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ABSTRACT

Introduction: Cardiorespiratory Polygraphy (CRP) is a less costly
and simplified alternative to time consuming and laborious over
night polysomnography for diagnosis of Obstructive Sleep Apnoea
Syndrome (OSAS) in children. The Apnoea Hypopnea Index (AHI)
is simple and useful index that can be estimated by using CRP.
The magnitude of AHI which reflects severity of OSAS is unknown
in the paediatric population.

Aim: To describe the clinical characteristics and to estimate AHI
in a population of children with obstructive sleep apnoea and
hypopnea syndrome.

Materials and Methods: This cross-sectional observational
study was conducted on 1500 children, below 12 years of age,
from January 2018 to November 2018. They were screened
using Paediatric Sleep Questionnaire (PSQ) in the Outpatient
Departments of General Paediatrics and Pulmonology
respectively, at the Institute of Child Health and Hospital for
Children, Chennai, Tamil Nadu, India. Those children identified
to have probable OSAS were made to undergo cardiorespiratory
assessment. Children with craniofacial syndromes and congenital
heart disease were excluded from the study. Anthropometric
parameters, vital signs, and Body Mass Index (BMI) were

INTRODUCTION

The prevalence of Obstructive Sleep Apnoea Syndrome (OSAS)
in paediatric age group is around 1-4% [1]. OSAS falls in the
spectrum of obstructive Sleep Disordered Breathing (SDB). At
the lower end of the spectrum lies primary or habitual snoring.
Snoring is present in upto 27% of children. A 7 to 12% can be
attributed to habitual snoring. The ratio between habitual snoring
and OSAS is 4:1 to 6:1. OSAS seems to be more common
during the preschool years when the tonsils and adenoids are
the largest [2]. Other risk factors for OSAS are male gender,
obesity, adenoid hypertrophy, cerebral palsy, neuromuscular
disorders, craniofacial anomalies and genetic syndromes [3].
Disordered sleep in OSAS leads to behavioural disturbances,
learning difficulties, excessive daytime sleepiness and long term
cardiovascular morbidity [4-7].

Paediatric polysomnography is the gold standard in diagnosing
OSAS. However, this procedure is complicated, time-consuming,
expensive and is not readily available in most hospitals. It is widely
accepted that Cardiorespiratory Polygraphy (CRP) is a less costly
and simplified alternative to full-night polysomnography for diagnosis
of OSAS in children [8,9]. Sleep apnoea is defined as complete loss
breathing for 10 seconds or more while sleeping. In similar way,
hypopnea is defined as partial loss of breath for 10 seconds or
longer. The AHI is simple and useful index that can be estimated
by using CRP. It tells the number of mixed, obstructive and central
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recorded. AHI and oxyhaemoglobin desaturation index were
estimated in CRP. After descriptive analysis, non parametric
Mann-Whitney test was used to find out any significant difference
in median values of AHI in clinical subgroups. Regression
analysis was done between AHI values and BMI.

Results: Total 47 children were subjected to cardiorespiratory
polygraphy. There was no statistically significant difference in
gender distribution and prevalence of adenoid enlargement
(p-value=0.1447 and 0.7705, respectively). It was found that
maximum occurrence of OSAS was at the age of 6 years (25.5%).
Based on AHI score 44.7% children fell in moderate to severe
OSAS category. There was a poor correlation between BMI scores
and AHI, though no significant difference was observed (r=-0.266,
p-value=0.07087). The difference in median AHI between males
and females was not statistically significant (p-value=0.5256),
while that between children with/without adenoid enlargement
was statistically significant (p-value <0.001).

Conclusion: Children with adenoid hypertrophy have higher
AHI than children without adenoid hypertrophy. There is lack of
evidence for male predominance in the study. Obesity poorly
correlated with AHI score.

Keywords: Adenoid hypertorphy, Apnea hypopnea index, Obesity

apnoeas and hypopnoeas per hour of total study time. Most sleep
centers consider an Apnoea Hypopnea Index (AHI) of <1 to be
normal, 1 < AHI <5 to be mild OSA, 5 < AHI <10 to be moderate
OSA, and an AHI > 10 as severe OSA [10,11].

The prevalence of OSAS has two age peaks. The first peak with
the presence of enlarged adenoid occurs in children from 2 to
8 years of age. A second peak happens at adolescence because
of increase in weight [12]. Overweight or obese children have
significantly higher prevalence of OSAS when compared to those
children having normal weight [13]. In preadolescent children,
there is lack of sex differences in occurrence of OSAS and severity
of OSAS. There is higher prevalence in boys during adolescent
period, as females have higher upper airway space and less
severe OSAS [14].

By using the AHI, one can estimate the severity of the OSAS at
baseline. One can follow-up the children by reassessing the AHI
score. It will help to assess the effectiveness of adenotonsillectomy,
Continuous Positive Airway Pressure (CPAP) therapy and weight
reduction in bringing down OSAS symptoms. However, the
magnitude of AHI, which reflects severity of OSAS, is little known in
Southern Indian paediatric population.

The aim of the present study was to describe the clinical profile of
children with OSAS and to determine the relationship of AHI to their
Body Mass Index (BMI) and distribution of AHI among gender and
adenoid status.
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MATERIALS AND METHODS

This cross-sectional observational study was conducted at Outpatient
Department of Pulmonology and General Paediatrics at Institute of
Child Health and Hospital for Children, Chennai, Tamil Nadu, India,
from January 2018 to November 2018. The ethical approval was
obtained from Institutional Ethical Committee approval (n0:23012018).

Sample size calculation: Expecting 4% prevalence of OSAS in
children with 1% margin of error at 95% confidence level, the required
sample size was 1500 [15]. Hence, 1500 children under 12 years of
age were screened for OSAS.

Paediatric Sleep Questionnaire (PSQ) was utilised to screen children
with OSAS [16]. The PSQ scores 22 items that are divided into
nocturnal, daytime and cognitive symptoms. The questionnaire
contains history related to snoring, restless sleep, night sweating,
frequent awakening, enuresis, sleeping posture, daytime sleepiness,
morning headache and obesity. A child was thought to have OSAS,
if the parents answered positively to 7 or more questions. Thus,
on the basis of the questionnaire, 47 children were included in the
study and made to undergo cardiorespiratory assessment. Children
with craniofacial syndromes and congenital heart disease were
excluded from the study.

After obtaining informed consent from parents, detailed history was
obtained and clinical examinations were carried out. Anthropometric
parameters like weight, height and vital signs like heart rate,
respiratory rate and oxygen saturation (SpO,) were recorded. The
vital signs like respiratory rate, heart rate and SpO,, were continuously
monitored and recorded by Resmed apparatus. BMI was estimated
for each child. Adenoid enlargement was confirmed by lateral
neck radiographs. Oxygen saturation was monitored and AHI was
estimated in CRP (Make: ResMed, Model: Apnoea Link Air).

STATISTICAL ANALYSIS

Data was collected and entered in Gnumeric Worksheet (version:
1.12.46). After doing descriptive analysis, non parametric Mann-
Whitney test was done to find out any significant difference in
median values of AHI among clinical sub groups of sex and adenoid
status. Regression analysis was done between AHI values and BMI.
Non parametric tests and regression analysis were done with basic
statistical packages in R programming language (The R Foundation
for Statistical Computing Version: 3.6.3., Platform: x86_64-pc-
linux-gnu (64-bit). Plots were produced in gg plot2 (version: 3.3.3)
package in R.

RESULTS

Of the total 1500 children screened by parental questionnaire,
47 (3.1%) children scored 7 and above. On analysis of the subjects,
it was found that there was male predominance among the study
population (61.7%). On clinical examination, 22 (46.8%) children
were found to have adenoid enlargement. When compared with
children having no adenoid enlargement, the difference was found
to be statistically insignificant (p-value=0.7705) [Table/Fig-1]. It
was found that maximum occurrence of OSAS was at the age of
6 years (25.5%) (n=12). More than 50% of children fell in the mild
and normal categories OSA based on their AHI score [Table/Fig-2].
There was a poor correlation between BMI SD scores and AHI
without any significant association(r=-0.266, p-value=0.07087)
[Table/Fig-3].

As the distribution of AHI was right skewed, non parametric Mann-
Whitney test was applied in sub groups. The difference in median
AHI between males and females was not statistically significant
(p-value=0.5256). The difference in median AHI values between
children with adenoid enlargement and children without adenoid
enlargement was statistically significant (p-value <0.001) [Table/Fig-4,5].
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Parameter Frequency p-value
Sex*
Male 29 (61.7%)
0.1447
Female 18 (38.3%)
Adenoid enlargement*
Present 22 (46.8%)
0.7705
No adenoid enlargement 25 (53.2%)
Age
2-4 years 7 (14.9%)
5-7 years 23 (48.9%)
0.0001
8-10 years 11 (23.4%)
11-12 years 6 (12.8%)
Body mass index (kg/m?)
Mean 16.95
sD 5.25
Min 11

[Table/Fig-1]: Distribution of sex, adenoid status, age and BMI among children

with Obstructive Sleep Apnoea Syndrome.
*-sample proportions test with continuity correction

Category AHI score n (%)

Normal <1 6 (12.8%)
Mild >1to <5 20 (42.6%)
Moderate >51t0 <10 7 (14.9%)
Severe >10 14 (29.8%)

[Table/Fig-2]: Scaling severity of Obstructive Sleep Apnoea (OSA) based on Apnea
Hypopnea Index (AHI) scoring.
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[Table/Fig-3]: Plotting AHI score against Body Mass Index Standard Deviation Scores.

Parameters Mean AHI Median AHI IQR p-value
Sex*
Male 10.86 5.70 1.90-12.50

0.5256
Female 9.26 3.35 1.73-66.30
Adenoid enlargement*
Present 17.49 12.10 7.43-92.70

<0.001
Absent 3.87 2.90 1.40-4.10

[Table/Fig-4]: Distribution of AHI among Sex and Adenoid Status.

*Mann-Whitney test; p-value <0.05 considered significant

DISCUSSION

The diagnosis of OSAS requires a high degree of suspicion in
paediatric population and it should be included in routine history
taking. However, if left untreated it has lasting impact on the growth
and development of the child. If history is taken with care, we can
bring more and more children for evaluation and treatment. There
are many simple questionnaires which help to identify children with
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[Table/Fig-5]: Box Plots of AHI Scores in children with adenoid enlargement and

without adenoid enlargement.

problems that may be indicative of OSAS. By using PSQ, this study
found that 3.1% children attending the Outpatient Department
suffered from OSAS. Total 47 children were chosen to undertake the
cardiorespiratory profile after administration of the questionnaire.

Inoshita A et al., in Japan conducted a study to find age-stratified
sex differences in polysomnographic findings and pharyngeal
morphology among children with obstructive sleep apnoea [14].
They found sex differences in adolescent patients with OSAS and
lack of such differences in preadolescent children with OSAS. In
addition, they found that adolescent girls have less severe OSA and
better sleep efficiency compared with adolescent boys with OSA. In
spain, Fuentes-Pradera MA et al., conducted a cross-sectional study
in 226 adolescents of both sexes aged 11-19 years with overnight
polysomnography and observed that postpubertal adolescents
showed sex differences in clinical and polygraphic parameters
related to sleep disordered breathing that were not observed at
earlier pubertal stages [17]. These findings support the influence
of sex hormones on sex differences in sleep disordered breathing
that seem to become apparent at the time of sexual maturation
[18]. In the present study male preponderance was not statistically
significant (p-value=0.1447). Moreover, the median difference of
2.35 in AHI between male children and female children was not
statistically significant (p-value=0.5256).

Total 48.9% of children fell in 5-7 years of age. Probably because
this is the age when the adenoid is the maximum in size. The median
difference in AHI between children with adenoid enlargement and
children without adenoid enlargement was statistically significant
(p-value <0.001). There are studies which have found increased
association between adenotonsillar hypertrophy and OSAS.
A retrospective study conducted at Taiwan by Kang KT et al.,
observed a positive influence of adenotonsillar hypertrophy on OSA
and also observed that the influence of adenoid size on OSAS
decreases in adolescence [19]. A study conducted by Ye J et al., at
Guangdong province of China also proved the significance of early
adenotonsillectomy in children suffering from OSAS [2]. Don DM et
al., reviewed overnight polysomnography records of 363 children
aged 1-18 years at children Hospital Los Angeles. They observed
those children less than three years of age also had an increased
frequency of central apnoea than their older counterparts. They
advocate that all children less than three years of age with obstructive
sleep apnoea continue to be treated as a high-risk population for a
period even after adenotonsillectomy [20].

The study conducted by Andersen IG et al., in Denmark in
adolescent age group showed relationship between the BMI and
incidence of OSAS [13]. In their study, children with overweight/
obesity had a significantly higher prevalence of OSA compared with
a normal-weight group. Increased BMI SD scores was associated
with increased AHI. In the present study the BMI SD scores of 47
children poorly correlated with AHI (r=-0.266, p-value=0.07087). No
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child beyond 12 years of age was included in the study. Authors
presume that in younger children adiposity plays little role when
compared to adenoid enlargement.

The overall mean value of AHI is approximately 10.4, this can be
easily understood by the population selected by a questionnaire
which filters out normal children. Going by AHI, 12.8% children were
normal without OSAS. It was found that 42.6% of the children had
an AHI which indicated mild OSAS, 14 children had severe OSAS
and rest of the children had moderate OSAS as indicated by AHI.
Severe cases were referred for adenotonsillectomy, and mild to
moderate cases were subjected to steroidal nasal spray.

Limitation(s)

The population selected was small in size and that also contained
high risk children selected by questionnaire without any proper control
population. AHI index was calculated by Cardiorespiratory Polygraphy
in our study. Authors were unable to compare our cardiorespiratory
profile findings with that of an overnight polysomnogram to give
conclusive evidence regarding the accuracy of cardiorespiratory
profile. The lack of a dedicated Polysomnography laboratory with
adequate number of technicians who are trained in handling children
and infants with provisions to lodge the children and their attenders is
an important limitation of the present study. A large population based
study with polysomnography as a gold standard and appropriately
matched controls may reveal the effectiveness of Cardiorespiratory
Polygraphy in diagnosing cases of OSAS in children.

CONCLUSION(S)

The prevalence rate of OSAS in our paediatric Outpatient Department
is 3.1%. There are tools such as PSQ that can be employed as
a screening tool to find out the cases of paediatric OSAS. CRP
is a cheaper and effective modality to find out AHI. Children with
adenoid hypertrophy have higher AHI than children without adenoid
hypertrophy. There was a lack of evidence for male predominance in
the present study and obesity poorly correlated with AHI score.
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