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Background: Despite reported link between OSA and systemic inflammation, results are indecisive so
far for different inflammatory markers to evaluate the casual relation with OSA and its co-morbidities.
Objective of this study was to assess the relationship of inflammatory cytokine Interleukin-6 with
obstructive sleep apnoea (OSA) and its severity among Pakistani population. Methodology: A total of
180 subjects (55 without apnoea, 33 mild, 34 moderate, and 58 with severe apnoea) were analysed in
this cross-sectional study, between Dec 2018 and Jan 2020 in Dow University Hospital, Karachi.
Apnoea was confirmed and subjects were grouped on the basis of Apnoea Hypopnea Index (AHI) by
overnight Polysomnography. Plasma IL-6 was analysed using enzyme-linked immunosorbent assay
(ELISA). One-way ANOVA was used for comparison. Potential effect of age and BMI was controlled
using ANCOVA and effect size was reported as partial eta squared. Results: Mean IL-6 levels were
associated with severity of apnoea with 4.72+1.50 pg/ml, 21.08+6.83 pg/ml, 25.41£7.97 pg/ml and
26.96+7.39 pg/ml in no OSA, mild, moderate and severe OSA respectively, with statistically significant
difference between all groups except between moderate and severe OSA. After controlling the potential
effect of age and BMI still yielded a significant positive association between severity of OSA and IL-6
levels (effect size (partial n°) of 59% (p<0.001)). Conclusion: Higher Interleukin-6 levels were
observed in OSA and associated with its severity. It could provide a feasible method to improve timely

diagnosis of OSA and can point toward presence of a more severe clinical phenotype.
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INTRODUCTION

Obstructive Sleep Apnoea (OSA) is a condition
associated with repeated episodes of partial or complete
obstruction of upper airway, intermittent hypoxia during
sleep, sleep fragmentation and excessive daytime
sleepiness (EDS)."? When there is complete obstruction
of airway the event is called as apnoea, while in case of
partial obstruction it is hypopnea. Number of apnoea-
hypopnea episodes per hour of sleep is called as Apnoea
Hypopnea Index (AHI) and indicates the severity of
apnoea. On the basis of AHI, apnoea can be divided as
mild (AHI= 5-10), moderate (AHI= 15-30) and severe
apnoea (AHI <30) as mentioned by the American
Academy of Sleep Medicine (AASM) revised scoring
criteria.’  Polysomnography is the gold standard
diagnostic test for this condition which can not only
measure AHI but also monitor time spent in each sleep
phase, EEG, The ECG and many other sleep related
parameters.

Its prevalence is continuously increasing as a
recent research described it as 9 to 38%." The OSA has
been observed to be associated with many adverse
health outcomes and comorbidities like excessive day
time sleepiness (EDS), impaired quality of life (QoL),
increase occupational and motor vehicle accidents,
oxidative stress, metabolic disorders, cognitive deficits,
hypertension, coronary artery disease, diabetes, stroke,

congestive heart failure, atrial fibrillation, cardiovascular
events and mortality.*” Common risk factors are
advanced age, obesity, male gender, postmenopausal
women and craniofacial dysmorphisms.* Continuously
increasing prevalence, numerous adverse health
outcomes and sudden death are the reason to increase
OSA related research studies in past few decades to
investigate about its aetiology, exact pathophysiology
and other contributory factors, but results are still
indecisive.

According to studies OSA has been found to
be associated with increased systemic inflammatory
responses and many of its related outcome can be
explained by underlying inflammatory process that may
contribute to a higher risk for end-organ morbidity.**
Studies mentioned higher levels of proinflammatory
mediator such as Interleukin-6 (IL-6), CRP and TNF-a
in OSA and support the hypothesis for the relationship
of OSA and inflammation.” There is a need to assess the
casual relationship of OSA and systemic inflammatory
pathways and to evaluate the circulatory biomarkers
which can point toward the presence of OSA, its
severity and related comorbidities.®

Interleukin-6 is one of the most significant
inflammatory markers and an excellent proxy for the
inflammatory/immune system.'” It belongs to the
category of four-helical cytokines and synthesised and
secreted by many cells in body."" Physiologically it
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involves in homeostasis, intracellular signalling,
haematopoiesis, bone metabolism, liver metabolism,
immune system coordination, proliferation and
differentiation of B and T lymphocytes and neural
development and survival.'>'* Literature explains the
complex biology of IL-6, as how one cytokine can have
extremely different biological effects on different cells
in different biological states."" It behaves as a cytokines
as well as a myokine. It pays a role in different
autoimmune diseases, diabetes, atherosclerosis, cancers,
encephalitis, rheumatoid arthritis and reinforce different
inflammatory states.'” Studies also described its role in
normal sleep physiology and higher circulatory levels
with alterations in sleep duration and low quality of
sleep.” Due to its vital role in haematopoiesis,
immunomodulation, homeostasis and inflammatory
processes, it’s up-regulation or over-expression can
disturb functions of multiple organ system.'* Under
normal condition, its levels are 1-5 pg/ml but during
inflammation it can go through immense amplification
and levels can rise up to 1,000 folds and extreme
conditions can leads to sepsis IL-6 levels in pg/ml."" Its
prognostic levels may varies from 5 to 100,000 pg/ml,
depending on the nature and severity of the disease. Its
multifunctional role describe the significance of its
quantitative detection in assessing the severity of
different diseased conditions.'* We can conclude that
elevated levels of IL-6 can be consider as the major
alarm signal for the body."'

Studies described the elevated levels of IL-6 in
OSA subjects.'” It has been suggested that repetitive
hypoxia, re-oxygenation and oxidative stress during
OSA may lead to activation of inflammatory cells which
increase the production of cytokines IL-6. IL-6 is a well-
established risk factor for cardiovascular disorders and
could be related to OSA related cardio-metabolic
comorbidities. Studies described the elevated levels of
inflammatory mediators IL-6 as well as concomitant
reduction of anti-inflammatory mediators IL-10 so
tilting the balance toward more proinflammatory
status.>>" Studies also described the role of genetic
variation as different genetic background in different
population may account for variability in the results for
IL-6 levels in different countries, which emphasizes for
the need of current study in our population.'®

Despite multiple related co-morbidities and
complications, OSA is still an underdiagnosed and
underestimated disease in our community due to lack of
information not only in general public but also in our
medical practitioners. We have only few OSA related
research studies for our local population, which
examined relationship of OSA with metabolic
syndrome, disturbance in lipid profile, derangements in
glucose metabolism and relationship with physical
activity.*”'*"” There is a dire need to evaluate a
biomarkers like IL-6, which can point toward the

presence of OSA, its severity and related comorbidities.
It could provide a feasible and accessible method to
improve the timely diagnosis of OSA and to identify
patients who are at high risk of CVS complications and
required immediate intervention. The objective of this
study was to assess the relationship of inflammatory
cytokine Interleukin-6 with obstructive sleep apnoea and
its severity among Pakistani population.

MATERIAL AND METHODS

This cross-sectional study was conducted in Dow
University of Health Sciences, Karachi, from Dec 2018
to Jan 2020. Study approval was taken from Ethical
Review Board of the University. Study population were
subjects coming to Sleep Laboratory, referred from
many hospitals of Karachi as well as from many cities
of Pakistan for the diagnosis of their OSA.

Inclusion criteria were subjects with snoring,
witnessed apnoea or EDS (ESS Score >9), having
indication for Polysomnography. The Epworth
Sleepiness Scale (ESS) is a questionnaire which can tell
us about chances of having EDS when score is >9."
Subjects with recent surgery, pregnancy or current
serious illness were excluded.

Each subject arrived at 9 PM on their
respective night booked for Polysomnography. Oral and
written consent was taken with verbal explanation of
procedure while approved performa was used to record
anthropometric measurements, medical and personal
history and medical examination. All subjects went
through split-night polysomnography for their AHI and
OSA diagnosis. Test was performed by using a
multichannel polysomnographic machine (Philips
Respironic Alice 5 and Alice 6). Polysomnographic data
gave us recording for chest and abdominal wall
movement, ECG, air flow and volumes, nasal pressure,
Arterial oxygen saturation (Sag,), pulse waveform, the
bilateral electro-oculogram (EOG), electroencephalo-
gram (EEG), chin and anterior tibial electromyograms
(EMG).> The OSA subjects were categorized on the
basis of their AHI as mild (32 subjects), moderate (35
subjects) and severe apnoea (58 subjects) while a
comparison group without apnoea was comprised of 55
subjects. Control group included age and gender
matched subjects with ESS score <9, no sign and
symptoms of apnoea and no EDS.

After OSA diagnosis they were analysed for
IL-6 levels by taking blood sample in the morning, in a
vacutainer tube containing EDTA. Centrifugation was
performed to separate plasma and stored it at -80 °C
until further processing for IL-6 analysis.

Enzyme-link immune-sorbent assay (ELISA)
kits (DIA source, SA Belgium) was used with standard
automated procedures, in Biochemistry Laboratory.
Sample handling, temperature control and working
procedures were managed according to manufacturer’s
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protocol. Dichromatic readings were taken by
calculating the mean of duplicate determinations.

SPSS-20 was wused for data analysis.
Quantitative variables, e.g., age, weight, height, BMI
and IL-6 were stated as Mean+SD, whereas qualitative
variables were mentioned as frequency. Mean levels of
IL-6 were compared by using independent sample #-test
for two groups, while one way ANOVA was used to
make comparison between sub-groups; p<0.05 was
considered as significant. Potential effect of age and
BMI was controlled using ANCOVA and effect size
was reported as partial eta squared.

RESULTS

Mean age of study group was 48.92+11.28 years (No
OSA: 46.04+12.6, mild OSA: 47.88+10.41, moderate
OSA: 51.80£12.39, severe OSA: 50.4849.10). There
were 110 (61%) males subjects and 70 (39%) females
subjects while no statistically significant difference was
present in the IL-6 levels between genders (p=0.77).
Mean AHI score (apnoea score) for mild, moderate and
severe apnoea groups and ESS score for all groups are
mentioned in Table-1. Mean plasma IL-6 level for

whole study group was 18.82+11.41 pg/mL. IL-6 levels
for no apnoea group was 4.72+1.50 while mean levels
for all three apnoea groups was 25.02+7.74 (p<0.0001).

Table-1 shows the means and standard
deviations of IL-6 levels, age, and BMI of different
groups. Mean IL-6 levels showed increasing trend with
severity of apnoea with 4.72+1.50 pg/ml, 21.0846.83
pg/ml, 25.41+£7.97 pg/ml and 26.96+7.39 pg/ml in no
OSA, mild, moderate and severe OSA respectively with
statistically significant difference between all groups
except between moderate and severe OSA. (Table-2
shows the mean differences and respective p-values in
different groups). Despite there was non-significant
difference of mean age between groups and statistically
significant difference in the mean BMI scores between
groups as both are showing an increasing trend
according to severity of OSA, controlling for these two
variables still yielded a significant positive association
between severity of OSA and IL-6 levels. After
controlling for the possible effect of BMI and age, the
association between OSA severity and IL-6 was
statistically significant with and effect size (partial %) of
59% (p<0.001).

Table-1: Comparison of IL-6 levels, age, ESS scores, AHI scores and BMI in different groups of obstructive
sleep apnoea (Mean+SD)

Severity of OSA IL-6 levels Age ESS Score Apnoea score BMI
No OSA (n=55) 4.72+1.50 46.04+12.6 3.38+2.24 0.00+0.00 24.97+5.68
Mild OSA (n=33) 21.08+6.83 47.88+10.41 11.09+£3.45 10.25+£3.72 32.98+5.93
Moderate OSA (n=34) 25.41+£7.97 51.80+£12.39 13.68+3.34 24.67+6.45 36.1549.18
Severe OSA (n=58) 26.96+7.39 50.48+9.10 16.71+4.27 50.28+15.16 37.91+8.05
Table-2: Mean differences of IL-6 in different groups of obstructive sleep apnea
95% Confidence Interval
Severity of OSA Severity of OSA Mean Difference P Lower Bound Upper Bound
No OSA Mild OSA -16.3570 <0.001 -19.062 -13.651
Moderate OSA -20.8309 <0.001 -23.511 -18.150
Severe OSA -22.2421 <0.001 -24.555 -19.930
Mild OSA No OSA 16.3570 <0.001 13.651 19.062
Moderate OSA -4.4739 0.004 -7.476 -1.471
Severe OSA -5.8851 <0.001 -8.564 -3.206
Moderate OSA No OSA 20.8309 <0.001 18.150 23.511
Mild OSA 4.4739 0.004 1.471 7.476
Severe OSA -1.4111 0.295 -4.065 1.243
Severe OSA No OSA 22.2421 <0.001 19.930 24.555
Mild OSA 5.8851 <0.001 3.206 8.564
Moderate OSA 1.4111 0.295 -1.243 4.065
DISCUSSION Huang et al’ conducted their research in Taiwan and

Our findings are suggesting an association of plasma
IL-6 levels with OSA and its severity in our
population. Results are still significant even after
controlling the potential effect of age and BMI.
Literature review reflects the variability in
this association in different study populations. Gozal et
al’, examined a small group of polysomnographicaly
diagnosed OSA children and found significantly
higher levels of IL-6, independent to obesity. After
treatment with tonsillectomy and adenoidectomy (T
and A) IL-6 levels were decrease as those of controls.

failed to get any significant difference with respect to
IL-6 levels (p=0.104) in age and BMI matched case-
control groups. A multicentre study'’ examined
Spanish children and found significantly higher levels
of IL-6 in OSA children as compare to age and BMI
matched controls (p=0.009) and suggested a role of IL-
6 in OSA related comorbidities. Motamedi et al’,
evaluated a young adult cohort with moderate to
severe apnoea and determined higher IL-6 levels. As
study population consist of young individuals and
hypertension/CVDs were infrequent so they concluded
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that higher levels of IL-6 in their study was most likely
due to presence of oxygen desaturation. They proposed
that repetitive hypoxia may induced vascular injuries,
aggravation of existing inflammatory process and may
lead to development of cardiovascular and
cerebrovascular issues and cognitive deficits in OSA.
A recently published meta-analysis'® examined 63
studies (57 studies with adult population and 6 studies
with children) and concluded that plasma/serum levels
of [L-6 were significantly higher in majority of studies.
Van Eyck et al'’, examined over-weight and obese
children and couldn’t get any association between
interleukin-6 levels with severity of OSA. Study
population of Tam ez ai* consisted on 44 mild apnoeic
children. They evaluated multiple parameter of
inflammation in OSA group with comparison to
controls and failed to find any significant correlation
between majorities of inflammatory mediators
including IL-6 with OSA. Their negative findings
could be due to the initial and mild form of apnoea in
those children.

Studies reinforced that OSA induces a
reversible low-grade systemic inflammatory response
and increase inflammatory mediators such as IL-6
which may leads to further activation of multiple
downstream pathways and further proceed for different
end-organ morbidities, identified for OSA. Intermittent
hypoxia, hypercapnia and sleep fragmentation are
reported for activation of pro-inflammatory pathways
along with down-regulation of anti-inflammatory
markers, as exemplified by decline in IL-10 levels in
some study.’ IL-6 is considered as a well-recognized
risk factor for CVDs and could be considered as an
important link between OSA and CVDs. Studies
explained correlation of IL-6 levels with the degree of
hypoxia and sleep duration independent of obesity. "

The CVDs remains a highly prevalent cause
of morbidity and mortality worldwide.”’ OSA can be
considered as a modifiable risk factor for prevention of
CVDs, related complications and to reduce huge
economic burden on health care system. There is need
to focus on all the contributing factors and related
biomarkers which could have a possible role in the
aetiology or treatment of OSA.

One important strength of current study is the
analysis of our results after adjustment of age and BMI
which could play a role as confounders. Future
longitudinal studies are advisable to determine
temporal relationship. Blood IL-6 levels could be a
feasible and accessible method to improve the timely
diagnosis of OSA and related morbidities and to
decrease the burden of more serious complications.”
Plasma IL-6 measurements may be used in OSA
treatment follow-ups, when polysomnography is not
available.

CONCLUSION

Higher Interleukin-6 levels were observed in OSA and
associated with the severity of disease. Measurement of
IL-6 levels could provide a feasible method to improve
the timely diagnosis of OSA and can point toward the
presence of a more severe clinical phenotype and
required immediate intervention. It may also facilitate
the implementation of better treatment options for OSA
patients in our country. This study further supports the
hypothesis that elevated levels of IL-6 in OSA could be
the reason of inflammatory stress and related co-
morbidities in these patients.

REFERENCES

1. Imani MM, Sadeghi M, Farokhzadeh F, Khazaie H, Brand S,
Dursteler KM, et al. Evaluation of blood levels of C-reactive
protein marker in obstructive sleep apnea: A systematic review,
meta-analysis and meta-regression. Life (Basel) 2021;11(4):362.

2. Motamedi V, Kanefsky R, Matsangas P, Mithani S, Jeromin A,
Brock MS, et al. Elevated tau and interleukin-6 concentrations in
adults with obstructive sleep apnea. Sleep Med 2018;43:71-6.

3. Gozal D, Serpero LD, Sans Capdevila O, Kheirandish-Gozal L.
Systemic inflammation in non-obese children with obstructive
sleep apnea. Sleep Med 2008;9(3):254-9.

4.  Patil SP, Ayappa IA, Caples SM, Kimoff RJ, Patel SR, Harrod
CG. Treatment of adult obstructive sleep apnea with positive
airway pressure: An American Academy of Sleep Medicine
systematic review, meta-analysis, and GRADE assessment. J
Clin Sleep Med 2019;15(2):301-34.

5. Tan HL, Kheirandish-Gozal L, Gozal D. The promise of
translational and personalised approaches for paediatric
obstructive sleep apnoea: an ‘Omics’ perspective. Thorax
2014;69(5):474-80.

6. Qamar A, Haque Z, Baig MS, Owais M, Iffat W, Qamar A.
Obstructive sleep apnoea: A predictor of abnormal glucose
metabolism. Pak J Physiol 2018;14(4):5-8.

7. Qamar A, Ali SI, Ghuman F, Owais M, Ahmed R. Effeects of
Obstructive Sleep Apnoea on lipid metabolism: A cross sectional
study from a tertiary care hospital of Paksitan. Pak J Physiol
2017;13(4):7-10.

8. Kheirandish-Gozal L, Gozal D. Obstructive sleep apnea and
inflammation: proof of concept based on two illustrative
cytokines. Int J Mol Sci 2019;20(3):459.

9.  Huang YS, Guilleminault C, Hwang FM, Cheng C, Lin CH, Li
HY, et al. Inflammatory cytokines in pediatric obstructive sleep
apnea. Medicine (Baltimore) 2016;95(41):e4944.

10. Imani MM, Sadeghi M, Khazaie H, Emami M, Sadeghi Bahmani
D, Brand S. Evaluation of serum and plasma Interleukin-6 levels
in obstructive sleep apnea syndrome: A meta-analysis and meta-
regression. Front Immunol 2020;11:1343.

11. Rose-John S. Interleukin-6 signalling in health and disease.
F1000Res 2020;9:F1000 Faculty Rev-1013.

12. Ting EY, Yang AC, Tsai SJ. Role of Interleukin-6 in depressive
disorder. Int J Mol Sci 2020;21(6):2194.

13.  Rohleder N, Aringer M, Boentert M. Role of interleukin-6 in
stress, sleep, and fatigue. Ann N'Y Acad Sci 2012;1261:88-96.

14.  Khan MA, Mujahid M. Recent advances in electrochemical and
optical biosensors designed for detection of Interleukin 6. Sensors
(Basel) 2020;20(3):646.

15. Gileles-Hillel A, Alonso-Alvarez ML, Kheirandish-Gozal L,
Peris E, Cordero-Guevara JA, Teran-Santos J, et al
Inflammatory markers and obstructive sleep apnea in obese
children: the NANOS study. Mediators Inflamm
2014;2014:605280.

18 http://www.pps.org.pk/PJP/17-2/ Ambreen.pdf



Pak J Physiol 2021;17(2)

16.

17.

18.

19.

Qamar A, Qureshi M, Nazar S, Baig MS, Iffat W, Owais M.
Physical activity and apnoea-hypopnea index in obstructive sleep
apnoea. Pak J Physiol 2019;15(3):67-70.

Qamar A, Baig MS, Nousheen S. Obstructive Sleep apnea and
metabolic syndrome; causal association or co-existence? Med
Forum 2017;28(4):188-92.

Chu P, Ju YS, Hinze AM, Kim AHJ. Measures of sleep in
rheumatologic diseases: Sleep quality patient-reported outcomes
in rheumatologic diseases. Arthritis Care Res (Hoboken)
2020;72(Suppl 10):410-30.

Van Eyck A, Van Hoorenbeeck K, De Winter BY, Van Gaal L,

20.

21.

De Backer W, Verhulst SL. Sleep-disordered breathing, systemic
adipokine secretion, and metabolic dysregulation in overweight
and obese children and adolescents. Sleep Med 2017;30:52—6.
Tam CS, Wong M, McBain R, Bailey S, Waters KA.
Inflammatory measures in children with obstructive sleep
apnoea. J Paediatr Child Health 2006;42(5):277-82.

Tietjens JR, Claman D, Kezirian EJ, De Marco T, Mirzayan A,
Sadroonri B, et al. Obstructive sleep apnea in cardiovascular
disease: a review of the literature and proposed multidisciplinary
clinical management strategy. J Am Heart Assoc
2019;8(1):¢010440.

Address for Correspondence:
Dr. Ambreen Qamar, Associate Professor, Deptartment of Physiology, Dr. Ishrat-ul-Ebad Khan Institute of Oral Health
Sciences, Dow University of Health Sciences, Karachi, Pakistan. Cell: +92-300-0200277

Email: ambreen.qamar@duhs.edu.pk

Received: 26 May 2021

Contribution of Authors:

AQ: Concept and designing of work, analysis and interpretation of data
ZH: Designing of work and final approval of version to be published
SZ.: Drafting of work, critical revision for important intellectual contents
MSB: Acquisition of data/samples, interpretation of data

Funding source: None
Conflict of interest: None

Reviewed: 29 Jun 2021

Accepted: 29 Jun 2021

http://www.pps.org.pk/PJP/17-2/ Ambreen.pdf 19



