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Abstract
BACKGROUND
Childhood bronchial asthma (BA) is a chronic inflammatory respiratory disease. Nutritional conditions, including zinc deficiency, can affect such allergic disorders.

AIM
To outline the difference in serum zinc levels between asthmatic children and healthy controls.

METHODS
A cross-sectional study was carried out at Children’s Hospital, Cairo University, investigating serum zinc levels in children with BA (n = 40) and healthy children (n = 21). Other markers included serum ferritin, iron, hemoglobin (Hb), and immunoglobulin E (IgE) levels. Independent t-tests and Mann-Whinny tests were used for comparisons. The Kruskal-Wallis test was applied to compare serum ferritin and IgE levels with regard to asthma severity. Spearman's rank correlation was performed to explore the relationship between serum ferritin levels and both iron and Hb levels in asthmatic children.

RESULTS
Children with BA had higher levels of zinc, yet the difference was not significant (P = 0.115). Serum ferritin and IgE levels were significantly higher in asthmatic children (P = 0.006 and 0.001, respectively), yet their levels did not differ significantly by severity (P = 0.623 and 0.126, respectively). There was a nonsignificant weak correlation between serum ferritin levels and both serum iron and Hb levels.

CONCLUSION
Serum zinc levels do not seem to differ between asthmatic children and healthy children. Serum ferritin levels may be a marker of asthma control. Serum IgE levels are not markers of asthma severity.
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Core Tip: Serum zinc levels were higher in asthmatic children than in nonasthmatic children. However, the difference was not significant. Serum ferritin levels were significantly higher in asthmatic children, which may be due to its immunosuppressive properties. Serum ferritin should not be considered in the diagnosis of iron deficiency anemia in asthmatic children. Serum immunoglobulin E should not be applied to diagnose the severity of childhood asthma. Further studies that track biomarkers such as ferritin during asthma progression are needed.

INTRODUCTION
The most prevalent chronic respiratory condition in children is bronchial asthma (BA). BA is a chronic inflammatory disease of the lungs that causes airway inflammation and bronchial hyperreactivity; it may also be described as intermittent, reversible airway blockages[1]. Due to its immune-modulating properties, zinc has attracted much attention in relation to asthma and airway inflammation. Zinc is a crucial trace element for human metabolism and helps regulate gene expression, enzyme activity, and protein structure. Additionally, it is crucial for immune system regulation and functions as an antioxidant, anti-inflammatory, and antiapoptotic agent[2].
In the presence of continuous inflammation, free serum ferritin levels are elevated; in addition, free serum ferritin has a protective function in redox biology and iron homeostasis. In contrast, new research reveals that ferritin may have a causal role in the inflammatory pathology of illness, including rheumatologic, immunologic, neoplastic, and infectious diseases, and ferritin levels may be fundamental in the pathology of disease and help in predicting prognosis in addition to tracking disease activity[3]. 
Since the beginning of the 20th century, it has been known that immunoglobulin E (IgE) is different from other immunoglobulin isotypes in that it may both trigger extremely rapid pathological reactions and serve as a highly sensitive immunological amplifier. Furthermore, it is well known that patients with atopic diseases have higher IgE levels and that IgE serves as a vital link between the adaptive immune system's role in antigen recognition and the effector functions of mast cells and basophils at mucosal and cutaneous sites of environmental exposure. Due to these roles, IgE has become a desirable target for pharmacological intervention, and IgE blocking has clinical potential in a wide range of therapeutic fields[4,5].
Our study aimed to identify the difference in serum zinc levels between asthmatic children and healthy controls. Additionally, other labs of interest, such as serum ferritin and IgE levels, were studied. Moreover, the possible role of these findings as markers of controlled asthma was investigated.

MATERIALS AND METHODS
This exploratory cross-sectional study was carried out at Children’s Hospital Cairo University between May 2022 and October 2022. Sixty-one children were enrolled [40 cases (asthmatic), 21 controls (non-asthmatic)]. The control group consisted of healthy children of comparable age and sex to the cases who had no disease based on history and physical examination and no history of BA or zinc deficiency. All asthmatic children who were followed in the asthma clinic, aged from 5-12 years, and whose parents or caregivers approved participation were included. Owing to the absence of the reliability of lung function tests in children under five, as they are rarely practical[6], children aged less than 5 years were excluded. Data on sociodemographic and clinical characteristics such as body mass index (BMI) and degree of asthma severity were collected. In addition, laboratory findings such as serum zinc, albumin, ferritin, and IgE levels were recorded and compared between cases and controls.

Case definition
The diagnosis of BA was considered using the medical history, family history, clinical examination, and symptoms including episodic dyspnea, coughing, wheezing, and tightness in the chest, as well as laboratory findings. The results of pulmonary function tests allowed for the confirmation of the diagnosis of BA and a determination of the severity and reversibility of airflow restriction[7,8]. Malnutrition was defined using World Health Organization definitions[9-12].

Control of potential bias
As our primary outcome was to compare cases and controls with regard to zinc levels, we essentially excluded participants with a drug history of zinc supplementation. We also excluded cases with a drug history of iron therapy, as our secondary outcome was to examine the difference between the two groups with regard to iron hemostasis.
Children admitted to the hospital were excluded because in-hospital admission could negatively affect their nutritional status and zinc level. Likewise, children with comorbidities that could affect their nutritional status were excluded.

Sample size calculation
The primary objective of the current study was to compare serum zinc levels between asthmatic children and healthy controls. Umar et al[13] reported that the mean serum zinc level in BA patients was 79.63 ± 9.62 µg/dL, while it was 93.27 ± 12.21 µg/dL in healthy controls. G*Power software (version 3.1.9.2) was used to estimate the required sample size. The alpha was set as 0.05, the power (1-β) was set as 0.99, and the case-to-control ratio was set as 2:1. Considering a nonparticipation rate of 10%, the minimum required sample size for the study was 60 patients, including 40 cases, and 20 controls.

Ethical concerns
All procedures were carried out in line with the ethical standards of the responsible committee on human experimentation and with the Helsinki Declaration of 2013 and were approved by the Research Ethics Committee of the Faculty of Medicine, Cairo University. The ethical approval number is MS-587-2021.

Statistical analysis
Data are statistically described in terms of the mean ± SD, the median and interquartile range, or frequencies (number of cases) and percentages when appropriate. Tests of normality were performed for all the numerical variables of interest using the Kolmogorov-Smirnov/Shapiro-Wilk test. The comparison of numerical variables between cases and controls was performed using the independent samples t-test for the parametric data and the Mann-Whitney U test for nonparametric statistics. When the analyses between more than 2 groups (between children with mild, moderate, and severe asthma) were needed, the Kruskal-Wallis test for nonparametric data was performed (as in the comparison regarding ferritin and IgE levels). Cross-tabulation was applied to compare the categorical variables using chi-square and Fisher’s exact tests depending on whether more than 20% of the cells had expected cell counts less than 5. Spearman's rank correlation was applied if one or both of the numerical data of interest were not parametrically distributed, as in the case of the correlation between serum ferritin levels and both serum iron and hemoglobin levels. A two-sided P value less than or equal to 0.05 was considered statistically significant. A graphical presentation was also used to illustrate the difference between medians using a box plot and the difference between means using error plot graphs. Furthermore, a scattered plot was applied to clearly illustrate the possible linear relation between serum iron and ferritin levels. All statistical calculations were performed using the computer program IBM SPSS (Statistical Package for the Social Science; IBM Corp, Armonk, NY, United States) release 27 for Microsoft Windows.

RESULTS
Our study aimed to describe the difference in zinc levels between children with BA and healthy controls without BA.

Preliminary analysis
Matching between cases and controls regarding age, sex, BMI, and the coexistence of malnutrition was performed (Table 1). Table 1 shows no significant differences, with P values more than 0.05
The normal distribution of the numerical variables of interest was tested using the Kolmogorov-Smirnov/Shapiro-Wilk test to identify the possible statistical methods of choice (Table 2). Age, serum ferritin levels, IgE levels, and BMI scores were not normally distributed. On the other hand, serum zinc, iron, hemoglobin (Hb) and albumin levels were normally distributed.

Sociodemographic criteria
Table 3 illustrates the sociodemographic criteria of the study participants. Among the study participants, male sex generally predominated, specifically in children with BA (Figure 1).

Characteristics of the study participants
Table 4 shows the distribution and level of significance of the biochemical laboratory assessments between cases and controls. The mean ± SD serum zinc level for asthmatic vs nonasthmatic children was 94.4 ± 24.7 and 85.2 ± 19, respectively, with no significant difference (P = 0.115). Similarly, no significant differences were observed regarding serum iron, Hb, and albumin levels in cases vs controls (P = 0.389, 0.857, and 0.391, respectively). In contrast, serum levels of IgE and ferritin showed significant differences between cases and controls, with P values of 0.001 and 0.006, respectively.
Our primary objective was to compare zinc levels between asthmatic and nonasthmatic children. The mean difference was higher in asthmatic children, as shown in Figure 2.
Upon determining the serum levels of ferritin, median differences were higher in children with BA, as shown in Figure 3. This may disclose its role in inflammation, as higher serum ferritin levels do not necessarily mean higher serum iron levels. Spearman's rank correlation was performed and revealed a weak nonsignificant correlation between both serum ferritin and iron levels (rs = -0.077, P = 0.637), as shown in Table 5, which also yielded a similar weak nonsignificant correlation between serum ferritin and Hb levels (rs = 0.204, P = 0.208). In addition, a weak relation was observed in the scatter plot for ferritin and iron levels, as shown in Figure 4.
Upon checking the median difference in IgE levels, children with BA showed higher levels, as shown in Figure 5. However, serum IgE levels did not differ significantly in regard to the degree of asthma in children with BA, as shown in Table 6 and Figure 6. Likewise, serum ferritin levels did not show a significant difference regarding the grades of asthma severity (Table 6).

DISCUSSION
Our study included 61 children: 40 diagnosed with BA and 21 without BA. We examined zinc levels between the two groups. Yousef et al[14] detected significantly diminished levels in cases with BA in comparison to controls, and the P value was < 0.01. In addition, higher levels of serum zinc in control children were observed in another former study, yet the difference was not significant (P = 0.388)[15]. Our study showed a different result. For example, mean values of serum zinc were higher in cases with BA in our study. This difference may be because all cases were receiving asthma therapy such as inhaled steroids. Rahman et al[16] proposed that after steroid therapy, stimulation of glutathione (GSH) synthesis in the liver occurs due to a decrease in the generation of reactive oxygen species by neutrophils. Reduced GSH and GSH disulfide (GSSG) are critical modulators of both the rate of zinc transfer and the ultimate number of zinc atoms transferred. GSSG increases the rate of zinc transfer by 3-fold, and its concentration is the major determinant for efficient zinc transfer[17]. In another study, Raeve et al[18] showed that after corticosteroid therapy, macrophage oxidant production decreased, and the number of oxidant-generating cells present in the asthmatic airway mucosa also decreased; hence, the enhancement of GSH synthesis in the liver could subsequently occur. Considering that lower serum zinc levels indicate higher asthma severity[19], our finding of higher zinc levels in asthmatic children may suggest that lower serum zinc levels may indicate poor compliance with therapy and vice versa.
Other biochemical laboratory test results were assessed, all of which showed no significant difference between cases and controls except for serum ferritin and serum IgE levels. Serum ferritin appears to be a better biomarker for inflammation than iron status[20]. This may be the reason for the significantly elevated levels of ferritin in children with BA compared to controls in our study (P = 0.006). There is mounting evidence that circulating ferritin levels might not only reflect the acute phase response but also play a crucial role in inflammation. Its secretion is regulated via proinflammatory cytokines, and ferritin has immunosuppressive effects that are probably mediated by binding to its receptor. Although it is commonly accepted that circulating ferritin levels may reflect an acute phase response, the explanation for how and why serum ferritin is increased is unknown[21]. Higher ferritin does not essentially equal iron overload[22]. Ferritin can be a good biomarker of appropriate vs excessive inflammation, and previous research found that high ferritin in severe coronavirus disease 2019 pneumonia patients is associated with improved outcomes following steroid treatment[23]. Another study found that low ferritin levels in the course of steroid therapy were linked to greater mortality[24]. Therefore, our study may increase attention toward the possible use of ferritin as a marker of asthma control after steroid therapy. In addition, serum ferritin is not significantly correlated with Hb and iron. However, using serum ferritin as a marker of iron hemostasis or iron deficiency anemia in asthmatic children may be controversial.
Allergic diseases involving asthma are characterized by an increase in serum IgE levels[25,26]. Our study showed that there was a significant increase in serum IgE levels in patients with BA. However, there was no significant difference regarding the degrees of severity. Sandeep et al[27] reported a similar finding. It may be suggested that levels of IgE are quite high at the local inflammation site and that the serum levels do not essentially reflect the levels in the lungs or bronchus. Moreover, IgE is bound to mast cells with rather high affinity, and hence, circulating IgE may not provide conclusive evidence of the severity of inflammation[28].

CONCLUSION
Serum zinc levels did not show a significant difference between asthmatic children and nonasthmatic children. Serum ferritin may be a marker of controlled asthma. Serum IgE levels should not be used to stratify asthmatic children according to severity.

ARTICLE HIGHLIGHTS
Research background
Zinc levels might differ in asthmatic children.

Research motivation
The possible role of the biochemical nutritional assessment including zinc to be a biomarker for asthma severity.

Research objectives
To outline the difference in zinc levels between asthmatic and healthy children.

Research methods
A cross-sectional study was carried out investigating serum zinc levels in asthmatic and healthy children.

Research results
Zinc levels weren’t different. Ferritin levels were significantly higher in cases with bronchial asthma.

Research conclusions
Ferritin could be used as a future biomarker for asthma controller therapy.

Research perspectives
Further studies investigating the possible role of ferritin and other possible biomarkers for asthma severity should be outlined.
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Figure Legends
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Figure 1 Pie chart showing the sex distribution among children with bronchial asthma.
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Figure 2 Error bar showing the mean difference between cases and controls, including the confidence interval regarding zinc levels.
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Figure 3 Box plot showing the median difference between cases and controls regarding ferritin levels.
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Figure 4 Scatter plot between serum iron and serum ferritin levels.
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Figure 5 Box plot showing the median difference in serum immunoglobulin E levels between cases and controls.
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Figure 6 Box plot showing the median difference in immunoglobulin E levels between children with mild, moderate, and severe asthma.

Table 1 Matching between cases and controls
	
	Cases (n = 40)
	Controls (n = 21)
	P value

	Gender distribution, n (%)
	
	
	

	Females
	13 (32.5)
	10 (47.5)
	0.2471

	Males
	27 (67.5)
	11 (52.5)
	

	Age in yr, median (IQR)
	7 (4)
	6 (4)
	0.3612

	BMI Z scores, median (IQR)
	-1 (0)
	-1 (0)
	0.9992

	Coexistence of malnutrition, n (%) 
	
	
	

	Yes
	35 (87.5)
	21 (100)
	0.1543

	No
	5 (12.5)
	0 (0)
	


1Chi-square test;
2Mann-Whitney test;
3Fisher’s exact test.
BMI: Body mass index.

Table 2 Normality tests for numeric variables of interest
	Studied numerical variables 
	P value 
	Distribution

	Age of the study participants
	0.000a
	Non-parametric

	Serum zinc
	0.200
	Parametric

	Serum IgE
	0.000a
	Non-parametric

	Serum iron
	0.188
	Parametric

	Ferritin
	0.000a
	Non-parametric

	Hb
	0.200
	Parametric

	Albumin 
	0.212
	Parametric 

	BMI Z scores
	0.001a
	Non-parametric


aP value is considered significant if ≤ 0.05.
BMI: Body mass index; Hb: Hemoglobin IgE: Immunoglobulin E. 

Table 3 Sociodemographic criteria of the study participants 
	Sociodemographic criteria

	Age of the study participants, yr

	Median (IQR)
	7 (4)

	Min-max 
	5-12

	Age of children with BA, yr

	Median (IQR)
	7.4 (4)

	Min-max
	5-12

	Sex distribution of the study, n = 61 (%)

	Males
	38 (62.3)

	Females
	23 (37.7)

	Sex distribution in children with BA, n = 40 (%) 

	Males
	27 (67.5)

	Females
	13 (32.5)


BA: Bronchial asthma; IQR: Interquartile range.

Table 4 Biochemical lab assessment in cases vs controls, mean ± SD
	
	Children with BA 
	Healthy controls 
	P value 

	Serum zinc
Min-max
	94.4 ± 24.7
47-142
	85.2 ± 19
47.3-112
	0.1151

	Serum iron
Min-max
	68.8 ± 28.8
18.7-136.8
	62.4 ± 26.4
26.5-116.9
	0.3891

	Serum ferritin, median (Q1-Q3)
Min-max
	53.1 (68.6-32.2)
4.2-329.2
	30 (46-17)
2-71
	0.006a2

	Serum Hb
Min-max
	12 ± 0.8
9.9-13.7
	12 ± 0.8
10.3-13.6
	0.8571

	Serum albumin
Min-max
	3.9 ± 0.2
3.5-4.6
	3.9 ± 0.19
3.5-4.2
	0.3911


	Serum IgE, median (Q1-Q3)
Min-max
	264 (229-37)
0.1-2302
	33 (60.5-12.7)
6.7-91
	0.001 a2


aP value is considered significant if ≤ 0.05.
1Independent t-test; 
2Mann-Whitney test.
[bookmark: _Hlk151124200]BA: Bronchial asthma; Hb: Hemoglobin; IgE: Immunoglobulin E. 

Table 5 Correlation between serum iron and hemoglobin levels and ferritin in asthmatic children 
	Studied covariates
	Serum ferritin

	
	rs 
	P value

	Serum iron
	-0.077
	0.637

	Hb 
	0.204
	0.208


Hb: Hemoglobin.

Table 6 Serum immunoglobulin E with degree of severity of asthma in cases of bronchial asthma, mean rank
	Study participants 
	Mild asthma, n = 24
	Moderate asthma, n = 14
	Severe asthma, n = 2
	P value

	IgE 
	21.5
	19.7
	13.5
	0.6231

	Ferritin 
	22
	16
	31.5 
	0.1261


1Kruskal Wallis test.
IgE: Immunoglobulin E. 
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