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Abstract
BACKGROUND: Children with chronic kidney disease (CKD) are at high risk to develop GIT complications such as 
intestinal wall edema and increased permeability which contributes to chronic systemic inflammation that increases 
morbidity and mortality burden. 

AIM: This study aim was to show the relationship between inflammation and increased intestinal permeability in 
children on hemodialysis (HD).

METHODS: The study included 50 children with CKD on regular HD of variable duration; their age range was (5−16) years 
and 40 controls. They were followed up at Nephrology clinic- Eldemerdash hospital. Complete history taking, physical 
examination were done. Laboratory measurement in the form of zonulin, tumor necrosis factor-alpha (TNF-alpha), high 
sensitive C-reactive protein (hs-CRP), and alpha1-antitrypsin (AAT) were quantified in serum by ELISA method.

RESULTS: There was a highly significant decrease in anthropometric measures (weight, height and BMI) and their 
corresponding z score in cases compared to controls with p ≤ 0.001. Furthermore, there was significant increase of 
levels of zonulin, TNF-alpha, AAT, and hs-CRP in cases compared to controls with p value of 0.009, 0.001, 0.002, 
and 0.003, respectively. There was significant positive correlation between zonulin and (TNF-alpha, AAT, hs-CRP, 
and creatinine) with P values (0.003, 0.001, 0.001, and 0.001), respectively. Zonulin is negatively correlated with 
weight for age Z score (WAZ) and height with p value (0.01 and 0.018), respectively. TNF-alpha and hs-CRP were 
negatively correlated with WAZ with P-values of 0.02 and 0.01, respectively.

CONCLUSION: Children with CKD on chronic hemodialysis had elevated levels of zonulin, TNF-alpha, hs-CRP, and 
AAT which reflects gut permeability induced systemic inflammatory state.

Edited by: Ksenija Bogoeva-Kostovska
Citation: Said R, El Wakeel MA, Mohamed H, El Kassas 

G, Amer AF, Abdel Hamid MM, Armaneos A, El-Zayat SR, 
Fadl NN. Assessment of Gut leakage Induced Systemic 

Inflammation in Children on Chronic Hemodialysis. Open 
Access Maced J Med Sci. 2022 Apr 14; 10(B):1042-1046. 

https://doi.org/10.3889/oamjms.2022.8465
Keywords: Hemodialysis-intestinal permeability; Systemic 

inflammation; Zonulin-children
*Correspondence: Hasanin Mohamed, National 

Research Centre, Bohouth Street, Dokki, Giza, Egypt. 
E-mail: drhasanin1980@yahoo.com 

Received: 01-Jan-2022
Revised: 15-Mar-2022

Accepted: 04-Apr-2022
Copyright: © 2022 Ragia Said, Maged A. El Wakeel, 

Hasanin Mohamed, Ghada El Kassas, 
Ahmed F. Amer, May M. Abdel Hamid, Ayman Armaneos, 

Salwa Refat El-Zayat, Nevein N. Fadl
Funding: This research did not receive any financial 

support
Competing Interests: The authors have declared that no 

competing interests exist
Open Access: This is an open-access article distributed 

under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Children with chronic kidney disease (CKD) 
have a state of underlying systemic chronic inflammation. 
It is a robust predicting factor for cardiovascular disease. 
Many complications are associated, such as anemia, 
malnutrition, cachexia, and early mortality [1], [2]. 
Despite in CKD patients, chronic inflammation being 
multifactorial, its pathophysiology is unknown. It may 
be due to underlying pro-inflammatory conditions, 
increased oxidative stress [3], [4] and complications 
related to the vascular access [5].

The major source of chronic inflammation is 
increasingly being recognized in dialysis patients due 
to the involvement of gastrointestinal tract [6], [7]. 
Alteration in the intestinal microbiome is also known 
to affect and disturbs the function of gut barrier, which 
occurs as a result of deterioration of renal function [8]. 
Electrolytes, essential dietary nutrients and water were 
selectively absorbed from the lumen of the intestine. 
This is mediated by the intestinal barrier, which acts as a 

semipermeable membrane and also prevents microbial 
translocation into the systemic circulation [9], [10]. The 
breakdown of intestinal barrier function in children with 
CKD is strongly recognized in many observational 
and in vitro studies done on animals and human [4]. 
Systemic inflammation is mainly caused by breakdown, 
damage of intestinal barrier function which facilitates 
translocation of components of bacteria across the 
leaky gut wall into the systemic circulation [11], [12].

The changes in intestinal permeability which is 
mediated by hemodialysis have not been assessed in 
children. Hence, to demonstrate hemodialysis induced 
gut permeability, interventions could be targeted at the 
hemodialysis procedure [13].

Zonulin is a useful, valuable, non-invasive 
new marker used for measurement of intestinal 
permeability [14], [15]. Increased zonulin concentration 
was observed in patients with obesity [16], sepsis [17], 
type 2 diabetes, and autoimmune diseases.

We aim in this study to assess the association 
between inflammatory state and intestinal permeability 
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in children on hemodialysis-so reduce the impact of 
chronic disease-induced inflammation on CKD children 
and improve the survival rate.

Methods

In the present cross-sectional, case–control 
study, fifty children with chronic kidney disease on 
regular hemodialysis of variable durations were 
included, their age ranging from 5−16 years in addition 
to forty healthy age- and sex-matched controls. These 
children were followed up in Pediatric Nephrology 
unit, El-Demerdash Hospital, Ain-shams University. 
Patients with the previous history of GIT disorders or 
receiving immunosuppressant medications, those on 
hemodialysis for <6 months, patients with generalized 
inflammation and those with end-stage malignant 
disease were excluded from our research.

All patients in the study were subjected to full 
history taking from parents including (original renal 
disease, previous intervention for renal problems, and 
Concomitant medications), clinical examination, and 
anthropometric indices (weight, height, and body mass 
index BMI and their corresponding Z score were be 
evaluated).

An informed consent has been taken from 
parents before participation in the study and the study 
was approved by the Medical Ethical Committee of the 
National Research Centre.

Measurements

About 3  ml of fasting 12  h venous samples 
were withdrawn from cases while performing routine 
tests before midweek HD session. Furthermore, in 
control group blood samples were obtained in the 
morning after overnight fasting.

Serum Zonulin, hs-CRP, AAT, and TNF-alpha 
were quantified in serum by an ELISA method using kits 
purchased from (SunLong Biotch Co., LTD). Zonulin kit 
detection range was (30–1500 pg/ml) catalog number: 
SL2712Hu. hs-CRP detection range (0.3−10  ng/ml) 
catalog number: SL0881Hu the detection range of the 
1-antitrypsin kit was (0.5−40  ng/ml) catalog number: 
SL1847Hu. The TNF kit detection range was 
(20−400 ng/L) catalog number: SL1761Hu.

Statistical analysis

Data were collected, verified, coded, and 
analyzed using the Statistical Package for the Social 
Science (SPSS) version 22 (SSPS Inc., Pennsylvania, 
USA). Descriptive statistics were used to summarize 
baseline characteristics of the study population. The 

mean ± standard deviation (SD) was reported for 
continuous variables. Independent t-test was used to 
compare between two groups regarding quantitative 
data. Pearson correlation analysis was used to assess 
the relationship between two quantitative parameters 
in the same group. Multiple linear regressions were 
done to determine factors mostly affecting inflammatory 
mediators among cases. The p-values were 2-tailed, it 
was considered statistically significant at p ≤ 0.05, and 
highly significant at p ≤ 0.001.

Results

This case–control cross-sectional study 
included 50 children as cases in addition to 40 healthy 
controls (age and sex matched). Anthropometric 
measures (weight, height, and body mass index) were 
significantly decreased in cases group (p < 0.001) and 
their corresponding Z score when compared to their 
controls as shown in Table 1.

Table  1: Comparison between cases and control groups as 
regard anthropometric measurements
Variable Cases

N = 50
Mean ± SD

Controls
N = 40
Mean ± SD

p value

Weight (kg) 29.30 ± 8.09 64.53 ± 5.48 0.001**
Weight for age z score (WAZ) −2.99 ± 1.72 0.53 ± 1.11 0.001**
Height (cm) 131.18 ± 13.27 160.53 ± 8.33 0.001**
Height for age z score (HAZ) −2.86 ± 1.60 1.38 ± 0.420 0.001**
BMI 16.24 ± 3.98 25.09 ± 1.94 0.001**
BMI z score −1.40 ± 1.24 1.38 ± 0.420 0.001**
**p ≤  0.001 (highly significant).

Serum zonulin level was significantly higher 
in cases compared to control group with (p = 0.009). 
In addition, there was significant increase of systemic 
inflammatory markers (TNF-alpha and hs-CRP) and 
alpha1 AT (biomarker of intestinal inflammation) in 
cases in relation to controls with p value (0.001, 0.003, 
and 0.002), respectively, as shown in Table 2.

Table 2: Comparison between cases and controls regarding to 
inflammatory biomarkers
Variable Cases

N = 50
Mean ± SD

Control
N = 40
Mean ± SD

p value

Zonulin (ng/ml) 633.6 ± 273.8 488.8 ± 123.3 0.009**
TNF‑alpha (ng/L) 71.52 ± 37.24 49 ± 16.36 0.001**
AAT( mg/dl) 13.25 ± 3.96 10.13 ± 4.14 0.002**
hs‑CRP (mg/L) 5.86 ± 2.13 2.47 ± 1.18 0.003**
**p ≤  0.001 (highly significant).

A significant positive correlation was found 
between serum zonulin and TNF-alpha, AAT, hs-CRP, 
and creatinine (p = 0.003, 0.001, 0.001, and 0.001), 
respectively, and negatively correlated with WAZ and 
height with (p = 0.01 and 0.018), respectively. TNF-alpha 
has significant positive correlation with zonulin, AAT, 
hs-CRP (p = 0.003, 0.001, and 0.001), respectively, and 
negative correlation with WAZ (p = 0.02). AAT (marker 
of nutrient wasting) has significant positive correlation 
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with zonulin, TNF-alpha, hs-CRP, and creatinine with 
p value (0.001, 0.018, 0.04, and 0.007), respectively. 
Hs-CRP (systemic acute phase reactant) has significant 
positive correlation with zonulin, TNF-alpha, AAT with 
(p = 0.001, 0.01, and 0.04), respectively, and negatively 
correlated with WAZ (p = 0.01) as shown in Table 3.

Table 3: Correlation between laboratory markers and 
anthropometric parameters
Variable Zonulin 

(ng/ml)
TNF‑alpha 
(ng/L)

AAT 
(mg/dl)

hs CRP 
(mg/L)

Creatinine 
(mg/dl)

Urea 
(mg/dl)

Zonulin
r
p

‑ 0.457
0.003*

0.527
0.001*

0.485
0.001*

0.542
0.001**

0.741
0.054*

TNF‑alpha
r
p

0.457
0.003*

1 0.374
0.01**

0.380
0.016*

0.198
0.22

‑0.132
0.41

AAT
r
p

0.527
0.001*

0.374
0.018*

‑ 0.315
0.048*

0.420
0.007*

‑0.821
0.03*

hs CRP
r
p

0.485
0.001*

0.380
0.016*

0.315
0.048*

‑ 0.253
0.116

‑2.68
0.09

Creatinine
r
p

0.542
0.001*

0.198
0.22

0.420
0.007*

0.253
0.116

‑ 0.39
0.01*

Urea
r
p

0.741
0.05*

‑0.132
0.416

0.821
0.037*

‑0.268
0.09

0.395
0.012*

‑

Weight
r
p

‑0.16
0.317

0.570‑0.09* 0.979
0.004*

0.531
0.102

0.599
0.086

0.795
0.042*

WAZ
r
p

‑0.50
0.001*

‑0.364
0.021*

0.135
0.405

0.377
0.017*

0.153
0.346

0.888
0.023*

Height
r
p

‑0.39
0.012*

0.864
0.028*

0.211
0.192

0.562
0.095

0.894
0.022*

0.727
0.057*

HAZ
r
p

‑0.18
0.259

0.724
0.058*

0.832
0.035*

0.801
0.041*

0.563
0.094

0.709
0.061

BMI
r
p

0.91
0.019*

0.713
0.08

0.732
0.058*

0.243
0.131

0.296
0.169

0.944
0.011*

BMI z
r
p

0.22
0.168

0.826
0.036*

0.228
0.156

0.220
0.172

0.206
0.202

0.134
0.410

Pearson’s coefficient correlation test. **p ≤  0.001 (highly significant), *p ≤  0.05 (significant).

Multiple linear regression analysis for factors 
affecting TNF alpha was done among children on 
hemodialysis and showed that Zonulin was the most 
effective factor as shown in Table 4.

Table  4: Multiple linear regression analysis for factors 
predicting TNF‑alpha
Group Unstandardized 

Coefficients
Standardized 
Coefficients

t p value 

B SE Beta
Constant 40.568 37.840 1.072 0.291
Zonulin 0.053 0.026 0.389 2.047 0.048 ⃰⃰⃰
AAT 1.677 1.677 0,179 1.005 0.322
Creatinine −0.864 4.871 ‑0.035 0.177 0.860
Urea −0.094 0.117 ‑0.0133 ‑0.804 0.427
aDependent Variable: TNF. alpha, bPredictors: (Constant), urea, AAT, Zonulin, creatinine.

Multiple linear regression analysis for factors 
affecting hs-CRP was done among children on 
hemodialysis and showed that Zonulin was the most 
effective factor as shown in Table 5.

Discussion

Children with chronic kidney disease (CKD) 
have a state of underlying systemic chronic inflammation. 

It is a strong predicting factor for cardiovascular disease. 
Many complications are associated such as anemia, 
malnutrition, cachexia, and early mortality [18], [19]. In 
this study, we evaluated zonulin level (novel biomarker 
of intestinal permeability), alpha1AT (marker of intestinal 
inflammation) and hs-CRP, and TNF-alpha (markers of 
systemic inflammation) in children with chronic kidney 
disease on regular sessions of hemodialysis of variable 
duration to predict early onset of complications and its 
prevention.

Chronic kidney disease is associated with 
impaired growth and malnutrition in children due 
to acidosis, anemia, tissue resistance to the action 
of human growth hormone and insulin-like growth 
factors, and renal osteodystrophy [20]. This is similar 
to our results where cases had significant decrease in 
anthropometric parameters (weight, height, BMI, and 
their corresponding z scores) with P value of 0.001 
compared to their controls.

Our results were in contrast to a study done on 
71 children at hemodialysis center (Baghdad Teaching 
Pediatric hospital), where normal weight was present in 
61.9% of them, their BMI for age z score was between 
(–1.9 and 1.9), 8.45% of them had z score < –3, and 
8.45% of them had z score from (–2 to –3).

Inflammatory markers as TNF-alpha, 
hs-CRP, and AAT were significantly elevated in (HD) 
patients compared to controls. These findings were 
coincident with previous works that stated higher 
concentrations of pro-inflammatory markers (IL-6, 
TNF-α, hs-CRP) in children with CKD and their relation 
with anemia [21]. Chronic inflammation is multifactorial 
and not completely understood in hemodialysis (HD) 
patients. The release of pro-inflammatory cytokines 
from activated macrophages and monocytes, contact 
of the dialyzer membrane with blood and increased 
intestinal permeability are different causes that may 
explain the increased inflammatory state [22].

There was also a significant increase in serum 
zonulin level (marker of intestinal permeability) in cases 
in comparison to control group with p = 0.009.

In the current study, there was a positive 
correlation between zonulin and TNF-alpha, hs-CRP 
and AAT with significant p value (0.003, 0.001, and 
0.001), respectively, which is similar to the results of 
Ficek et al. (2017) who found a positive correlation 
between serum zonulin and some inflammatory 
markers (TNF and IL-6) in a group of adult patients 

Table  5: Multiple regression analysis for factors predicting 
hs‑CRP
Group Unstandardized 

coefficients
Standardized 
coefficients

t p value

B SE Beta
Constant 3.885 2.046 1.899 0.066
Zonulin 0.003 0.001 0.405 2.261 0.030*
AAT 0.010 0.090 0.019 0.113 0.510
Creatinine 0.232 0.263 0.165 0.880 0.385
Urea ‑0.014 0.006 ‑0.354 −2.27 0.029
aDependent Variable: hs‑CRP, bPredictors: (Constant), urea, AAT, Zonulin, creatinine.
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undergoing hemodialysis  [23]. The degree of 
endotoxemia in CKD patients is corresponded to the 
level of systemic inflammation. The previous findings 
are similar to those present in sepsis, in which there 
is a link between increased intestinal permeability 
and systemic inflammatory response syndrome which 
explained elevated zonulin level [5], [24].

The metabolic disturbances in CKD favor gut 
pathogen overgrowth, translocation of components 
of bacteria (e.g., lipopolysaccharide), loss of barrier 
function, and inflammation. All these factors activate the 
release of inflammatory mediators and cytokines [23] 
which increases the intestinal permeability and gut 
leakage and eventually reflects on occurrence of growth 
complications, for example, stunting that increases the 
progression of CKD. This is consistent with our results 
where zonulin is negatively correlated with weight for 
age z score (WAZ) and height with p value (0.01 and 
0.018), respectively, also TNF-alpha and hs-CRP were 
negatively correlated with WAZ with significant P value 
(0.02 and 0.01), respectively.

It is not clear whether increased intestinal 
permeability can be accompanied by progression of 
kidney disease or can be due to influence of uremic 
toxins on the intestinal wall.

When applying multiple regression models 
to determine factors affecting serum hs-CRP and 
TNF-alpha, we found that serum zonulin was the 
most effective one. This supports the hypothesis that 
increased permeability of intestinal wall participates to 
the inflammation development in HD patients.

Conclusion

In our study, elevated zonulin level (marker 
of intestinal permeability and gut leakage) and its 
association with TNF-alpha and hs-CRP (markers of 
systemic inflammation) may indicate that increased 
intestinal permeability contributes to the chronic 
inflammation development in HD patients. Hence, 
early measurement of these non-invasive markers can 
decrease incidence of complications and improve the 
survival rate.
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