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Abstract: Objective: To investigate the clinical significance of serum interleukin-4 (IL-4), IL-12, I1L-13, and transform-
ing growth factor- (TGF-B) levels in children with sleep-disordered breathing (SDB). Methods: A total of 107 children
with SDB (research group) and 75 healthy children (control group) were enrolled. Serum cytokine levels were mea-
sured in all participants. Receiver operating characteristic curve analyses were used to evaluate diagnostic efficacy.
Spearman correlation analysis was applied to assess the relationship between cytokine levels and disease sever-
ity, while Pearson correlation examined associations with sleep-related parameters, including microarousal index
(Arl), apnea-hypopnea index (AHI), lowest arterial oxygen saturation (LSa0,), and mean oxygen saturation (MSa0,)).
Changes in cytokine levels before and after surgery were also analyzed. Results: Compared with the control group,
children in the SDB group exhibited significantly higher levels of IL-4, IL.-13, TGF-B, Arl, and AHI, and lower levels of
IL-12, LSa0,, and MSa0, (all P<0.05). Serum cytokine levels were significantly correlated with sleep-related parame-
ters (all P<0.05). The combined diagnostic model (IL-4+IL-12+IL-13+TGF-B) yielded an area under the curve (AUC) of
0.880, outperforming individual markers (AUC range: 0.714-0.741). Disease severity was negatively correlated with
IL-12 (r=-0.381) and positively correlated with IL-4, IL-13, and TGF- (r=0.338-0.434; all P<0.001). After surgery,
IL-4, IL-13, and TGF-B levels decreased, while I1L.-12 levels increased significantly (all P<0.05). Conclusion: Serum
levels of IL-4, IL-12, IL-13, and TGF-B may serve as potential biomarkers for the diagnosis, severity assessment, and
therapeutic monitoring of SDB in children.
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Introduction pediatric SDB may be linked to neurobehavioral

and cognitive dysfunction, as well as long-term

Sleep-disordered breathing (SDB) is a clini-
cal condition characterized by abnormal respi-
ratory patterns during sleep and is commonly
associated with cardiopulmonary comorbidi-
ties such as pulmonary embolism, pulmonary
hypertension, and chronic heart failure [1].
Clinically, SDB encompasses a spectrum of dis-
orders, ranging from chronic snoring and up-
per airway resistance syndrome to obstructive
sleep apnea syndrome (OSAS), with OSAS being
the most prevalent subtype [2]. Epidemiologi-
cal studies estimate that SDB affects approxi-
mately 33% of adults aged 30-70 years in
Europe and 10-17% of children, significantly
impairing sleep quality and overall health [3-6].
Emerging evidence indicates that untreated

metabolic, endocrine, and cardiovascular com-
plications [7]. Given these potential adverse
outcomes, early and accurate diagnosis of SDB
in children is critical for optimizing clinical man-
agement and developing individualized treat-
ment strategies [8].

Polysomnography (PSG) remains the gold stan-
dard for diagnosing SDB due to its high accura-
cy; however, its clinical utility is often limited by
time-consuming procedures and substantial
financial cost [9]. Given these limitations, there
is an urgent need to explore effective and ac-
cessible alternative diagnostic biomarkers. OS-
AS, the most common form of SDB, has been
closely linked to multiple pathophysiological
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mechanisms, including upper airway inflamma-
tion, systemic inflammatory responses, oxida-
tive stress, endothelial dysfunction, and meta-
bolic dysregulation [10-12]. Among immune
mediators, interleukin-4 (IL.-4) and IL-12, repre-
senting T helper 2 (Th2) and Th1 cytokines,
respectively, are thought to contribute to OSAS
pathogenesis through imbalances in Th1l/Th2
immune responses [13]. IL-13 has also been
implicated in inflammatory and asthmatic path-
ways in children with OSAS-asthma comorbi-
dity, and elevated serum IL-13 levels have been
observed in pediatric patients with uncon-
trolled asthma, suggesting a potential link to
poorly controlled OSAS [14]. Moreover, previ-
ous research has demonstrated that mono-
cytes in OSAS patients can inhibit natural killer
cell activity via TGF-B, further highlighting the
relevance of this cytokine in the pathophysiol-
ogy of SDB [15].

This study aims to evaluate the clinical signi-
ficance of IL-4, IL-12, 1L-13, and TGF-B in pediat-
ric SDB. The findings may underscore the diag-
nostic and prognostic relevance of these in-
flammatory markers, potentially offering a less
invasive and more accessible alternative to tra-
ditional diagnostic methods. Such an approach
could support earlier detection and more indi-
vidualized management of pediatric SDB.

Materials and methods
Study population and design

This retrospective study included 107 pediatric
patients diagnosed with SDB who were ad-
mitted to Qingpu District Traditional Chinese
Medicine Hospital between September 2022
and February 2025. A control group of 75 age-
matched healthy children undergoing routine
physical examinations during the same period
was included for comparison. No significant dif-
ferences in baseline demographic characteris-
tics were observed between the two groups
(P>0.05), confirming their comparability. The
study protocol was approved by the Institutional
Ethics Committee of Qingpu District Traditional
Chinese Medicine Hospital.

The sample size was calculated based on me-
thods proposed by Obuchowski and Hanley [16,
17], assuming an anticipated area under the
curve (AUC) of 0.7 (indicating moderate diag-
nostic utility), a two-sided significance level (&)
of 0.05, and a statistical power (1-B) of 80%.

5929

Given a case-to-control ratio of 1.5:1, the
required sample size was estimated to be 105
cases and 70 controls. The final enroliment of
107 SDB patients and 75 controls met these
criteria.

Eligibility criteria

Inclusion criteria: Diagnosis of SDB based on
established clinical guidelines [18]; Age be-
tween 2 and 12 years; Presence of clinical
symptoms, including habitual snoring (=3
nights per week), observed apnea, excessive
daytime sleepiness, or attention deficits; Ton-
sillar hypertrophy graded | to Ill; Completion of
standard PSG and lateral nasopharyngeal X-ray
imaging; Presence of sleep-related symptoms
such as snoring (with or without mouth breath-
ing), breath-holding, restless sleep, labored
breathing, or recurrent respiratory infections.

Exclusion criteria: Presence of craniofacial syn-
dromes (e.g., Pierre-Robin syndrome, Down
syndrome, Crouzon syndrome) or heuromuscu-
lar disorders; Acute upper respiratory tract
infection within the past two weeks; Coexisten-
ce of other severe primary diseases; Diagnosed
upper airway obstruction or advanced heart
failure; History of chronic insomnia, hypothy-
roidism, or neuropsychiatric disorders; Use of
glucocorticoids, immunosuppressants, or anti-
biotics within one month prior to enroliment;
Diagnosis of non-respiratory sleep disorders,
such as narcolepsy or periodic limb movement
disorder.

Polysomnographic assessment

After a three-day hospitalization, all pediatric
SDB patients underwent overnight PSG. On the
day of monitoring, participants were advised to
avoid strong tea, coffee, alcohol, and sedative-
hypnotic medications. PSG recordings lasted at
least seven hours, and only data with a total
sleep time exceeding four hours were included
in the analysis. PSG data were analyzed us-
ing dedicated software and manually scored
by trained technicians. Parameters recorded
included electroencephalogram, electrooculo-
gram, oronasal airflow, thoracoabdominal mo-
vement, and arterial oxygen saturation (Sa0,).
Key indices derived from the recordings includ-
ed the arousal index (Arl), apnea-hypopnea
index (AHI), lowest arterial oxygen saturation
(LSa0,), and mean oxygen saturation (MSa0,).
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Table 1. Comparison of baseline characteristics

Data groﬁgr}:is) grozeps?:ﬁgﬂ) X/t P

Sex distribution (male/female) 39/36 65/42 1.378 0.241
Age (years) 7.39+2.49 7.67+2.85 0.687 0.493
Body mass index (kg/m?) 17.52+2.69 17.20+£2.77 0.776  0.439
Disease duration (months) 25.83+7.13 24.02+6.86 1.724  0.087
Parental education level (< high school/> high school) 45/30 59/48 0.425 0.514
Family history of snoring (no/yes) 6/69 11/96 0.271  0.603

Disease severity (mild/moderate/severe)

30/43/34

Adenotonsillectomy procedure

Adenotonsillectomy was performed as the pri-
mary treatment for pediatric patients diag-
nosed with SDB. With the patient in the supine
position, a mouth gag was inserted to facilitate
adequate oropharyngeal exposure. Bilateral
tonsillectomy was conducted using the cold
dissection technique under direct visualization.
To access the nasopharynx, a catheter was in-
serted transnasally on both sides and retrieved
through the oral cavity. The soft palate was
retracted by securing the catheter ends exter-
nally, thereby ensuring sufficient visualization
for adenoid removal. Adenoidectomy was then
performed under direct endoscopic guidance
using a 70° nasal endoscope, employing a
combination of curettage and powered instru-
mentation. Hemostasis was achieved through
compression or electrocautery, depending on
intraoperative bleeding status.

Severity classification criteria

The severity of SDB was classified according to
the AHI as follows: mild SDB (AHI: 1-5 events/
hour), moderate SDB (AHI: 5-10 events/hour),
and severe SDB (AHI: >10 events/hour) [19].

Biochemical measurements

Fasting venous blood samples (5 mL) were col-
lected from all participants between 8:00 and
9:00 AM the morning prior to PSG examination.
Samples were promptly centrifuged and stored
at -80°C until analysis. Serum levels of IL-4,
IL-12, IL-13, and TGF-B were measured using
enzyme-linked immunosorbent assay kits (IL-4:
K0331214; IL-12: K0331124; IL-13: K0331-
235; all from Beijing Asnail Biotechnology Co.,
Ltd.; TGF-B: JLC-R13550, lJiangxi Institute of
Biological Products Co., Ltd.). All procedures
were conducted by an experienced technician
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in following the manufacturer’'s protocols.
Additionally, paired analyses were conducted
to assess changes in serum cytokine levels in
children with SDB before and after adenoton-
sillectomy.

Statistical analysis

Data analyses were performed using SPSS ver-
sion 23.0 (IBM Corp., Armonk, NY, USA), and
graphical visualizations were generated with
GraphPad Prism version 7.0 (GraphPad Soft-
ware, San Diego, CA, USA). Continuous vari-
ables were expressed as mean * standard
error of the mean (SEM). Between-group com-
parisons were conducted using independent
two-sample t-tests, while one-way analysis of
variance followed by least significant difference
post-hoc tests was employed for comparisons
among multiple groups. Categorical variables
were presented as percentage and compared
using the chi-square test. The diagnostic per-
formance of serum biomarkers (IL-4, 1L-12,
IL-13, and TGF-B) for SDB was evaluated using
receiver operating characteristic (ROC) curve
analysis. Pearson’s correlation coefficients we-
re used to evaluate associations between
serum cytokine levels and sleep-related param-
eters. Spearman’s rank correlation coefficients
were applied to examine relationships between
cytokine levels and SDB severity. A two-tailed
P-value <0.05 was considered statistically
significant.

Results
Comparison of baseline characteristics

No significant differences were observed be-
tween the two groups regarding sex distribu-
tion, age, body mass index, disease duration,
parental education level, or family history of
snoring (all P>0.05, Table 1), indicating compa-
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Figure 1. Comparison of serum cytokine levels. A. IL.-4 comparison. B. IL-12
comparison. C. IL-13 comparison. D. TGF-Bcomparison. Note: IL, interleukin;
TGF-B, transforming growth factor B. Statistical significance is indicated as
***P<0.001.
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Figure 2. Comparison of sleep monitoring parameters. A. Arl comparison.
B. AHI comparison. C. LSa0, comparison. D. MSaO, comparison. Note: Arl,
arousal index; AHI, apnea-hypopnea index; LSa0,, lowest oxygen satura-
tion; MSa0,, mean oxygen saturation. Statistical significance is indicated as
*P<0.05, **P<0.01, ***P<0.001.
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rability between the two
cohorts at baseline.

Comparison of serum cyto-
kine levels

As illustrated in Figure 1, the
research group exhibited sig-
nificantly higher serum levels
of ILl-4, IL-13, and TGF-B com-
pared to the control group (all
P<0.001). In contrast, IL-12
levels were markedly lower in
the research group (P<0.001).

Comparison of sleep monitor-
ing parameters

The research group exhibited
significantly higher Arl and AHI
values compared to the con-
trol group, while LSaO2 and
MSa0, were markedly lower
(all P<0.05, Figure 2).

Correlation between serum
cytokine levels and sleep
monitoring parameters

Pearson correlation analysis
demonstrated significant as-
sociations between serum
cytokine levels and sleep
parameters in the SDB group.
IL-4 was moderately positively
correlated with Arl (r=0.321,
P<0.001) and AHI (r=0.294,
P=0.002), and negatively cor-
related with LSaO2 (r=-0.256,
P=0.008) and MSa0, (r=
-0.307, P=0.001). IL-12 was
negatively correlated with AHI
(r=-0.290, P=0.003) and posi-
tively correlated with LSaO,
(r=0.196, P=0.043) and
MSa0, (r=0.250, P=0.010).
IL-13 exhibited positive corre-
lations with Arl (r=0.307, P=
0.001) and AHI (r=0.316,
P<0.001), and negative corre-
lations with LSaO, (r=-0.385,
P<0.001) and MSaO, (r=-
0.338, P<0.001). TGF-B was
positively correlated with Arl

Am J Transl Res 2025;17(8):5928-5938
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Table 2. Correlation between serum cytokine levels and sleep monitoring parameters

. Arl (times/hour) AHI (times/hour) LSa0, (%) MSaO0, (%)
Indicators
r P r P r P r P
IL-4 (pg/mL) 0.321 <0.001 0.294 0.002 -0.256 0.008 -0.307 0.001
IL-12 (pg/mL) -0.171 0.078 -0.290 0.003 0.196 0.043 0.250 0.010
IL-13 (pg/mL) 0.307 0.001 0.316 <0.001 -0.385 <0.001 -0.338 <0.001
TGF-B (ng/mL) 0.321 <0.001 0.129 0.186 -0.227 0.019 -0.153 0.117

Note: Arl, arousal index; AHI, apnea-hypopnea index; LSa0,, lowest oxygen saturation; MSa0,, mean oxygen saturation; IL,

interleukin; TGF-B, transforming growth factor f.

(r=0.321, P<0.001) and negatively associated
with LSaO2 (r=-0.227, P=0.019), while no sig-
nificant correlations were observed with AHI or
MSa0,. Correlation coefficients and signifi-
cance levels are provided in Table 2.

Diagnostic performance of serum cytokines in
identifying SDB

Figure 3 displays the ROC curves for serum
IL-4, IL-12, IL-13, and TGF-B in diagnosing SDB,
and the corresponding diagnostic metrics are
summarized in Table 3. The AUC values for IL-4,
IL-12, 113, and TGF-B were 0.714, 0.741,
0.729, and 0.730, respectively. Importantly, the
combined analysis of all four cytokines sig-
nificantly improved diagnostic performance,
achieving an AUC of 0.880, with a sensitivity of
84.11% and a specificity of 78.67%.

Comparison of serum cytokine levels across
SDB severity groups

Figure 4 compares serum cytokine levels of
IL-4, IL-12, 1L-13, and TGF-[ across various SDB
severity groups. Significant differences were
observed among the groups. IL-4 levels were
markedly higher in severe cases compared to
moderate (P<0.05) and mild cases (P<0.001).
IL-12 levels were highest in the mild group and
significantly decreased in moderate and severe
patients (both P<0.05). IL-13 levels were lower
in mild cases than in moderate and severe
cases (both P<0.01). Similarly, TGF-B levels
were significantly lower in mild cases compared
to severe cases (P<0.01).

Correlation between serum cytokine levels and
SDB severity

Figure 5 presents the results of Spearman’s
correlation analysis between serum cytokine
levels of IL-4, IL-12, IL-13, TGF- and the sever-
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ity of SDB. Disease severity was scored numeri-
cally as 1 (mild), 2 (moderate), and 3 (severe).
Significant positive correlations were observed
between SDB severity and serum levels of IL-4,
IL-13, and TGF-B (all P<0.001). In contrast, IL-12
levels exhibited a significant negative correla-
tion with disease severity (P<0.001).

Diagnostic performance of serum cytokines in
assessing SDB severity

Figure 6 displays the ROC curve analysis evalu-
ating the diagnostic utility of serum IL-4, IL-12,
IL-13, and TGF-B levels in stratifying SDB sever-
ity. The AUC values were 0.720 for IL.-4, 0.678
for IL-12, 0.692 for IL-13, and 0.696 for TGF-,
indicating moderate discriminatory power.
Notably, the combined use of all four cytokines
significantly enhanced diagnostic accuracy,
achieving an AUC of 0.835. Detailed diagnostic
metrics are provided in Table 4.

Treatment-associated changes in serum cyto-
kine levels in SDB patients

After treatment, significant changes were
observed in serum cytokines among SDB
patients. IL-4, IL-13, and TGF-3 levels decreased
significantly, while IL-12 levels increased nota-
bly (all P<0.05). These findings are illustrated in
Figure 7.

Discussion

SDB in children encompasses a spectrum of
conditions, ranging from primary snoring, the
mildest form without major clinical conse-
quences, to OSAS, the most severe phenotype
characterized by recurrent upper airway ob-
struction during sleep [20, 21]. Notably, prior
studies have reported a high prevalence of
inattention, hyperactivity, and increased risk of
behavioral and emotional disturbances in pedi-

Am J Transl Res 2025;17(8):5928-5938
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been associated with pulmo-
nary fibrosis, a condition driv-
en by excessive and persis-
tent extracellular matrix de-
position in the lung parenchy-
ma, ultimately impairing respi-
ratory function [24]. IL.-4 and
IL-13, as Th2 cytokines, are
commonly elevated in airway
inflammatory diseases and
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Figure 3. ROC curve analysis of serum cytokines and their combination.
Note: ROC, receiver operating characteristic; AUC, the area under the curve;
IL, interleukin; TGF-B, transforming growth factor B; SDB, sleep-disordered

breathing.

Table 3. Diagnostic performance of serum cytokines in identifying

20

, contribute to pulmonary fibro-
0 sis by promoting fibroblast dif-
ferentiation and collagen pro-
duction [25]. Elevated IL-4 le-
vels have also been indepen-
dently associated with cogni-
tive dysfunction in obese pa-
tients with OSAS [26]. More-
over, the pathogenesis of SDB
involves increased oxidative

SDB stress, which can upregulate
Serum index AUC 95% CI Specificity Sensitivity P value TGF-B :xpr.es-SI]fl)n and perpet—
IL-4 0.714  0.640-0.787 88.00%  45.79% <0.001 “f‘;i_‘; r‘_’gce';; 2:;26:20;’:‘):
ining i v vels i
IL-12 0.741  0.664-0.818 66.67% 81.31% <0.001 P g .
affected children [27]. In con-
IL-13 0.729  0.656-0.803 78.67% 54.21% <0.001 h lati f
o £8.88%  <0.001 trast, the downregulation o
TGF-B 0.730  0.659-0.802 78.67% .88% . IL-12 may be result from sup-
Combined 0.880 0.832-0.928 78.67% 84.11% <0.001

pression of monocyte-driven

Note: IL, interleukin; TGF-B, transforming growth factor B; SDB, sleep-disordered

breathing; AUC, the area under the curve; Cl, confidence interval.

atric SDB patients, regardless of disease sever-
ity [22]. To enhance diagnostic accuracy and
guide therapeutic strategies for pediatric SDB,
the present study investigated serum levels of
key cytokines, including IL-4, IL-12, IL-13, and
TGF-B, and evaluated their clinical significance
in relation to disease presence and severity.

Our findings revealed significant alterations in
inflammatory cytokines among children with
SDB, characterized by markedly elevated
serum levels of IL-4, IL-13, and TGF-$3, alongside
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inflammatory responses, po-
tentially mediated via the T
lymphocyte immunoglobulin
and mucin domain-containing molecule-3 sig-
naling pathway [28].

Additionally, children with SDB exhibited signi-
ficantly elevated Arl and AHI, along with mar-
ked reductions in LSa0, and MSa0,, indicating
pronounced sleep fragmentation, frequent re-
spiratory events, and intermittent hypoxemia.
Notably, the combination of elevated AHI and
decreased LSa0O, underscores the urgency
of timely and targeted interventions to prevent
long-term hypoxia-related complications, in-

Am J Transl Res 2025;17(8):5928-5938
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cluding cognitive deficits and
cardiovascular diseases [29,
30]. Correlation analyses re-
vealed that I-4 and 113
were positively associated
with Arl and AHI but negatively
correlated with LSa0, and
MSa0, in pediatric SDB cases.
In contrast, IL-12 showed an
inverse relationship with AHI
and a positive correlation with
LSa0, and MSa0,. TGF-B ex-
hibited a positive correlation
with Arl but a negative link
to LSa0,. These observations
suggest that IL-4, IL-13, and
TGF-B may contribute to SDB
progression, whereas [L-12
appears to exert a protective
effect. This pattern may reflect
a self-reinforcing cycle invo-
Iving inflammation, hypoxia,
and tissue remodeling in SDB,
wherein dysregulated immune
responses contribute to ade-
noidal hypertrophy and fibro-
sis, thereby exacerbating air-
way obstruction and increa-
sing AHI. The resulting hypox-
emia, as evidenced by redu-
ced LSa0,, may further inten-
sify inflammatory and fibrotic
processes. IL-12 may mitigate
this pathological cascade by
modulating the Th2-mediated
immune responses [25, 31].

Subsequent analyses reveal-
ed that the individual AUC val-
ues of IL-4, IL-12, IL-13, and
TGF-B for diagnosing SDB
ranged from 0.714 to 0.741,
indicating moderate diagnos-
tic utility. When these four bio-
markers were combined, the
AUC significantly increased
to 0.880, indicating substan-
tially improved diagnostic ac-
curacy. Among the individu-
al markers, IL-4 demonstrat-
ed the highest specificity
(88.00%), while IL-12 exhibit-
ed the highest sensitivity
(81.31%). The combined panel
achieved a balanced diagnos-
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verse trend, decreasing as
the disease advanced. Corre-
lation analyses confirmed the-
se associations, with IL-4,
IL-13, and TGF-B positively
correlated with disease sever-
ity, and IL-12 negatively corre-
lated. These findings are sup-
ported by a study conducted
by Chuang et al. [33], which
reported positive correlations
between OSAS severity and
levels of IL-6, IL-9, basic fibro-
blast growth factor, platelet-
derived growth factor-BB, as
well as regulated upon activa-
tion, normal T cell expressed
and secreted, further reinforc-
ing the role of inflammato-
ry mediators in disease pro-
gression.
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Figure 6. ROC curve analysis of the diagnostic efficacy of serum IL-4, IL-
12, 1L-13, and TGF-B levels in evaluating SDB severity. Note: ROC, receiver
operating characteristic; IL, interleukin; TGF-B, transforming growth factor {;

SDB, sleep-disordered breathing.

Table 4. Diagnostic performance of serum cytokines in assessing

20 0 ROC curve analysis demon-

strated that serum levels of
IL-4, 1112, IL-13, and TGF-B
had moderate diagnostic per-
formance for assessing SDB
severity, with AUC values rang-
ing from 0.678 to 0.720.
Notably, the combined use
of these biomarkers signifi-

SDB severity cantly improved the diagnos-
Serum index AUC 95% ClI Specificity Sensitivity P value tic accuracy, achieving an AUC
-4 0.720 0.622-0.818 67.12%  73.53% <0.001 of 0.835. Among the indivi-
I-12 0.678 0.558-0.797 86.30%  52.94% <0.001 dual biomarkers, IL-12 dis-
IL13 0.692 0.587-0.797 47.95%  82.35% <0.001 played the highest specifici-
TGF-B 0.696 0.596-0.796 72.60%  61.76% <0.001 ty (86.30%), while 1.-13 show-
Combined  0.835 0.756-0.914 93.15% 58.82% <0.001 ed the greatest sensitivity

Note: IL, interleukin; TGF-B, transforming growth factor B; SDB, sleep-disordered
breathing; AUC, the area under the curve; Cl, confidence interval.

(82.35%). Importantly, the
combined diagnostic method

tic performance, with 78.67% specificity and
84.11% sensitivity. These results align with
those of Fiedorczuk et al. [32], who reported
AUCs of 0.724, 0.677, and 0.745 for IL-6, tumor
necrosis factor-alpha, and C-reactive protein,
respectively, in differentiating OSAS from non-
OSAS individuals.

Furthermore, stratification by disease severity
revealed that serum levels of IL-4, IL-13, and
TGF-B increased progressively with worsening
SDB severity, whereas IL-12 exhibited an in-

5935

further enhanced the specific-

ity to 93.15%, substantially
improving the accuracy of SDB severity assess-
ment. Finally, we observed significant post-
treatment changes in serum IL-4, IL-12, IL-13,
and TGF-B concentrations in children with SDB,
highlighting their potential as biomarkers for
therapeutic response. Prior studies have
reported elevated TGF-B levels in the exhaled
condensates of OSAS patients, which normal-
ized after continuous positive airway pressure
intervention [34], supporting its role as an indi-
cator of treatment efficacy. However, evidence
regarding the responsiveness of other biomark-

Am J Transl Res 2025;17(8):5928-5938
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ers for treatment response
and facilitate the development
of a combined predictive mo-
del incorporating both sleep
indices and inflammatory bio-
markers.

In summary, children with SDB
<® demonstrate significant dys-
regulation of serum IL-4, IL-12,
IL-13, and TGF-B concentra-
tions. These cytokines individ-
ually demonstrate potential
% as diagnostic and severity-

assessing biomarkers. Not-
ably, their combined use sig-
nificantly enhances diagnostic
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Figure 7. Treatment-associated changes in serum cytokine levels in SDB
patients. A. IL-4 levels pre- and post-treatment. B. IL-12 levels pre- and
post-treatment. C. IL-13 levels pre- and post-treatment. D. TGF- levels pre-
and post-treatment. Note: SDB, sleep-disordered breathing; IL, interleukin;
TGF-B, transforming growth factor B. Statistical significance is indicated as

*P<0.05, **P<0.01.

ers to SDB treatment remains limited and war-
rants further investigation.

The association between serum biomarkers
and the severity of pediatric SDB has been
investigated in several studies. Locci et al. [35]
demonstrated an inverse correlation between
25-hydroxyvitamin D levels and OSAS severity
in children. Similarly, Ji et al. [36] reported
markedly elevated serum periostin and tumor
necrosis factor-alpha levels in pediatric OSAS
patients with hypoventilation syndrome, with
both biomarkers showing strong positive corre-
lations with disease severity. Furthermore, Zou
et al. [37] found substantially decreased serum
titin levels in OSAS patients, which exhibited a
significant negative association with disease
severity.

This study has several limitations. Notably, its
retrospective design precluded the evaluation
of changes in sleep parameters (Arl, AHI, LSa0,,
and MSa0,) before and after treatment. Future
longitudinal studies are warranted to clarify the
temporal relationship between improvements
in respiratory events and cytokine profiles (IL-4,
IL-12, IL-13, TGF-B). Such investigations may
help identify the objective physiological mark-

5936

\&e‘* accuracy and clinical evalu-
ation. Furthermore, their str-
ong correlations with disease
severity underscore their utili-
ty in both tracking disease
progression and monitoring
therapeutic response in pedi-
atric SDB.
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