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PERIPHERAL BLOOD IL-6 LEVELS AS A POTENTIAL BIOMARKER FOR PEDIATRIC BRONCHIAL ASTHMA
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ABSTRACT 

	
Aims: To determine the association between increased IL-6 concentration and BMI, several systemic inflammatory markers, asthma control levels, and the severity of exacerbations in pediatric bronchial asthma.
Study design:  Prospective descriptive cross-sectional study.
Place and Duration of Study: A cross-sectional descriptive study was conducted on 59 pediatric patients with bronchial asthma aged over 5 years, treated at Can Tho Children's Hospital from April 2023 to July 2024.
Methodology: Serum IL-6 levels were quantified and analyzed for associations with BMI, leukocyte count, neutrophil count, CRP, number of annual hospitalizations, frequency of acute asthma exacerbations, and exacerbation severity.
Results: Elevated IL-6 levels were observed in 69.5% of patients. IL-6 elevation was significantly associated with overweight/obesity (p = 0.021), increased neutrophil counts (p = 0.047), elevated CRP levels (p = 0.028), and higher annual hospitalization and acute exacerbation frequencies (p = 0.011). No significant association was found between IL-6 elevation and the severity of acute asthma attacks (p = 0.156). 
Conclusion: IL-6 is associated with systemic inflammation and asthma control, particularly among overweight and obese children, highlighting its potential as a novel biomarker for phenotype stratification and prognosis in pediatric bronchial asthma. .
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1. INTRODUCTION
 
Bronchial asthma is one of the most common chronic inflammatory respiratory diseases in children. Globally, there are currently over 262 million people with asthma, causing over 400,000 deaths annually [1], with children accounting for a significant proportion. In Vietnam, recent studies indicate that the prevalence of bronchial asthma (BA) in children ranges from 8–12% and is trending upward, especially in large urban areas [2]. Bronchial asthma is a heterogeneous disease with multiple phenotypes and diverse pathophysiological mechanisms, leading to persistent difficulties in diagnosis, prognosis, and treatment. In recent years, pro-inflammatory cytokines have been regarded as critical mediators involved in regulating airway inflammatory responses and are being investigated as new therapeutic targets for asthma, particularly anti-cytokine monoclonal antibodies. Among these, interleukin-6 (IL-6) stands out as a multifunctional cytokine, playing roles in immunomodulation, systemic inflammatory responses, and the progression of chronic respiratory diseases. Many international studies have shown elevated peripheral blood IL-6 levels in BA patients, especially in severe asthma, asthma in obese children, or poorly controlled asthma, suggesting IL-6 as a potential biomarker for assessing inflammation levels and disease prognosis [3], [4]. 
In Vietnam, although several studies have addressed the immunological and cytokine characteristics in asthmatic children, specific data on the role of IL-6 in the diagnosis and treatment of pediatric asthma remain very limited [5]. Based on this reality, we conducted the research topic "Peripheral blood IL-6 concentration – A potential biomarker in pediatric bronchial asthma" to help clarify the role of IL-6 in the pathogenesis and progression of pediatric BA. Concurrently, this study aims to provide a scientific basis for applying IL-6 as an indicator to support diagnosis, prognosis, and therapeutic orientation for asthma in Vietnam. The objective of this study is: To determine the association between increased IL-6 concentration and BMI, several systemic inflammatory markers, asthma control levels, and the severity of exacerbations in pediatric bronchial asthma.

2. material and methods 

2.1. Study subjects: 
Pediatric patients over 5 years of age diagnosed and treated for bronchial asthma at can tho children's hospital.
- Iinclusion criteria: all pediatric patients over 5 years of age diagnosed with bronchial asthma at can tho children's hospital. the patient and their legal guardians consented to participate in the study.
-  Exclusion criteria:
+ Asthmatic patients with other severe comorbidities such as cardiac arrhythmia, congenital heart disease, rheumatic heart disease, etc..
+ Asthmatic patients with comorbidities such as immunodeficiency or myeloid leukemia.
+ Asthmatic patients presenting with dyspnea but admitted for reasons other than an acute asthma attack, such as cardiac asthma, pneumothorax, or foreign body aspiration.
2.2. Research methods
-  Study design: a descriptive, cross-sectional, prospective study.
-  Sample size: 59 pediatric patients with bronchial asthma.
-  Sampling method: convenience sampling, including all pediatric patients who met the inclusion criteria.
-  Study variables:
+ General information of patients: mean age, age of asthma onset, gender.
+ Factors related to elevated peripheral blood il-6 levels: nutritional status (bmi classification), systemic inflammation status (crp, total leukocyte count, neutrophil count), asthma severity (classification of acute asthma attack severity), and asthma control (annual hospitalization rate and number of emergency room visits for acute asthma attacks).
-  Data analysis: data were analyzed using spss software version 20.0.

3. results 

3.1. General characteristics of the study population: 
Our study was conducted on 59 pediatric patients with bronchial asthma at Can Tho Children's Hospital. The mean age of the study subjects was 7.75 ± 2.7 years, with males accounting for 71.2%, resulting in a male-to-female ratio of approximately 2.47:1.
Table 1: Age of Bronchial Asthma Onset 
	Age of asthma onset
	Frequency (n)
	Percentage (%)

	< 2 years
	5
	8,5

	2-5 years
	34
	57,6

	> 5 years
	20
	33,9

	Total
	59
	100


Observation: Asthma onset most commonly occurred between the ages of 2-5 years (57.6%) and was least common in children under 2 years old (8.5%).
Table 2: Prevalence of elevated peripheral blood IL-6 levels in pediatric asthma patients 
	IL-6 Status
	Frequency (n)
	Percentage (%)

	Elevated
	41
	69,5

	Not elevated
	18
	30,5

	Total
	51
	100


Observation: The majority of pediatric asthma patients had elevated peripheral blood IL-6 levels (69.5%).
3.2. Association between elevated IL-6 levels and nutritional status
Table 3: Association between elevated IL-6 levels and nutritional status
	IL-6


BMI Classification
	Elevated
	Not Elevated
	p-value

	Underweight
	2 (3,4%)
	2 (3,4%)
	0,021

	Normal weight
	22 (37,3%)
	15 (25,4%)
	

	Overweight/Obese
	17 (38,8%)
	1 (1,7%)
	

	Total
	41 (69,5%)
	18 (30,5%)
	


Observation: There was a significant association between elevated IL-6 levels and the nutritional status of pediatric asthma patients (p = 0.021). Overweight/obese children showed a higher prevalence of elevated IL-6 (28.8%) compared to normal-weight (37.3%) and underweight children (3.4%).
3.3. Role of IL-6 in predicting systemic inflammation, asthma severity, and control
Table 4: Association between elevated IL-6 and total leukocyte count 
	IL-6


Total Leukocyte Count
	Elevated
	Not Elevated
	p-value

	Increased
	33 (55,9%)
	12 (20,3%)
	0,205

	Not increased
	8 (13,6%)
	6 (10,2%)
	

	Total
	41 (69,5%)
	18 (30,5%)
	


Observation: No statistically significant difference was observed in elevated IL-6 levels between the groups with increased and normal total leukocyte counts (p = 0.205).
Table 5: Association between elevated il-6 and neutrophil count
	IL-6

Neutrophil Count
	Elevated
	Not Elevated
	p-value

	Increased
	25 (42,4%)
	6 (10,2%)
	0,047

	Not increased
	16 (27,1%)
	12 (20,3%)
	

	Total
	41 (69,5%)
	18 (30,5%)
	


Observation:A significant association was found between elevated IL-6 levels and an increased peripheral neutrophil count in pediatric asthma patients (p = 0.047), wherein patients with higher neutrophil counts also had higher IL-6 levels, and vice versa.
Table 6: Association between elevated il-6 and CRP levels 
	IL-6


CRP Level
	Elevated
	Not Elevated
	p-value

	Increased
	24 (40,7%)
	5 (8,5%)
	0,028

	Not increased
	17 (28,8%)
	13 (22%)
	

	Total
	41 (69,5%)
	18 (30,5%)
	


Observation: There was a positive correlation between elevated IL-6 levels and increased CRP levels (p = 0.028), with the majority of patients having both elevated CRP and IL-6 (40.7%).
Table 7: Association between Elevated IL-6 and annual hospitalization rate 
	                                IL-6


Hospitalizations/Year 
	Elevated 
	Not Elevated 
	p-value 

	1 time 
	20 (33,9%)
	18 (30,5%)
	0.001

	≥ 2 times 
	21 (35,6%)
	0 (0%)
	

	Total 
	41 (69,5%)
	18 (30,5%)
	


 Observation: A significant association was found between elevated IL-6 and the annual hospitalization rate (p = 0.001). Patients with elevated IL-6 had a higher frequency of hospitalization.
Table 8: Association between Elevated IL-6 and frequency of acute asthma attacks 
	                            IL-6



Acute Attacks
 (Clinic Visits) 
	Elevated 
	Not Elevated 
	p-value 

	None
	11 (18,6%)
	12 (20,3%)
	0,011

	1-2 times
	19 (32,2%)
	5 (8,5%)
	

	> 2 times 
	11 (18,6%)
	1 (1,7%)
	

	Total
	41 (69,5%)
	18 (30,5%)
	


Observation: There was a significant association between elevated IL-6 and the frequency of acute asthma attacks requiring clinic visits (p = 0.011).
Table 9: Association between Elevated IL-6 and severity of acute asthma attack 
	                           IL-6


Attack Severity 
	Elevated
	Not Elevated 
	p-value 

	Mild 
	12 (20,3%)
	10 (16,9%)
	0,156

	Moderate 
	26 (44,1%)
	7 (11,9%)
	

	Severe 
	3 (5,1%)
	1 (1,7%)
	

	Total
	41 (69,5%)
	18 (30,5%)
	


Observation: No statistically significant association was found between elevated IL-6 levels and the severity of acute asthma attacks (p = 0.156).

4. DISCUSSION

4.1. General Characteristics of the study population
This study was conducted on 59 pediatric asthma patients with a mean age of 7.75 ± 2.7 years, and 71.2% were male. These demographic characteristics are comparable to other pediatric asthma studies [1], [2]. The majority of patients were diagnosed with asthma between the ages of 2 and 5 years (57.6%). 
We found that a large proportion of patients had elevated peripheral IL-6 levels (69.5%). This finding is consistent with a report by Pan et al. (2023), which showed that peripheral IL-6 levels in asthma patients were significantly higher than in healthy controls (p < 0.001).Elevated serum IL-6 levels increase the risk of acute asthma exacerbations [5], promote T-cell differentiation towards the Th17 lineage – a cell lineage that may be present in severe, difficult-to-control asthma [10] – and are associated with the activation of atypical inflammatory cells, such as neutrophils and macrophages, leading to severe or steroid-resistant asthma in children [4]
4.2. Association between Elevated IL-6 levels and nutritional status
The prevalence of asthma in overweight and obese children is increasing. Overweight/obesity is associated with an increased risk of developing asthma in both children and adults. Furthermore, in asthmatic children, it is a risk factor for severe asthma and reduced responsiveness to corticosteroids. Our study found an association between serum IL-6 levels and the nutritional status of children; asthmatic children with a higher BMI also had higher IL-6 levels. This result is similar to a report by Akar-Ghibril (2023), which stated that baseline IL-6 levels were higher in children with high BMI, and these children also experienced more frequent acute asthma exacerbations and greater lung function decline. This suggests that IL-6 may be a link between metabolic disease and the clinical manifestation of asthma.
4.3. Role of IL-6 in predicting systemic inflammation, asthma severity, and control 
Numerous studies worldwide have shown that high serum IL-6 levels are associated with systemic inflammation markers and an increased risk of exacerbations and severe exacerbations. In our study, we observed an association between increased IL-6 levels and neutrophil count (p = 0.047) and serum CRP levels (p = 0.028) in pediatric patients with bronchial asthma. Similarly, Jackson's (2020) study also demonstrated that IL-6 was significantly associated with total leukocyte count (p < 0.01), neutrophil count (p < 0.01), and serum CRP (p < 0.01) (3). Furthermore, Jevnikal's (2018) research on IL-6 signaling (IL-6TS) also mentioned a potential mechanism in the expression of bronchial asthma with increased airway inflammation (4). This suggests the role of IL-6 as a central axis activating systemic inflammation via the IL-6R/JAK/STAT3 pathway, promoting the production of pro-inflammatory cytokines and CRP. Additionally, our results also indicate that increased serum IL-6 levels are strongly associated with the frequency of hospitalization and the number of acute asthma attacks per year (p = 0.001 and p = 0.011, respectively). This implies IL-6 is not merely a passive inflammatory marker but is also directly related to the likelihood of exacerbation onset. In a 2020 report on the role of IL-6 in bronchial asthma, after adjusting for and eliminating other risk factors for BA exacerbations, Jackson found that high IL-6 levels were a predictor of the risk of bronchial asthma exacerbations within one year (OR=1.32; p < 0.01) (3). From these analyses, we can assert that IL-6 may be considered a biomarker for predicting the risk of asthma exacerbations, reflecting the level of systemic inflammatory activation and the excessive inflammatory response to triggers.
Regarding the association between increased serum IL-6 levels and the severity of acute bronchial asthma exacerbations, we did not record a statistically significant difference in this study. Similarly, Le Thi Thu Huong's (2018) study on the changes in concentrations of several cytokines in BA also did not find a relationship between these two factors [5]. However, many international studies have shown contrary results. Both Jackson's (2020) and Pan's (2023) studies indicated that the higher the IL-6 concentration, the more severe the bronchial asthma attack. The reason for this discrepancy may be the relatively small sample size, the cross-sectional study design which could not provide comprehensive follow-up, and differences in the constitution and asthma phenotype characteristics of the study subjects. Clearly, many mechanisms have been proposed to explain how increased IL-6 levels can potentially cause severe, difficult-to-control asthma phenotypes. IL-6 helps activate the JAK/STAT3 pathway in cells, thereby increasing inflammatory expression, enhancing CRP production, and altering the immune response in the lungs. These responses can amplify the reaction upon exposure to allergens or during infections, making the acute bronchial asthma exacerbation more severe [9]. Moreover, IL-6 also promotes the airway remodeling process and reduces lung function, causing airway narrowing and decreased response to bronchodilators [6]. Currently, although a significant correlation was not demonstrated in this study, we still maintain that IL-6 is considered a contributing factor to the pathophysiology of severe asthma, through mechanisms of increasing systemic inflammatory response, reducing treatment response, and amplifying bronchial remodeling.

5. Conclusion

In summary, our study suggests a role for IL-6 as a link between metabolic disease and the clinical manifestations of bronchial asthma. Additionally, IL-6 plays a significant role in the systemic inflammatory mechanism of asthma, particularly in severe or obesity-related phenotypes. Elevated serum IL-6 is also associated with a higher risk of acute exacerbations in asthmatic children. Therefore, IL-6 could be considered a potential biomarker to aid in the phenotype stratification and prognosis of pediatric bronchial asthma.
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