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Abstract
Objective: This study aimed to develop a simple and accurate method to diagnose paediatric obstructive sleep
apnoea hypopnea syndrome.

Methods: A total of 311 children with suspected paediatric obstructive sleep apnoea hypopnea syndrome were
included in the study. Multiple clinical parameters, including sex, age, body mass index, history of snoring or
gasping, history of nasal obstruction, history of running nose, palatine tonsil size, adenoid to nasopharynx ratio,
and tympanogram type, were compared with polysomnography results using relevant correlation and regression
analyses. A diagnostic scale was established using the regression equation and the correlation between the
polysomnography result and scale result was determined.

Results: The apnoea–hypopnea index correlated significantly with a history of snoring or gasping, palatine tonsil
size, and tympanogram type. Stepwise logistic regression analysis revealed that the polysomnography result
correlated significantly with a history of snoring or gasping, palatine tonsil size, and the adenoid to nasopharynx
ratio. The percentage correlation between the scale and polysomnography results was 77.8 per cent.

Conclusion: The diagnostic scale can be used to diagnose paediatric obstructive sleep apnoea hypopnea
syndrome for clinical application when polysomnography cannot be performed. However, it is not suitable for
assessing the severity of paediatric obstructive sleep apnoea hypopnea syndrome.
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Introduction
Paediatric obstructive sleep apnoea hypopnea syn-
drome (OSAHS) is characterised by recurrent airway
obstruction resulting in snoring, gasping and apnoeic
events. Currently, polysomnography is the accepted
‘gold standard’ diagnostic technique, as recommended
by the American Academy of Pediatrics.1–3 However,
because it is costly, has a low acceptance rate, and is
time-consuming and laborious, with poor compliance
in children, it is difficult to perform polysomnography
in all cases of suspected paediatric OSAHS. Paediatric
OSAHS diagnosis has therefore been based on clinical
parameters such as medical history, a physical examin-
ation, lateral cephalometric radiography, nasopharyn-
goscopy, acoustic immittance and pure tone
audiometry. Moreover, a diagnosis is often based on
subjective judgement, resulting in an inexact evalu-
ation. Therefore, this study aimed to identify a
simple, accurate diagnostic method for analysing and
screening clinical parameters in children with OSAHS.

Materials and methods

Patients

This study included 311 patients (216 boys, 95 girls)
who were referred to the Department of Otolaryngol-
ogy, General Hospital of Shenyang Military Area
Command, with suspected paediatric OSAHS
between June 2008 and July 2014. Patient selection cri-
teria were: (1) complete clinical data, including a
medical history, physical examination, lateral cephalo-
metric radiography, acoustic immittance and polysom-
nography data; (2) age less than 14 years; (3) no
craniofacial structural abnormalities; and (4) no cardio-
respiratory function impairment or psychiatric
disorders.

Clinical parameters

Clinical parameters potentially related to paediatric
OSAHS based on clinical experience were screened,
including sex, age, body mass index (BMI), history
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of snoring or gasping, history of nasal obstruction,
history of running nose, palatine tonsil size, adenoid
to nasopharynx ratio measured by lateral cephalometric
radiography, and tympanogram type based on acoustic
immittance and polysomnography. Parameters other
than age, BMI and adenoid to nasopharynx ratio were
assigned specific values as follows: sex (male= 1,
female= 0); history of snoring or gasping (neither=
0, snoring alone= 1, both snoring and gasping= 2);
history of nasal obstruction (present= 1, absent= 0);
history of running nose (present= 1, absent= 0); pal-
atine tonsil size (grade 0 (absent)= 0, grade I (internal
limit of the palatine tonsil does not cross the palato-
pharyngeal arch)= 1, grade II (internal limit of the pal-
atine tonsil is located between the palatopharyngeal
arch and the retropharyngeal wall midline)= 2, grade
III (internal limit of the palatine tonsil touches or
crosses the retropharyngeal wall midline)= 3, unilat-
erally); tympanogram type (A= 0, C= 1, B= 2, uni-
laterally); and polysomnography result (OSAHS= 1,
no OSAHS= 0).

Analysis of clinical parameters

Patients were randomly divided into two groups: a
study group (210 patients) and a validation group
(101 patients). Differences in clinical parameters
between groups were assessed to ensure their compar-
ability. Correlations between the apnoea–hypopnea
index and multiple clinical parameters (age, BMI,
history of snoring or gasping, history of nasal obstruc-
tion, history of running nose, palatine tonsil size,
adenoid to nasopharynx ratio, and tympanogram
type) were explored in the study group. Based on a
cut-off point of 5 for the apnoea–hypopnea index,
the study group was divided into OSAHS and
non-OSAHS groups and between-group differences
in clinical parameters were analysed. Thereafter, these
clinical parameters were regarded as independent vari-
ables. The polysomnography result was considered a
dependent variable based on whether it met the
OSAHS diagnostic criteria. Regression analysis was
performed to further define the relationship of the poly-
somnography result with the clinical parameters in the
study group and to establish the regression equation.
Patients were diagnosed according to this equation in
both the study and validation groups, and results were
compared with those obtained by polysomnography.
Correlations between the sets of two results were deter-
mined in both groups. Finally, a simple diagnostic scale
was developed based on the regression equation, and
all 311 patients were diagnosed using this scale. The
correlation between diagnoses based on the scale and
on polysomnography findings for all 311 patients was
determined.

Statistical analysis

Statistical analysis was carried out using SPSS statistics
software version 16.0 (Chicago, Illinois, USA).
Statistical significance was set at a p value of less

than 0.05. Firstly, differences between the study and
validation groups were analysed. The Student’s t-test
was used to analyse quantitative data and the χ2 test
was used to analyse qualitative data present as binomial
classification variables. The Wilcoxon test was used to
analyse qualitative data present as ordinal cate-
gorical variables. Secondly, correlations between the
apnoea–hypopnea index and multiple clinical para-
meters were explored in the study group. Pearson’s cor-
relation test was used when both parameters were
quantitative variables, and Spearman’s correlation test
was used when they were not. Thirdly, differences in
clinical parameters between OSAHS and non-
OSAHS groups were analysed. The Student’s t-test
was used for quantitative data, the χ2 test was used
when qualitative data were present as binomial classifi-
cation variables and the Wilcoxon test was used for
qualitative data present as ordinal categorical variables.
Finally, stepwise logistic regression analysis was per-
formed to determine the relationship between polysom-
nography data and clinical parameters in the study
group.

Results
The cohort comprised 216 boys and 95 girls with an
average age of 6.4 years (range 2–14 years). The
mean BMI was 17.6 kg/m2 (range 11.3–37.0 kg/m2)
and the mean apnoea–hypopnea index value was 8.5
(range 0.1–67.1). The mean lowest oxygen saturation
value was 68 per cent (range 20–94 per cent).
The study group comprised 210 patients (148 boys,

62 girls) and the validation group comprised 101
patients (66 boys, 35 girls). There was no significant
difference in clinical data between the study and valid-
ation groups (p> 0.05; Table I). Pearson’s and
Spearman’s correlation analyses showed that the
apnoea–hypopnea index correlated significantly with
a history of snoring or gasping (r= 0.253, p<
0.001), palatine tonsil size (r= 0.329, p< 0.001) and
tympanogram type (r= 0.146, p< 0.05; Table II).
There were significant differences in history of

snoring or gasping (z=−3.249; p< 0.01) and palatine
tonsil size (z=−3.654, p< 0.001) between the
OSAHS (158 patients) and non-OSAHS (52 patients)
groups in the study group (Table III).
Stepwise logistic regression analysis revealed sig-

nificant correlations between polysomnography data
and a history of snoring or gasping (b= 0.891, p<
0.01), palatine tonsil size (b= 0.331, p< 0.01) and
the adenoid to nasopharynx ratio (b= 3.616, p<
0.05) when using the equation: Y=−4.469+ 0.891
X1+ 0.331 X2+ 3.416 X3, where Y= log-odds of
polysomnography, X1= history of snoring or
gasping, X2= palatine tonsil size and X3= adenoid to
nasopharynx ratio (Table IV). According to statistical
theory, paediatric OSAHS can be diagnosed when Y
is greater than 0. When Y is less than or equal to 0, a
diagnosis of paediatric OSAHS cannot be made.
Correlation between the Y value (as determined by
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the equation) and the polysomnography result was 76.2
per cent in the study group (Table V). To further verify
the accuracy of the equation, the values of X1, X2 and X3

for the validation group were substituted into the equa-
tion. The correlation between Y values and polysomno-
graphy data in the validation group was 78.2 per cent
(Table V).
Next, the regression equation was transformed to

simplify the equation and formulate a diagnostic scale
for clinical application. The cut-off value of Y (Y=
0) was first substituted into the equation. After multi-
plying both sides of the equation by 3 and transferring
the constant to the left of the equation, all figures in the
equation were rounded to the nearest integer. Finally,
the following simplified criterion was derived: 3 X1+
X2+ 10 X3, where a value of more than 13 predicts
OSAHS. The diagnostic scale based on the simplified
equation was formulated (Table VI), in which a score

of greater than 13 was used to diagnose paediatric
OSAHS. When the diagnostic scale was used to diag-
nose OSAHS in all 311 patients, scores were found
to correlate with polysomnography data.

Discussion
In general, paediatric sleep-disordered breathing
mainly includes primary snoring, upper airway resist-
ance syndrome and OSAHS. OSAHS is the commonest
form of sleep-disordered breathing, and adenotonsillar
hypertrophy is the primary cause of OSAHS in chil-
dren.4 Paediatric OSAHS greatly affects a child’s
quality of life and progression can lead to serious com-
plications. It is linked to a number of health-related and
behavioural problems such as daytime sleepiness, enur-
esis, cardiovascular problems, poor growth, hyperactiv-
ity, academic difficulties and attention issues.5,6

TABLE II

STUDY GROUP: CORRELATION BETWEEN THE APNOEA–HYPOPNEA INDEX AND CLINICAL PARAMETERS

Dependent
variable

Statistic Age (y) BMI A:N
ratio

Sex History of
snoring or
gasping

History of
nasal

obstruction

History of
running
nose

Palatine
tonsil size

Tympanogram
type

AHI r −0.069 0.061 0.093 0.087 0.253 −0.125 −0.053 0.329 0.146
p 0.322 0.589 0.179 0.208 0.000 0.072 0.443 0.000 0.035

Y= years; BMI= body mass index; A= adenoid; N= nasopharynx; AHI= apnoea–hypopnea index

TABLE I

DIFFERENCES IN CLINICAL DATA BETWEEN THE STUDY AND VALIDATION GROUPS

Characteristic Study group Validation group t χ2 Z p

Age (years) 6.85± 2.80 6.79± 2.91 0.176 – – 0.861
BMI (kg/m2) 18.91± 4.64 19.04± 5.63 −0.134 – – 0.894
AHI 10.35± 11.27 11.91± 13.72 −1.064 – – 0.288
LSaO2 66.20± 22.87 66.60± 23.42 −0.141 – – 0.888
A:N ratio 0.81± 0.11 0.80± 0.12 0.591 – – 0.555
Sex – – – 1.189 – 0.276
History of nasal obstruction – – – 1.560 – 0.212
History of running nose – – – 1.447 – 0.229
History of snoring or gasping – – – – −0.132 0.895
Palatine tonsil size – – – – −0.139 0.890
Tympanogram type – – – – −0.058 0.954

Data are mean± standard deviation. AHI= apnoea–hypopnea index; LSaO2= lowest oxygen saturation; A= adenoid; N= nasopharynx

TABLE III

CLINICAL DATA ANALYSED BY THE PRESENCE OR ABSENCE OFOBSTRUCTIVE SLEEPAPNOEA HYPOPNEA SYNDROME

Characteristic OSAHS group Non-OSAHS group t χ2 z p

Age (years) 6.82± 2.79 6.94± 2.86 0.266 – – 0.790
BMI (kg/m2) 19.12± 4.47 17.38± 3.56 −1.827 – – 0.072
A:N ratio 0.82± 0.11 0.78± 0.11 −1.784 – – 0.076
Sex – – – 2.150 – 0.143
History of nasal obstruction – – – 0.153 – 0.695
History of running nose – – – 0.154 – 0.694
History of snoring or gasping – – – – −3.249 0.001
Palatine tonsil size – – – – −3.654 0.000
Tympanogram type – – – – −1.771 0.077

Data are the means± standard deviation. OSAHS= obstructive sleep apnoea hypopnea syndrome; A= adenoid; N= nasopharynx
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Therefore, early diagnosis is the key to successful
paediatric OSAHS treatment.
Studies have demonstrated that although approxi-

mately 20 per cent of all children might experience
intermittent snoring during sleep, only 1–4 per cent
suffer from paediatric OSAHS.7,8 Thus, a diagnostic
based only on the clinical symptom of snoring is
inaccurate. Currently, polysomnography is the gold
standard for diagnosing paediatric OSAHS. It is
unaffected by subjective factors and can help determine
the type and severity of respiratory disorder and guide
surgery. However, polysomnography equipment is
relatively expensive, and the examination needs to be
carried out overnight. Thus, the procedure is both
time-consuming and laborious. Most importantly, the
examination may be difficult to perform in children
because of poor compliance. Therefore, clinicians

may base a diagnosis of paediatric OSAHS on clinical
parameters, such as medical history, physical examin-
ation, lateral cephalometric radiograph and acoustic
immittance. However, a diagnosis mainly based on
subjective judgement is inaccurate, and a simple, accur-
ate diagnostic method is needed.
It was suggested that the obstructive sleep apnoea

18-items (OSA-18) questionnaire could be used to
help diagnose paediatric OSAHS.9 However, a poor
correlation between the obstructive apnoea–hypopnea
index obtained by full-night polysomnography and
OSA-18 scores has been reported.10 For example,
Baldassari et al. found that neither the obstructive
apnoea–hypopnea index nor the rapid eye movement
apnoea–hypopnea index correlated with the total
OSA-18 score.11 Moreover, correlations between the
apnoea–hypopnea index and individual clinical para-
meters such as clinical symptoms, BMI, tonsil size
and adenoid size, have been assessed but were found
to be poor.12 For example, Valera et al. reported that
tonsillar hypertrophy correlates with more severe
apnoea in preschool-aged children but not in school-
aged children.13 Goldstein et al. reported that clinical
assessment of OSAHS in children, including a
standardised history, physical examination and review
of a tape recording of breathing during sleep, is a sen-
sitive (92.3 per cent) but not a specific (29.4 per cent)
method for OSAHS diagnosis.14 Therefore, a simple,
accurate method for clinical diagnosis does not cur-
rently exist.

TABLE IV

STEPWISE LOGISTIC REGRESSION OF
POLYSOMNOGRAPHY AND CLINICAL PARAMETER

DATA

Variable b SEM Wald χ2 p

Constant −4.469 1.505 10.045 0.002
History of snoring or

gasping
0.891 0.307 8.429 0.004

Palatine tonsil size 0.331 0.112 8.768 0.003
A:N ratio 3.416 1.521 5.657 0.017

A= adenoid; N= nasopharynx

TABLE V

STUDY AND VALIDATION GROUPS: CORRELATION BETWEEN THE Y VALUE AND POLYSOMNOGRAPHY RESULT

Y value Study group Validation group

PSG= 0 PSG= 1 Correct diagnosis (%) PSG= 0 PSG= 1 Correct diagnosis (%)

> 0 44 152 77.6 18 73 80.2
< 0 8 6 57.1 6 4 60.0
Overall – – 76.2 – – 78.2

PSG= polysomnography

TABLE VI

DIAGNOSIS USING THE SIMPLE EQUATION

Clinical parameter Value assignment Score

History of snoring or gasping (X1) Neither snoring nor gasping= 0
Snoring alone= 3
Both snoring and gasping= 6

Palatine tonsil size∗† (X2) Grade 0= 0
Grade I= 1
Grade II= 2
Grade III= 3

A:N ratio (X3) Multiply the value of A:N ratio by 10

When using this table for diagnosis, the score for each clinical parameter (X1, X2 and X3) is calculated using the clinical parameters in the
second column and added to column three. The three scores are then added together to calculate the gross score. A gross score of greater than
13 indicates a diagnosis of paediatric obstructive sleep apnoea hypopnea syndrome.∗Tonsil size is calculated separately on each side. †Grade
0, absent; grade I, internal limit of the palatine tonsil does not cross the palatopharyngeal arch; grade II, internal limit of the palatine tonsil is
located between the palatopharyngeal arch and retropharyngeal wall midline; grade III, internal limit of the palatine tonsil touches or crosses
the retropharyngeal wall midline. A= adenoid; N= nasopharynx
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The present study included all clinical parameters
used in previous studies and assigned specific values
to each. All children were divided into study and valid-
ation groups. All data for the study group were sub-
jected to statistical analysis and result was validated
in the validation group. In the study group, the
apnoea–hypopnea index correlated significantly with
a history of snoring or gasping, palatine tonsil size
and tympanogram type. However, the reason for a
weak correlation between the apnoea–hypopnea
index and the adenoid to nasopharynx ratio might be
insufficient sample size. Another possibility is that
the bilateral mandibular angle did not overlap when
lateral cephalometric radiography was performed,
resulting in inaccurate measurement. When study
group was subdivided into OSAHS and non-OSAHS
groups, significant between-group differences were
identified in history of snoring or gasping and palatine
tonsil size. These two clinical parameters were there-
fore identified as important diagnostic factors.
Stepwise logistic regression analysis was subsequently
used to define a diagnostic scale according to the trans-
formed equation. Correlation between the polysomno-
graphy and scale results was 77.8 per cent. Thus,
because of its low cost, simple methodology and high
success rate, the diagnostic scale is an effective screen-
ing tool for the clinical diagnosis of paediatric OSAHS
when polysomnography cannot be accomplished.

• Polysomnography is the ‘gold standard’
method for diagnosing paediatric obstructive
sleep apnoea hypopnea syndrome

• Problems can prevent its use in all children
and a subjective diagnosis is often made

• The newly-developed diagnostic scale can be
used for clinical screening when
polysomnography cannot be performed

In addition, there were clearly more boys than girls
included in the study. Although sex was not found to
be an important diagnostic factor in paediatric
OSAHS, further investigation is warranted.

Conclusion
This diagnostic scale is an effective screening tool for
diagnosing paediatric OSAHS in the clinic when poly-
somnography cannot be accomplished, but is unsuit-
able for assessing the severity of the condition.
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