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Salivary C-reactive Protein as a Biomarker in Children with
Sleep Disorders: An Evaluative Study
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A b s t r ac t
Aim: To evaluate salivary C-reactive protein (CRP) levels in children with skeletal class II malocclusion and with a positive history of sleep disorders.
Materials and methods: Twenty-one children aged 8–12 years with skeletal class II malocclusion and at least one sleep disorder participated in
the study (group I). Twenty-one age and gender-matched children with no skeletal malocclusion and no reported history of sleep disorders served
as a comparison group (group II). All children were evaluated regarding their sleep history and clinically examined to determine craniofacial
morphology. Children of group I were subjected to a radiographic assessment including evaluation of airway space. Unstimulated saliva was
collected from all children. Salivary CRP was measured using CRP LEIT kit (Agappe) with calibrator, which is a latex-enhanced turbidimetric
immunoassay. Statistical analysis for intergroup comparison (two groups) for normally distributed data was done using t-test.
Results: There was a significantly higher level of salivary CRP, in children of group I when compared to that of group II children (p < 0.01).
Conclusion: Salivary CRP may be a simple and noninvasive tool in the identification and screening of children at high risk for sleep disorders.
Clinical significance: Routine salivary CRP monitoring could be a valuable biomarker in early recognition and treatment sleep disorders in children.
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Introduction

1,2

Sleep disorders in children have garnered a lot of interest in recent
times. An interference in normal sleep and pattern of breathing could
result in diminished levels of oxygen which could trigger a cascade
of events resulting in oxidative stress, alterations in metabolism,
endothelial damage, and resultant inflammation.1,2 Children with
sleep problems exhibit cognitive and social impairment, behavioral
and mood disturbances, growth impairments, excessive sleepiness
during daytime, impaired concentration that leads to poor work
performance and a decrease in productivity.3-5
In view of the profound consequences that sleep problems
could have on the growing child, it is imperative that focus should
be on early diagnosis and treatment. However, sleep disorders
often remain underdiagnosed and untreated in most children. This
could be because of the physician’s lack of awareness or patient’s
reluctance to undergo polysomnography (PSG) or nonaccessibility
to screening/diagnostic assessments.6
An overnight in-laboratory PSG evaluation remains the gold
standard diagnostic method for obstructive sleep apnea (OSA) and
other sleep disorders at any age.7,8 Unfortunately, overnight PSGs
are onerous, labor-intensive, may impose substantial inconvenience
to the child and caretakers, and are variably accessible around
the world. In recent years there has been a need for alternative
diagnostic methods for the identification of sleep disorders in
children.9 Among these, simple approaches such as questionnaires
with or without medical history and physical examination,
audiotaping, videotaping, pulse oximetry, abbreviated PSG,
home-based polygraphy, or multichannel recordings have all been
assessed, albeit with variable success.10-13 However, among the
alternative diagnostic tools, special interest has recently centered
on the identification of biomarkers.
The ideal biomarker should be highly sensitive and specific for
the problem, should be dose-responsive and correlate to severity of

disease, and should be involved in an important causal pathway, so
that changes in the biomarker levels reliably predict improvements
in the outcome.6
Various biomarkers include inflammatory biomarkers, biomarkers
for oxidative stress, and metabolic biomarkers among others. Recently,
systemic inflammation has emerged as a possible mechanism
underlying the cardiovascular and neurocognitive morbidity
associated with obstructive sleep apnea syndrome (OSAS).14
C-reactive protein is an acute-phase protein, which is
a significant serum marker of inflammation. The plasma
concentration of CRP deviates by at least 25% during inflammatory
disorders.15 It is synthesized primarily in liver hepatocytes but has
also been reported to be synthesized in other cell types such as
smooth muscle cells, macrophages, endothelial cells, lymphocytes,
and adipocytes.16
A recent systematic review and meta-analysis of CRP as a
marker of OSA, reported that serum CRP/hs-CRP levels were found
to be higher in adult OSA patients compared with control subjects
which is consistent with an inflammatory component of OSA
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pathophysiology and support the role of CRP/hs-CRP as a biomarker
in this disease.17 Children with sleep disorders are at increased
risk for sleep deprivation which may trigger proinflammatory
processes.18 We have, therefore, selected CRP as a biomarker in
our study. Very few studies, however, have evaluated CRP and
other biomarkers in children with sleep disorders. Further, almost
all studies have evaluated serum CRP levels. Since saliva is easier to
collect and is noninvasive, we have, in the present study preferred
using saliva to determine CRP levels.
Class II malocclusion is the most frequently encountered
and treated malocclusion in clinical practice. A micrognathia
or a retrognathic mandible will most likely cause the tongue to
reduce the pharyngeal airway space and decrease airflow during
sleep thereby increasing the intrinsic collapsibility of the upper
airway.19 The presence of an increased inflammatory process in
the upper airway tissues is revealed by increased proliferation
of resident or migratory inflammatory cells, as well as increased
expression of proinflammatory cytokines and other inflammatory
mediators such as CRP and TNF-alpha in the adenotonsillar tissues
of children with OSAS.20
We selected children with class II malocclusion with a definite
history of sleep disorders as determined by a validated sleep
questionnaire21 as these children were particularly at a very high
risk for sleep-disordered breathing (SDB) including OSA.
Hence, in this cross-sectional study, we sought to evaluate
salivary CRP levels in a group of children with skeletal class II
malocclusion with a history of sleep problems with a matched
control group of children with no skeletal malocclusion and no
reported history of sleep problems. Additionally, we examined
associations between CRP levels and few of the studied variables.

M at e r ia l s

and

Methods

Inclusion criteria for control group (group II):
•
•
•

Children of either gender, aged 8–12 years.
Children with no reported history of sleep problems.
Children with normal jaw relation (no skeletal malocclusion).

Exclusion criteria for both groups:
•
•
•
•
•
•

Children who were obese (BMI > 95th percentile for age and
gender).22
Children with asthma and chronic upper respirator y
disease/disorder.
Children with diabetes or prediabetes, acute infections,
underlying systemic diseases, and genetic abnormalities.
Children with cerebral palsy or other neuromuscular conditions.
Children with prior history of sleep apnea treatment.
Children on steroids, chronic inflammatory drugs, or opioid
pain medication.

Sample size estimation was conducted with a 5% level of
significance, 80% statistical power, and effect size of 0.9, hence, the
sample size required for two independent groups was 21 each, and
therefore, we have included 42 children in this study.
•
•

Group I (study group): 21 children
Group II (control group): 21 children.

Clinical Examinations
A single, well-trained investigator evaluated and recorded the sleep
habits and problems of the children using a modified validated
sleep questionnaire. 21 The children then underwent a detailed
clinical examination, which included craniofacial and morphologic
assessment followed by a radiographic examination for evaluation
of airway space if required.

Ethical Procedures
The Research Ethics Committee of AB Shetty Memorial Institute of
Dental Sciences, NITTE (Deemed to be University) approved this
study (Ref. No. ETHICS/ABSMIDS/161/2021), which was in accordance
with the 1964 Helsinki Declaration and its later amendments.
Parents or guardians who agreed with the inclusion of their children
in this research signed an informed consent form, authorizing
their children’s participation. Verbal assent was obtained from the
participating children.

Experimental Design
An evaluative, cross-sectional study was conducted including a
salivary sample. All children were subjected to an analysis of their
sleep history, following which a detailed intra and extraoral clinical
and radiographic examination was done. Children were assigned
into two groups: group I (study group) and group II (control group).

Eligibility Criteria
All children were examined and included in the study according
to the eligibility criteria.
Inclusion criteria for study group (group I):
•
•
•
•

Children of either gender, aged 8–12 years.
Presence of at least one sleep problem as assessed by a validated
sleep questionnaire.21
Children with a retrognathic mandible and normal/prognathic
maxilla (Fig. 1A).
Children with a decreased pharyngeal airway space.

Figs 1A to C: (A) Facial profile of child with class II malocclusion with
a retrognathic mandible; (B) Lateral cephalogram of a child with
class II malocclusion with a retrognathic mandible; (C) Collection of
unstimulated saliva sample
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Lateral cephalogram was used for skeletal and airway assessment
(Fig. 1B). The following parameters were assessed23:
•
•
•
•
•
•
•
•
•

SNA (°)
Maxillary length (mm)
ANB (°)
SNB (°)
Mandibular length (mm)
Wits appraisal
Y axis (°)
Upper pharyngeal airway space
Lower pharyngeal airway space.

like frequencies and percentage for categorical data, mean and SD
for numerical data have been depicted. Normality of numerical data
was checked using Shapiro–Wilk test and was found that the data
followed a normal curve; hence, parametric tests have been used for
comparisons. Intergroup comparison (two groups) was done using
t-test. Comparison of frequencies of categories of variables with
groups was done using Chi-square test. For all the statistical tests,
p < 0.05 was considered to be statistically significant, keeping α error
at 5% and β error at 20%, thus giving a power to the study as 80%.

R e s u lts

Standing height and weight of the children were measured and
recorded simultaneously. Height of the children was recorded
in centimeters following the standardized procedure. Weight
was recorded in kilograms using the electronic digital weighing
machine. BMI for every child was calculated (body mass/height2).
BMI z-scores for age and sex was determined based on WHO
reference 2007.24

Saliva Collection
An amount of 1.5–2 mL of unstimulated salivary samples25 was
collected from the children early in the morning between 8 and
11 am in a sterile container (Fig. 1C). The children were asked to
refrain from eating and drinking for at least 30 minutes prior to
saliva collection. Samples were transported to Central Research
Laboratory of our institution for centrifugation at 4000 rpm for
15 minutes. The supernatants were stored at –80ºC.

Recording Salivary CRP
Salivary CRP was measured using CRP LEIT kit (Agappe) with
calibrator. It is a latex-enhanced turbidimetric immunoassay.
C-reactive protein in the samples binds to specific anti-CRP
antibodies, which have been adsorbed to latex particles and
agglutinates. The agglutination is proportional to the quantity
of CRP in the sample. A multimode microplane and fluorescence
intensity bottom reader (TecanSpark 2019; Bioscreen, Switzerland)
was used to determine the intensity of the color change. The actual
concentration was then determined by interpolation from calibration
curve prepared from calibrators of known concentrations.26

Statistical Analysis
Data obtained were compiled on a MS Office Excel Sheet (v 2019,
Microsoft Redmond Campus, Redmond, Washington, United
States). Data were subjected to statistical analysis using Statistical
Package for Social Sciences (SPSS v 26.0, IBM). Descriptive statistics

Analysis of sleep problems in children of group I revealed that
14 children (67%) reported with snoring, eight children (38%) with
sleeping with mouth open, two children (10%) with sleep talking,
two children with (10%) frequent awakening, two children (10%)
with restless sleep, and one child (5%) with daytime napping.
The average sleep duration of children in group I and group II
were 8.79 hours and 10.98 hours, respectively. We observed that there
was a statistically high significant difference seen for sleep duration
between the groups with higher values in group II (p < 0.01, Table 1).
In children of group I, we observed that mean upper airway
space was 12.14 mm which was considerably lesser than the normal
upper airway measurement (15–20 mm). Meanwhile, we recorded
a mean lower airway space of 8.10 mm which was also definitely
lesser than the normal lower airway value (11–14 mm).
Mean salivary CRP levels in group I and group II were 8.27 (±1.01)
mg/L and 2.29 (±1.06) mg/L, respectively. We observed that there
was a statistically high significant difference in salivary CRP levels
between the groups with higher values in group I (p < 0.01, Table 2).
When correlations were done between upper and lower airway
spaces with salivary CRP levels, we observed a slight negative
correlation, however, they were not statistically significant (p > 0.05).

Discussion
Inadequate or nonrestorative sleep can interfere with normal
physical, mental, social, and emotional functioning of an individual.
Sleep disorders can affect overall health, safety, and quality of
life.3-5 However, most children and their parents are reluctant to
undergo a PSG (gold standard) which is time consuming, costly,
and has a waiting period. Therefore, sleep problems in children
often remain undiagnosed and untreated.
Intergroup comparison of age and gender revealed that there
were statistically no significant differences between the two
groups. When sleep problems were analyzed in children of group I
we observed that snoring was the most prevalent problem (67%),

Table 1: Intergroup comparison of sleep duration
Sleep duration
(hours)

Group

N

Mean

Std. deviation

Std. error mean

T value

p-value of t-test

I
II

21

8.79

1.179

0.257

–6.546

0.000**

21

10.98

0.981

0.214

**Statistically highly significant difference (p < 0.01)

Table 2: Intergroup comparison of salivary CRP levels
CRP (mg/L)

Group

N

Mean

Std. deviation

Std. error mean

T value

p-value of t-test

I
II

21

8.2767

1.01797

0.22214

18.596

0.000**

21

2.2905

1.06759

0.23297

**Statistically highly significant difference (p < 0.01)
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followed by sleeping with mouth open (38%). Almost half the
children (38%) reported more than one sleep problem.
Analysis of cephalometric variables in group I children revealed
that mean ANB angle was 5.1° which indicated that there was
considerable anteroposterior (sagittal) skeletal discrepancy in these
children, which was corroborated by the Wits appraisal.
We found significantly higher levels of salivary CRP in group
I children, with a mean value of 8.27 (±1.01) mg/L (p < 0.01). Our
results are consistent with that of Tauman et al.,27 who found higher
plasma CRP levels in children with SDB. They also found that CRP
levels were correlated with severity of SDB. Similar findings were
also reported by Larkin et al.28 in an adolescent cohort, however, a
subsequent report by Kaditis et al.29 on a cohort of Greek children,
did not find evidence for the association between serum CRP levels
and children with SDB. Contradictory results between the present
study and previous studies could be attributed to differences in
the ages of the children who participated in the studies as well as
their BMI levels. In the study by Kaditis et al., children belonged to
a younger age-group and had relatively lower BMI levels. Younger
children would have had a shorter duration of disease, with less time
for inflammation to occur. This could have resulted in significant
differences in CRP levels.
In this study we observed that both mean upper and lower
airway space in group I children were considerably lesser than the
normal airway measurements. The two important mechanisms
involved in pathophysiology of OSA are airway collapsibility
and anatomic constriction both of which are closely associated
with airway inflammation. 30 From our results we may assume
that increased salivary CRP levels in children with skeletal class II
malocclusion and sleep disorders could be partly attributed to the
local oropharyngeal inflammation.
There is considerable evidence in literature that obesity
increases the risk for higher expression of inflammatory biomarkers.
Adipose tissue is a significant source of inflammatory cytokines,
which could partly induce CRP production. This fact accounts for the
discrepancies between results of various published studies.17,31 We
have, therefore, excluded obese children from this study as it could
have been a confounding factor impacting the levels of biomarkers.
C-reactive protein is elevated in several other conditions
and hence may not be a specific marker for SDB. However, in the
present study, we had excluded potential confounding factors
such as obesity, chronic upper respiratory conditions, and other
systemic diseases. Elevated levels of CRP in saliva of children
with class II malocclusion and sleep disorders is indicative of local
oropharyngeal inflammation. As CRP is an acute-phase protein, we
assume that it is highly sensitive to inflammation of any grade. We,
therefore, selected salivary CRP as the inflammatory biomarker of
choice in our study.
In our study, the average sleep duration of children without
malocclusion and with no history of sleep disorders (group II)
was adequate according to recommended guidelines.32 However,
children with malocclusion and sleep disorders (group I) recorded
an average of 8.76 hours, which was observed to be less than the
adequate number of recommended sleep hours.32
Studies suggest that inadequate or inconsistent sleep is associated
with higher levels of inflammatory biomarkers.28,33 However in our
study, we found a statistically nonsignificant correlation between
salivary CRP levels with sleep duration (total sleep time) in group I
children (r = –0.29, p > 0.01).
Correction of class II malocclusion with myofunctional
appliance therapy such as twin block with or without headgear

could improve facial esthetics, correct malocclusion, and also
increase pharyngeal airway dimensions. The effective treatment of
the malocclusion and underlying SDB could thus decrease salivary
CRP levels. A meta-analysis by Ingram and Matthews indicate that
adenotonsillectomy, a treatment modality for OSAS significantly
reduced serum CRP levels in children with OSAS.34

Study Limitations
Our study results provide a new potential methodology to improve
the accuracy of screening for sleep disorders, and suggest areas for
further research. However, there are some limitations to our study.
We have examined a relatively small number of children. Studies in
large cohorts, particularly population-based studies, are required
to further validate our study findings, and to evaluate its diagnostic
utility. Our study design was cross-sectional, which does not allow
exploring the causal relationships involved. In the present study,
correlations of salivary CRP levels with serum CRP levels were not
possible because of invasive procedures involved in the collection
of blood samples.

C o n c lu s i o n
Children with skeletal class II malocclusion and sleep disorders had
significantly elevated levels of salivary CRP. Salivary biomarkers
such as CRP provide a new approach to screening of children at
high risk for sleep disorders which is noninvasive and affordable.
Elevations of salivary CRP levels in children should generate a high
index of sleep disorders suspicion and thus maybe useful as an initial
screening tool, which could further lead to a sleep study referral.

Clinical Significance
Children with skeletal class II malocclusion and sleep disorders had
significantly elevated levels of salivary CRP. Routine salivary CRP
monitoring could be a valuable biomarker in the early recognition
and treatment of sleep disorders in children.
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