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Abstract
AIM: To investigate the potential association of circu-
lating zonulin with the stage of liver disease in obese 
children with biopsy-confirmed nonalcoholic fatty liver 
disease (NAFLD).

METHODS: A case-control study was performed. Cas-
es were 40 obese children with NAFLD. The diagnosis 
of NAFLD was based on magnetic resonance imaging 
(MRI) with high hepatic fat fraction (HFF ≥ 5%), and 
confirmed by liver biopsy with ≥ 5% of hepatocytes 
containing macrovesicular fat. Controls were selected 
from obese children with normal levels of aminotrans-
ferases, and without MRI evidence of fatty liver as 
well as of other causes of chronic liver diseases. Con-
trols were matched (1-to 1) with the cases on age, 
gender, pubertal stage and as closely as possible on 
body mass index- standard deviation score. All partici-
pants underwent clinical examination, laboratory tests 

including zonulin, inflammatory and metabolic param-
eters, and MRI for measurement of HFF and visceral 
adipose tissue.

RESULTS: Zonulin values were significantly greater 
in obese subjects with NAFLD than in those without 
NAFLD [median (interquartile range), 4.23 (3.18-5.89) 
vs  3.31 (2.05-4.63), P  < 0.01]. In patients with NAFLD, 
zonulin concentrations increased significantly with the 
severity of steatosis and the Spearman’s coefficient 
revealed a positive correlation between zonulin values 
and steatosis (r  = 0.372, P  < 0.05); however, we did 
not find a significant correlation between zonulin and 
lobular inflammation (P  = 0.23), ballooning (P  = 0.10), 
fibrosis score (P  = 0.18), or presence of nonalcoholic 
steatohepatitis (P  = 0.17). Within the entire study 
population, zonulin levels were positively associated 
with gamma-glutamyl transferase, 2-h insulin, HFF, 
and negatively associated with whole-body insulin sen-
sitivity index (WBISI), after adjustment for age, gen-
der and pubertal status. When the associations were 
restricted to the group of NAFLD patients, 2-h insulin, 
hepatic fat, and WBISI retained statistical significance.

CONCLUSION: Circulating zonulin is increased in chil-
dren and adolescents with NAFLD and correlates with 
the severity of steatosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Alteration in gut microbiota followed by im-
pairment of intestinal wall integrity may play an impor-
tant role in the pathogenesis of nonalcoholic fatty liver 
disease (NAFLD). Zonulin is a mediator known to regu-
late intestinal permeability by modulating intracellular 
tight junctions. We showed that zonulin concentrations 
are increased in obese children with biopsy-proven 
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NAFLD and correlate with the severity of steatosis, but 
not with the presence of nonalcoholic steatohepatitis 
(NASH), lobular inflammation or fibrosis score. These 
findings may well fit with the recent theory suggesting 
that simple steatosis and NASH are different and not 
necessarily inter-related diseases.
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INTRODUCTION
Paralleling the worldwide epidemic of  childhood obesity, 
nonalcoholic fatty liver disease (NAFLD) has become 
the most common cause of  chronic liver disease in chil-
dren and adolescents[1]. NAFLD is a spectrum of  fat-
associated liver conditions that can result in end-stage 
liver disease and the need for liver transplantation[2]. 
Simple steatosis, or fatty liver, occurs early in NAFLD 
and may progress to nonalcoholic steatohepatitis (NASH), 
fibrosis and cirrhosis with increased risk of  hepatocellu-
lar carcinoma[2]. Growing evidence supports the concept 
that NAFLD is a highly heritable disease in which genetic 
variations and environmental factors closely interact to 
determine the disease phenotype and progression to the 
more advanced forms of  the disease[3]. Recently, it has 
been suggested that alteration in gut microbiota followed 
by impairment of  intestinal wall integrity may play an 
important role in the pathogenesis of  NAFLD[4,5]. Miele 
et al[6] provided the first evidence that NAFLD in adult 
subjects is associated with increased gut permeability and 
small intestinal bacterial overgrowth (SIBO) and that 
these factors are associated with the severity of  hepatic 
steatosis[6]. Specifically, the increased permeability ap-
peared to be caused by disruption of  intercellular tight 
junctions in the intestine.

Zonulin is a mediator known to regulate intestinal 
permeability by modulating intracellular tight junctions 
(TJ)[7-9]. Human zonulin is a 47-kDa protein that increases 
intestinal permeability in nonhuman primate intestinal 
epithelia[8], participates in the development of  intestinal 
innate immunity[10], and is overexpressed in autoimmune 
disorders in which TJ dysfunction is central, including 
celiac disease[11,12] and type 1 diabetes[13]. Circulating zonu-
lin is considered as a useful marker of  intestinal perme-
ability[8,14]. In humans, elevated serum zonulin levels have 
been demonstrated to correlate with increased intestinal 
permeability associated with altered genetic expression of  
intestinal TJ proteins[13]. Recently published studies have 
shown higher circulating zonulin levels in obese than 
in nonobese adults and in adults with glucose intoler-
ance compared with a group with normal glucose toler-

ance[15,16]. The current study was therefore designed to 
investigate the potential association of  circulating zonulin 
with the stage of  liver disease in obese children with 
biopsy-confirmed NAFLD.

MATERIALS AND METHODS
Patients and controls
The study population consisted of  obese children [body 
mass index (BMI) above the 95th percentile for age and 
gender] seen in the Hepatology outpatient Clinic of  the 
Department of  Pediatrics, Sapienza University of  Rome, 
Italy, for chronically (at least 6 mo) elevated aminotrans-
ferase levels. The diagnosis of  NAFLD was based on 
magnetic resonance imaging (MRI) with high hepatic fat 
fraction (HFF ≥ 5%)[17], and confirmed by liver biopsy. 
Other causes of  chronic liver disease, including hepatic vi-
rus infections (hepatitis A-E and G, cytomegalovirus, and 
Epstein-Barr virus), autoimmune hepatitis, metabolic liver 
disease, α-1-antitrypsin deficiency, cystic fibrosis, Wil-
son’s disease, hemochromatosis, and celiac disease were 
excluded with appropriate tests. Other exclusion criteria 
were history of  type 1 or type 2 diabetes, renal disease, 
food allergy, total parenteral nutrition, smoking or alcohol 
consumption, and use of  hepatotoxic medications.

For comparative purposes, we enrolled a group of  
control subjects, matched for age, gender, pubertal stage 
and as closely as possible for BMI-standard deviation 
score (SDS). The group was composed of  obese children 
with normal levels of  aminotransferases, and without 
MRI evidence of  fatty liver (HFF < 5%) as well as of  
other causes of  chronic liver disease (see above). Con-
trols were also excluded if  they had history of  type 1 or 
type 2 diabetes, renal disease, food allergy, smoking or al-
cohol consumption. Finally, the use of  anti-inflammatory 
drugs, antibiotics or probiotics was considered among the 
exclusion criteria for both cases and controls.

The research protocol was approved by the local Eth-
ics Committee (Policlinico Umberto I Hospital, Rome, 
Italy) and written informed consent was obtained from 
the next of  kin, caretakers, or guardians on behalf  of  the 
children enrolled in this study, in accordance with prin-
ciples of  Helsinki Declaration.

Clinical and laboratory data
All participants underwent physical examination includ-
ing measurements of  weight, standing height, BMI, waist 
circumference (WC), and determination of  the stage of  
puberty. The pubertal stage was categorized into two 
groups (prepubertal: boys with pubic hair and gonadal 
stage I, and girls with pubic hair stage and breast stage I; 
pubertal: boys with pubic hair and gonadal stage ≥ Ⅱ 
and girls with pubic hair stage and breast stage ≥ Ⅱ). 
The degree of  obesity was quantified using Cole’s least 
mean-square method, which normalizes the skewed dis-
tribution of  BMI and expresses BMI as SDS[18].

Blood samples were taken from each subject, after an 
overnight fast, for estimation of  glucose, insulin, C pep-
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tide, total cholesterol, high-density lipoprotein cholesterol 
(HDL-C), triglycerides, alanine aminotransferase (ALT), 
aspartate aminotransferase, gamma-glutamyl transferase 
(GGT), high-sensitive C reactive protein (HSCRP), and 
zonulin. An oral glucose tolerance test (OGTT) was per-
formed for all obese children with the administration of  
glucose at 1.75 g per kg of  body weight (maximum dose 
75 g); blood samples were obtained at 0 min and every 30 
min thereafter for 180 min for determination of  serum 
glucose and insulin. Estimates of  insulin sensitivity were 
calculated using the homeostasis model assessment of  
insulin resistance (HOMA-IR), defined by fasting insulin 
and fasting glucose and whole-body insulin sensitivity 
index (WBISI), based on mean values of  insulin and glu-
cose obtained from OGTT and the corresponding fast-
ing values[19].

Dietary and physical activity survey
1-wk weighted dietary and physical activity records were 
used. Depending on the age of  the child, the parent 
or the child weighted and recorded all foods and fluids 
consumed using electronic food scales. Nutrient analyses 
were obtained from the Food Composition Database for 
Epidemiological Studies in Italy (Banca Dati di Compo-
sizione degli Alimenti per Studi Epidemiologici in Italia-
BDA). The subjects’ physical activity was assessed with a 
questionnaire, in which the length of  time spent playing 
sport, watching television, playing video games, and so 
on were recorded.

Abdominal MRI
Abdominal MRI studies were performed on a 1.5T Sie-
mens Avanto magnet (Siemens AG, Erlangen, Germany). 
The hepatic fat content (% HFF) was measured by MRI 
as previously described and validated[17]. The three-point 
chemical-shift-fat-water separation method (fat-only da-
taset) was used to measure abdominal fat mass distribu-
tion[20]. MRI results were interpreted by an experienced 
radiologist who was blinded to the clinical, laboratory 
and/or histologic findings.

Liver biopsy
The clinical indication for biopsy was either to assess 
the presence of  NASH and degree of  fibrosis or other 
likely independent or competing liver diseases. Percuta-
neous needle liver biopsy was performed as previously 
described[17]. The main histologic features of  NAFLD 
were scored according to the scoring system developed 
by the NASH Clinical Research Network (CNR)[21]: ste-
atosis [grade 0 (< 5% macrovesicular fat), grade 1 (mild 
= 5%-33%), grade 2 (moderate = 34%-66%), and grade 
3 (severe > 66%)], portal inflammation (0-2), lobular 
inflammation (0-3), ballooning degeneration (0-2), and 
fibrosis (stage 0 to 4). As recommended by a recent 
NASH CRN article[22], a microscopic diagnosis, based 
on overall injury pattern (i.e., steatosis, hepatocyte bal-
looning, and inflammation), as well as the presence of  
additional lesions (i.e., zonality of  lesions, portal inflam-

mation, and fibrosis), has been assigned to each case[23]. 
Accordingly, biopsies were subdivided into not-NASH 
and definite NASH subcategories[23].

Biochemical analyses
Serum zonulin concentrations were measured by ELISA 
(Immundiagnostik AG, Bensheim, Germany). The Elisa 
kit used for zonulin measurement only detects the active 
(uncleaved) form of  zonulin. The lower limit of  detec-
tion was 0.23 ng/mL. Intra- and interassay coefficients 
of  variation were 3%-7% and 5%-12%, respectively. All 
remaining analyses were conducted by COBAS 6000 
(Roche Diagnostics). While insulin and C peptide con-
centrations were measured on cobas e 601 module (Elec-
trochemiluminescence Technology, Roche Diagnostics), 
the remaining analytes on cobas e 501 clinical chemistry 
module (Photometric Technology).

Statistical analysis
Statistical analyses were performed using the SPSS pack-
age. The data are expressed as frequencies, mean with 
SD, or median with interquartile range (IQR), as appro-
priate. The differences between cases and control chil-
dren in quantitative variables were evaluated by t-test or 
Mann–Whitney U-test, as appropriate. Proportions were 
compared by the χ 2 test. The Spearman’s correlation 
coefficient and multiple regression analyses were used to 
evaluate the relationship between zonulin values and the 
other continuous variables. For comparison of  the mean 
of  zonulin between the NAFLD and control groups of  
children, the power was calculated after the results were 
obtained. With sample sizes n = 40 and n = 40 for the 
two study groups, and assuming the observed standard 
deviations, this study had a power of  84% to detect the 
observed difference statistically significantly at the 5% 
level. A P value of  less than 0.05 was considered to be 
statistically significant.

RESULTS
Study subjects
Forty obese children with NAFLD and 40 obese chil-
dren without evidence of  liver disease were enrolled. The 
mean age of  cases and controls was 11.10 (SD 3.1) years. 
Both cases and controls included 15 girls and 25 boys, 
and five prepubertal children. The mean BMI-SDS of  
cases and controls was 2.15 (SD 0.50) and 2.10 (SD 0.32), 
respectively. The clinical and laboratory characteristics 
for cases and controls are shown in Table 1. By defini-
tion, HFF values were significantly different between 
the two groups. WC and visceral adipose tissue (VAT) 
were significantly greater in obese subjects with NAFLD 
than in those without NAFLD. NAFLD patients had 
higher values for triglycerides, HSCRP, fasting insulin, C 
peptide, HOMA-IR, 2-h insulin, and HbA1c, and lower 
WBISI values compared to subjects with no liver involve-
ment. As expected, children with NAFLD had higher 
liver enzymes compared to those without NAFLD. There 
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Table 2  Dietary and physical activity pattern

Table 1  Characteristics of obese children by liver status

were no differences between children with and without 
NAFLD with respect to subcutaneous adipose tissue 
(SAT), total cholesterol and HDL-C, fasting glucose, and 
2-h glucose.

As shown in Table 2, the daily energy intake and 
the percentages of  fat, protein, and carbohydrate in the 
diet were similar between obese children with NAFLD 
and those without liver involvement. No differences 
were found when comparing intake of  saturated fat 
between patients with and without NAFLD; however, 
NAFLD children had a lower intake of  mono and poly-
unsaturated fatty acids. Furthermore, intake of  sugar-

sweetened beverages was significantly higher in NAFLD 
patients than the control group. The energy expenditure 
expressed as metabolic equivalents was comparable be-
tween the two groups.

Histological findings
Histopathological features associated with NAFLD are re-
ported in Table 3. The hepatic fat content averaged 46%, 
with about two thirds of  cases having more than 33% 
fat accumulation. Some degree of  fibrosis was present 
in 75% of  patients (40%, stage 1; 32.5%, stage 2; 2.5%, 
stage 3). Twenty-five (62.5%) patients had definite-NASH, 
while 15 (37.5%) not-NASH.

Zonulin levels
Zonulin values were significantly greater in obese sub-
jects with NAFLD than in those without NAFLD (Figure 
1A). Among patients of  the NAFLD group, zonulin 
concentrations increased significantly with the severity 
of  steatosis (Figure 1B) and the Spearman’s coefficient 
revealed a positive correlation between zonulin values 
and steatosis (r = 0.372, P < 0.05); however, we did not 
find a significant correlation between zonulin and lobular 
inflammation (P = 0.23), ballooning (P = 0.10), fibrosis 
score (P = 0.18), or presence of  NASH (P = 0.17).

Correlation analyses
Within the entire study population, zonulin levels were 
positively associated with GGT (standardized β coef-
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No NAFLD (n  = 40) NAFLD (n  = 40) P  value

Age, yr1 11.10 (3.1) 11.10 (3.1)
Male gender1        25 (62.5)        25 (62.5)
BMI-SD score     2.10 (0.32)     2.15 (0.50)    0.5600
Waist circumference, cm     92 (12)      97 (12)a    0.0270
Abdominal fat
Visceral adipose tissue, cm2            284 (217-502)            447 (337-676)    0.0040
Subcutaneous adipose tissue, cm2              1648 (1301-2503)              1828 (1629-2471)    0.2200
Hepatic fat fraction              1.5% (1.0%-3.0%)                16.0% (10.0%-30.0%) < 0.0001
Triglycerides, mg/dL            81 (52-114)            96 (68-149)    0.0490
Total cholesterol, mg/dL            154 (142-185)            149 (130-179)    0.1100
HDL-C, mg/dL          49 (43-54)          45 (37-53)    0.3100
Aspartate aminotransferase, U/L     25 (11)     34 (26)    0.0370
Alanine aminotransferase, U/L     26 (17)     50 (43) < 0.0001
γ-glutamyl transferase, U/L   15 (8)     23 (12) < 0.0001
Fasting glucose, mg/dL   85 (6)   83 (8)    0.3300
2-h glucose, mg/dL     94 (13)     93 (14)    0.8700
Fasting insulin, μU/mL        11 (8-15)          20 (15-28)    0.0010
2-h insulin, μU/mL          35 (23-63)            67 (29-107)    0.0070
Fasting C peptide, pmol/L            780 (576-887)            1075 (816-1302) < 0.0001
HOMA-IR values             2.24 (1.80-3.17)             4.11 (2.95-6.67)    0.0030
WBISI             5.84 (3.16-6.87)             2.57 (1.58-5.36)    0.0020
HbA1c   5.0% (0.32)   5.4% (0.47)    0.0170
HSCRP, μg/L              1800 (1000-3200)              3000 (1500-4325)    0.0490
Zonulin, ng/mL             3.31 (2.05-4.63)             4.23 (3.18-5.89)    0.0090

1Matched variables. Results are expressed as n (%), mean ± SD, or median (IQR). BMI-SDS: Body mass index-standard deviation score; HDL-C: High-densi-
ty lipoprotein cholesterol; HOMA-IR: Homeostasis model assessment of insulin resistance; WBISI: Whole-body insulin sensitivity index; HbA1c: Haemoglo-
bin A1c; HSCRP: High-sensitive C reactive protein; NAFLD: Nonalcoholic fatty liver disease.

No NAFLD 
(n  = 40)

NAFLD 
(n  = 40)

Diet
Energy intake, kcal/d 1633 (1380-1840) 1641 (1341-1964)
Protein, % kcal   18 (15-20)  17 (16-19)
Fat, % kcal   38 (35-46)  39 (36-46)
Carbohydrates, % kcal   40 (36-46)  41 (35-46)
Fiber, g/kcal 11 (9-15) 10 (7-13)
Saturated fatty acids, g/d   20 (16-24)  24 (15-33)
Mono unsaturated fatty acids, g/d   42 (29-46)   34 (26-47)a

Polyunsaturated fatty acids, g/d 10 (9-12)   9 (7-10)a

Sugar-sweetened beverage, kcal/da   30 (13-46)   118 (10-162)a

Daily physical activity level-MET    3.0 (2.4-3.3)   3.5 (2.8-4.6)

Results are expressed as median (IQR). MET: Metabolic equivalent. aP < 
0.05 vs no nonalcoholic fatty liver disease (NAFLD) group.
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Table 3  Histopathological features of the 40 study chil-
dren with nonalcoholic fatty liver disease according to the 
presence or absence of nonalcoholic steatohepatitis  n  (%)

ficient, 0.229, P < 0.01), 2-h insulin (standardized β coef-
ficient, 0.340, P < 0.01), HFF (standardized β coefficient, 
0.471, P < 0.01), and negatively associated with WBISI 
(standardized β coefficient, - 0.236, P < 0.05), after 
adjustment for age, gender and pubertal status. No rela-
tionship was found between zonulin concentrations and 
BMI-SDS, VAT, SAT, ALT, total cholesterol and HDL-C, 
triglycerides, fasting and 2-h glucose. Serum zonulin was 
not related to daily energy intake nor to fat, protein and 
carbohydrate (including sugar- intake sweetened beverag-
es). When the associations were restricted to the group of  
NAFLD patients, 2-h insulin (standardized β coefficient, 
0.394, P < 0.01), hepatic fat (standardized β coefficient, 
0.516, P < 0.01), and WBISI (standardized β coefficient, 
-0.352, P < 0.05) retained statistical significance.

Multiple regression analysis
A multiple regression analysis was also used to assess the 
independent association of  NAFLD with circulating zo-
nulin concentrations in the whole obese population and 
in biopsy-proven NAFLD, respectively, after adjustment 
for age, gender, pubertal status, and clinical and meta-
bolic variables (including BMI-SDS, abdominal fat, and 
WBISI). HFF (standardized β coefficient, 0.447, P < 0.01) 
remained significantly associated with circulating zonulin 
values. In biopsy-proven NAFLD, hepatic fat was sig-
nificantly associated with zonulin values (standardized β 
coefficient, 0.415, P < 0.05).

DISCUSSION
The main findings of  this study are that circulating zonu-
lin, a known mediator of  intestinal permeability, modulat-
ing intracellular tight junctions, is increased in children and 
adolescents with NAFLD and correlates with the severity 
of  steatosis.

Recently, several lines of  evidence suggest a strong 
interaction between gut flora and liver[4,24,25]. Due to its 
anatomical position, the liver receives 70% of  its blood 
supply from the intestine through the portal vein, and so 
it is the first line of  defence against gut-derived antigens, 
and one of  the organs most exposed to gut-derived toxic 
factors, such as bacteria and bacterial products[24]. The 
gut epithelium plays a central role in demarcating mi-
crobes in the gut from the host immune system. Gut epi-
thelial cells are linked to one another with tight junctions, 
which play a pivotal role in maintaining the integrity of  
the intestinal barrier. Occurrence of  SIBO and increased 
intestinal permeability due to “leaky” tight junctions has 
been reported in patients with NAFLD[4,6]. Miele et al[6] 
demonstrated an increased intestinal permeability and 
tight junction alterations in 35 adult patients with biopsy-
proven NAFLD compared with healthy subjects. Fur-
thermore, both gut permeability and the prevalence of  
SIBO correlated with the severity of  steatosis, but not 
with the presence of  NASH. In the current study involv-
ing children with biopsy-proven NAFLD, we also found 
a positive correlation of  zonulin levels with severity of  
steatosis, but not with the presence of  NASH, lobular 
inflammation or fibrosis score. Thus, the lack of  associa-
tion between intestinal permeability and steatohepatitis 
or fibrosis as shown currently in children and previously 
in adults may well fit with the recent theory suggesting 
that simple steatosis and NASH are different and not 
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Histopathological 
features

Degree or stage No NASH
(n  = 15)

NASH
(n  = 25)

Steatosis 1   8 (53.3)    3 (12.0)
2   5 (33.3)    8 (32.0)
3   2 (13.3)  14 (56.0)

Lobular inflammation 0 1 (6.7) 0
1 10 (66.6)    8 (32.0)
2   4 (26.6)  12 (48.0)
3 0 5 (20)

Ballooning 0   4 (26.6) 0
1 10 (66.6)  18 (72.0)
2 1 (6.7)    7 (28.0)

Fibrosis 0   3 (20.0)    7 (28.0)
1   8 (53.3)    8 (32.0)
2   4 (26.6)    9 (36.0)
3 0  1 (4.0)

NAS, mean ± SD 2.60 ± 0.41 5.45 ± 0.63

NAS: Nonalcoholic fatty liver disease activity score; NASH: Nonalcoholic 
steatohepatitis.

Figure 1  Zonulin levels for obese children. A: Zonulin levels for obese chil-
dren with and without nonalcoholic fatty liver disease (NAFLD). Box-plots give 
the median value (black), 25th and 75th percentiles (lower and upper limits of 
the box), and lower and upper adjacent values (whiskers); B: Zonulin levels for 
obese children with NAFLD according to severity of steatosis (mild, 10; moder-
ate, 17; severe, 13 patients). Box-plots give the median value (black), 25th and 
75th percentiles (lower and upper limits of the box), and lower and upper adja-
cent values (whiskers).
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necessarily inter-related diseases[26].
Of  note, our results and those of  Miele et al[6] differ 

from those reported in the study by Giorgio et al[27], in 
which children with biopsy-proven NAFLD had a sig-
nificant increase in gut permeability that positively cor-
related with liver disease severity. In the study performed 
by Miele et al[6] in adults, the 51Cr-EDTA excretion test 
was preferred over the lactulose-mannitol bowel perme-
ability test utilized by Giorgio et al[27] in children, because 
the latter test is influenced by the presence of  SIBO, one 
of  the measured outcomes of  the article[6]. Many clini-
cal factors may influence the results of  the permeability 
tests, including food allergy, diabetes, and BMI[28,29]. A 
higher BMI is associated with higher glomerular filtra-
tion rate (GFR)[30]. In obese subjects, the values for 
GFR have been reported to exceed by 61% the values 
for GFR of  the control group and by 32% the value of  
renal plasma flow, suggestive of  glomerular hyperfiltra-
tion[31]. The obesity-related glomerular hyperfiltration 
ameliorated after weight loss[31]. It is a possible pitfall 
when non-metabolized sugar intestinal permeability tests 
are performed in subjects with excess of  weight: could 
a higher amount of  excreted sugar be a consequence 
of  higher intestinal absorption (due to high intestinal 
permeability) or of  a higher glomerular hyperfiltration? 
This has not been investigated in the study by Giorgio et 
al[27]. Moreover, food allergy was not adopted as exclu-
sion criterion. Therefore, differences in patients’ clinical 
and metabolic characteristics, differences in methods 
for evaluating intestinal permeability, and differences in 
analysis of  the data make comparisons of  the results of  
the 3 studies difficult.

In the present study, we have chosen to measure cir-
culating zonulin, a protein recently found to reflect intes-
tinal permeability. Zonulin has been studied as a marker 
for increased intestinal permeability in other disease enti-
ties such as type 1 diabetes or obesity-associated insulin 
resistance[13,15,16]. Sapone et al[13] showed that patients with 
type 1 diabetes and their relatives had elevated serum 
zonulin levels that correlated with increased intestinal 
permeability. Zak-Gołąb et al[15] assessed plasma zonulin, 
haptoglobin and proinflammatory cytokines levels in 
relation to composition of  gut microbiota in obese and 
normal weight subjects. They showed that circulating 
zonulin was higher in obese subjects and proportional to 
total bacteria count[15]. Additionally, they observed that 
plasma zonulin was associated with fat percentage in diet 
and fiber intake in relation to daily energy consumption. 
No association was found between zonulin level and in-
sulin resistance (scored as HOMA-IR) or with lipid levels. 
In subjects with glucose intolerance, Moreno-Navarrete 
et al[16] found that circulating zonulin was strongly associ-
ated with insulin resistance and obesity. However, these 
associations disappeared in multiple regression analysis. 
In our study, we found a relationship between zonulin 
levels and insulin sensitivity in the entire population as 
well as in the NAFLD group, after adjustment for age, 
gender and pubertal status, but failed to show an associa-

tion between zonulin and total and abdominal obesity. In 
addition, circulating zonulin concentration was not asso-
ciated with daily energy consumption and diet composi-
tion, though cases and controls differed in some specific 
dietary intake such as mono and polyunsaturated fatty ac-
ids and consumption of  sugar-sweetened beverages. Di-
etary analysis was based on a 1-wk dietary records done 
the week prior to the study, and we cannot exclude that a 
more prolonged assessment of  dietary intake might have 
given different results. Therefore, differences in patients’ 
clinical and metabolic characteristics may again explain 
the discrepant results among the studies.

This study has a few potential limitations, including 
the lack of  characterization of  gut microbiota, and the 
lack of  endotoxin assessment. Moreover, we did not in-
clude a control group of  children with either gut disease 
or fatty liver disease due to non-NAFLD etiology. Finally, 
no intestinal biopsies to evaluate the correlation between 
circulation zonulin and integrity of  tight junctions within 
the small intestine were performed.

In conclusion, we have demonstrated that serum 
zonulin concentration is increased in children and adoles-
cents with NAFLD and correlates with the severity of  st-
eatosis. However, the cross-sectional design of  our study 
precludes the establishment of  causal or temporal rela-
tionships between increased zonulin concentrations and 
severity of  steatosis and the presence of  NASH. Follow-
up studies may be helpful in elucidating the cause-and-
effect relations and the underlying mechanisms.

COMMENTS
Background
In parallel with epidemic obesity, nonalcoholic fatty liver disease (NAFLD) has 
emerged as the leading cause of chronic liver disease in both pediatric and 
adult patients worldwide. Recently, it has been suggested that alteration in gut 
microbiota followed by impairment of intestinal wall integrity may play an impor-
tant role in the pathogenesis of NAFLD. Zonulin is a mediator known to regulate 
intestinal permeability by modulating intracellular tight junctions.
Research frontiers
A better understanding of the role of gut-liver axis in the pathogenesis of obesity 
and NAFLD may open a new frontier to fight a highly prevalent condition like 
NAFLD.
Innovations and breakthroughs
Recently, several lines of evidence suggest a strong interaction between gut 
flora and liver. Due to its anatomical position, the liver receives 70% of its blood 
supply from the intestine through the portal vein, and so it is the first line of 
defence against gut-derived antigens, and is one of the organs most exposed 
to gut-derived toxic factors, such as bacteria and bacterial products. The gut 
epithelium plays a central role in demarcating microbes in the gut from the 
host immune system. Gut epithelial cells are linked to one another with tight 
junctions, which play a pivotal role in maintaining the integrity of the intestinal 
barrier. In this study, authors showed that circulating zonulin, a known mediator 
of intestinal permeability, modulating intracellular tight junctions, is increased in 
children and adolescents with NAFLD and correlates with the severity of steato-
sis. These data may suggest that increased intestinal permeability may be the 
condition sine qua non for the hypothesis of the contribution of gut-liver axis to 
the development of NAFLD.
Applications
Despite intense research efforts, universally accepted therapies for NAFLD, 
besides lifestyle modification focusing on weight reduction, are lacking. The 
possibility of manipulating gut microbiota and therefore intestinal permeability 
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by means of agents such as probiotics may open novel opportunities.
Terminology
NAFLD comprises a disease spectrum ranging from simple fatty liver to nonal-
coholic steatohepatitis, with varying degrees of inflammation and fibrosis, pro-
gressing to end-stage liver disease with cirrhosis and hepatocellular carcinoma. 
Zonulin was the first tight junction-associated protein to be identified, and it is 
now widely considered to be an excellent marker for detecting intact cell-to-cell 
contacts and assessing tight junction integrity.
Peer review
The study investigated the relation between zonulin, a marker of intestinal per-
meability, and stages of hepatic disease in obese children with biopsy confirmed 
NAFLD. They observed correlation between zonulin and steatosis severity but 
no correlation with inflammation, ballooning, fibrosis score and nonalcoholic 
steatohepatitis (NASH) diagnosis. They suggested that their findings add data 
to the hypothesis that simple steatosis and NASH are different, not necessarily 
inter-related diseases. This is a well performed study.
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