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Kratak sadr`aj

Uvod:Uvod: Poreme}aji spavanja, naro~ito opstruktivna apne-
ja u snu (OSA) i insomnija (ID), su povezani  sa sistem-
skom inflamacijom. Me|utim, dijagnosti~ka i prognos-
ti~ka vrednost specifi~nih citokinskih profila i dalje nije 
dovoljno razja{njena. Identifikovati karakteristi~ne se-
rumskih citokinskih potpisa kod OSA i ID u pore|enju sa 
zdravim kontrolnih pacijentima na po~etku ispitivanja, kao 
i proceniti longitudinalne promene ovih biomarkera nakon 
standardnog le~enja.
Metode:Metode: U ovu pilot-studiju je uklju~eno 75 ispitanika (25 
sa OSA, 25 sa ID i 25 zdravih kontrolnih pacijenata). Se-
rumski nivoi IL-6, TNF-a, IL-1b, IL-10 i CRP su odre|ivani 
na po~etku ispitivanja primenom multipleks imunotesta. 
Svi pacijenti su podvrgnuti polisomnografiji i klini~koj pro-
ceni. Grupe sa OSA i ID su ponovo procenjene nakon 3 
meseca terapije (CPAP za OSA, KBT-I za ID), uz ponovnu 
analizu citokina.
Rezultati:Rezultati: Na po~etku ispitivanja, grupa sa OSA je ima-
la zna~ajno povi{ene nivoe IL-6 (p<0,001), TNF-a 
(p=0,003) i CRP (p<0,001) u pore|enju sa ZK. Grupa 
sa ID je pokazala povi{ene nivoe IL-6 (p=0,01) i IL-1b 
(p=0,02), ali ne i CRP. Kombinovani panel IL-6, TNF-a i 
IL-1b je razlikovao OSA od ID sa AUC vredno{}u od 0,87 
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Summary 
Background:Background: Sleep disorders, particularly Obstructive 
Sleep Apnea (OSA) and Insomnia Disorder (ID), are 
associated with systemic inflammation. However, the 
diagnostic and monitoring utility of specific cytokine pro-
files remains unclear. To identify distinct serum cytokine 
signatures in OSA and ID compared to healthy controls 
(HC) at baseline and to evaluate longitudinal changes in 
these biomarkers following standard treatment.
Methods:Methods: In this pilot study, 75 cases (25 OSA, 25 ID, 25 
HC) were enrolled. Serum levels of IL-6, TNF-a, IL-1b, 
IL-10, and CRP were measured at baseline using multi-
plex immunoassay. All patients underwent polysomnog-
raphy and clinical assessment. The OSA and ID cohorts 
were re-evaluated after 3 months of treatment (CPAP 
for OSA, CBT-I for ID) with repeat cytokine analysis.
Results:Results: At baseline, the OSA group showed significantly 
elevated levels of IL-6 (p<0.001), TNF-a (p=0.003), 
and CRP (p<0.001) compared to HC. The ID group had 
elevated IL-6 (p=0.01) and IL-1b (p=0.02) but not CRP. 
A combined panel of IL-6, TNF-a, and IL-1b differentiated 
OSA from ID with an AUC of 0.87 (95% CI: 0.78–0.96). 
Longitudinally, CPAP therapy in adherent patients (>4 
hrs/night) led to significant reductions in IL-6 (p=0.004) 
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Introduction

Sleep disorders represent a significant global 
public health burden, with Obstructive Sleep 
Apnea (OSA) and Insomnia Disorder (ID) being 
among the most prevalent (1). Current diagnostic 
gold standards polysomnography (PSG) for OSA 
and clinical interviews/questionnaires for ID, are 
resource-intensive, not always accessible, and in 
the case of ID, lack objective biological correlates 
(2). There is a critical need for accessible, objective 
biomarkers to aid in diagnosis, phenotyping, and 
monitoring of treatment efficacy (3).

A compelling link exists between disordered 
sleep and systemic inflammation (4). Intermittent 
hypoxia and sleep fragmentation in OSA activate 
nuclear factor-kappa B (NF-kB) pathways, leading 
to the production of pro-inflammatory cytokines 
such as interleukin-6 (IL-6), tumour necrosis factor-
alpha (TNF-a), and C-reactive protein (CRP) (5). 
In insomnia, sustained hyperarousal of the stress 
axis and noradrenergic systems is hypothesised to 
promote a low-grade inflammatory state, though 
findings have been less consistent (6).

Prior research has primarily been cross-
sectional, comparing single cytokines between 
one disorder and controls (7, 8). Few studies have 
directly compared inflammatory profiles across 
different sleep disorders or tracked their longitudinal 
change in response to targeted therapy (9). We 
therefore aimed to test the hypothesis that OSA 
and ID exhibit distinct serum cytokine profiles (IL-6, 
TNF-a, IL-1b, IL-10, CRP) and that these profiles 
normalise with disorder-specific treatment. This 
pilot study addresses these gaps with a dual cross-
sectional and longitudinal design. We hypothesise 
that: 1) OSA and ID possess distinct serum cytokine 
signatures, and 2) Effective treatment will normalise 
these inflammatory markers, correlating with clinical 
improvement.

Materials and Methods

Study design and participants

This single-centre pilot study employed a 
combined cross-sectional and longitudinal design. 
Participants were recruited from the Sleep Disorders 
Centre at University MetroHealth between January 
2024 and June 2025. The Institutional Review 
Board approved the study, and all participants 
provided written informed consent.

Three groups were enrolled, including:

1.  OSA Group (n=25): Newly diagnosed, 
untreated cases with moderate-to-severe 
OSA (Apnea-Hypopnea Index, AHI 15) 
(10),

2.  ID Group (n=25): Cases meeting DSM-
5 criteria for Chronic Insomnia Disorder, 
confirmed by a sleep specialist, with PSG 
excluding significant OSA (AHI<5) (11),

3.  Healthy Control (HC) Group (n=25): Cases 
with no subjective sleep complaints, normal 
PSG (AHI <5, sleep efficiency >85%), 
and matched for age and BMI. Healthy 
control participants were recruited from 
the general population and matched to 
the patient group using a group-level 
(frequency) matching strategy, rather than 
individual one-to-one matching. Matching 
was performed primarily on age and sex 
distributions, while BMI was applied as an 
inclusion-range criterion to ensure that 
controls fell within a clinically comparable 
range to the patient cohort at the time of 
recruitment.

Exclusion criteria for all groups included: active 
infection, autoimmune/inflammatory disease, 
severe psychiatric disorder, pregnancy, shift work, 
and use of immunomodulators or sleep medications 
(12).

(95% CI: 0,78–0,96). Longitudinalno, CPAP terapija kod 
adherentnih pacijenata (>4 sata/no}) je dovela do zna~aj-
nog smanjenja IL-6 (p=0,004) i CRP (p=0,008), {to je 
bilo u korelaciji sa pobolj{anjem indeksa apneja-hipopne-
ja (AHI) (r=0,65; p=0,002). KBT-I kod ID rezultirala je 
smanjenjem IL-1b (p=0,03), koje je bilo u korelaciji sa 
pobolj{anjem efikasnosti spavanja (r=-0,52; p=0,02).
Zaklju~ak:Zaklju~ak: Ova pilot-studija identifikuje specifi~ne infla-
matorne profile kod OSA i ID. Serumski IL-6 i CRP 
predstavljaju obe}avaju}e biomarkere te`ine OSA i 
odgovora na terapiju, dok IL-1b mo`e da ima klju~nu 
ulogu u patofiziologiji insomnije. Ovi nalazi ukazuju na 
ulogu citokina kao komplementarnih objektivnih alata za 
dijagnostiku i pra}enje pacijenata u medicini sna.

Klju~ne re~i: biomarkeri, inflamacija, citokini, ops-
truktivna apneja u snu, insomnija, CPAP, kognitivno-
bihejvioralna terapija

and CRP (p=0.008), correlating with improvement in 
apnea-hypopnea index (AHI) (r=0.65, p=0.002). CBT-I 
in ID led to a reduction in IL-1b (p=0.03), which cor-
related with improved sleep efficiency (r=-0.52, p=0.02).
Conclusion:Conclusion: This pilot study identifies disorder-specific 
inflammatory profiles in OSA and ID. Serum IL-6 and CRP 
are promising biomarkers of OSA severity and treatment 
response, whereas IL-1b may be salient to the pathophysi-
ology of insomnia. These findings support the role of cyto-
kines as complementary objective tools for diagnosis and 
monitoring in sleep medicine.

Keywords: biomarkers, inflammation, cytokines, ob-
structive sleep apnea, insomnia, CPAP, cognitive be-
havioural therapy



3J Med Biochem 2026; 45

Clinical and polysomnographic assessment

All participants underwent a full-night, in-lab 
PSG (Natus® SleepWorks). Standard parameters 
(AHI, arousal index, sleep stages, oxygen 
desaturation index) were scored by a blinded 
technician according to AASM guidelines (13). 
Participants completed the Pittsburgh Sleep Quality 
Index (PSQI) (14), Epworth Sleepiness Scale (ESS) 
(15), and Insomnia Severity Index (ISI) (16) as 
appropriate.

Intervention and follow-up

Patients with obstructive sleep apnea (OSA) 
were treated with continuous positive airway 
pressure (CPAP), whereas patients with insomnia 
disorder (ID) received cognitive behavioural therapy 
for insomnia (CBT-I).

The OSA group was prescribed and titrated 
on Continuous Positive Airway Pressure (CPAP). 
Adherence was objectively monitored via device 
metrics. While the ID Group received 6 sessions 
of standardised Cognitive Behavioural Therapy 
for Insomnia (CBT-I) over 8 weeks, delivered by a 
certified therapist.

Both patient groups underwent a 3-month 
follow-up with repeat PSG, clinical questionnaires, 
and blood sampling.

Adherence to cognitive behavioural therapy for 
insomnia (CBT-I) was defined a priori as attendance 
at 5 of the 6 scheduled sessions, consistent with 
standard CBT-I protocols and prior clinical studies.

Adherence to continuous positive airway 
pressure (CPAP) therapy was defined in accordance 
with established clinical guidelines as use of CPAP 
for 4 hours per night on at least 70% of nights, 
calculated as an average over the 3-month follow-
up period.

Blood sampling and cytokine analysis

Fasting morning blood samples were drawn 
between 7:00 and 8:00 AM. Serum was separated, 
aliquoted, and stored at -80 °C. Levels of IL-6, 
TNF-a, IL-1b, and IL-10 were quantified using a 
high-sensitivity multiplex electrochemiluminescence 
assay (Meso Scale Discovery) (17). High-sensitivity 
CRP was measured by immunoturbidimetry (18). 
All assays were performed in duplicate by personnel 
blinded to group allocation.

Assay reliability was assessed using the 
manufacturers’ reported coefficients of variation. 
For cytokine measurements (IL-6, TNF-a, IL-1b, and 
IL-10), the intra-assay coefficients of variation were 
<8%, and the inter-assay coefficients of variation 

were <10%. For high-sensitivity C-reactive protein 
(hs-CRP), the intra-assay CV was <5% and the 
inter-assay CV was <7%. All samples were analysed 
in duplicate according to the manufacturers’ 
instructions, and mean values were used for 
statistical analyses.

Statistical analysis

Data were analysed using SPSS v.28.0. Cross-
sectional comparisons used one-way ANOVA 
with Tukey’s post-hoc test for normally distributed 
variables and Kruskal-Wallis test for non-parametric 
data. Normality of continuous variables was assessed 
using the Shapiro-Wilk test. Variables with non-
normal distributions were summarised as median 
[IQR], while normally distributed variables were 
reported as mean ± SD. The discriminative power 
of cytokine panels was assessed using Receiver 
Operating Characteristic (ROC) curve analysis 21. 
Longitudinal changes within groups were analysed 
using paired t-tests or Wilcoxon signed-rank tests. 
Correlations were assessed using Pearson’s or 
Spearman’s coefficients. A p-value <0.05 was 
considered significant.

Results

 Baseline demographic and clinical 
characteristics

Groups were well-matched for age and sex. As 
expected, the OSA group had a significantly higher 
BMI than both ID and HC groups (p<0.001). The 
OSA group had significantly higher AHI and oxygen 
desaturation index (ODI), while the ID group had 
worse sleep efficiency, PSQI, and ISI scores (Table I).

 Cross-sectional baseline serum cytokine and 
CRP profiles

Baseline serum analysis revealed distinct 
inflammatory signatures (Table II). The OSA group 
had significantly elevated levels of IL-6, TNF-a, and 
CRP compared to both the HC and ID groups. The 
ID group showed elevated IL-6 compared to HC, 
but CRP levels were not significantly different from 
HC and were significantly lower than in OSA. For IL-
1b, a significant overall group effect was observed 
(p=0.015). Post-hoc analyses revealed that IL-1b 
concentrations were significantly higher in patients 
with ID than in HC and OSA patients. In contrast, 
the difference between the OSA and HC groups did 
not reach statistical significance (p=0.082). 
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Table I Baseline demographic and polysomnographic characteristics.

Characteristic Healthy Controls 
(HC) (n=25)

OSA Group 
(n=25)

ID Group 
(n=25) p-value

Demographics

Age (years), Mean ± SD 15.8±2.2 14.9±1.6 14.7±1.2 0.72

Sex, Male/Female 13/12 15/10 11/14 0.55

BMI (kg/m2), Mean ± SD 26.5±3.1 30.8±4.5* 27.2±3.8† <0.001

Polysomnographic Measures

AHI (events/hr), Mean ± SD 2.1±1.2 32.5±12.4* 2.8±1.5† <0.001

ODI (events/hr), Median [IQR] 1.5 [0.8–2.3] 28.0 [19.5–41.2]* 2.1 [1.2–3.0]† <0.001

Sleep Efficiency (%), Mean ± SD 88.5±4.2 82.1±8.3* 74.8±9.1*† <0.001

Arousal Index (events/hr), Median [IQR] 12.1 [9.5–15.0] 31.5 [24.8–42.0]* 25.8 [20.1–32.4]* <0.001

Questionnaire Scores

ESS Score, Mean ± SD 5.2±2.1 14.8±4.5* 8.1±3.2*† <0.001

PSQI Global Score, Mean ± SD 3.1±1.5 10.2±3.1* 14.8±2.5*† <0.001

ISI Score, Mean ± SD 4.5±2.8 12.1±5.2* 21.4±4.1*† <0.001

Abbreviations: AHI, apnea-hypopnea index; ODI, oxygen desaturation index; ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh 
Sleep Quality Index; ISI, Insomnia Severity Index; IQR, interquartile range.
*Post-hoc analysis: * p<0.05 vs. HC; † p<0.05 vs. OSA group.*
Values are presented as mean ± standard deviation (SD) for normally distributed variables and as median [interquartile range 
(IQR)] for variables with non-normal distributions. The Oxygen Desaturation Index (ODI) and Arousal Index demonstrated skewed 
distributions and were therefore summarised using median [IQR].

Table II Baseline serum inflammatory biomarker levels.

Biomarker Healthy Controls 
(HC) (n=25)

OSA Group 
(n=25)

ID Group (n=25) p-value 
(ANOVA)

Post-hoc 
p-values

IL-6 (pg/mL) 
Mean ± SD

1.52±0.61 3.85±1.21* 2.42±0.84*† <0.001 HC vs. OSA: <0.001

HC vs. ID: 0.010

OSA vs. ID: <0.001

TNF-a (pg/mL) 
Mean ± SD

1.82±0.52 2.91±0.94* 2.15±0.71 0.001 HC vs. OSA: 0.003

HC vs. ID: 0.320

OSA vs. ID: 0.011

IL-1b (pg/mL) 
Median [IQR]

0.52 [0.41–0.68] 0.71 [0.55–0.90] 0.85 [0.62–1.10]*† 0.015 HC vs. OSA: 0.082

HC vs. ID: 0.018

OSA vs. ID: 0.045

IL-10 (pg/mL) 
Median [IQR]

0.95 [0.72–1.20] 1.10 [0.80–1.38] 1.05 [0.81–1.25] 0.450 NS

hs-CRP (mg/L) 
Mean ± SD

1.21±0.70 4.12±2.01* 1.85±0.92† <0.001 HC vs. OSA: <0.001

HC vs. ID: 0.105

OSA vs. ID: <0.001

Abbreviations: IQR, interquartile range; NS, not significant.
*Post-hoc analysis: * p<0.05 vs. HC; † p<0.05 vs. OSA group*
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A logistic regression model incorporating 
IL-6, TNF-a, and IL-1b was constructed to 
differentiate OSA from ID. The receiver operating 
characteristic (ROC) curve for the combined 
inflammatory biomarker panel demonstrated 
excellent discriminative ability, with an area under 
the curve (AUC) of 0.87 (95% CI: 0.78–0.96). The 
optimal cut-point, identified using the Youden index, 
corresponded to a composite panel score of 0.56, 

yielding a sensitivity of 84% and a specificity of 80%. 
At this threshold, the positive predictive value (PPV) 
was 81%, and the negative predictive value (NPV) 
was 83%.

 Longitudinal changes in biomarkers and clinical 
parameters post-treatment

Of the 25 OSA patients, 20 (80%) were 
adherent to CPAP therapy. In these adherent 
patients, significant improvements in AHI, ESS, 
and inflammatory markers were observed after 3 
months. Non-adherent patients (n=5) showed no 
significant change in clinical or biomarker measures 
(Table III).

In adherent patients, the magnitude of 
reduction in serum IL-6 correlated strongly with the 
reduction in AHI (Spearman’s rho=0.65, p=0.002) 
(Figure 1).

ID cohort

Twenty-two (88%) ID patients completed 
CBT-I. Post-treatment, significant improvements 
in insomnia severity and sleep continuity were 
observed, accompanied by a specific reduction in 
IL-1b (Table IV).

The reduction in serum IL-1b levels correlated 
inversely with the improvement in subjective sleep 
efficiency (Pearson’s r =-0.52, p=0.02) (Figure 2).

Table III Longitudinal changes in the OSA group after 3 months of CPAP therapy.

Parameter CPAP-Adherent (n=20) CPAP non-adherent (n=5)

Baseline 3-Month Within-group 
p-value

Baseline 3-Month Within-group 
p-value

AHI (events/hr) 33.8±11.5 4.2±3.5 <0.001 27.2±15.1 25.8±14.3 0.750

ESS Score 15.1±4.2 7.3±3.1 <0.001 13.4±5.1 12.8±4.9 0.812

IL-6 (pg/mL) 3.95±1.18 2.42±0.95 0.004 3.25±1.30 3.40±1.25 0.465

hs-CRP (mg/L) 4.25±2.10 2.30±1.25 0.008 3.52±1.45 3.65±1.50 0.688

TNF-a (pg/mL) 2.98±0.99 2.45±0.85 0.062 2.55±0.71 2.60±0.68 0.891

Table IV Longitudinal changes in the ID group after 3 months of CBT-I.

Parameter Completers (n=22)

Baseline 3-Month p-value

ISI Score 21.6±4.0 9.1±4.5 <0.001

PSQI Global Score 14.9±2.6 7.2±3.8 <0.001

Sleep Efficiency (%) 74.5±9.3 84.2±7.1 0.001

IL-1b (pg/mL) 0.86 [0.64–1.12] 0.61 [0.48–0.80] 0.030

IL-6 (pg/mL) 2.40±0.82 2.15±0.75 0.210

hs-CRP (mg/L) 1.82±0.90 1.78±0.85 0.850

Figure 1 Scatterplot illustrating the association between 
the magnitude of reduction in serum interleukin-6 (DIL-
6) and the reduction in apnea-hypopnea index (DAHI) 
among CPAP-adherent patients.
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Discussion

This pilot study provides novel evidence for 
disorder-specific inflammatory cytokine profiles in 
OSA and ID and for their dynamic responses to 
targeted therapy, building on the existing literature 
(5, 19, 20).

Our cross-sectional findings confirm a pro-
nounced inflammatory state in OSA, characterised 
by elevated levels of IL-6, TNF-a, and CRP. This 
aligns with the well-established pathophysiological 
model, in which intermittent hypoxia activates NF-
kB and inflammasome pathways (5, 21). Notably, 
ID presented a more selective inflammatory signa-
ture (elevated IL-6 and IL-1b), supporting the hy-
pothesis that cognitive-emotional hyperarousal and 
hypothalamic-pituitary-adrenal (HPA) axis dysregu-
lation in insomnia engage specific pro-inflammatory 
pathways, potentially via NLRP3 inflammasome ac-
tivation, distinct from the hypoxia-driven inflamma-
tion of OSA (20). The differential elevation of CRP, 
a downstream marker of IL-6 signalling, in OSA but 
not ID suggests a more robust and sustained hepatic 
acute-phase response in OSA, possibly due to great-
er IL-6 amplitude or additional metabolic triggers 
such as visceral adiposity (22, 23).

The longitudinal data offer crucial insights 
into the potential of cytokines as »theranostic« 
biomarkers. The reduction of IL-6 and CRP with 
effective CPAP therapy aligns with the reversibility 
of OSA-related inflammation and correlates 
with clinical improvement, as suggested in prior 
studies (9, 24). More originally, our finding that 
successful CBT-I reduces IL-1b levels provides a 
novel biological correlate of treatment efficacy in 
insomnia. This suggests that non-pharmacological 
amelioration of sleep continuity and hyperarousal 
can modulate specific central and peripheral 

inflammatory pathways, potentially mitigating 
the long-term cardiovascular risk associated with 
ID (25, 26). The lack of a significant change in 
IL-6 in the ID group post-CBT-I suggests that 
different inflammatory mediators may be more or 
less sensitive to behavioural interventions than to 
mechanical treatments like CPAP.

From a theranostic perspective, these findings 
suggest that inflammatory biomarkers could inform 
individualised treatment strategies. For example, 
elevated IL-6 levels may help identify OSA patients 
at higher inflammatory risk who could benefit 
from targeted interventions to enhance CPAP 
adherence, while baseline or early changes in IL-
1b may indicate responsiveness to CBT-I in patients 
with insomnia disorder. Although exploratory, such 
biomarker-guided approaches could support more 
personalised and proactive management of sleep 
disorders in future clinical settings.

Although body mass index is a well-established 
determinant of circulating CRP levels, the observed 
differences between OSA and insomnia disorder 
were not fully attenuated after adjustment for BMI, 
suggesting that disorder-specific pathophysiological 
mechanisms, beyond adiposity alone, may contribute 
to CRP elevation in OSA, consistent with the results 
of BMI-adjusted (ANCOVA) analyses.

Sleep continuity disruption may promote 
systemic inflammation by coordinating the activation 
of stress-immune pathways. Repeated arousals and 
fragmented sleep can activate the sympathetic 
nervous system and the hypothalamic-pituitary-
adrenal (HPA) axis, increasing cortisol secretion and 
altering circadian immune regulation. In parallel, 
disrupted sleep has been mechanistically linked 
to inflammasome biology, particularly the NLRP3 
pathway that governs maturation and release of 
IL-1b. Preclinical work indicates that activation of 
the NLRP3 inflammasome can modulate sleep 
homeostasis and the sleep response to prolonged 
wakefulness, supporting a bidirectional relationship 
between sleep loss and inflammasome signalling 
(27).

Experimental sleep disruption studies provide 
convergent evidence that IL-1b is sensitive to sleep 
loss in humans. For example, 40 hours of total sleep 
deprivation has been shown to increase circulating 
IL-1b (alongside other inflammatory markers) under 
controlled circadian conditions, suggesting that 
acute sleep loss can upregulate IL-1b pathways 
independent of habitual sleep patterns (28). 
Furthermore, sleep fragmentation paradigms in 
animal models have demonstrated increased NLRP3 
inflammasome expression and activation/activation 
with downstream IL-1b signalling in brain tissue, 
providing a plausible mechanistic link between 
disrupted sleep continuity and inflammatory 
activation (29).

Figure 2 Scatterplot illustrating the inverse association 
between the magnitude of reduction in serum interleukin-
1b (DIL-1b) and improvement in subjective sleep efficiency 
(DSE).
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HPA-axis signalling may further amplify these 
effects by »priming« innate immune responses. 
Chronic stress and glucocorticoid signalling have 
been implicated in regulating inflammasome-related 
pathways (including GR–NF-kB–NLRP3 signalling 
in microglia in preclinical models), providing a 
biologically coherent route by which sustained 
stress physiology associated with poor sleep could 
potentiate IL-1b production and downstream in-
flammatory cascades (30).

Limitations

Several limitations of this study should be 
acknowledged. In addition to the relatively modest 
sample size and the limited 3-month follow-up 
period, the potential influence of unmeasured 
confounding factors cannot be excluded. Lifestyle-
related variables such as dietary habits, physical 
activity levels, and sleep-related behaviours were 
not systematically assessed and may independently 
affect systemic inflammatory markers. Furthermore, 
subclinical metabolic differences, including early 
insulin resistance or low-grade metabolic dysfunction 
not captured by routine clinical measures, could have 
contributed to interindividual variability in cytokine 
levels. Although we adjusted for key covariates such 
as age, sex, and BMI, residual confounding may 
persist. Future studies with larger cohorts, longer 
follow-up, and more comprehensive assessment 
of lifestyle and metabolic factors are warranted to 
clarify these relationships further.

Conclusion

This study identifies serum IL-6 and CRP as 
strong candidate biomarkers for OSA severity and 
treatment response, while IL-1b may be a specific 
biomarker reflecting insomnia-related hyperarousal 
and responsive to behavioural therapy. These 
findings pave the way for larger, longitudinal studies 
to validate the diagnostic and prognostic utility of 
multiplex cytokine panels in personalised sleep 
medicine.
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