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Introduction

Obstructive sleep apnea syndrome (OSAS) is a common
sleep disorder in children affecting 0.7 to 10.3% of the
population.1,2 It is mostly linked to morphological features

such a long, narrow face, nasal breathing difficulty (aller-
gies, recurrent colds), and mouth breathing. The dentist’s
involvement in the early diagnosis of anatomic risk factors
or symptoms has grown increasingly to be essential in
recent years.3
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Abstract Introduction Obstructive sleep apnea (OSA) syndrome is a highly prevalent problem
in children. Unfortunately sleep disorders in children remain largely unreported and
underdiagnosed due to various reasons. Overnight in-laboratory polysomnography
(PSG) is the gold standard diagnostic method for OSA; however, it has several
drawbacks. Hence there is a need for simple alternative diagnostic methods, such as
biomarkers. Children with OSA seem to have an inflammatory aspect to its pathophys-
iology; thus the rationale for evaluating inflammatory biomarkers.
Objective This narrative review aimed to evaluate the existing knowledge regarding
inflammatory biomarkers for children with sleep disorders.
Materials and Methods An extensive search of all literature linked to the topic was
performed in PubMed, Medline, EBSCOhost, Cochrane library database CENTRAL, and
Google Scholar search engine. Keywords used in the search included combinations of
the following: inflammation, sleep disorders, children, and biomarkers. Studies in the
list of references of relevant literature were also included. A total of 155 articles
published in the period from 1997 to 2021 were initially included in this review.
Selected articles comprised original research, meta-analysis, and systematic reviews.
Results Studies have mainly centered their investigations on serum inflammatory
biomarkers, namely interleukin-6, tumor necrosis factor-α, and C-reactive protein. Very
few studies investigated salivary inflammatory biomarkers in children.
Conclusion Evidence suggests that children with sleep disorders have elevated levels
of salivary as well as serum inflammatory biomarkers in comparison to normal healthy
children. Also increased levels of these biomarkers correlate with disease severity.
However, more studies are needed to determine the sensitivity and specificity of
salivary inflammatory biomarkers for children with sleep disorders.
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OSAS can occur in children of all ages, from neonates to
adolescents, and has significant medical, psychological, and
social consequences, which can hamper the quality of life and
can be potentially fatal.4Due to the far-reaching consequences
that sleep problems could have on the growing child, it is
imperative that focus should be on early diagnosis and treat-
ment. Unfortunately sleepproblems in children remain largely
underdiagnosed, which could be due to a lack of physician’s
awareness or patients reluctance to undergo screening or
unattainable diagnostic/screening tools.5

Thegold standarddiagnostic approach forobstructive sleep
apnea (OSA) at any age is an overnight in-laboratory poly-
somnography (PSG) assessment.6 Unfortunately, overnight
PSGs are time-consuming, may cause significant inconve-
nience to the child and caregivers, and are not universally
available. Alternative diagnostic procedures have become
increasingly important in recent years.7 Simple methods
including survey, pulse oximetry, audiotaping, videotaping,
abbreviated PSG, or multichannel recordings have all been
evaluated, with varying degrees of success.8–10Among several
other diagnostic methods, biomarker identification has re-
cently gotten a lot of attention.

A biomarker is a component that may be quantified and
analyzedobjectivelyasan indicationofnormalbiologicevents,
pathogenic processes, or the pharmacologic reaction to a
therapeutic treatment.11 If accurate and reliable biomarkers
for OSAS-related morbidities can be developed and validated,
prompt risk stratification and tailored treatment interven-
tions with improved outcomes can be implemented.12

Recent attention has focused on various inflammatory
markers for sleep disorders, which could facilitate diagnosis;
however, an idealmarkerhas yet to be discovered.Most studies
have centered on the assessment of serum inflammatory
biomarkers, namely interleukin (IL)-6, tumor necrosis factor-
α (TNF-α), and C-reactive protein (CRP) levels in adult
population with sleep disorders. A recent scoping review
by Ibáñez-DelValle et alhaveassessedchanges in inflammatory
markers in saliva and their association with sleep quality
measurements in healthy subjects and in sleep-related disor-
ders. However, their review found only two studies related to
children.13 Therefore, there is a lacuna of knowledge regarding
inflammatory biomarkers for the evaluation of sleep disorders
in children. In the present review, we sought to examine the
existing literature regarding inflammatory biomarkers among
children with sleep disorders.

Aim

The aim of this narrative review was to evaluate the existing
literature regarding inflammatorybiomarkers among children
with sleep disorders.

Search Methodology

An extensive search of all literature linked to the topic was
performed in PubMed,Medline, EBSCOhost, Cochrane library
database CENTRAL, and Google Scholar search engine.
Keywords used in the search included combinations of the

following: inflammation, sleep disorders, children, and bio-
markers. Studies in the list of references of relevant literature
were also included. A total of 155 articles published in the
period from 1997 to 2021 were initially included in this
review. Selected articles comprised original research, meta-
analysis, and systematic reviews. Duplicate articles, irrele-
vant articles, non-English articles, unpublished data, and
case reports were discarded. After reviewing the full text
of the selected articles, we have chosen 14 articles for
this review.

Role of Inflammatory Biomarkers in Sleep
Disorders

Even though the precise connections between OSA and the
inflammatory cascade are unknown, it appears to have an
inflammatory component. Snoring causes tissue injury in the
upper airway, demonstrated experimentally to induce
higher levels of biomarkers such as IL-8.12

Repetitive hypoxia and reoxygenation associated with
OSA are believed to cause oxidative stress13,14 and the
production of reactive oxygen species (ROS), which may
play a role in the activation of an inflammatory response
in OSA patients.15

ROS could be more than just a harmful consequence of
metabolism; it could also be a tightly regulatedmoleculewith
essential signaling qualities that can activate inflammatory
pathways.16 They trigger several proinflammatory cytokines,
such as TNF-α, IL-6, and IL-8, via the transcription factors like
nuclear factor-κB (NF-κB), and activator protein 1.17 CRP is
produced in reaction to proinflammatory cytokines, most
notably IL-6, but also IL-1 and TNF- α.18

The proinflammatory transcription factor NF-κB is thought
to be the master switch that regulates expression of several
genes taking part in inflammation, metabolic syndrome, and
atherosclerosis.19 Repeated hypoxia and reoxygenation selec-
tively trigger the proinflammatory transcription factor NF-κB,
and individuals with OSA have been found to have elevated
NF-κB levels in neutrophils and monocytes20 that correspond
with OSA severity and are lowered with continuous positive
airway pressure treatment.21

Inflammatory Biomarkers in Diagnosis of
Sleep Disorders22,23

1. CRP
2. TNF-α
3. IL-6, IL-8, and IL-1

C-Reactive Protein

Tillet and Francis discovered CRP in 1930, which is a homo-
pentameric acute-phase inflammatory protein with a
high degree of conservation in plasma.24 It is largely pro-
duced by liver hepatocytes, although it has also been found in
smooth muscle cells, macrophages, endothelial cells, lym-
phocytes, and adipocytes.25 Its expression is upregulated
during inflammatory disorders such as rheumatoid arthritis,
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certain cardiovascular diseases, and infection.26 As an acute-
phase protein, CRP plasma levels vary by at least 25% during
inflammatory conditions.27 Within 24 to 72hours of signifi-
cant tissue injury, CRP plasma levels rise from roughly 1 g/mL
to over 500 g/mL.28 Proinflammatory cytokines, particularly
IL-6, but also IL-1 and TNF-α, stimulate CRP production.18

In adults, the evidence suggests that there is a substantial
link between OSAS and high-sensitivity CRP levels that is
independent of other well-known risk factors.29 However,
the relationship between OSAS in children and CRP has been
the subject of various studies with contradictory results.
Tauman et al examined 81 children, whowere subjected to a
polysomnographic examination for OSAS. In a fasting state,
CRP levels and lipid profiles were determined the next
morning. Significant relationships appeared between log
CRP levels and apnea–hypopnea index, arousal index, and
the lowest nocturnal arterial oxygen saturation, which
remained significant after body mass index was taken into
account. Furthermore, in comparison to 62% of childrenwith
normal CRP levels, 94% of the children with high log CRP
levels showed excessive daytime sleep deprivation and/or
learning difficulties.30 Larkin et al found similar results in an
adolescent sample as well.31

Kheirandish-Gozal et al studied 20 nonobese childrenwith
OSAS and discovered significant reductions in CRP levels after
OSAS was effectively resolved, demonstrating that OSAS
causes CRP elevations in children independent of obesity.
Moreover, when they investigated IL-6 and CRP levels in
connection to sleep parameters in the context of pediatric
OSAS, comparable relationships were found among nonobese
children, thereby validating the scientific evidence of this
association.32 CRP levels were elevated in both nonobese
untreated OSAS (n¼25) and obese untreated OSAS (n¼37)
children in a following study by Gozal et al , which aimed to
evaluate the metabolic ramifications of OSAS in children.
Additionally, CRP levels lowered after intervention in both
nonobese (4.0�0.9 to 1.1�0.2 μg/mL; p<0.0001) and in
obese children (6.1�1.0 to 2.4�0.6 μg/mL; p<0.001).33

Li et al measured CRP levels in children with OSA and
evaluated the impact of OSA treatment on CRP levels in the
blood. OSA was observed in 45 of 141 children, and those
with moderate disease [Obstructive apnoea index (OAI) > 5]
had considerably higher CRP levels than their non-OSA
counterparts. Sixteen childrenwere treated, and their serum
CRP levels dropped significantly as a result of the interven-
tion. Following treatment for OSA, there was a substantial
association between changes in CRP and changes in OAI.34

Similar results were reported in a meta-analysis by Ingram
and Matthews and Bhattacharjee et al.35,36

There is evidence suggestive of elevated CRP levels in
childhood OSAS. Notably, CRP may serve as a valuable
biomarker for the diagnosis of OSAS in children.

Tumor Necrosis Factor-α

TNF-α was identified in 1975, later isolated and character-
ized in 1984.37 Initially identified as a serum factor that
triggers cell death in tumor cells and thought at that time to

be a promising target as a cancer treatment, TNF was
eventually recognized to be a viable target for the therapy
of inflammatory diseases.38,39

Mononuclear macrophages, natural killer cells, and other
immune cells secrete TNF-α.40 It is important for host defense
and has a role in the etiologyof a variety ofmedical conditions,
including malignancies, infectious diseases, autoimmune dis-
eases, cardiovascular diseases, and atherosclerosis.40 TNF-α
has been linked to sleep modulation by activating NF-κB
pathways, which leads to increased expression of the adeno-
sine A1 receptor, cyclooxygenase-2, and NO synthase, all of
which are assumed to be important in sleep regulation.17,41

Vgontzas et al assessed plasma cytokines levels in disor-
ders of excessive daytime sleepiness in adult population.
Blood was drawn to measure plasma TNF-α, IL-1β, and IL-6
using enzyme-linked immunosorbent assay. Patients with
OSA had plasma TNF-α concentration significantly elevated
compared with that of control group.42 Similar results were
reported by Gozal et al and Khalyfa et al.43,44

Li et al evaluated serumcytokine levels in childrenwith and
withoutOSA and explored theeffects ofOSA treatment, that is,
adenotonsillectomy, on cytokines.35 There was no significant
difference in TNF-α between the non-OSA and OSA groups.
Adenotonsillectomy resulted in a considerable reduction in
serumcytokines in children.28Driessen et al assessed forOSAS
in 11 adults and 37 children with syndromic craniosynostosis
and Treacher Collins syndrome.Malondialdehyde, TNF-α, IL-6,
and high-sensitivity CRP underwent laboratory analyses. In 23
of the 48 individuals, OSAS was diagnosed. Only TNF-α was
found to be considerably greater in both OSAS and non-OSAS
patients.45

Alexopoulos et al correlated the severity of OSA and
morning TNF-α plasma levels in children who underwent
PSG.Morning plasma TNF-α levelswere similar inmildOSAS,
moderate-severe OSAS, and control groups.46

Ibáñez-del Valle et al analyzed the alterations in salivary
inflammatory biomarkers and their relationships with eval-
uation of sleep quality parameters.13 Eleven articles were
pertaining to adults while only two focused on children/
youth population. They primarily assessed the link between
sleep and IL-1, IL-6, TNF-α, and some other inflammatory
markers such as myeloperoxidase (MPO) and prostaglandin-
endoperoxide synthase 2. Due to the contradictory results
observed with TNF-α—levels increased, decreased, and
remained unchanged—no general conclusion could be drawn
about this cytokine in saliva.47

Interleukins

Interleukins are a type of cytokine that was once considered to
beproducedonlyby leukocytesbuthasnowbeendiscovered to
be produced by a variety of different bodily cells. They are
important in immunecell activationanddifferentiation, aswell
as proliferation, maturation, migration, and adhesion. They
have anti-inflammatory and proinflammatory effects as well.
Their major function is to control growth, differentiation, and
activation during inflammatory and immunological reactions.
They are a large group of proteins that bind to high-affinity

Journal of Health and Allied SciencesNU Vol. 12 No. 4/2022 © 2022. Nitte (Deemed to be University). All rights reserved.

Inflammatory Biomarkers for Sleep Disorders Prabhu, Shetty358



receptors on cell surfaces to activate a variety of responses in
cells and tissues. They work in both paracrine and autocrine
manner.48

Interleukins are also used in studies to investigate presence
and severity of sleep disorders. This chemokine’s expression
and production have been shown to be substantially affected
byhypoxia.49 Li et al looked for the levels of serumcytokines in
children with and without OSA and the impact of OSA treat-
ment on cytokines.35 When compared with their non-OSA
counterparts, children with OSA had greater serum IL-6 and
IL-8 values. Adenotonsillectomy resulted in a considerable
decrease in serum cytokines in children.34Driessen et al found
that IL-6 levels were not higher in patients with OSAS.45

LaVoy et al explored connections between objective
measures of sleep and salivary biomarkers in 55 children
and adolescents. α-Amylase, cortisol, IL-6, and IL-1 were all
measured in thefirst waking saliva samples. Elevatedwaking
IL-1β and IL-6 levelswere linked to superior-quality sleep the
night before.50

Conclusion

Evidence suggests that children with sleep disorders have
elevated levels of salivary as well as serum inflammatory
biomarkers in comparison to normal healthy children. Also
increased levels of these biomarkers correlate with disease
severity. However, more studies are needed to determine the
sensitivity and specificity of salivary inflammatory biomark-
ers for children with sleep disorders. There is insufficient
data on the role of biomarkers for OSA in the pediatric
population. Future research should be directed toward stan-
dardization of inflammatory biomarkers and determination
of the precise link to presence and severity of OSA.
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