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Abstract
Background: Changes in intestinal permeability have been related to obesity and its metabolic complications. Zonulin 
is recognized as a biomarker of impaired intestinal permeability.
 
The study aimed to find out if there is a difference in serum levels of zonulin as a marker of intestinal permeability 
between obese subjects and those of normal weight in a group of young adolescents and to evaluate its associations with 
anthropometric measures and obesity-associated biomarkers, such as lipid profile and insulin resistance.

Methods: A case-control study enrolled obese Egyptian adolescents with a body mass index ≥ 95th percentile, and 
normal weight who were of similar age and gender distribution. Fasting insulin, glucose, lipid levels, and zonulin were 
measured.

Results: Serum zonulin in the obese group had significantly higher levels compared to the control group (P= 0.009). 
There were significant and positive correlations in the obese group between zonulin and insulin (r= 0.393; P= 0.002), 
homeostasis model assessment of insulin resistance (r= 0.43; P= 0.001), cholesterol (r= 0.299; P= 0.018), and low-
density lipoprotein cholesterol (r= 0.447; P=0.000).

Conclusion: These findings suggested a probable participation of zonulin in the etiopathogenesis of obesity-associated 
metabolic disturbances.
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1. Introduction 
Childhood and adolescent obesity continue to be prevailing across 
the developed world, and its incidence is increasing to pandemic 
proportions in most developing countries [1]. Discrepancy between 
energy intake and expenditure along with a sedentary lifestyle are 
the principal reasons for obesity [2].

Adolescent obesity is related to important cardio-metabolic 
comorbidities and biochemical changes, such as dysglycemia, 
hyperinsulinemia, dyslipidemia, and hypertension that track into 
adulthood with a significant rise in morbidity and mortality later 
in life [3].

Quantitative and qualitative alterations of obese children and 
adolescents' diet, specifically the usage of fat-rich food and 
easily digested carbohydrates and reduced consumption of fiber, 
considerably influence the intestinal biocenosis, causing alterations 
in the component of the intestinal microbiota (dysbiosis), which 
could cause impairment in the function of the intestinal barrier [4].

The intestine has an important role as a barrier to defend the body 
from unwanted foreign substances, infectious agents, and food 
particles [5].

In experimental models of animals with obesity, substantial changes 
in the function of the intestinal barrier arise, causing an increase in 
the intestinal permeability resulting in an increased translocation 
of bacteria and their products, particularly lipopolysaccharides 
(LPS), into the systemic circulation and therefore, via activation 
of Toll- and Nod-like receptors, results in stimulation of signalling 
cascades and the liberation of an increased amount of chemokines 
and cytokines. This initiates the development of chronic low-
grade inflammation, linked with obesity, giving impulse to the 
progression of obesity and its complications [6]. The structure, 
regulation, and function of interepithelial tight junctions (TJs) 
are significant for the role of the intestinal barrier. Microbiota 
dysbiosis is a stimulus for increased synthesis of zonulin, which 
is a recently discovered 47-kDa protein and is considered one of 
the regulators of intestinal permeability as it causes a reversible 
modulation of intercellular tight junctions, and it also acts as an 
agent of innate immunity of the intestine. Zonulin promotes the 
opening of tight junctions between epithelial cells, resulting in an 
increase in the permeability of the intestinal barriers (the so-called 
"leaky gut syndrome") [7].

Circulating zonulin levels are recognized as a beneficial marker of 
intestinal permeability. Cross-sectional studies revealed that serum 
zonulin has been correlated with obesity and its comorbidities [8].

Few studies have examined the effect of disturbed intestinal 
permeability and the association of zonulin with the pathogenesis 
of obesity and its complications in obese adolescents.

The study aimed to find out if there is a difference in serum 
levels of zonulin as a marker of intestinal permeability between 
obese subjects and those of normal weight in a group of young 
adolescents and to evaluate its associations with anthropometric 
measures and obesity-associated biomarkers, such as lipid profile 
and insulin resistance.

2. Subjects and Methods 
A case-control study enrolled 153 Egyptian adolescents aged 10-
18 years of both sexes. The cutoff body mass index (BMI) was 
calculated consistent with the World Health Organization (WHO) 
growth charts.

2.1. Inclusion Criteria
Adolescents of both sexes aged 10 to 18 years old (obese and 
normal weight).

2.2. Exclusion Criteria
Adolescents who had a genetic or endocrine cause of obesity 
(e.g., Prader-Willi Syndrome, Cushing's disease, hypothyroidism), 
associated chronic diseases, celiac disease, or other diseases 
characterized by malabsorption.

The obese adolescents were recruited from the Nutrition-
Immunotherapy Clinic at the Medical Research Centre of 
Excellence (National Research Centre), Giza, Egypt, and the 
control group was recruited from the pediatric outpatient clinic.

2.3. Study Design
The study participants were divided into two groups as follows:
•	 Obese group (the study group): Included obese adolescents 

with BMI more than or equal to the 95th centile.
•	 Normal weight group (the control group): Involved healthy 

age- and gender-matched adolescents who had a BMI between 
the 5th and less than 85th centiles.

2.4. The Study Participants were Subjected to the Following
•	 History taking: with emphasis on age, sex, parent education, 

and the inquiry about associated morbidities such as diabetes 
mellitus, hypertension, and family history of obesity, diabetes 
mellitus, and hypertension.

•	 Physical examination: with special emphasis on weight, 
height, waist circumference, hip circumference measurements, 
and blood pressure measurement.

•	 Anthropometric measures: Body weight was assessed wearing 
light clothes and barefoot on Seca Scale Balance to the nearest 
0.1Kg. Height was determined to the nearest 0.1 cm on a 
Holtain portable anthropometer. The calculation of BMI was 
done using the equation [weight (kg)/height (m²)]. Data were 
plotted on WHO curves via the software Anthro Cale v1.66 
Home [9]. Waist circumference was assessed at the midpoint 
between the rib cage and the iliac crest on the midaxillary 
line using a flexible and inelastic tape. Hip circumference was 
measured around the largest part of the hips (the widest part 
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of the buttocks).
•	 Blood pressure: was estimated 5 minutes after rest in the 

semi-sitting position using an appropriately sized cuff using 
a Riester sphygmomanometer from Germany. Data were 
plotted through the software Anthro Cale v1.66 Home, and the 
participants were diagnosed to have hypertension consistent 
with the guidelines of the American Academy of Pediatrics 
(AAP), 2017 [10].

•	 Biochemical investigations: The venous blood samples 
were withdrawn in the morning following 10-12 hours of 
overnight fasting. Fasting blood glucose, insulin, low-density 
lipoprotein cholesterol (LDL-C), high-density lipoprotein 
cholesterol (HDL-C), total cholesterol, and triglycerides were 
analyzed immediately. Fasting blood glucose was analyzed 
using the colorimetric method [11]. Serum cholesterol and 
triglycerides were estimated respectively [12,13]. HDL-C was 
measured by the enzyme method while LDL-C was calculated 
[14,15]. Serum insulin was measured using an ELISA kit 
(Sun long kit). Part of the collected blood was centrifuged 
and stored at -20°C to analyze zonulin levels by the use of 
an ELISA kit (Sun long kit). Insulin resistance was estimated 
from fasting plasma measurements using the homeostasis 
model assessment of insulin resistance (HOMA-IR) using the 
formula [fasting insulin (µU/L) × fasting glucose (mg/dl) / 
405] [16]. Criteria of insulin resistance were HOMA-IR ˃ 4.0 

for adolescents [17].

2.5. Statistical Analysis
Data entry and analysis were executed by Statistical Package for 
the Social Sciences (SPSS) software, version 16. Data were shown 
as mean and standard deviation (SD). To compare between groups 
for parametric data, an independent sample t-test was utilized, 
and a Mann-Whitney test was utilized for non-parametric data. 
Pearson's correlation [correlation coefficient (r)] was utilized 
for assessment of correlations. A p-value < 0.05 was considered 
statistically significant.

3. Results 
According to the WHO cutoff of BMI, the participants were 
classified into two groups: the obese group (the study group), 
which included 69 adolescents, and the normal-weight group 
(control group), which included 84 adolescents. The two groups 
were matched in terms of age and gender (P=0.048 and P=0.853, 
respectively). As expected, weight, BMI, waist circumference, 
hip circumference, waist circumference/hip ratio, and waist 
circumference/height ratio; moreover, systolic and diastolic blood 
pressures were significantly higher in the obese group in comparison 
to the normal weight group (P=0.001). The demographic and 
clinical data of the study participants were shown in Table (1).

Obese group (N=69) Control group (N=84) P-values

Gender (Male/Female) 31/38 39/45 0.853
Age (years) 13.49 ± 1.87 14.15 ± 2.25 0.048
Weight (Kg) 77.00 ± 16.12 48.24 ± 11.43 0.001*
Weight centile 94.61 ± 9.34 35.36 ± 23.77 0.001*
Height (m) 1.59 ± 0.10 1.57 ± 0.13 0.335
Height centile 51.94 ± 32.32 34.74 ± 27.06 0.001*
BMI 30.24 ± 4.75 19.22 ± 2.31 0.001*
BMI centile 98.80 ± 1.38 42.73 ± 23.92 0.001*
Waist circumference (cm) 90.09 ± 12.65 67.90 ± 7.66 0.001*
Hip circumference (cm) 107.14 ± 12.68 85.51 ± 8.99 0.001*
Waist/ hip ratio 0.84 ± 0.07 0.79 ± 0.06 0.001*
Waist/Height ratio 0.57 ± 0.07 0.43 ± 0.05 0.001*
Waist/Height centile 86.99 ± 13.11 34.57 ± 22.08 0.001*
Systolic blood pressure 106.16 ± 16.52 95.66 ± 8.94 0.001*
Diastolic blood pressure 70.65 ± 9.15 63.60 ± 6.35 0.001*

*: Significant difference at p< 0.05.
Table 1: The Demographic and Clinical Data of the Study Participants

The control group was normotensive, while 16 participants of 
the obese group had stage 1 hypertension according to AAP 2017 
criteria. No significant difference in height could be identified 
between the two groups. Control group participants had normal 
fasting blood glucose levels, while 2 participants in the obese 
group had fasting blood glucose levels > 126 mg/dl. The serum 
levels of insulin and HOMA-IR readings were non-significantly 
higher in the obese group in comparison to the control group. Total 

cholesterol, triglycerides, and LDL-C were significantly higher in 
the obese group in comparison to the control group (P<0.001), 
while HDL-C was significantly lower in the obese group compared 
to the control group (P=0.001).

Serum zonulin in the obese group had significantly higher levels 
compared to the control group (P = 0.009). The biochemical data 
of the study participants were shown in Table (2).
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Obese group (N=69) Control group (N=84) P-values

Zonulin (pg/ml) 325.92 ± 275.58 236.46 ± 89.87 0.009*
Insulin (µU/L) 5.31 ± 5.45 3.85 ± 3.80 0.189
Fasting blood glucose (mg/dl) 97.13 ± 38.95 92.44 ± 9.18 0.799
Total cholesterol(mg/dl) 160.03 ± 24.20 145.00 ± 24.96 0.001*
Triglyceride (mg/dl) 106.15 ± 54.26 64.14 ± 22.64 0.001*
HDL-C (mg/dl) 45.88 ± 7.97 52.81 ± 11.14 0.001*
LDL-C (mg/dl) 91.92 ± 21.81 77.29 ± 19.68 0.001*
HOMA-IR 1.25 ± 1.26 0.88 ± 0.86 0.141
*: Significant difference at p<0.05.

Table 2: The Biochemical Data of the Study Participants

Correlation analysis revealed significant and positive correlations 
in the obese group between zonulin and insulin (r= 0.393; P= 
0.002), HOMA-IR (r= 0.43; P= 0.001), cholesterol (r= 0.299; P= 
0.018), and LDL-C (r= 0.447; P= 0.000).

There were non-significant positive correlations between zonulin 
and BMI (r = 0.082; P = 0.514), waist circumference (r = 0.070; 

P = 0.582), fasting blood glucose (r = 0.045; P = 0.724), and 
triglyceride (r = 0.024; P = 0.854) in the obese group.

A significant negative correlation was identified between zonulin 
and HDL-C in the obese group (r = 0.369; P = 0.003). The 
correlations were shown in Table (3).

Variables Correlation Coefficient (r) P-values

Zonulin (pg/ml)

Body Mass Index 0.082 0.514
Waist circumference (cm) 0.070 0.582
Systolic blood pressure -0.079 0.529
Diastolic blood pressure -0.032 0.799
Insulin (µU/L) 0.393 0.002*
Fasting blood glucose (mg/dl) 0.045 0.724
HOMA-IR 0.413 0.001*
Total cholesterol(mg/dl) 0.299 0.018*
Triglyceride (mg/dl) 0.024 0.854
HDL-C (mg/dl) -0.369 0.003*
LDL-C (mg/dl) 0.447 0.000*

*: Significant difference at p<0.05.

Table 3: Correlations between Zonulin (pg/ml) and other Variables in Obese Group

4. Discussion 
Experimental studies in animals have revealed a direct relationship 
between intestinal permeability and the pathogenesis of obesity 
[18]. Though, it is still unknown if this also occurs in individuals 
with obesity, as studies evaluating intestinal barrier permeability 
(IBP) in humans, particularly in children and adolescents, are rare 
and their results inconsistent [19]. 

Change of intestinal permeability is not easy to assess. Assay 
of serum zonulin, a protein made by the intestinal epithelium, 
has been recognized as an easy-to-execute surrogate marker of 
dysfunction of the intestinal barrier, appropriate also in pediatric 
age [20].

The present study found that obese adolescents had sig¬nificantly 
higher values than normal-weight adolescents in all the studied 
anthropometric measurements (BMI, waist circumference, hip 
circumference, waist/hip ratio, and waist/height ratio). This is in 
agreement with what was reported in different studies [21].

The study revealed that obese adolescents had significantly higher 
zonulin levels compared to normal-weight adolescents. This 
finding was similar who also reported that serum zonulin levels 
were significantly higher in obese adolescents in comparison to 
peers with normal weight [21,22]. On the other hand, revealed that 
the obese children had significantly a lower value of zonulin than 
the control one [23]. This difference may be explained by the age 
differences of studies.
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The study showed non-significant correlations between serum 
zonulin and BMI and waist circumference in obese individuals. 
Similarly, stated that serum zonulin was not associated with BMI 
in obese individuals [24]. However, reported a significant and 
positive relationship between zonulin levels and BMI and waist 
circumference/height ratio in obese adolescents [22]. Moreover, 
revealed significant negative correlations between zonulin and 
BMI, waist circumference, and waist/height ratio [23]. These 
differences could additionally support the probability of multiple 
functions of zonulin in children [25].

The microbiota of the intestine is identified to defend the body 
against different pathogens through the formation of a mechanical 
barrier on the mucosal surface of the intestine [26]. Several studies 
have established that the microbiota is impaired and intestinal 
dysbiosis occurs in subjects who eat a rich-fat and low-fiber diet 
[27]. Microbiota dysbiosis may initiate the release of zonulin by 
the lamina propria of the epithelium of the intestine, a modulator 
of intercellular TJs, which increases the paracellular permeability 
of the small intestine [28]. The increased permeability of the 
intestine causes the transfer of substances of bacteria, such as 
lipopolysaccharide (LPS), and products of their metabolism, 
such as short-chain fatty acids, from the gut into the systemic 
circulation, ultimately defining a low-grade inflammatory status 
that promotes the progress of obesity and its associated pathology 
[6]. This endorses the damaging impact of obesity, particularly the 
abdominal type of it, on the status of the barrier of the intestine and 
the progression of associated pathology.

Studied the relation between the metabolic imbalance with obesity 
and intestinal permeability, and advocated that gut per¬meability 
could be the cause, the result, or both of obesity and its metabolic 
disorders [25].

Reported that serum zonulin was decreased after weight-loss 
interventions [24]. A reduction in the permeability of the intestinal 
barrier after treatment for weight reduction in patients with obesity 
has also been detected in other clinical studies [29].

Among the obese group, the study revealed insignificant 
correlation between zonulin and blood pressure. In agreement with 
our results, reported insignificant correlation between zonulin and 
blood pressure in obese children [23].

The study showed that obese adolescents had non-significantly 
higher glucose, insulin, and HOMA-IR than normal-weight 
adolescents (P>0.05). Additionally, the study showed that zonulin 
had a significant and positive correlation with fasting insulin and 
HOMA-IR in obese adolescents (P<0.05). Similarly, reported 
significant positive relationships between serum zonulin and 
insulin and HOMA-IR in obese adolescents [22].

It was well established that insulin resistance is related to obesity, 
particularly with visceral obesity [30]. Intestinal permeability has 
been suggested as one of the key elements participating in the 
development of insulin resistance [25]. Increased serum levels 

of zonulin in obese individuals weaken the cytoskeletal structure 
between intestinal cells, increasing the intestinal permeability 
that facilitates the transfer of substances and products, as pro-
inflammatory molecules, for instance, interleukin-6 (IL-6), through 
the intestinal wall to the systemic circulation, causing a change 
of the insulin receptor signaling through several pathways [31]. 
Therefore, zonulin is proposed to have a probable contribution to 
the pathogenesis of metabolic disturbances linked with obesity.

In this study, obese adolescents had significantly higher total 
cholesterol, triglycerides, and LDL and significantly lower HDL 
than normal-weight adolescents (P = 0.001). A significant and 
positive correlation between zonulin levels and total cholesterol and 
LDL (P<0.05) and a significant and negative correlation between 
zonulin levels and HDL (P<0.05) were reported in our study. 
There was a non-significantly positive link between zonulin levels 
and triglycerides in obese adolescents (P>0.05). Similarly, found 
that obese children had sig¬nificantly higher total cholesterol and 
sig-nificantly lower values of HDL than normal-weight healthy 
chil¬dren. Also, they reported insig-nificant correlations between 
zonulin and triglycerides in obese children [23].

On the other hand, reported significant and positive correlations 
between zonulin levels and both triglycerides and VLDL-C in 
obese adolescents [22]. Zonulin was proposed to augment adipose 
tissue via the endocannabinoid pathway through increasing 
the permeability of intestines, thus causing the occurrence of 
dyslipidemia [31].

These findings proposed that a change in paracellular permeability 
of intestines could be a mediator among the intestinal environment 
and metabolic disorders related to obesity. Consequently, zonulin 
inhibitors can decrease the paracellular permeability and can have 
an impact on some of the metabolic disturbances linked to obesity 
and may become beneficial as drugs in the future [24].

5. Conclusion
The study determined that serum zonulin levels (a plausible 
marker of altered intestinal permeability) were significantly 
higher in obese adolescents in comparison to normal-weight ones. 
Moreover, there were significant positive correlations between 
serum zonulin levels and insulin, HOMA-IR, cholesterol, and 
LDL, and a significant negative correlation between zonulin and 
HDL in obese adolescents.

Consequently, zonulin could be suggested not just as a marker of 
changed intestinal permeability in obese children and adolescents 
but also as a probable indicator of metabolism dysregulation, 
aiding in the early recognition of obese children and adolescents 
who are most at threat of developing metabolic complications. This 
is essential in clinical practice to execute targeted early preventive 
approaches.

Limitations and Strengths
The limited data about zonulin in the pediatric age group pose a 
challenge in fully understanding the precise role of zonulin in the 
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pathogenesis of obesity. This study could help in understanding 
the underlying etiopathogenesis of metabolic complications 
associated with obesity in adolescents.

Declarations
Ethical Approval and Consent to Participate
The present study was accomplished in agreement with the Code 
of Ethics of the World Medical Association, consistent with the 
ethics indicated in the Declaration of Helsinki. The study had an 
approval by the "Ethics Committee of National Research Centre, 
Cairo, Egypt" with approval number 19224. An informed written 
consent was attained from the legal guardian of every participant 
former to participation in the study.

Consent for publication
Not applicable.

Conflict of interest
The authors declare that they have no competing interest.

Research funding
The research was funded by the National Research Centre, Egypt.
Grant ID: 12060137.

Availability of Data and Materials
The datasets generated and analyzed during the current study are 
not publicly available but are available from the corresponding 
author on reasonable request.

Authors Contributions
Azza Abd El-Shaheed was responsible for conception, design, 
project administration, supervision, in addition to the manuscript 
revision. Reham F. Fahmy contributed in anthropometric 
assessments, clinical history taking, data entry, writing the 
manuscript, in addition to the submission of the manuscript to 
the journal. Nermine N. Mahfouz   contributed in conception, 
design, project administration, anthropometric assessments, 
clinical history taking, and data entry. Mona A. El-Bana was 
responsible for laboratory investigations and interpretations. Safa 
N. Abd El-Fattah was responsible for laboratory investigations 
and interpretations. Salwa Refat El-Zayat was responsible for 
laboratory investigations and interpretations. Hiba Sibaii was 
responsible for laboratory investigations and interpretations. All 
authors read and approved the final manuscript.

Acknowledgment
Authors are appreciative of everybody who contributed to this 
study: the children who were the participants of this study and the 
technicians who assisted in the laboratory analysis.

References
1.	 Lister, N. B., Baur, L. A., Felix, J. F., Hill, A. J., Marcus, C., 

Reinehr, T., ... & Wabitsch, M. (2023). Child and adolescent 
obesity. Nature Reviews Disease Primers, 9(1), 24.

2.	 Löffler, M. C., Betz, M. J., Blondin, D. P., Augustin, R., 
Sharma, A. K., Tseng, Y. H., ... & Neubauer, H. (2021). 

Challenges in tackling energy expenditure as obesity therapy: 
From preclinical models to clinical application. Molecular 
metabolism, 51, 101237.

3.	 Nicolucci, A., & Maffeis, C. (2022). The adolescent with 
obesity: what perspectives for treatment?. Italian journal of 
pediatrics, 48(1), 9.  

4.	 Chae, Y. R., Lee, Y. R., Kim, Y. S., & Park, H. Y. (2024). Diet-
induced gut dysbiosis and leaky gut syndrome. Journal of 
microbiology and biotechnology, 34(4), 747.

5.	 Gieryńska, M., Szulc-Dąbrowska, L., Struzik, J., Mielcarska, 
M. B., & Gregorczyk-Zboroch, K. P. (2022). Integrity of 
the intestinal barrier: the involvement of epithelial cells and 
microbiota—a mutual relationship. Animals, 12(2), 145.

6.	 Vanuytsel, T., Tack, J., & Farre, R. (2021). The role of intestinal 
permeability in gastrointestinal disorders and current methods 
of evaluation. Frontiers in Nutrition, 8, 717925.

7.	 Wood Heickman, L. K., DeBoer, M. D., & Fasano, A. (2020). 
Zonulin as a potential putative biomarker of risk for shared 
type 1 diabetes and celiac disease autoimmunity. Diabetes/
metabolism research and reviews, 36(5), e3309.

8.	 Pepe, G., Corica, D., Currò, M., Aversa, T., Alibrandi, A., 
Ientile, R., ... & Wasniewska, M. (2024). Fasting and meal-
related zonulin serum levels in a large cohort of obese children 
and adolescents. Frontiers in Endocrinology, 15, 1329363.

9.	 Dietitians of Canada (2014). WHO growth charts for Canada, 
March 2014 revision.

10.	 Flynn, J. T., Kaelber, D. C., Baker-Smith, C. M., Blowey, 
D., Carroll, A. E., Daniels, S. R., ... & Urbina, E. M. (2017). 
Clinical practice guideline for screening and management of 
high blood pressure in children and adolescents. Pediatrics, 
140(3).

11.	 Trinder, P. (1969). Determination of blood glucose using 
an oxidase-peroxidase system with a non-carcinogenic 
chromogen. Journal of clinical pathology, 22(2), 158-161.

12.	 Richmond, W. (1973). Preparation and properties of a 
cholesterol oxidase from Nocardia sp. and its application to 
the enzymatic assay of total cholesterol in serum. Clinical 
chemistry, 19(12), 1350-1356.

13.	 Young, D. S. (1997). Effects of drugs on clinical laboratory 
tests. Annals of clinical biochemistry, 34(6), 579-581.

14.	 Lopes-Virella, M. F., Stone, P., Ellis, S., & Colwell, J. A. 
(1977). Cholesterol determination in high-density lipoproteins 
separated by three different methods. Clinical chemistry, 
23(5), 882-884.

15.	 Glatter, T. R. (1984). Hyperlipidemia: What is ‘normal,’who 
should be treated and how. Postgraduate Medicine, 76(6), 49-
59.

16.	 Matthews, D. R., Mosker, J. P, Rudenski, A. S., Naylor, B. A., 
Treacher, D. F., et al. (1985). Homeostasis model assessment 
insulin resistance and beta- cell function from fasting plasma 
glucose and insulin concentrations in man. Diabetologia, 28 
(7), 412-9.

17.	 Valerio, G., Licenziati, M. R., Iannuzzi, A., Franzese, A., 
Siani, P., Riccardi, G., & Rubba, P. (2006). Insulin resistance 
and impaired glucose tolerance in obese children and 
adolescents from Southern Italy. Nutrition, metabolism and 

https://doi.org/10.1038/s41572-023-00435-4
https://doi.org/10.1038/s41572-023-00435-4
https://doi.org/10.1038/s41572-023-00435-4
https://doi.org/10.1186/s13052-022-01205-w
https://doi.org/10.1186/s13052-022-01205-w
https://doi.org/10.1186/s13052-022-01205-w
https://doi.org/10.4014/jmb.2312.12031
https://doi.org/10.4014/jmb.2312.12031
https://doi.org/10.4014/jmb.2312.12031
https://doi.org/10.3390/ani12020145
https://doi.org/10.3390/ani12020145
https://doi.org/10.3390/ani12020145
https://doi.org/10.3390/ani12020145
https://doi.org/10.3389/fnut.2021.717925
https://doi.org/10.3389/fnut.2021.717925
https://doi.org/10.3389/fnut.2021.717925
https://doi.org/10.1002/dmrr.3309
https://doi.org/10.1002/dmrr.3309
https://doi.org/10.1002/dmrr.3309
https://doi.org/10.1002/dmrr.3309
https://doi.org/10.3389/fendo.2024.1329363
https://doi.org/10.3389/fendo.2024.1329363
https://doi.org/10.3389/fendo.2024.1329363
https://doi.org/10.3389/fendo.2024.1329363
http://www.dietitians.ca/Dietitians-Views/Prenatal-and-Infant/WHO-Growth-Charts.aspx. 2014
http://www.dietitians.ca/Dietitians-Views/Prenatal-and-Infant/WHO-Growth-Charts.aspx. 2014
https://doi.org/10.1542/peds.2017-1904
https://doi.org/10.1542/peds.2017-1904
https://doi.org/10.1542/peds.2017-1904
https://doi.org/10.1542/peds.2017-1904
https://doi.org/10.1542/peds.2017-1904
https://doi.org/10.1136/jcp.22.2.158
https://doi.org/10.1136/jcp.22.2.158
https://doi.org/10.1136/jcp.22.2.158
https://doi.org/10.1093/clinchem/19.12.1350
https://doi.org/10.1093/clinchem/19.12.1350
https://doi.org/10.1093/clinchem/19.12.1350
https://doi.org/10.1093/clinchem/19.12.1350
https://cir.nii.ac.jp/crid/1970586434929607046
https://cir.nii.ac.jp/crid/1970586434929607046
https://doi.org/10.1093/clinchem/23.5.882
https://doi.org/10.1093/clinchem/23.5.882
https://doi.org/10.1093/clinchem/23.5.882
https://doi.org/10.1093/clinchem/23.5.882
https://doi.org/10.1080/00325481.1984.11698776
https://doi.org/10.1080/00325481.1984.11698776
https://doi.org/10.1080/00325481.1984.11698776


Ope Acce Jou Dis Glo Heal, 2026 Volume 4 | Issue 2 | 7

cardiovascular diseases, 16(4), 279-284.
18.	 Bona, M. D., Torres, C. H. D. M., Lima, S. C. V. C., Morais, 

A. H. D. A., Lima, A. Â. M., & Maciel, B. L. L. (2022). 
Intestinal barrier permeability in obese individuals with or 
without metabolic syndrome: a systematic review. Nutrients, 
14(17), 3649.

19.	 Olivieri, F., Maguolo, A., Corradi, M., Zusi, C., Huber, V., 
Fornari, E., ... & Maffeis, C. (2022). Serum zonulin as an index 
of glucose dysregulation in children and adolescents with 
overweight and obesity. Pediatric Obesity, 17(10), e12946.

20.	 Cortez, A. P. B., Fisberg, M., & De Morais, M. B. (2021). 
Intestinal permeability and small intestine bacterial 
overgrowth in excess weight adolescents. Pediatric Obesity, 
16(5), e12741.

21.	 Strashok, L., Turchyna, S., Shevchenko, N., Yeloyeva, Z., 
Belousova, O., & Tsodikova, O. (2021). Modern aspects of 
Hepatology: liver steatosis and fibrosis through the prism 
of Comorbidity in Pediatric Practice. ScienceRise: Medical 
Science, (3 (42)), 50-55.

22.	 Parkhomenko, L. K., Strashok, L. A., & Khomenko, M. A. 
(2021). The role of zonulin in the development of liver fibrosis 
in obese adolescents. Wiadomości Lekarskie, 74(1), 77-82.

23.	 El-Raufe El-Masry, S. A., Mahmoud, R. A., Hassan, N. E., Aly, 
M. M., Abdallah, H. R., Hamdy, S., ... & Elalfy, D. Y. (2024). 
Zonulin and copeptin relation to some metabolic markers in 
school-aged obese children. BMC pediatrics, 24(1), 140. 

24.	 Aasbrenn, M., Lydersen, S., & Farup, P. G. (2020). Changes 
in serum zonulin in individuals with morbid obesity after 
weight-loss interventions: a prospective cohort study. BMC 
endocrine disorders, 20(1), 108.

25.	 Mkumbuzi, L., Mfengu, M. M., Engwa, G. A., & Sewani-
Rusike, C. R. (2020). Insulin resistance is associated with gut 
permeability without the direct influence of obesity in young 
adults. Diabetes, Metabolic Syndrome and Obesity, 2997-
3008.

26.	 Mills, S., Stanton, C., Lane, J. A., Smith, G. J., & Ross, R. P. 
(2019). Precision nutrition and the microbiome, part I: current 
state of the science. Nutrients, 11(4), 923.

27.	 Martina, A., Felis, G. E., Corradi, M., Maffeis, C., Torriani, S., 
& Venema, K. (2019). Effects of functional pasta ingredients 
on different gut microbiota as revealed by TIM-2 in vitro 
model of the proximal colon. Beneficial microbes, 10(3), 301-
314.

28.	 Serek, P., & Oleksy-Wawrzyniak, M. (2021). The effect 
of bacterial infections, probiotics and zonulin on intestinal 
barrier integrity. International Journal of Molecular Sciences, 
22(21), 11359.

29.	 Koutoukidis, D. A., Jebb, S. A., Zimmerman, M., Otunla, 
A., Henry, J. A., Ferrey, A., ... & Marchesi, J. R. (2022). The 
association of weight loss with changes in the gut microbiota 
diversity, composition, and intestinal permeability: a 
systematic review and meta-analysis. Gut microbes, 14(1), 
2020068.

30.	 Tong, Y., Xu, S., Huang, L., & Chen, C. (2022). Obesity and 
insulin resistance: Pathophysiology and treatment. Drug 
Discovery Today, 27(3), 822-830. 

31.	 Zhang, D., Zhang, L., Zheng, Y., Yue, F., Russell, R. D., 
& Zeng, Y. (2014). Circulating zonulin levels in newly 
diagnosed Chinese type 2 diabetes patients. Diabetes research 
and clinical practice, 106(2), 312-318.

Copyright: ©2026 Reham F. Fahmy, et al. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.

https://opastpublishers.com/

https://doi.org/10.3390/nu14173649
https://doi.org/10.3390/nu14173649
https://doi.org/10.3390/nu14173649
https://doi.org/10.3390/nu14173649
https://doi.org/10.3390/nu14173649
https://doi.org/10.1111/ijpo.12946
https://doi.org/10.1111/ijpo.12946
https://doi.org/10.1111/ijpo.12946
https://doi.org/10.1111/ijpo.12946
https://doi.org/10.1111/ijpo.12741
https://doi.org/10.1111/ijpo.12741
https://doi.org/10.1111/ijpo.12741
https://doi.org/10.1111/ijpo.12741
https://doi.org/10.15587/2519-4798.2021.232478
https://doi.org/10.15587/2519-4798.2021.232478
https://doi.org/10.15587/2519-4798.2021.232478
https://doi.org/10.15587/2519-4798.2021.232478
https://doi.org/10.15587/2519-4798.2021.232478
https://www.researchgate.net/profile/Aniuta-Sydorchuk/publication/349596848_CLINICAL_CASE_OF_EDWARDSIELLOSIS_IN_UKRAINE/links/6059b649a6fdccbfeafd05f3/CLINICAL-CASE-OF-EDWARDSIELLOSIS-IN-UKRAINE.pdf#page=77
https://www.researchgate.net/profile/Aniuta-Sydorchuk/publication/349596848_CLINICAL_CASE_OF_EDWARDSIELLOSIS_IN_UKRAINE/links/6059b649a6fdccbfeafd05f3/CLINICAL-CASE-OF-EDWARDSIELLOSIS-IN-UKRAINE.pdf#page=77
https://www.researchgate.net/profile/Aniuta-Sydorchuk/publication/349596848_CLINICAL_CASE_OF_EDWARDSIELLOSIS_IN_UKRAINE/links/6059b649a6fdccbfeafd05f3/CLINICAL-CASE-OF-EDWARDSIELLOSIS-IN-UKRAINE.pdf#page=77
https://doi.org/10.1186/s12887-024-04617-1
https://doi.org/10.1186/s12887-024-04617-1
https://doi.org/10.1186/s12887-024-04617-1
https://doi.org/10.1186/s12887-024-04617-1
https://doi.org/10.1186/s12902-020-00594-5
https://doi.org/10.1186/s12902-020-00594-5
https://doi.org/10.1186/s12902-020-00594-5
https://doi.org/10.1186/s12902-020-00594-5
https://doi.org/10.2147/DMSO.S256864
https://doi.org/10.2147/DMSO.S256864
https://doi.org/10.2147/DMSO.S256864
https://doi.org/10.2147/DMSO.S256864
https://doi.org/10.2147/DMSO.S256864
https://doi.org/10.3390/nu11040923
https://doi.org/10.3390/nu11040923
https://doi.org/10.3390/nu11040923
https://brill.com/view/journals/bm/10/3/article-p301_8.xml
https://brill.com/view/journals/bm/10/3/article-p301_8.xml
https://brill.com/view/journals/bm/10/3/article-p301_8.xml
https://brill.com/view/journals/bm/10/3/article-p301_8.xml
https://brill.com/view/journals/bm/10/3/article-p301_8.xml
https://doi.org/10.3390/ijms222111359
https://doi.org/10.3390/ijms222111359
https://doi.org/10.3390/ijms222111359
https://doi.org/10.3390/ijms222111359
https://doi.org/10.1080/19490976.2021.2020068
https://doi.org/10.1080/19490976.2021.2020068
https://doi.org/10.1080/19490976.2021.2020068
https://doi.org/10.1080/19490976.2021.2020068
https://doi.org/10.1080/19490976.2021.2020068
https://doi.org/10.1080/19490976.2021.2020068

