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Introduction: Asthma is a heterogeneous inflammatory airway disease in children, for which reliable circulating biomarkers
reflecting disease severity and remodeling-associated inflammation remain limited. Midkine, a heparin-binding growth factor involved
in inflammatory and fibrotic processes, has emerged as a potential biomarker; however, its clinical relevance in pediatric asthma
remains unclear. This study aimed to investigate the association between serum midkine levels and disease severity in children with
asthma.

Methods: We enrolled 109 children with asthma (classified into mild, moderate, and severe groups) and 110 healthy controls.
Children with asthma were classified into mild, moderate, and severe groups according to the Global Initiative for Asthma (GINA)
criteria, and serum midkine levels were measured by ELISA, along with clinical and lung function assessments.

Results: Serum midkine levels were significantly higher in children with asthma than in healthy controls and increased progressively
with disease severity. Receiver operating characteristic analysis demonstrated good diagnostic performance of serum midkine for
asthma (AUC = 0.949), with a sensitivity of 87.2% and specificity of 94.5% at a cutoff value of 948 pg/mL. Additionally, serum
midkine levels were negatively correlated with lung function parameters (FEV1, FEV1/FVC, and PEF) and positively correlated with
eosinophilia, total immunoglobulin E (IgE), fractional exhaled nitric oxide (FeNO), pro-inflammatory cytokines, and remodeling-
related mediators.

Conclusion: These findings highlight midkine as a promising biomarker and potential therapeutic target for asthma.
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Introduction
Asthma is a chronic inflammatory airway disease characterized by variable airflow obstruction, bronchial hyperrespon-
siveness, and progressive structural changes collectively referred to as airway remodeling.' In children, asthma remains
a leading cause of chronic morbidity, and severe or poorly controlled disease is associated with impaired lung growth and
long-term respiratory dysfunction.” Airway remodeling, including subepithelial fibrosis, airway smooth muscle hyper-
trophy, angiogenesis, and extracellular matrix deposition, contributes to persistent airflow limitation and reduced
responsiveness to standard anti-inflammatory therapies such as inhaled corticosteroids.**

Despite its clinical importance, direct assessment of airway remodeling is challenging in pediatric populations. High-
resolution computed tomography and invasive procedures such as bronchoscopy or biopsy are not suitable for routine

monitoring in children. Consequently, there is a critical unmet need for noninvasive biomarkers that can reflect
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remodeling activity, facilitate early risk stratification, and support personalized management strategies in pediatric
asthma.’

Midkine is a heparin-binding growth factor that is minimally expressed in healthy adult tissues but markedly
upregulated under inflammatory and fibrotic conditions.® Previous studies have demonstrated elevated midkine levels
in several inflammatory and fibrotic diseases, including pulmonary fibrosis, rheumatoid arthritis, and malignancies.” In
experimental models, midkine has been shown to promote eosinophil recruitment, Th2-biased immune responses,
angiogenesis, epithelial injury, and fibroblast activation, all of which are key processes implicated in asthma pathophy-
siology and airway remodeling.® '°

In the context of asthma, limited evidence primarily from adult cohorts and animal studies suggests that midkine
expression is increased in severe disease and may contribute to airway inflammation and smooth muscle
proliferation.''' However, the role of midkine in pediatric asthma, particularly its association with disease severity
and remodeling-related mediators, remains poorly defined. Moreover, few studies have explored circulating biomarkers
that simultaneously reflect inflammatory burden and structural airway changes in children with asthma.

Given midkine’s established roles in epithelial injury, fibroblast activation, extracellular matrix regulation, and Th2
cytokine signaling, elevated serum midkine levels may represent a biological link between airway inflammation and
remodeling progression. To date, no pediatric studies have comprehensively examined serum midkine in relation to both
lung function impairment and multiple circulating remodeling markers.

Therefore, the present study aimed to evaluate serum midkine levels in children with asthma and to investigate their
associations with disease severity, pulmonary function, inflammatory indices, and airway remodeling-related mediators.
We hypothesized that serum midkine levels would be elevated in children with asthma, correlate with disease severity,
and associate with biomarkers of airway remodeling, thereby supporting its potential utility as a noninvasive biomarker
in pediatric asthma.

Method
Study Population

This case-control study included 109 children with asthma recruited from the pediatric outpatient and inpatient services
of our hospital between July 2022 and December 2024. All children with asthma were diagnosed according to the
diagnostic criteria of the Global Initiative for Asthma (GINA)."* According to the measured lung function results and
severity of the condition, the children with asthma were further divided into mild, moderate, and severe groups. The
inclusion criteria were as follows: (i) Age 3—12 years old; (ii) first-onset asthma at the time of initial diagnosis with no
prior exposure to asthma-specific treatments (treatment-naive); (iii) complete clinical data; and (iv) high treatment
compliance. Exclusion criteria included: (i) upper respiratory tract infection or systemic corticosteroid use within the
preceding 8 weeks; (ii) critically ill asthma; (iii) respiratory symptoms attributable to other causes; and (iv) comorbid
conditions such as rheumatoid arthritis or allergic rhinitis. During the same study period, 110 age- and sex-matched
healthy children were recruited from those attending routine health examinations to serve as the control group. Healthy
controls had no history of asthma or other chronic respiratory, inflammatory, or allergic diseases and had not experienced
recent respiratory infections or corticosteroid exposure. The study protocol complied with the Declaration of Helsinki
and was approved by the Medical Ethics Committee of our university (GLY'Y 1s2024-052).

Sample Size Calculation

GPower 3.1 software was used to calculate sample size. The significance level (alpha error) was set to 0.05, statistical
power (1-p) was set to 0.95, and effect size was set a median effect of 0.5. A two-sided test was chosen, and the sample
size ratio was 1:1. The calculation result shows that each group requires at least 88 samples.

Clinical Data Collection
Clinical and laboratory data, including age, sex, body mass index (BMI), duration of the current asthma exacerbation
(disease duration), fever duration during the current exacerbation, presence of allergies, minor upper respiratory tract
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symptoms, and cough, were collected from both children with asthma and healthy control subjects. Patients with severe
or ongoing respiratory infections requiring hospitalization or systemic antibiotics were excluded. Five milliliters (5 mL)
of peripheral venous blood was collected upon admission and sent to the hospital’s laboratory for measurement of
neutrophil count and total IgE.

Pulmonary function tests were performed using standardized spirometry in accordance with the American Thoracic
Society/European Respiratory Society (ATS/ERS) guidelines for pediatric lung function testing. Spirometry was
conducted using a calibrated Spirolab® spirometer (MIR, Italy) operated by trained respiratory technicians experi-
enced in testing young children. The device was calibrated daily according to the manufacturer’s instructions. For each
subject, at least three technically acceptable maneuvers were obtained, and the highest reproducible values were
recorded. Acceptability and reproducibility criteria were applied according to ATS/ERS recommendations, with age-
appropriate coaching provided to ensure reliable performance. Forced expiratory volume in one second (FEV1),
forced vital capacity (FVC), and peak expiratory flow rate (PEF) were measured, and the FEV1/FVC ratio was
calculated.

Fractional Exhaled Nitric Oxide (FeNO) Measurement

Fractional exhaled nitric oxide (FeNO) was measured using a nitric oxide analyzer (Sunvou-CA2122 system, China) in
accordance with the American Thoracic Society/European Respiratory Society (ATS/ERS) recommendations.
Measurements were performed at a constant expiratory flow rate of 50 mL/s. Before testing, children were instructed
to avoid eating, drinking, strenuous exercise, and nitrate-rich foods for at least 1 hour, and short-acting bronchodilators
were withheld in accordance with guideline recommendations. Each subject performed the maneuver under the super-
vision of trained technicians, maintaining a stable exhalation for an age-appropriate duration. At least two reproducible
measurements within acceptable limits were obtained, and the mean value was recorded. Results were expressed as parts
per billion (ppb)."*

Enzyme-linked Immunosorbent Assay (ELISA)

ELISA was used to measure serum levels of tumor necrosis factor-alpha (TNF-a; DTA00D, R&D Systems; lower limit of
detection [LoD]: 0.5 pg/mL), interleukin-1 beta (IL-1B; DLB50, R&D Systems; LoD: 1.0 pg/mL), interleukin-4 (IL-4;
D4050, R&D Systems; LoD: 0.11 pg/mL), transforming growth factor beta 1 (TGF-f1; DY240, R&D Systems; LoD:
31.2 pg/mL), matrix metalloproteinase 9 (MMP-9; DMP900, R&D Systems; LoD: 0.156 ng/mL), stromal cell-derived
factor-1 alpha (SDF-1o; ml038196, Shanghai Enzyme-linked Biotechnology; LoD: 18 pg/mL), hyaluronan (DHYALDO,
R&D Systems; LoD: 0.2 ng/mL), and midkine (DY258, R&D Systems; LoD: 78.1 pg/mL) in both children with asthma
and healthy control subjects, according to the manufacturers’ instructions. Serum samples were processed within 2 hours
of collection and stored at —80 °C, with a maximum of two freeze-thaw cycles before analysis. All assays were performed
in duplicate by personnel blinded to group allocation. Intra-assay and inter-assay coefficients of variation were within the
ranges specified by the kit manufacturers, ensuring reproducibility and reliability of measurements.

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics version 20.0. Continuous variables with a normal
distribution are presented as mean =+ standard deviation (SD). Comparisons between two groups were performed using
the independent-samples r-test, and comparisons among multiple groups were conducted using one-way analysis of
variance (ANOVA). Categorical variables are presented as frequencies and percentages and were analyzed using the chi-
square test. Pearson’s correlation coefficient was used to assess the relationships between serum midkine levels and other
continuous clinical, inflammatory, and remodeling-related variables. Receiver operating characteristic (ROC) curve
analysis was performed to evaluate the diagnostic performance of serum midkine and to determine the optimal cut-off
value for distinguishing children with asthma from healthy controls. To account for multiple comparisons in the analysis
of serum biomarkers, P-values were adjusted using an appropriate correction method, as specified in the revised analysis.
A two-sided P value < 0.05 was considered statistically significant.
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Results

Demographic and Clinical Characteristics

The clinical and spirometric characteristics of children with asthma and healthy controls are summarized in Table 1. No
significant differences were observed between the two groups for age, sex, or body mass index (BMI) (P > 0.05). In
contrast, children with asthma exhibited significantly impaired lung function, as evidenced by lower forced expiratory
volume in 1 second (FEV1), FEV1/forced vital capacity (FEV1/FVC), and peak expiratory flow (PEF) than healthy
controls (all P < 0.001).

Following the clinical assessment, analysis of inflammatory and immune parameters demonstrated that children with
asthma had significantly elevated eosinophil counts, total immunoglobulin E (IgE), fractional exhaled nitric oxide
(FeNO), and circulating cytokines, including TNF-a, IL-1pB, and IL-4, as well as higher levels of airway remodeling
markers (TGF-f1, MMP-9, SDF-1a, and hyaluronan) and midkine compared with healthy controls (all P < 0.001)
(Table 2).

Comparative analysis of asthma severity subgroups using one-way analysis of variance (ANOVA) revealed that
children with severe asthma had a longer disease duration and greater lung function impairment, with significantly lower
FEV1, FEV1/FVC, and PEF values than those with mild or moderate asthma. In parallel, the severe asthma subgroup
exhibited markedly higher levels of eosinophils, total IgE, FeNO, inflammatory cytokines, airway remodeling biomar-
kers, and serum midkine (Table 3). No significant differences were observed among asthma subgroups for age, sex, BMI,
fever duration, atopy, respiratory tract infection, or cough (P > 0.05). These findings underscore the distinct clinical and
biological profile of severe asthma, characterized by greater airflow limitation and an enhanced inflammatory and
remodeling burden.

Serum Midkine Levels in Children with Asthma

Serum midkine levels were quantified in patients with asthma (n=109) and healthy controls (n=110) using ELISA. The
findings indicated that midkine concentrations were significantly elevated in patients with asthma compared to those in
healthy controls (Figure 1A). Additionally, serum midkine levels were compared between groups stratified according to
asthma status: mild asthma (n=47), moderate asthma (n=39), and severe asthma (n=23). It was observed that midkine
levels were significantly increased in patients with severe asthma compared to those with moderate and mild asthma
subgroups (Figure 1B). Moreover, Receiver Operating Characteristic (ROC) curve analysis revealed that the optimal
cutoff value for serum midkine was 948 pg/mL, with a sensitivity of 87.2% and a specificity of 94.5%, resulting in an
Area Under the Curve (AUC) of 0.949 (Figure 1C). These findings suggest that serum midkine levels may serve as
a potential biomarker for asthma, with higher levels being associated with disease severity.

Table | Demographic and Spirometric Characteristics of the
Healthy Controls and Asthma Patients

Variables Control Group | Asthma Group | P-value
(n=110) (n=109)
Age (years) 6.8412.24 7.22£1.93 0.175
Sex (male, %) | 64 (58.2%) 63 (57.8%) 0.954
BMI (kg/m?) 19.23+1.86 19.01+2.04 0.396
FEVI (L) 2.13+0.38 1.64+0.33 <0.001
FEVI/FVC (%) | 84.27+4.95 74.56+4.13 <0.001
PEF (L/min) 85.35+2.65 65.27+5.59 <0.001

Notes: Continuous variables are expressed as mean * standard deviation (SD)
for normally distributed data and were compared between the two groups using
the independent-samples t-test. Variables not normally distributed were
expressed as median (interquartile range, IQR) and compared using the Mann—
Whitney U-test. Categorical variables are expressed as frequency (percentage)
and were analyzed using the chi-square test.

Abbreviations: BMI, body mass index; FEVI, forced expiratory volume in
one second; FVC, forced vital capacity; PEF, peak expiratory flow rate.
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Table 2 Serum Biomarkers of Inflammation, Immunity, and Airway

Remodeling in Healthy Controls and Asthma Patients

Variables Control Group | Asthma Group | P-value
(n=110) (n=109)
Eosinophil count (per/ul) | 151.52+26.74 455.23+£105.26 <0.001
Total IgE (IU/mL) 137.45+21.89 244.40+71.85 <0.001
FeNO (ppb) 22.05+3.06 37.82+6.28 <0.001
TNF-o (pg/mL) 21.61£3.37 32.88+7.63 <0.001
IL-1B (pg/mL) 65.22+8.57 112.34£21.15 <0.001
IL-4 (pg/mL) 45.60+6.04 77.54£10.40 <0.001
TGF-BI (pg/mL) 27.15£3.69 44.25+7.81 <0.001
MMP-9 (ng/mL) 83.72+13.50 129.13422.50 <0.001
SDF-la (pg/mL) 362.77+68.00 554.91+90.02 <0.001
Hyaluronan (ng/mL) 33.13+7.63 66.76+14.56 <0.001
Midkine (pg/mL) 722.57+122.39 1262.76+315.36 | <0.001

Notes: Continuous variables are expressed as mean * standard deviation (SD) for normally
distributed data and were compared between groups using the independent-samples t-test,
while non-normally distributed variables are presented as median (interquartile range, IQR)
and were compared using the Mann—Whitney U-test. Categorical variables are expressed as
frequency (percentage) and were analyzed using the chi-square test. To account for multiple
comparisons across serum biomarkers, P-values were adjusted using the correction method
described in the Statistical Analysis section; all reported biomarkers remained statistically
significant after adjustment.

Abbreviations: IgE, immune globulin E; FeNO, exhaled nitric oxide; TNF-o; tumor necrosis
factor-a; IL-1B, interleukin 1B; IL-4, interleukin 4; TGF-f1, transforming growth factor-B1;
MMP-9, matrix metalloproteinases-9; SDF-la, stromal-derived factor lo.

Correlation Between Serum Midkine Levels and Lung Function in Children with
Asthma

Pearson’s correlation analysis revealed a significant negative correlation between serum midkine levels and lung function
parameters in children with asthma, including FEV1 (=-0.222, P=0.021), FEV1/FVC (1=—0.472, P<0.001), and PEF (=
—0.646, P<0.001) (Figures 2A—C). The findings suggest that elevated serum midkine levels are associated with worse
lung function in children with asthma, as indicated by lower FEV1, FEV1/FVC ratio, and PEF values. This implies that
midkine may play a role in asthma severity or airway obstruction.

Correlation Between Serum Midkine Levels and Inflammatory Markers in Children
with Asthma

Pearson’s correlation analysis identified a notable positive correlation between several inflammatory markers in children
with asthma, such as eosinophil count (r=0.295, P=0.002), total IgE (r=0.667, P<0.001), FeNO (r=0.553, P<0.001), TNF-
o (r=0.562, P<0.001), IL-1B (r=0.312, P=0.001), and IL-4 (r=0.225, P=0.019) (Figures 3A—F). These results indicate that
serum midkine is significantly linked to eosinophilic inflammation, allergic reactions (IgE), airway inflammation (FeNO),
and the activity of pro-inflammatory cytokines (TNF-a, IL-1f, and IL-4) in children with asthma.

Correlation Between Serum Midkine Levels and Airway Remodeling Markers in
Children with Asthma

Serum midkine levels demonstrated significant positive correlations with key airway remodeling markers in children with
asthma, including TGF-B1 (r=0.550, P<0.001), MMP-9 (r=0.281, P=0.003), SDF-1a (r=0.300, P=0.002), and hyaluronan
(r=0.435, P<0.001) (Figures 4A-D). These findings suggest that elevated serum midkine levels are associated with
increased expression of airway remodeling mediators, potentially implicating midkine in the pathogenesis of asthma-
related structural changes.
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Table 3 Characteristics of Asthma Patients with Different Disease Severity

Variables Mild Group Moderate Group | Severe Group | P-value
(n = 47) (n=39) (n=23)

Age (years) 7.23+1.98 7.15+2.02 7.30x1.71 0.956
Sex (male, %) 29 (61.7%) 22 (56.4%) 12 (52.2%) 0.732
BMI (kg/m?) 18.87+2.04 18.95+2.00 19.40£2.11 0.584
Disease duration (days) 2.42+0.72 2.58+0.75 2.92+0.60 0.023
Fever (days) 4.98+0.99 5.13+0.95 5.26x1.14 0.527
Atopy (%) 21 (44.7%) 19 (48.7%) 9 (39.1%) 0.763
Respiratory tract infection (%) | 27 (57.4%) 22 (56.4%) 14 (60.9%) 0.941
Cough (%) 24 (51.1%) 19 (48.7%) 13 (56.5%) 0.837
FEVI (L) 1.84+0.35 1.53£0.22 1.44+0.26 <0.001
FEVI/FVC (%) 77.48+3.40 73.66+2.93 70.12%2.09 <0.001
PEF (L/min) 70.50+2.24 63.77+1.98 57.12+2.13 <0.001
Eosinophil count (per/pL) 393.13£71.02 485.99+101.25 529.98+101.88 <0.001
Total IgE (IU/mL) 181.81£26.62 258.75+35.11 347.96+42.25 <0.001
FeNO (ppb) 32.93+3.44 39.17+£3.94 45.51+5.05 <0.001
TNF-a (pg/mL) 26.87+3.71 34.24+4.67 42.88+5.88 <0.001
IL-1B (pg/mL) 103.63£17.24 113.32£19.28 128.49+22.27 <0.001
IL-4 (pg/mL) 72.76+9.23 78.83+9.65 85.11+8.98 <0.001
TGF-B1 (pg/mL) 38.4245.12 46.32+5.09 52.64+6.81 <0.001
MMP-9 (ng/mL) 120.74+17.07 133.55+25.02 138.77£22.63 0.002
SDF-la (pg/mL) 519.73+74.67 561.17+87.32 616.19+91.21 <0.001
Hyaluronan (ng/mL) 58.53%12.47 68.98+11.81 79.79£12.03 <0.001
Midkine (pg/mL) 1042.29+£190.43 | 1303.75+218.98 1643.77+266.44 | <0.001

Notes: Data are presented as mean + SD for continuous variables and n (%) for categorical variables. Disease duration
refers to the duration (days) of the current asthma exacerbation episode at presentation. Fever duration refers to the
number of days the patient experienced fever during the current exacerbation. Respiratory tract infection indicates minor
upper respiratory tract symptoms present at the time of exacerbation; patients with severe or ongoing infections requiring
hospitalization or systemic antibiotics were excluded.

Abbreviations: BMI, body mass index; FEVI, forced expiratory volume in one second; FVC, forced vital capacity; PEF,
peak expiratory flow rate; IgE, immune globulin E; FeNO, exhaled nitric oxide; TNF-a; tumor necrosis factor-o; IL-1p,
interleukin 1B; IL-4, interleukin 4; TGF-BI, transforming growth factor-1; MMP-9, matrix metalloproteinases-9; SDF-1a,
stromal-derived factor la.

Discussion

This study investigated serum midkine levels in children with asthma and examined their associations with disease
severity, lung function impairment, and circulating markers of airway inflammation and remodeling. We found that serum
midkine levels were significantly elevated in children with asthma compared with healthy controls and increased
progressively with disease severity. Higher midkine levels were associated with poorer lung function, as reflected by
lower FEV1, FEVI/FVC, and PEF values, and were positively correlated with eosinophilic inflammation, total IgE,
FeNO, pro-inflammatory cytokines, and multiple remodeling-related mediators. Importantly, given the cross-sectional
design of this study, these findings should be interpreted as associations rather than evidence of causation.

Asthma is a chronic inflammatory airway disease characterized by variable airflow obstruction, bronchial hyperre-
sponsiveness, and airway remodeling.'” Identifying noninvasive biomarkers that reflect disease severity and structural
airway changes is particularly important in pediatric populations, where ethical and technical constraints limit direct
assessment of remodeling. Midkine, a heparin-binding growth factor that is minimally expressed in healthy tissues but
upregulated in inflammatory and fibrotic conditions,” has emerged as a candidate biomarker in this context. Experimental
and adult clinical studies have reported increased midkine expression in severe asthma and have linked it to eosinophil
recruitment, Th2-biased inflammation, and airway smooth muscle proliferation.'®!'” Our findings extend this evidence to
children and demonstrate that elevated serum midkine is associated with asthma severity and functional impairment in

a pediatric cohort.
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Figure | Serum midkine levels in asthma patients. (A) Serum midkine levels were measured by ELISA in control subjects (n=110) and asthma patients (n=109). (B) Serum
midkine levels were compared in children with mild asthma (n=47), moderate asthma (n=39), and severe asthma (n=23). (C) The ROC curve is used to obtain the cut-off
point of serum midkine levels that diagnose asthma. The optimal cut-off point is 948 pg/mL. The area under the curve is 0.949. T-test was used to compare the differences
between two groups, and ANOVA was used to compare the differences between three groups. ***P<0.001.

To our knowledge, this study is among the first to comprehensively examine serum midkine in children with asthma
in relation to both lung function indices and a broad panel of circulating inflammatory and airway remodeling—related
biomarkers. Unlike previous reports that focused primarily on adult patients or experimental models, our study included
treatment-naive children at first diagnosis, thereby minimizing the confounding effects of long-term therapy. This
pediatric-specific evidence advances current knowledge by suggesting that midkine-associated biological signals are
present early in the disease course and are linked to markers commonly interpreted as surrogates of airway remodeling.

The observed associations between serum midkine and established inflammatory biomarkers, including eosinophil
count, IgE, and FeNO, indicate that midkine may reflect underlying type-2 inflammatory activity. At the same time, its
correlations with TGF-f1, MMP-9, SDF-1a, and hyaluronan suggest a relationship with pathways implicated in
extracellular matrix turnover, fibroblast activation, and tissue remodeling. In this regard, midkine may provide com-
plementary rather than redundant information to existing biomarkers. While IgE and FeNO primarily capture allergic
sensitization and airway inflammation, midkine may integrate signals related to both inflammatory burden and remodel-
ing-associated processes, although this hypothesis requires further validation.

It is important to emphasize that the present data do not establish whether midkine actively contributes to airway
remodeling or whether its elevation reflects a downstream consequence of chronic inflammation or structural changes.
Experimental studies have shown that midkine can promote fibroblast activation, collagen deposition, and
angiogenesis,'>'® but such mechanisms cannot be inferred from our clinical observations. Therefore, serum midkine
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Figure 4 Correlation between serum midkine levels and serum airway remodeling markers in children with asthma. Serum Midkine is positively correlated with (A) TGF-I,
(B) MMP-9, (C) SDF-1l0, and (D) Hyaluronan.

should currently be viewed as a potential marker of disease activity and remodeling-associated inflammation, rather than
a confirmed pathogenic mediator in pediatric asthma.

Study Limitations and Future Directions

This study has several limitations. First, because of its cross-sectional and correlational design, causal relationships between
serum midkine levels and asthma severity, airway inflammation, or remodeling cannot be established. Consequently, it
remains unclear whether elevated midkine is a driver or a consequence of disease activity. Longitudinal and mechanistic
studies are therefore required to determine whether midkine directly contributes to disease progression, lung function decline,
airway remodeling, or treatment response in pediatric asthma. Second, although serum midkine levels were correlated with
asthma severity and multiple inflammatory and remodeling-related biomarkers, multivariate analyses were not performed.
Thus, it cannot be determined whether midkine is independently associated with disease severity after adjustment for
established markers such as eosinophil counts, total IgE, and FeNO; future studies with larger cohorts should incorporate
multivariate models to address this issue. Third, airway remodeling was assessed using circulating biomarkers rather than
direct structural measurements. While the use of noninvasive markers is appropriate in pediatric populations, future research
integrating biomarker analyses with imaging or functional assessments would provide more comprehensive insight into
airway remodeling. Finally, although including treatment-naive, first-onset pediatric asthma patients minimized therapeutic
confounding, this may limit the generalizability of the findings to children with long-standing or previously treated asthma.
Further studies encompassing different disease stages are therefore warranted.
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Figure 5 Schematic diagram of serum midkine associations in pediatric asthma. Serum midkine levels were positively associated with inflammatory markers (eosinophils, IgE,
FeNO, TNF-o, IL-1B, IL-4) and airway remodeling biomarkers (TGF-B1, MMP-9, SDF-1lq, hyaluronan), and negatively associated with lung function (FEVI, FEVI/FVC, PEF).
Solid arrows indicate observed correlations; dashed arrows indicate relationships with asthma outcomes.

Conclusion

This study shows that serum midkine levels are elevated in children with asthma and are significantly associated with markers
of airway inflammation, remodeling-related mediators, and impaired lung function. These findings support the potential utility
of midkine as a non-invasive biomarker reflecting disease severity and remodeling-associated inflammatory burden in
pediatric asthma. However, given the cross-sectional nature of the study, causal relationships cannot be established, and it
remains unclear whether elevated midkine is a driver of airway remodeling, a downstream consequence of chronic
inflammation, or an epiphenomenon. Figure 5 summarizes only the observed associations. Further longitudinal studies,
external validation in independent cohorts, and mechanistic investigations are required to clarify the temporal role of midkine
in pediatric asthma and to determine its potential value for clinical risk stratification or therapeutic targeting.
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