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Abstract

Background: Obstructive sleep apnea (OSA) is characterized by recurrent upper airway obstruction during
sleep, leading to intermittent hypoxia and sleep fragmentation. Increasing evidence suggests that OSA is
associated with chronic low-grade systemic inflammation, which may contribute to its cardiometabolic
complications. Interleukin-6 (IL-6) is a key pro-inflammatory cytokine implicated in hypoxia-induced
inflammatory pathways; however, its relationship with OSA severity remains incompletely understood,
particularly in the Indian population.

Methods: This hospital-based observational analytical study included 89 adult patients diagnosed with
obstructive sleep apnea using overnight polysomnography. OSA severity was classified based on the apnea—
hypopnea index (AHI) into mild, moderate, and severe categories. Fasting venous blood samples were collected
the morning after polysomnography, and serum IL-6 levels were measured using enzyme-linked immunosorbent
assay. Correlations between IL-6 levels and polysomnographic parameters were assessed, and comparisons
across OSA severity groups were performed using appropriate statistical tests. Analysis of covariance was used
to adjust for body mass index.

Results: The mean age of the study population was 51.8 + 10.6 years, with a male predominance (71.9%).
Moderate-to-severe OSA was observed in 74.2% of patients. Serum IL-6 levels increased progressively with
OSA severity, with mean values of 3.9 + 1.4 pg/mL in mild OSA, 6.2 + 2.1 pg/mL in moderate OSA, and 9.1 +
3.0 pg/mL in severe OSA (p < 0.001). IL-6 levels showed a strong positive correlation with AHI (r = 0.62, p <
0.001) and oxygen desaturation index (r = 0.55, p < 0.001), and an inverse correlation with minimum oxygen
saturation (r = —0.48, p < 0.001). The association between IL-6 levels and OSA severity remained significant
after adjustment for body mass index (adjusted p < 0.001).

Conclusion: Serum IL-6 levels are significantly elevated in obstructive sleep apnea and increase progressively
with disease severity. The strong correlation between IL-6 and apnea—hypopnea index, independent of obesity,
supports the role of IL-6 as a biomarker of OSA severity and highlights the contribution of systemic
inflammation to the pathophysiology of OSA.
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Introduction

Obstructive sleep apnea (OSA) is a common sleep-
related breathing disorder characterized by
recurrent episodes of partial or complete upper
airway obstruction during sleep, resulting in
intermittent hypoxia, sleep fragmentation, and
marked fluctuations in intrathoracic pressure [1].
These pathophysiological disturbances contribute
to excessive daytime sleepiness, impaired
neurocognitive function, and reduced quality of
life. OSA is increasingly recognized as a major
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public health problem, with a reported global
prevalence ranging from 9% to 38% in adults, and
substantially higher rates among males, obese
individuals, and older populations [2]. In the Indian
context, community-based studies have reported
OSA prevalence rates of approximately 13—19% in
middle-aged adults, reflecting a rising burden
paralleling increasing obesity and metabolic
disorders [3]. The severity of OSA is
conventionally quantified wusing the apnea—
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hypopnea index (AHI), which represents the
number of apneas and hypopneas per hour of sleep
recorded during overnight polysomnography [4].
AHI remains the gold standard for grading disease
severity and stratifying cardiovascular and
metabolic risk, with higher AHI values strongly
associated with adverse clinical outcomes [4].
However, AHI alone does not fully capture the
systemic  biological consequences of OSA,
particularly the inflammatory and metabolic
alterations that mediate long-term complications

[5].

Emerging evidence suggests that OSA is a state of
chronic  low-grade  systemic inflammation.
Repetitive cycles of hypoxia and reoxygenation,
termed chronic intermittent hypoxia, activate
oxidative stress pathways, sympathetic nervous
system overactivity, and endothelial dysfunction
[6]. These processes collectively stimulate the
release of pro-inflammatory cytokines, thereby
promoting a sustained inflammatory milieu [6].
This inflammatory activation is believed to play a
pivotal role in the development of OSA-related
comorbidities, including hypertension,
atherosclerosis, insulin resistance, and
cardiovascular disease [6].

Interleukin-6  (IL-6) is a pleiotropic pro-
inflammatory cytokine produced by a wide range
of cells, including macrophages, endothelial cells,
adipocytes, and skeletal muscle cells. IL-6 plays a
central role in immune regulation, acute-phase
responses, and metabolic homeostasis [7]. Elevated
circulating IL-6 levels have been implicated in the
pathogenesis of cardiovascular disease, type 2
diabetes mellitus, and metabolic syndrome—
conditions that frequently coexist with OSA [7].
Importantly, IL-6 synthesis is upregulated in
response to hypoxia and oxidative stress, making it
a biologically plausible mediator linking
intermittent hypoxia to systemic inflammation in
OSA[7].

Several studies have demonstrated increased serum
IL-6 levels in patients with OSA compared to
healthy controls, with some reporting a positive
association between IL-6 concentrations and
disecase severity as assessed by AHI [8].
Nonetheless, the existing literature remains
heterogeneous, with  variability in  study
populations, confounding factors such as obesity,
and inconsistent adjustment for comorbid
conditions. Moreover, data from Indian populations
are limited, despite potential ethnic and phenotypic
differences influencing inflammatory responses and
OSA severity [9].

Understanding the relationship between IL-6 and
OSA severity is clinically relevant, as IL-6 may
serve not only as a biomarker of disease burden but
also as a potential predictor of cardiometabolic risk
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in OSA patients. Establishing a correlation between
IL-6 levels and AHI could strengthen the role of
inflammatory biomarkers in risk stratification,
disease monitoring, and potentially in guiding
therapeutic interventions beyond conventional
polysomnographic parameters.

In this context, the present study aimed to evaluate
the role of inflammatory biomarker IL-6 in patients
with obstructive sleep apnea and to assess its
correlation with apnea—hypopnea index, thereby
contributing to a better understanding of the
inflammatory pathophysiology of OSA in the
studied population.

Materials and Methods

Study Design and Study Setting: This study was
designed as a hospital-based observational
analytical study conducted in the department of
Medicine in a tertiary care teaching hospital in
North India, during period of 2 years between July
2023 to July 2025, with a dedicated sleep
laboratory facility. The study was undertaken to
evaluate serum interleukin-6 (IL-6) levels in
patients diagnosed with obstructive sleep apnea
(OSA) and to assess the correlation between IL-6
concentration and disease severity as measured by
the apnea—hypopnea index (AHI).

Study Population and Recruitment: Adult
patients attending the outpatient or inpatient
services of the Department of Medicine with
clinical features suggestive of sleep-disordered
breathing were screened for eligibility. Patients
presenting with habitual snoring, excessive daytime
sleepiness, witnessed apneas during sleep,
nocturnal choking, or unrefreshing sleep were
evaluated clinically and referred for overnight
polysomnography. Consecutive patients who
fulfilled the diagnostic criteria for obstructive sleep
apnea on polysomnography were enrolled in the
study after obtaining written informed consent.
Where applicable, an age- and sex-matched control
group comprising individuals without symptoms of
sleep-disordered breathing and with normal
polysomnography findings was also included for
comparison.

Inclusion and Exclusion Criteria: Patients aged
18 years and above with newly diagnosed
obstructive sleep apnea, defined by an AHI of >5
events per hour on overnight polysomnography,
were included in the study. Patients with a history
of acute or chronic inflammatory conditions,
autoimmune diseases, malignancy, chronic kidney
disease, chronic liver disease, or acute infections
within the preceding four weeks were excluded to
avoid confounding influences on inflammatory
biomarker levels. Individuals receiving systemic
corticosteroids, immunosuppressive agents, or
long-term anti-inflammatory medications were also
excluded. Patients previously diagnosed with OSA
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and already on treatment such as continuous
positive airway pressure therapy were not included.
Pregnant women were excluded from the study.

Clinical and Anthropometric Assessment: All
enrolled participants underwent a detailed clinical
evaluation at baseline. Demographic data including
age and sex were recorded. Anthropometric
measurements such as height, weight, and body
mass index (BMI) were obtained using
standardized techniques. BMI was calculated as
weight in kilograms divided by height in meters
squared. Daytime sleepiness was assessed using the
Epworth Sleepiness Scale. Blood pressure was
measured using a standardized
sphygmomanometer, and information regarding
comorbid conditions such as hypertension, diabetes
mellitus, and dyslipidemia was documented based
on medical history and available records.

Polysomnography and Diagnosis of Obstructive
Sleep Apnea: All participants underwent overnight
attended polysomnography in the sleep laboratory
using a standardized digital polysomnography
system. The recording montage included
electroencephalography, electrooculography,
submental and leg electromyography,
electrocardiography, nasal airflow (pressure
transducer and thermistor), thoracic and abdominal
respiratory effort belts, pulse oximetry, and body
position sensors. Sleep stages and respiratory
events were scored manually by a trained sleep
technologist in accordance with standard
guidelines. Apnea was defined as a complete
cessation of airflow lasting at least 10 seconds,
while hypopnea was defined as a reduction in
airflow of at least 30% lasting for 10 seconds or
more, associated with oxygen desaturation or
arousal. The apnea—hypopnea index was calculated
as the total number of apneas and hypopneas per
hour of sleep. Based on AHI values, OSA severity
was classified as mild (5-14.9 events/hour),
moderate (15-29.9 events/hour), and severe (=30
events/hour).

Blood Sample Collection and Processing: Venous
blood samples were collected from all study
participants in the morning following overnight
polysomnography after an overnight fast of at least
8 hours. Blood samples were drawn under aseptic
conditions using standard venipuncture techniques.
The collected samples were allowed to clot and
were then centrifuged at appropriate speed to
separate serum. The serum was aliquoted into
sterile cryovials and stored at —80°C until further
analysis. All samples were processed following
uniform pre-analytical protocols to minimize
variability.

Estimation of Serum Interleukin-6 Levels:
Serum IL-6 levels were measured using a
commercially available enzyme-linked

Hariprasath et al.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

immunosorbent assay (ELISA) kit specific for
human IL-6, following the manufacturer’s
instructions. The assay was based on a quantitative
sandwich immunoassay technique employing
monoclonal antibodies directed against IL-6.

Absorbance was measured using a microplate
reader at the recommended wavelength, and serum
IL-6 concentrations were determined from a
standard calibration curve generated using known
standards. All samples were analyzed in duplicate,
and the mean of the two readings was used for final
analysis. Internal quality control procedures were
followed to ensure assay reliability and
reproducibility.

Outcome Measures: The primary outcome
measure of the study was the serum IL-6 level in
patients with obstructive sleep apnea and its
correlation with the apnea—hypopnea index.
Secondary outcomes included comparison of IL-6
levels across different grades of OSA severity and
assessment of the relationship between IL-6 levels
and clinical variables such as BMI and daytime
sleepiness.

Statistical Analysis: Data were entered into a
spreadsheet and analyzed using SPSS version 20.0.
Continuous variables were expressed as mean +
standard deviation, while categorical variables were
expressed as frequencies and percentages.
Comparisons of serum IL-6 levels across
obstructive sleep apnea severity groups were
performed using one-way analysis of variance
(ANOVA), followed by post-hoc Bonferroni
correction, and analysis of covariance (ANCOVA)
was applied to adjust for the effect of body mass
index where appropriate. The relationship between
serum IL-6 levels and AHI was assessed using
Spearman’s correlation coefficient. A p-value of
less than 0.05 was considered statistically
significant.

Ethical Considerations: The study protocol was
reviewed and approved by the Institutional Ethics
Committee prior to commencement of the study.
Written informed consent was obtained from all
participants after explaining the objectives and
procedures of the study. Participant confidentiality
was maintained throughout the study, and all
procedures were conducted in accordance with
ethical principles for biomedical research involving
human subjects.

Results

A total of 89 patients diagnosed with obstructive
sleep apnea were included in the analysis. The
mean age of the study population was 51.8 + 10.6
years, with a male predominance (71.9%). The
mean body mass index was 29.6 + 4.3 kg/m?, and
the majority of patients were obese according to
Asian BMI criteria. The mean Epworth Sleepiness
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Scale score was 14.2 + 4.1, indicating significant
daytime  sleepiness. Common comorbidities
included hypertension (42.7%), type 2 diabetes
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mellitus  (32.6%), and dyslipidemia (23.6%),
reflecting a high cardiometabolic risk profile
among the study participants (Table 1).

Table 1: Baseline Demographic and Clinical Characteristics of Patients with Obstructive Sleep Apnea (n

=89)
Variable Frequency (%)/mean + SD
Age (years) 51.84+10.6
Gender
Male 64 (71.9)
Female 25 (28.1)
Body mass index (kg/m?) 29.6+4.3
BMI category
Overweight (BMI 23-24.9 kg/m?) 14 (15.7)
Obese (BMI >25 kg/m?) 63 (70.8)
Epworth Sleepiness Scale score 142+4.1
Comorbidity
Hypertension 38 (42.7)
Type 2 diabetes mellitus 29 (32.6)
Dyslipidemia 21 (23.6)

Values are expressed as mean + standard deviation or number (percentage). BMI: body mass index; ESS:
Epworth Sleepiness Scale.

Based on apnea—hypopnea index values obtained from overnight polysomnography, 23 patients (25.8%) had
mild OSA, 28 patients (31.5%) had moderate OSA, and 38 patients (42.7%) had severe OSA. Thus, more than
two-thirds of the study population had moderate-to-severe disease, consistent with the referral pattern of a

tertiary care sleep clinic (Table 2).

Table 2: Distribution of Obstructive Sleep Apnea Severity Based on Apnea—Hypopnea Index

OSA Severity AHI Range (events/hour) Frequency (%)
Mild OSA 5-14.9 23 (25.8)
Moderate OSA 15-29.9 28 (31.5)
Severe OSA >30 38 (42.7)

OSA: obstructive sleep apnea; AHI:

Serum IL-6 levels showed a progressive and
statistically significant increase with increasing
severity of obstructive sleep apnea. Mean IL-6
levels were 3.9 £+ 1.4 pg/mL in mild OSA, 6.2 £2.1
pg/mL in moderate OSA, and 9.1 + 3.0 pg/mL in
severe OSA. One-way ANOVA demonstrated a
highly significant difference across severity groups

apnea—hypopnea index, expressed as events per hour of sleep.

(p < 0.001). Post-hoc analysis revealed significant
differences between mild and moderate OSA,
moderate and severe OSA, and mild and severe
OSA, indicating a clear dose-response relationship
between OSA severity and systemic inflammation
(Table 3).

Table 3: Comparison of Serum Interleukin-6 Levels Across Obstructive Sleep Apnea Severity Groups

OSA Severity Serum IL-6 (pg/mL), mean = SD P value
Mild OSA (n=23) 39+14 <0.001
Moderate OSA (n = 28) 62+2.1
Severe OSA (n = 38) 9.1+3.0

IL-6: interleukin-6; values expressed as mean + standard deviation. Statistical analysis performed using one-way
ANOVA with post-hoc Bonferroni correction.

Serum IL-6 levels demonstrated a strong positive
correlation with apnea—hypopnea index (r = 0.62, p
< 0.001) and oxygen desaturation index (r = 0.55, p
< 0.001). A moderate negative correlation was
observed between IL-6 levels and minimum
oxygen saturation (r = —0.48, p < 0.001). IL-6
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levels also correlated positively with Epworth
Sleepiness Scale scores (r = 0.36, p = 0.001) and
body mass index (r = 0.29, p = 0.006). These
findings suggest that IL-6 levels are closely
associated with both the severity of sleep-
disordered breathing and hypoxic burden (Table 4).
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Table 4: Correlation Between Serum Interleukin-6 Levels and Polysomnographic and Clinical

Parameters
Variable Correlation coefficient (r) p-value
Apnea—Hypopnea Index (AHI) 0.62 <0.001
Minimum oxygen saturation (%) —0.48 <0.001
Oxygen desaturation index (events/hour) 0.55 <0.001
Epworth Sleepiness Scale score 0.36 0.001
Body mass index (kg/m?) 0.29 0.006

AHI: apnea—hypopnea index; ODI: oxygen desaturation index; ESS: Epworth Sleepiness Scale; BMI: body
mass index. Correlation assessed using Spearman’s correlation coefficient.

The scatter plot demonstrates a clear positive linear relationship between serum IL-6 levels and apnea—hypopnea
index. Higher IL-6 concentrations were observed with increasing AHI values, visually supporting the
statistically significant correlation identified in correlation analysis.This pattern indicates a progressive increase

in systemic inflammatory burden with worsening severity of obstructive sleep apnea (Figure 1).
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Figure 1: Scatter plot showing the relationship between serum interleukin-6 (IL-6) levels and apnea—
hypopnea index (AHI) in patients with obstructive sleep apnea (n = 89)

IL-6: interleukin-6; AHI: apnea—hypopnea index
(events/hour). After adjusting for body mass index
using analysis of covariance, serum IL-6 levels
remained significantly different across obstructive
sleep apnea severity categories. The adjusted mean
IL-6 levels were 4.1 = 1.6 pg/mL in mild OSA, 6.0
+ 2.0 pg/mL in moderate OSA, and 8.7 + 2.8

pg/mL in severe OSA. The difference across
severity groups remained highly significant even
after adjustment for BMI (adjusted p < 0.001).
These findings indicate that the observed elevation
in IL-6 levels is independently associated with
OSA severity and is not solely attributable to
obesity (Table 5).

Table 5: Comparison of Serum Interleukin-6 Levels Across Obstructive Sleep Apnea Severity After
Adjustment for Body Mass Index

OSA Severity IL-6 (pg/mL), mean + SD P value
Mild OSA 41+1.6 <0.001
Moderate OSA 6.0+£2.0
Severe OSA 87+£28

IL-6: interleukin-6; OSA: obstructive sleep apnea; BMI: body mass index. Values are expressed as mean +
standard deviation. Statistical analysis was performed using analysis of covariance (ANCOVA) with BMI as a
covariate.

Discussion patients with obstructive sleep apnea (OSA) and
examined its relationship with disease severity as

The present study evaluated the role of the assessed by the apnea—hypopnea index (AHI).

inflammatory biomarker interleukin-6 (IL-6) in
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In this cohort, the majority of patients had
moderate to severe OSA, which is consistent with
hospital-based studies by 10. Afriyie-Mensah
et al., Sharma et al., and Dixit et al., from tertiary
care sleep clinics, particularly in low- and middle-
income countries where patients often present late
in the disease course [10,11,12]. The observed male
predominance and high prevalence of obesity and
cardiometabolic ~ comorbidities  align ~ with
previously reported epidemiological patterns of
OSA in Indian populations in studies by Kapse et
al., Priyadarshini et al., and Goyal et al., [13,14,15].

A key finding of the study was the significant
stepwise rise in serum IL-6 levels across mild,
moderate, and severe OSA categories, with mean
IL-6 concentrations nearly doubling from mild to
moderate disease and showing a further marked
increase in severe OSA. This graded response
strongly supports a dose-response relationship
between OSA severity and systemic inflammatory
activation [16]. Similar trends have been reported
in earlier studies by Fernandes et al., Zhong et al.,
and Motamedi et al., which demonstrated higher
circulating IL-6 levels in patients with moderate to
severe OSA compared to those with mild disease or
controls [16,17,18]. However, the strength of
association observed in the present study is notable
and reinforces the role of IL-6 as a severity-linked
biomarker rather than merely a marker of disease
presence [18].

The significant positive correlation between IL-6
levels and AHI observed in this study further
substantiates the link between sleep-disordered
breathing severity and inflammation. AHI reflects
the frequency of apneic and hypopneic events and
indirectly represents the burden of repetitive
intermittent hypoxia and sleep fragmentation [19].

Chronic intermittent hypoxia is known to activate
nuclear factor-kB and hypoxia-inducible factor-la
signaling  pathways, leading to increased
transcription and release of pro-inflammatory
cytokines, including IL-6 [19]. The moderate-to-
strong correlation coefficient identified in this
study underscores the biological plausibility of IL-6
being directly driven by hypoxic stress rather than
serving as a nonspecific inflammatory marker [19].
In addition to AHI, IL-6 levels correlated positively
with the oxygen desaturation index and inversely
with minimum oxygen saturation, highlighting the
close relationship between hypoxic burden and
systemic inflammation.

These findings are consistent with mechanistic
reviews by Lavalle et al., and Meliante et al.,
demonstrating that recurrent hypoxia—
reoxygenation cycles promote oxidative stress,
endothelial dysfunction, and cytokine release
[20,21]. The association between IL-6 and daytime
sleepiness, as reflected by Epworth Sleepiness
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Scale scores, suggests that inflammatory pathways
may also contribute to neurocognitive and
symptomatic manifestations of OSA [22].

Obesity is a well-recognized confounder in studies
evaluating inflammatory markers in OSA, as
adipose tissue itself is a significant source of IL-6
[23]. Importantly, even after adjusting for body
mass index using analysis of covariance, the
association between IL-6 levels and OSA severity
remained statistically significant. This finding
strengthens the argument that IL-6 elevation in
OSA is not solely attributable to obesity and
supports the hypothesis by Baran et al., and Shahul
et al, that OSA independently contributes to
systemic inflammation [23,24]. Similar
observations have been reported in studies by
Baran et al., and Shahul et al., that adjusted for
adiposity measures and still found elevated IL-6
levels in OSA patients, emphasizing the distinct
inflammatory impact of sleep-disordered breathing
[23,24].

The clinical implications of these findings are
substantial. Elevated IL-6 levels have been
implicated in the pathogenesis of hypertension,
atherosclerosis, insulin resistance, and
cardiovascular disease—conditions that are highly
prevalent among patients with OSA [25]. The
strong association between IL-6 and OSA severity
observed in this study provides a potential
mechanistic  link explaining the increased
cardiovascular and metabolic risk associated with
untreated OSA in studies by Won et al., and Adeva-
Andany [25,26].

From a clinical perspective, IL-6 may serve as a
useful adjunctive biomarker for risk stratification
and for identifying patients with a higher
inflammatory burden who may benefit from early
and aggressive therapeutic interventions [27].

Limitations

Despite its strengths, the study has certain
limitations. The observational design precludes
causal inference, and the absence of longitudinal
follow-up limits assessment of changes in IL-6
levels with treatment. Additionally, although major
inflammatory confounders were excluded, residual
confounding due to unmeasured variables cannot
be completely ruled out. Nevertheless, the robust
correlations, consistent dose—response relationship,
and adjustment for obesity enhance the validity of
the findings.

Conclusion

This study demonstrates that serum interleukin-6
levels are significantly elevated in patients with
obstructive sleep apnea and increase progressively
with disease severity. The strong positive
correlation between interleukin-6 levels and apnea—
hypopnea index, along with indices of nocturnal
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hypoxia, highlights the role of systemic
inflammation in the pathophysiology of obstructive
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