed an odds ratio (OR) of 1.77 

(P=0.015) in the moderate-to-severe fatty liver group. The median plasma zonulin concentrations 

(ng/mL) in the appropriate drinking subgroup of the fatty liver groups were 0.002, 0.500, and 

6.550, respectively (P-trend<0.001), and in the hazardous drinking subgroup were 0.002, 0.590, 

and 5.800, respectively (P-trend=0.001). The ORs for moderate-to-severe fatty liver were 1.91 

(P=0.039) in the appropriate drinking group and 1.56 (P=0.045) in the hazardous drinking group.

Conclusion: Plasma zonulin concentrations were elevated among obese men. A significant 

association was found between zonulin concentrations and severity of fatty liver.

Keywords: zonulin, intestinal permeability, fatty liver, obesity

Introduction
Intestine is an organ that digests and absorbs nutrients and also acts as a barrier against 

harmful foreign substances. Intestinal epithelial cells form a tight junction with the sur-

rounding cells, and a fixed gap is maintained that functions as a primary barrier against 

bacteria, viruses, toxins, and allergens that enter the body through the digestive system.1

When the intestine becomes irritated or damaged, the tight junctions weaken and 

intestinal permeability increases, which permits macromolecules to enter and exit through 

the gap.2 With the increase in intestinal permeability, the intestine fails to act as a primary 

barrier, which can lead to various clinical symptoms. Intestinal permeability significantly 

increases in intestinal disease states such as celiac disease.3 Liver diseases and metabolic 

diseases such as obesity and insulin resistance can also increase intestinal permeability.4,5 

Thus, intestinal permeability has received considerable attention from researchers.
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Fatty liver disease and obesity are closely associated. 

Fatty liver disease refers to the excessive accumulation of fat 

in the liver due to alcoholic or nonalcoholic causes. It is an 

important risk factor for cirrhosis and liver cancer. It is also 

closely associated with major metabolic disorders, such as 

insulin resistance, diabetes, hypertension, and dyslipidemia.6 

The prevalence of fatty liver increases with age and is higher 

in men than in women.7 Alcohol consumption and obesity 

are major risk factors for fatty liver disease. The risk for 

developing metabolic syndrome increases when an obese 

person develops fatty liver disease, and consequently, the 

risk for cardiovascular diseases and death can be enhanced.8 

Greater intestinal permeability leads to increased levels of 

plasma lipopolysaccharides (LPS) that can cause low-grade 

inflammation and heighten the risk of insulin resistance and 

metabolic disorders.9 Research on the intestinal permeability 

of obese patients with fatty liver disease may have important 

implications in health care, but such research is lacking. 

Several previous studies have reported increased intestinal 

permeability in patients with serious liver diseases, such as 

cirrhosis,10 and have noted the changes in the gut microbiota 

and increased intestinal permeability in obese diabetic 

patients.11 However, all the studies were conducted in Western 

countries and no research had specifically considered people 

who were obese.

Intestinal permeability can be assessed by several 

methods. Plasma zonulin concentrations are frequently 

used to assess intestinal permeability as they can be eas-

ily measured using blood tests.12 Zonulin is a protein that 

reversibly controls intestinal permeability by controlling 

the binding between the epithelial cells of the intestinal 

mucosa.13 It is involved in the innate intestinal immunity,14 

and its expression is upregulated in patients with celiac dis-

ease and type 1 diabetes.12,15 Plasma zonulin concentrations 

are strongly correlated with the lactulose–mannitol ratio, 

which was earlier used to measure intestinal permeability 

in clinical settings.5

This study was designed to analyze only men with a high 

prevalence of fatty liver and a high risk of hazardous drink-

ing. We analyzed the correlation between plasma zonulin 

concentrations and fatty liver disease in relatively healthy 

obese men identified during medical checkups for the preven-

tion and management of metabolic diseases.

Patients and methods
Study subjects
Male patients who visited a university hospital in Daegu, 

South Korea, between October 2015 and September 2016 

for a medical check-up and who met the following inclu-

sion criteria were enrolled: older than 30 years but younger 

than 60 years, body mass index (BMI) of ≥25 kg/m2, and 

having abdominal obesity (waist circumference of ≥90 cm). 

Patients meeting the following exclusion criteria were 

excluded from the study: estimated glomerular filtration 

rate (eGFR) of <60 mL/min/1.73 m2, previous history of 

autoimmune diseases such as rheumatoid arthritis and 

systemic lupus erythematosus, currently receiving che-

motherapy or having received chemotherapy in the last 

year, consumption of alcoholic beverages within 12 hours 

prior to evaluation, and a history of severe liver diseases 

such as cirrhosis, celiac disease, inflammatory bowel 

disease, and uncontrollable irritable bowel disease. The 

total number of participants who agreed to participate in 

the study and  satisfied the inclusion and exclusion criteria 

was 140 initially.

This study was reviewed and approved by the institutional 

review board of Kyungpook National University Hospital. 

Written informed consent was obtained from all individual 

participants included in the study.

Demographics
Age, sex, medical history, drinking habits, smoking habits, 

and level of physical activity were obtained through self-

reported questionnaires completed by patients during their 

visits to the health center. Participants were classified as 

current smokers, former smokers, and nonsmokers based 

on their responses. Regarding drinking habits, the amount 

of alcohol consumption was measured via questionnaires. 

In accordance with the alcohol consumption classification 

developed by the Centers for Disease Control and Preven-

tion, the participants were classified as nondrinkers if they 

had less than two standard drinks per week, social drinkers if 

they had more than three and <14 standard drinks per week, 

heavy drinkers if they had more than 15 standard drinks per 

week, and binge drinkers if they had more than five standard 

drinks in one setting. The participants were classified as 

active if they performed >150 minutes of moderately intense 

exercise every week.

Body and obesity measurement
The participants’ heights and weights were measured using 

an automatic height measurement instrument, and the BMI 

(kg/m2) was calculated from these values. Waist circumfer-

ence was horizontally measured from the bottom of the lowest 

rib to the middle of the top part of the iliac crest with a tape, 

without applying pressure on the soft tissue.
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Physical examination and laboratory test
Systolic and diastolic blood pressures were measured using 

an automatic sphygmomanometer after allowing the patient 

to sit and relax for at least 10 minutes. Blood sample was 

collected after the patient had fasted for at least 8 hours. 

Complete blood count, liver function (aspartate aminotrans-

ferase [AST], alanine aminotransferase [ALT], gamma-glu-

tamyltransferase [GGT], total bilirubin [TB]), fasting blood 

glucose, HbA1c, lipid profile (total cholesterol, low-density 

lipoprotein cholesterol [LDL-C], high-density lipoprotein 

cholesterol [HDL-C], triglyceride), and creatinine were 

measured. eGFR was calculated using the Modification of 

Diet in Renal Disease (MDRD) Study equation.16

Plasma zonulin concentrations
Plasma zonulin concentrations were measured using an 

enzyme-linked immunosorbent assay (Immundiagnostik 

AG, Bensheim, Germany). The sensitivity of the assay was 

<0.01 ng/mL.

Assessment of fatty liver disease
Abdominal ultrasonography was performed by a radiologist 

after an 8-hour fast. The severity of fatty liver disease was 

classified into four stages based on echogenicity, the echoic 

tissue amplitude of the liver and kidneys, the degree of echo 

penetration, and the degree to which the vascular structures of 

the liver were defined. Patients were defined by the following 

classifications: normal, if they showed normal echogenicity 

(Grade 0); mild fatty liver, if the echogenicity of the hepatic 

parenchyma was slightly increased and the vein walls and 

diaphragm were clearly observed (Grade 1); moderate fatty 

liver, if echogenicity of hepatic parenchyma was moderately 

increased and the vein walls and diaphragm were only some-

what observed (Grade 2); and severe fatty liver, if the echo-

genicity of hepatic parenchyma was significantly increased, 

the vein walls and diaphragm could not be observed, and the 

right posterior segment was only minimally visible due to 

clear acoustic attenuation (Grade 3).17

Statistical analyses
Participants were divided into three groups (normal, mild 

fatty liver, and moderate-to-severe fatty liver) according 

to the severity of fatty liver. One-way analysis of variance 

(ANOVA) and Pearson’s chi-square test were used to com-

pare the demographic characteristics, laboratory test results, 

and plasma zonulin concentrations among the three groups. 

Multinomial logistic regression was performed to analyze 

the associations between plasma zonulin concentrations and 

fatty liver disease.

The nondrinkers and the social drinkers were assigned to 

the appropriate drinking subgroup, and the heavy and binge 

drinkers were assigned to the hazardous drinking subgroup, 

since drinking habits are an important factor of fatty liver 

disease. The Kruskal–Wallis test and multinomial logistic 

regression were performed for each subgroup to analyze 

the associations between plasma zonulin concentrations and 

fatty liver disease. All statistical analyses were performed 

using SPSS version 23 (IBM Corporation, Armonk, NY, 

USA). A P-value of <0.05 was considered as statistically 

significant.

Results
Demographics
Of the 140 total participants, 17 had Grade 0 classification 

and were assigned to the normal group, 89 had Grade 1 clas-

sification and were assigned to the mild fatty liver group, and 

the remaining 34 had Grade 2 or 3 classification and were 

assigned to the moderate-to-severe fatty liver group. The 

mean weight, BMI, and waist circumference measurements 

increased as the severity of fatty liver increased, but this was 

not statistically significant. No significant difference was 

found in the fasting blood glucose levels or HbA1c concen-

trations between the groups. No significant difference was 

found in the levels of the liver function markers (AST, ALT, 

GGT, and TB).

Total cholesterol, triglyceride, and LDL-C levels were not 

significantly different between the groups. However, the mean 

HDL-C levels were 49.0±9.1, 47.0±8.9, and 42.9±9.2 mg/dL 

in the normal, mild fatty liver, and moderate-to-severe fatty 

liver groups, respectively, and significantly differed between 

the groups (P=0.035).

No significant difference was found in the level of alcohol 

consumption, smoking, and physical activity between the 

groups. No significant difference was found in the medical 

histories of hypertension, diabetes, and dyslipidemia between 

the groups (Table 1).

Plasma zonulin concentrations
The mean plasma zonulin concentrations were 0.618±1.15, 

2.143±4.27, and 5.815±3.11 ng/mL in the normal, mild fatty 

liver, and moderate-to-severe fatty liver groups, respectively, 

and these values significantly differed between the groups. 

Zonulin concentrations tended to increase as the severity of 

fatty liver disease increased (P-trend<0.001; Table 1).
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Relative risk of fatty liver disease in 
relation to plasma zonulin concentrations
A multinomial logistic regression analysis was performed 

to determine the associations between plasma zonulin con-

centrations and the severity of fatty liver disease. Model 1 

produced a relative risk without controlling for any variables. 

Model 2 considered the univariate analysis results and pro-

duced a relative risk adjusted for BMI, HbA1c, LDL-C, and 

HDL-C. Model 3 was adjusted for additional factors (age, 

drinking habits, smoking status, use of diabetes medications, 

and use of dyslipidemia medications) that have been reported 

to affect the incidence of fatty liver, in addition to the factors 

controlled in Model 2.

For mild fatty liver, Models 1, 2, and 3 did not produce 

statistically significant results. However, the relative risk of 

moderate-to-severe fatty liver significantly increased with 

the plasma zonulin concentrations in Model 1 (odds ratio 

[OR]=1.90, 95% CI=1.23–2.92), Model 2 (OR=1.83, 95% 

Table 1 Clinical characteristics of the subjects

Characteristic Normal 
(n=17)

Mild fatty liver 
(n=89)

Moderate-to-severe 
fatty liver (n=34)

P-value

Age, years 44.5±9.5 44.8±8.9 44.7±9.2 0.986
Systolic BP, mmHg 132.9±11.3 131.0±16.6 132.5±12.1 0.830
Diastolic BP, mmHg 82.3±8.6 81.9±11.4 84.8±11.4 0.433
Height, cm 173.8±8.4 174.3±6.5 174.9±4.8 0.838
Weight, kg 84.1±10.7 87.3±10.6 89.8±9.4 0.168
BMI, kg/m2 27.8±2.5 28.8±2.8 29.3±2.6 0.161
WC, cm 96.3±4.8 97.2±6.5 97.5±6.0 0.806
Fasting glucose, mg/dL 98.6±13.9 101.4±16.4 100.0±23.9 0.818
HbA1c, g/dL 5.6±0.5 5.8±0.8 7.1±7.7 0.205
AST, U/L 25.5±11.4 26.1±14.5 27.9±17.6 0.802
ALT, U/L 30.0±15.2 37.2±20.6 38.7±27.9 0.391
GGT, U/L 65.5±55.1 62.0±84.4 58.9±48.0 0.954
TB, mg/dL 0.78±0.24 0.87±0.37 0.86±0.41 0.695
Total cholesterol, mg/dL 180.1±43.8 192.6±35.8 186.4±35.8 0.373
LDL-C, mg/dL 115.0±34.7 135.5±31.7 134.6 ± 32.2 0.055
HDL-C, mg/dL 49.0±9.1 47.0±8.9 42.9±9.2 0.035
Triglyceride, mg/dL 174.2±86.3 173.3±73.3 153.4±39.2 0.336
Serum creatinine, mg/dL 0.90±0.18 0.89±0.13 0.91±0.13 0.704
eGFR, mL/min/1.73m2 95.6±23.1 95.3±14.5 91.1±25.0 0.513
Zonulin, ng/mLa 0.618±1.15 2.143±4.27 5.815±3.11 <0.001
Smoking status 0.466
 Nonsmoker 2 (11.8) 16 (18.0) 10 (29.4)
 Former smoker 9 (52.9) 38 (42.7) 11 (32.4)
 Current smoker 6 (35.3) 35 (32.4) 13 (38.2)
Alcohol consumption 0.476
 None 1 (5.9) 9 (10.1) 7 (20.6)
 Social 9 (52.9) 35 (39.3) 7 (20.6)
 Heavy 6 (35.3) 32 (36.0) 11 (32.4)
 Binge 1 (5.9) 13 (14.6) 9 (26.5)
Physical activity
 Inactive 8 (47.1) 48 (53.9) 15 (44.1)
 Active 9 (52.9) 41 (46.1) 19 (55.9) 0.591
Medical history
 Hypertension 6 (35.3) 21 (23.6) 8 (23.5) 0.579
 Diabetes 2 (11.8) 7 (7.9) 2 (5.9) 0.763
 Dyslipidemia 2 (11.8) 5 (5.6) 2 (5.9) 0.632

Notes: All values are presented as mean±SD or number (%). P-values were calculated using the chi-square test for discrete outcomes and one-way ANOVA for continuous 
outcomes. aThere was a significant trend toward increased mean values of concentrations (P-trend<0.001).
Abbreviations: BP, blood pressure; BMI, body mass index; WC, waist circumference; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-
glutamyltransferase; TB, total bilirubin; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; 
ANOVA, analysis of variance.
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CI=1.18–2.84), and Model 3 (OR=1.77, 95% CI=1.13–2.76; 

Table 2).

Differences in plasma zonulin 
concentrations according to the 
severity of fatty liver disease in alcohol 
consumption subgroups
The appropriate drinking subgroup, comprising nondrinkers 

and social drinkers, consisted of 68 participants. Further clas-

sification of these participants according to the severity of 

fatty liver led to placement of 10 participants in the normal 

group, 44 participants in the mild fatty liver group, and 14 

participants in the moderate-to-severe fatty liver group. The 

median plasma zonulin concentrations were 0.002, 0.500, and 

6.550 ng/mL in each group. The plasma zonulin concentra-

tions increased as the severity of fatty liver disease increased 

(P-trend=0.002).

The hazardous drinking subgroup, comprising heavy 

and binge drinkers, consisted of 72 participants. Further 

classification according to the severity of fatty liver disease 

resulted in 7, 45, and 20 participants in the normal, mild 

fatty liver, and moderate-to-severe groups, respectively. The 

median zonulin concentration increased as the severity of 

fatty liver disease increased, as was the case in the appropriate 

drinking subgroup (median concentrations of 0.002, 0.590, 

and 5.800 ng/mL, respectively; P-trend=0.001; Table 3).

Zonulin concentrations as a risk factor of 
fatty liver disease in alcohol consumption 
subgroups
A multivariate multinomial logistic regression analysis 

adjusted for BMI, HbA1c, LDL-C, HDL-C, age, alcohol con-

sumption, smoking status, exercise, and use of diabetes and 

dyslipidemia medications was performed for each subgroup. 

In the case of the appropriate drinking subgroup, the relative 

risk of mild fatty liver and plasma zonulin concentrations 

were not significantly associated (adjusted OR=1.63, 95% 

CI=0.75–3.55). However, the relative risk of moderate-to-

severe fatty liver increased as plasma zonulin concentrations 

increased (adjusted OR=1.91, 95% CI=1.01–3.95; Figure 1).

Similarly, in the hazardous drinking subgroup, although 

the relative risk of mild fatty liver was not significantly associ-

ated with plasma zonulin concentrations (adjusted OR=1.17, 

95% CI=0.69–1.96), the relative risk of moderate-to-severe 

fatty liver increased as plasma zonulin concentrations 

increased (adjusted OR=1.56, 95% CI=1.02–2.67; Figure 2).

Discussion
The association between obesity and intestinal permeability 

has been clarified in numerous studies. Lam et al18 reported 

that high-fat diets increase the concentrations of Gram-

negative bacteria containing LPS on the intestinal walls. This 

increase in concentration decreases the expression of zonula 

occludens-1 and occludin, which maintain the tight junction 

between intestinal epithelial cells, thus leading to increased 

intestinal permeability. Muccioli et al19 reported that the con-

sumption of a high-fat diet and the subsequent changes in the 

gut microbiota induce changes in the endocannabinoid system, 

which also lead to increased intestinal permeability. Moreno-

Navarrete et al9 reported that plasma zonulin concentrations 

are elevated in obese persons. They suggested that increased 

Table 2 Effect of plasma zonulin concentrations on the risk of 
fatty liver disease

Mild fatty liver Moderate-to-severe 
fatty liver

OR (95% CI) P-value OR (95% CI) P-value

Model 1a 1.51 (0.99–2.30) 0.059 1.90 (1.23–2.92) 0.004
Model 2b 1.44 (0.94–2.22) 0.095 1.83 (1.18–2.84) 0.007
Model 3c 1.40 (0.91–2.16) 0.122 1.77 (1.13–2.76) 0.015

Notes: aUnadjusted model. bAdjusted for HbA1c, low-density lipoprotein 
cholesterol, high-density lipoprotein cholesterol, and BMI. cAdjusted for the 
covariates in Model 2 as well as age, smoking, alcohol consumption, physical activity, 
diabetes, and dyslipidemia.
Abbreviations: OR, odds ratio; BMI, body mass index.

Table 3 Median concentration of plasma zonulin according to fatty liver severity in the subgroups

Appropriate drinking subgroup

Normal (n=10) Mild fatty liver (n=44) Moderate-to-severe fatty liver (n=14) P-value P-trend

0.002 (0.001–0.687) 0.500 (0.002–2.250) 6.550 (3.150–8.050) <0.001 0.002

Hazardous drinking subgroup

Normal (n=7) Mild fatty liver (n=45) Moderate-to-severe fatty liver (n=20) P-value P-trend

0.002 (0.001–2.000) 0.590 (0.003–2.750) 5.800 (3.450–7.775) <0.001 0.001

Notes: All values are presented as median (interquartile range). P-values were calculated using the Kruskal–Wallis test.
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intestinal inflammation-related obesity leads to increased 

intestinal permeability. Conversely, increased intestinal 

permeability leads to increased plasma LPS concentrations 

and low-grade inflammation, causing insulin resistance and 

obesity.20 Obesity plays an important role in the pathogenesis 

of fatty liver disease on its own. Insulin resistance resulting 

from obesity induces chronic hyperinsulinemia, which leads 

to fat accumulation in the liver.21

Peripheral adipose tissue increases because obesity pro-

duces excess free fatty acids due to insulin resistance. As a 

result, fat accumulates in the liver and this in turn aggravates 

insulin resistance, thus forming a malicious cycle.22 Addition-

ally, insulin resistance and elevated levels of saturated free 

fatty acids resulting from obesity may play an important role 

in liver cell damage, progression of nonalcoholic fatty liver 

disease, and fibrosis.23

OR
0 1 2 3 4

Appropriate drinking subgroup

Mild fatty liver

Moderate–severe
fatty liver

Figure 1 OR of zonulin concentration in fatty liver disease in the appropriate drinking subgroup.
Notes: In the multivariate multinomial logistic regression analysis adjusted for covariates, the OR of zonulin concentrations in relation to the incidence of mild fatty liver was 
1.63 (adjusted OR=1.63, 95% CI=0.75–3.55) in the appropriate drinking group and was not statistically significant. However, the OR for moderate-to-severe fatty liver was 
1.91 (95% CI=1.01–3.95) in the same group and was statistically significant.
Abbreviations: OR, odds ratio; CI, confidence interval.

OR
0 1 2 3 4

Mild fatty liver

Hazardous drinking subgroup

Moderate-to-severe
fatty liver

Figure 2 OR of zonulin concentration in fatty liver disease in the hazardous drinking subgroup.
Notes: In the multivariate multinomial logistic regression analysis adjusted for covariates, the OR of zonulin concentrations in relation to the incidence of mild fatty liver 
was 1.17 (95% CI=0.69–1.96) in the hazardous drinking group and was not statistically significant. However, the OR for moderate-to-severe fatty liver was 1.56 (95% 
CI=1.02–2.67) in the same group and was statistically significant.
Abbreviation: OR, odds ratio.
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In the present study, the plasma zonulin concentrations 

in obese patients were assessed. We confirmed the known 

finding that obesity is associated with increased intestinal 

permeability and plays an important role in the pathogen-

esis of fatty liver disease. Plasma zonulin concentrations 

were found to be significantly associated with the severity 

of fatty liver disease. We found a significant association in 

participants with both high and low alcohol consumption.

Alcohol consumption is an important risk factor of fatty 

liver disease. For this reason, most studies that investigated 

the association between fatty liver disease and intestinal per-

meability have examined cases of alcoholic liver disease and 

nonalcoholic liver disease separately. Changes in intestinal 

permeability are an important mechanism causing severe 

complications of alcoholic liver diseases.24 Persson et al10 

reported that alcohol consumption induces malfunction of 

the intestinal walls and increases intestinal permeability. 

Such et al25 reported that patients with advanced cirrhosis 

have increased intestinal permeability due to increased 

nitric oxide concentrations caused by portal hypertension, 

swelling of the intestinal mucosa, and intestinal epithelial 

ultrastructural changes. One study also demonstrated an 

association between increased intestinal permeability in 

patients with alcoholic cirrhosis and spontaneous bacte-

rial infections.26 However, no studies have investigated the 

association between uncomplicated alcoholic liver diseases 

and intestinal permeability, and further research is needed 

in this area.

In the present study, zonulin concentrations increased 

as the severity of fatty liver disease increased in heavy and 

binge drinkers. This is a significant finding since previous 

studies involved patients with advanced alcoholic liver dis-

eases, such as cirrhosis. In this study, such an association was 

found in patients with otherwise uncomplicated fatty liver 

disease. Considering that alcoholic liver diseases occur only 

in some consumers of alcohol,24 factors aside from alcohol 

may also affect the pathogenesis of alcoholic liver disease. 

Metabolic disorders, such as obesity and insulin resistance, 

are reported to play an important role in the worsening of 

alcoholic liver disease.27 Considering such an association 

between metabolic disorders and intestinal permeability, 

examining and managing the mechanisms affecting intestinal 

permeability in patients with asymptomatic, uncomplicated 

fatty liver disease may be important as we learned in this 

study. Moreover, considering the results of the previous study 

that blockade of the zonulin receptor reduced metabolic 

disorder associated with increased intestinal permeability,28 

the results of our study may be the basis for research on the 

role of zonulin modulators in preventing the development of 

advanced alcoholic liver disease.

Researchers have paid attention to not only alcoholic liver 

disease but also the association between nonalcoholic fatty 

liver disease and intestinal permeability. However, studies on 

nonalcoholic fatty liver disease and intestinal permeability 

are sparse and inconclusive. Farrel29 revealed that increased 

gut microbiota leads to increased intestinal permeability and 

subsequently to increased endotoxin absorption and nonalco-

holic fatty liver disease. By contrast, Wigg et al4 reported that 

although the incidence rate of nonalcoholic small intestine 

bacterial overgrowth was twice as high, this was not signifi-

cantly associated with increased intestinal permeability and 

increased plasma endotoxin concentrations. Pacifico et al30 

reported that the plasma zonulin concentration, a marker 

of intestinal permeability, and the severity of nonalcoholic 

fatty liver disease were significantly associated in their study 

involving pediatric patients.

In our study, plasma zonulin concentrations increased 

as the severity of fatty liver disease increased even in social 

drinkers (<14 standard drinks per week) who are considered 

to have the nonalcoholic fatty liver disease. We also observed 

that the risk of severe fatty liver disease of Grade 2 or higher 

increased as plasma zonulin concentrations increased. A 

possible mechanism for the association between plasma 

zonulin concentrations and severity of nonalcoholic fatty 

liver disease that was seen in these studies is as follows. First, 

changes in the gut microbiota that occur in obese individuals 

lead to increased intestinal permeability, which may result 

in a high plasma zonulin concentration. Second, changes in 

microbiota may also lead to increased production of inflam-

matory cytokines. LPS released by intestinal bacteria and the 

bacteria themselves act as toll-like receptor (TLR) ligands to 

excessively stimulate TLRs with tolerance.31,32 The released 

inflammatory cytokines cause liver inflammation. In another 

aspect, Zhu et al32 reported that gut microbiota enriched in 

alcohol-producing bacteria due to obesity constantly pro-

duces more alcohol than healthy microbiota and therefore 

supplies a constant source of reactive oxygen species to the 

liver. This endogenous alcohol may cause inflammation of 

the liver. However, since participants in our study were obese 

patients whose intestinal permeability was already higher 

than that of normal-weight patients, further research on the 

importance of intestinal permeability in the pathogenesis of 

nonalcoholic fatty liver disease is needed.

In the present study, plasma zonulin as a risk factor was 

significant in moderate-to-severe fatty liver disease but not 

in mild fatty liver disease. The reason why the OR is ≥1 but 
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not statistically significant may be attributed to the relatively 

small number of subjects with normal livers because all sub-

jects included in this study were obese men. A large-scale 

study should be conducted in the future.

This study has several limitations. First, in our patients, 

fatty liver was diagnosed radiologically, not histologically. 

Since all patients were relatively healthy, biopsy would have 

been relatively invasive, but ultrasound would have been 

performed noninvasively at the outpatient clinic. However, 

previous studies have suggested that ultrasound results are 

sufficiently correlated with histologic findings.33 In view of 

this fact, the results of this study can be considered mean-

ingful. Second, although patients with previous histories of 

celiac disease or inflammatory bowel disease were excluded, 

factors such as gut microbiota and endotoxins were not con-

trolled for. Third, this study was a cross-sectional study and 

did not investigate the causal relationship between zonulin 

concentrations and the severity of fatty liver disease. Fur-

ther research will be required to clarify causal relationships 

through large-scale prospective studies. Finally, this study 

was conducted on young men only and cannot provide insight 

on sex differences in plasma zonulin, and to our knowledge, 

there has been no prior research in this area. Thus, further 

studies are needed.

Nevertheless, this study also has several strengths. First, 

only obese male patients were studied to minimize the influ-

ence of obesity, an important factor in intestinal permeability 

and the pathogenesis of fatty liver disease. Second, this study 

confirmed the association between zonulin concentrations 

and the severity of fatty liver disease in Asian men with a 

relatively high incidence of fatty liver disease.

Conclusion
Plasma zonulin concentrations in obese men were sig-

nificantly elevated as the severity of fatty liver disease 

increased. This elevation was seen in not only hazardous 

drinkers, but also men who drink less than 14 standard 

drinks per week.

Based on this result, it may be deduced that changes in 

intestinal permeability occur in the relatively early stages 

of liver disease, before progressing to severe liver disease, 

such as liver cirrhosis. Large-scale prospective research on 

the causal relationship between changes in intestinal per-

meability and liver diseases may be necessary. In addition, 

gaining a sufficient understanding of the pathogenesis of liver 

diseases associated with increased intestinal permeability and 

exploring ways to prevent the development and worsening 

of fatty liver disease may be important.
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