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ABSTRACT: Overnight polysomnography (PSG) is an expensive procedure which can only be

used in a minority of cases, although it remains the gold standard for the diagnosis of sleep

disordered breathing (SDB). The objective of this study was to develop a simple, PSG-validated

tool to screen SDB, thus reducing the use of PSG.

For every participant we performed PSG and a sleep clinical record was completed. The sleep

clinical record consists of three items: physical examination, subjective symptoms and clinical

history. The clinical history analyses behavioural and cognitive problems. All three items were

used to create a sleep clinical score (SCS).

We studied 279 children, mean¡SD age 6.1¡3.1 years, 63.8% male; 27.2% with primary snoring

and 72.8% with obstructive sleep apnoea (OSA) syndrome. The SCS was higher in the OSA

syndrome group compared to the primary snoring group (8.1¡9.6 versus 0.4¡0.3, p,0.005),

correlated with apnoea/hypopnoea index (p50.001) and had a sensitivity of 96.05%. Positive and

negative likelihood ratios were 2.91 and 0.06, respectively.

SCS may effectively be used to screen patients as candidates for PSG study for suspected OSA

syndrome, and to enable those with a mild form of SDB to receive early treatment.

KEYWORDS: Diagnostic procedures, paediatric sleep disordered breathing, questionnaire

S
leep disordered breathing (SDB), particu-
larly obstructive sleep apnoea (OSA), is a
highly relevant pathology in the paediatric

population [1]. ,1% of children between 5 and
12 years of age were found to have an apnoea/
hypopnoea index (AHI) .5 episodes?h-1 [2]. In a
recent meta-analysis, the prevalence of habitual
snoring as determined by parental report was
found to be 7.45%, while the prevalence of OSA
ranges from 1 to 4% [3].

Recently the American Academy of Sleep Medi-
cine (AASM) published practice parameters for
polysomnographic indications in children with
SDB [4]. The authors reported that the assessment
for SDB mostly based on clinical evaluation alone
does not have sufficient sensitivity or specificity
to establish a diagnosis of OSA [4].

Although overnight polysomnography (PSG) re-
mains the gold standard for the diagnosis of SDB,

this procedure is expensive, and in many countries
(including Italy) it can only be used in a minority of
cases, due to the low number of paediatric sleep
centres available, delaying the diagnosis and treat-
ment of patients with SDB.

Several questionnaires have been developed to
create a simple screening instrument to identify
subjects at high risk for OSA. A systematic review
of the literature [5] showed that a patient’s cli-
nical history and physical examination are less
reliable than PSG to diagnose OSA. CAROLL et al.
[6] performed a retrospective study of clinical
histories and they did not find clinical differences
between primary snoring children and those with
OSA, except for mouth breathing. On the con-
trary, XU et al. [7] demonstrated the potential use-
fulness of parental observation, the physician’s
evaluation and radiological findings combined to
identify subjects with clinically significant OSA. In
1984, BROUILETTE et al. [8] described a questionnaire
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designed to detect OSA in children with adenotonsillar hyper-
trophy on the basis of a prediction score that combined only
three nocturnal symptoms (snoring, observed apnoeas and
difficulty breathing) yet yielded a high level of accuracy. LI et al.
[9] developed the Hong Kong children sleep questionnaire, a
questionnaire-based scale composed of items on demography,
sleep environment, sleep habits and specific sleep problems; they
found that snoring, nocturnal mouth breathing and sweating are
highly significant as predictors of the presence of OSA, although
the data shed light on single symptoms but do not take into
consideration the predictive value of a total score. CHERVIN et al.
[10] validated a paediatric sleep questionnaire (PSQ) for sleep
disordered breathing, snoring, sleepiness and behavioural
problems in 162 children aged 2–18 years. The PSQ was able
to predict OSA-related neurobehavioural morbidity and its
response to adenotonsillectomy as well as, if not better than,
PSG [11]. The main limitation of these questionnaires is that they
mostly consider the subject’s history and physical examination
separately, and that they have rarely been validated for PSG
purposes. On the contrary, one study aimed to examine the accu-
racy of the clinical diagnosis of paediatric OSA by a standardised
history, physical examination and review of a tape recording of
breathing during sleep of a small sample of 30 children. The
authors found that a standardised clinical assessment of OSA in
children was sensitive (92.3%) but not specific (29.4%) for the
diagnosis [12].

The aim of this study was to develop a simple, large-sample
PSG-validated tool designed 1) to consider both the subject’s
clinical history and physical examination in the diagnosis of
SDB and 2) to be used to screen subjects candidates for a PSG-
based diagnosis.

MATERIALS AND METHODS
We consecutively enrolled children with suspected SDB under-
going a diagnostic assessment for the first time in our Paediatric
Sleep Centre (Rome, Italy). A diagnosis of OSA was confirmed
by laboratory PSG revealing an obstructive AHI .1 event?h-1,
according to AASM criteria [13]. A diagnosis of primary snoring
was made in children with habitual snoring and an AHI
,1 event?h-1. Patients with a history of epilepsy or of previous
treatment for OSA, acute or chronic cardiorespiratory or neuro-
muscular diseases, dysmorphism, major craniofacial abnorm-
alities or associated chromosomal syndromes were excluded.

A detailed personal and family history was obtained for all the
participants and a general clinical examination was performed.

Scale development
For the purposes of our study, we propose the sleep clinical
record (SCR) (see online supplementary material), which com-
bines the patient’s history and clinical items. Items were
considered to be predictive of SDB in children on the basis of
physicians’ clinical experience.

The SCR consist of three items. The first point takes into
consideration the data yielded by physical examination of the
nose, oropharynx and dental and skeletal occlusion, and it
reveals the presence of the following: signs of oral breathing,
such as nasal cartilage hypotonia, orbicular muscle hypotonia or
rhinolalia; nasal obstruction, considering nostril patency and

habitual nose obstruction; septum nose deviation; severe
tonsillar hypertrophy; dental/skeletal malocclusion; pathologic
palate position; narrow palate; and obese or adenoid phenotype.

Tonsillar hypertrophy was graded according to a standardised
scale ranging from 0 to 4. Tonsillar size was graded as: 1+:
medial borders of tonsils lateral to or extending to the pillars;
2+: medial borders of tonsils lateral to or extending to the
lateral uvular margins; 3+: medial borders of tonsils medial to
the lateral uvular margins; and 4+: includes ‘‘kissing’’ tonsils,
which meet at the midline [14]. We considered grades 3 and 4
as positive.

All the children underwent an orthodontic examination to
detect possible jaw deviation from normal occlusion, i.e. deep
bite, retrusive bite and cross-bite, or the presence of narrow
palate. The palate position was graded according to Friedman
classes, with classes 3 and 4 being considered as positive (see
online supplementary material) [15]. Nostril patency was ana-
lysed by blocking one nostril with one finger, inspiration
through the unoccluded nostril, and repetition of the same ma-
noeuvre with the other nostril. The manoeuvre was repeated
three times.

The percentile of body mass index (BMI) was also recorded.

The second item investigates the patients’ subjective symptoms
and their clinical history based on the Brouilette questionnaire
[8]. The participants’ parents completed a questionnaire on the
symptoms of SDB. Questions investigated sleep symptoms
(mouth breathing, habitual snoring, witnessed apnoeic episodes,
frequent awakenings or agitated sleep) and diurnal symptoms
(daytime somnolence and cephalalgia). Questions were kept
simple and concise, and a yes/no response format was chosen.
We calculated the Brouilette score, considering a score equal to
or higher than -1 as positive.

The third item investigates the presence of symptoms of in-
attention and hyperactivity using the attention deficit hyper-
active disorder (ADHD) rating scale [16], adapted to the Italian
population [17], which the parents of all the participants were
required to fill out. This scale consists of 18 items, divided into
two subgroups of nine questions, that investigate symptoms of
inattention and hyperactivity. We are aware that this scale is
designed for school-aged children, but we did not aim to
diagnose ADHD, but to investigate symptoms related to OSA in
our population of children.

All these items were used in a model that combines subjective
and objective parameters to yield a sleep clinical score (SCS)
with the highest sensitivity and negative predictive value. To
create this score, we tried several different models in which the
points assigned to each item varied. We analysed the sensi-
tivity and specificity of each score in predicting OSA syn-
drome, defined by PSG, ultimately choosing the one with the
best combination of sensitivity, specificity and accuracy. Of the
seven different scores we obtained (see online supplementary
material), the one with the highest positive predictive value
used to define the SCS was yielded by the following for-
mula: 26oral breathing+26nasal obstruction+26septum nose
deviation+26tonsillar hypertrophy+26Friedman palate posi-
tion (III–IV)+26dental/skeletal malocclusion+26narrow palate
+26phenotype+0.56Brouilette score+0.56other neurological
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symptoms (at least one item)+16hyperactivity/attention rating
scale (total score .6). We performed receiver operating charac-
teristics curve analysis in order to select the optimal one among
seven different sleep clinical records. In particular, we estimated
the sensitivity, specificity, positive likelihood ratios, negative
likelihood ratios and accuracy of each of the seven different SCR
clinical scores in predicting OSA. We chose the SCR clinical
score with better overall area under the curve (AUC) and
sensitivity and specificity than the other six clinical scores.

Sleep validation
Compilation of the SCR took approximately 30 min and the
clinicians who administered the SCR were blinded to the follow-
ing PSG-based diagnosis.

The cut-off of the SCR clinical score was identified with the best
combination of sensitivity and specificity. Likelihood ratios
were also used to calculate post-test probabilities of having OSA
based on the SCR clinical score (positive, negative or incon-
clusive). The split-sample validation test was used to validate
SCR clinical score in our single sample.

Polysomnography and sleep stage scoring
Standard overnight PSG recordings were obtained with a Grass
Heritage polygraph (Natus Neurology Incorporated – Grass
products, Warwich, RI, USA) on the second night of hospitalisa-
tion, after the clinical assessment was completed. The variables
recorded included at least a six-channel electroencephalogram,
an electro-oculogram, a submental electromyogram and an elec-
trocardiogram. Sleep stages were scored according to the stand-
ard criteria of the AASM [13].

Central, obstructive and mixed apnoea events were counted
according to the criteria established by the AASM [13]. Chest and
abdomen movements were measured by strain gauges. Oronasal
airflow was recorded with a thermocouple and nasal pressure
was recorded by a nasal cannula. Arterial oxygen saturation was

monitored with a pulse oximeter; AHI was defined as the
average number of apnoeas and hypopnoeas per hour of sleep.
The scorer (S. Miano) was blinded to the SCR results.

The children underwent PSG in our sleep centre after one night
of adaptation. The local ethics committee approved the study
protocol and all children’s parents gave their informed consent
to the procedures.

Statistical analysis
Values are expressed as mean¡SD. Statistical analysis was
performed using the Chi-squared test for categorical variables
and t-test for continuous variables. We used Pearson’s coefficient
to investigate any correlations between the variables studied.

Two-sided p-values were calculated for all the analyses; values
of f0.05 were considered to indicate statistical significance.
All statistical analyses were performed with the statistical
package SPSS (version 17.0; SPSS Inc., Chicago, IL, USA).

RESULTS

Study population
We studied 279 children, mean age 6.1¡3.1 years, 178 (63.8%)
male. The mean AHI was 6.02¡8.8 events?h-1 (range 0–
60.8 events?h-1), 76 (27.2%) out of 279 children met the criteria
for primary snoring (group 0), while 203 (72.8%) out of 289
children met the criteria for OSA syndrome (group 1).

The children’s clinical and anthropometric parameters are
shown in table 1, while their PSG respiratory parameters and
SCR scores are shown in table 2.

There were no differences for age, sex and percentile of BMI
between the two groups. Children with OSA exhibited septum
nose deviation, nasal obstruction, signs of mouth breathing
and pathological Friedman and tonsillar hypertrophy more
frequently than primary snorers.

TABLE 1 Clinical and anthropometric parameters

Primary snoring Obstructive sleep apnoea p-value

Subjects 76 (27.2) 203 (72.8)

Age years 6.7¡2.8 5.9¡3.1 NS"

Centile body mass index kg?m-2 67.4¡34.9 67.1¡37.3 NS"

Male 54 (71) 124 (61.1) NS

Oral breathing 24 (31.5) 106 (52.2) ,0.05

Nasal obstruction 51 (67.1) 179 (88.2) ,0.001

Septum nose deviation 2 (2.6) 29 (14.3) ,0.01

Tonsillar hypertrophy 11 (14.5) 115 (56.6) ,0.001

Dental/skeletal malocclusion 58 (76.3) 171 (84.2) NS

Friedman palate position III–IV 10 (13.1) 63 (31.0) ,0.05

Narrow palate 49 (64.5) 173 (85.2) ,0.001

Adenoid phenotype 7 (9.2) 38 (18.7) NS

Brouillette score o -1 39 (51.3) 141 (69.4) ,0.05

Rating scales positive for hyperactivity or attention deficit 16 (21.0) 48 (23.6) NS

Other neurological symptoms# 32 (42.1) 46 (22.7) ,0.001

Data are presented as n (%) or mean¡SD, unless otherwise stated. NS: not significant. #: limb movements, electroencephalogram paroxysmal activity, daytime

somnolence, cephalalgia, enuresis and nocturnal choking. ": p-value calculated by t-test; others calculated by Chi-squared test.
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Sleep clinical score
The SCS showed an AUC (mean¡SE) of 0.804¡0.35 (CI 95%
0.736–0.872; p50.001) (fig. 1).

The SCS was defined as positive when it was o6.25. We
investigated correlations between the various scores and the
severity of OSA as expressed by the AHI and the mean arterial
oxygen saturation (SaO2). The SCS showed a positive correlation
with AHI (p,0.001) (table 3). No correlation emerged between
the scores and the mean SaO2.

The SCS was positive in 220 out of the 279 children studied; the
PSG yielded a diagnosis of OSA in 195 of these 220 children
(true positives (TP)) and of primary snoring in the remaining
25 children (false positives (FP)). The clinical characteristics of
the two groups revealed that FP children had other neurological
symptoms (limb movements, electroencephalogram (EEG) paro-
xysmal activity, daytime somnolence, cephalalgia, enuresis or
nocturnal choking) more frequently than TP children (14 (56%)
out of 25 versus 44 (22%) out of 195, p50.001).

59 children had a negative SCS; the PSG diagnosed OSA (false
negative (FN)) in eight of these children. True negative children
were older than FN children (mean age 6.8¡3.0 years versus
4.6¡1.8 years, p,0.05). Of the 203 children with a PSG
diagnosis of OSA (AHI .1), 195 were TP, while eight children
had a negative SCS (FN). Between these two groups there were
no differences for age, sex and BMI centile. FN children had a
significantly lower AHI than TP children (2.6¡1.3 events?h-1

(range 1.2–5) versus 8.2¡9.7 events?h-1 (range 1.1–60.8), p,0.001).
FN children had nasal obstruction and severe tonsillar
hypertrophy less frequently than TP children (nasal obstruction:
four (50%) out of eight versus 175 (89.7%) out of 195, p,0.01;
severe tonsillar hypertrophy: one (14.3%) out of seven versus 115
(58.9%) out of 195, p,0.05).

The SCS had a sensitivity of 96.05%, a specificity of 67%, posi-
tive likelihood ratio of 2.91, negative likelihood ratio of 0.06
and accuracy of 88.2%.

A positive SCS (o6.5) had a likelihood ratio of 2.91, which
increased the probability of having OSA to 89%. A negative or
inconclusive SCS (,6.5) had a likelihood ratio of 0.06, which
lowered the probability of having OSA of 14%.

The results of the split-sample validation test showed that
89.2% of the subjects had been classified correctly.

Finally, we subdivided the sample into two groups: children
who had tonsillar hypertrophy (grade III and IV) and children
who did not. Table 4 shows the statistical differences between
the two groups. Children with tonsillar hypertrophy showed a
higher SCS and AHI, and a lower oxygen saturation and body
mass index compared to those without tonsillar hypertrophy.

DISCUSSION
To our knowledge, the SCS is the first instrument validated on
a large sample of children for the diagnosis of OSA, based on a
combination of physical examination of the patient and case
history. Our results demonstrate that the SCS has a high
sensitivity and a high negative likelihood ratio, identifying
children with primary snoring or a mild form of OSA.

TABLE 2 Polysomnographic respiratory parameters and sleep clinical record (SCR) scores

Primary snoring Obstructive sleep apnoea p-value

Subjects 76 (27.2) 203 (72.8)

Respiratory parameters

AHI events?h-1 0.4¡0.3 8.1¡9.6 ,0.001

Oxygen saturation % 97.6¡1.2 96.7¡1.9 ,0.001

SCR score

SCS 6.3¡2.9 9.4¡2.5 ,0.001

Other alternative scores

Score 1 4.06¡1.8 5.4¡1.5 ,0.001

Score 2 5.2¡2.4 7.1¡2.2 ,0.001

Score 3 6.0¡2.5 6.8¡2.1 ,0.001

Score 4 4.4¡2.4 5.6¡2.2 ,0.001

Score 5 5.1¡2.1 5.3¡1.9 NS

Score 6 7.6¡3.2 9.1¡2.8 ,0.001

Data are presented as n (%) or mean¡SD, unless otherwise stated. p-values calculated by t-test. AHI: apnoea/hypopnoea index; SCS: sleep clinical score; NS: not significant.
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This means that SCS may accurately exclude the diagnosis
with the result that no further testing, and of course no treat-
ment, is necessary.

In contrast, several questionnaires have been validated to iden-
tify subjects at high risk for OSA [5, 7, 8]. Our results support the
idea that the combination of clinical examination and patient
history has a strong predictive value, at least to detect children
at low risk of developing a severe form of OSA. A previous study
aimed to examine the accuracy of the clinical diagnosis of pae-
diatric OSA, evaluating 30 children with obstructive symptoms
by means of a standardised history, physical examination and
review of a tape recording of breathing during sleep [12]. The
authors found a high sensitivity but a low specificity to this

assessment, and this result is probably due to the low numbers of
children assessed [12].

Although PSG remains the gold standard for the diagnosis of
SDB, this expensive procedure is usually used in a minority of
cases owing to the limited availability of paediatric sleep centres.
As early treatment of OSA is necessary to prevent its neuroco-
gnitive, behavioural, cardiovascular and metabolic consequences,
early diagnosis of the disorder is critical. The main consequence
of repetitive apnoeas and hypopnoeas during sleep is inter-
mittent hypoxia, which is a potent trigger of oxidative stress and
inflammation [18–22]. Other mechanisms through which OSA
may cause complications include increased sympathetic activity
[23, 24], increased serum cortisol [25], hypoxia-induced hormonal

TABLE 3 Correlations between clinical scores and polysomnographic respiratory parameters

Apnoea hypopnoea index events?h-1 Mean oxygen saturation %

Pearson’s correlation p-value Pearson’s correlation p-value

Sleep clinical score 0.216 0.001** -0.096 0.102

Other alternative scores

Score 1 0.092 0.119 -0.077 0.189

Score 2 0.151 0.010* -0.107 0.070

Score 3 0.131 0.026* -0.074 0.213

Score 4 0.145 0.013* -0.080 0.177

Score 5 -0.004 0.942 -0.035 0.559

Score 6 0.144 0.014* -0.109 0.064

*: correlation is significant at the 0.05 level (two-tailed); **: correlation is significant at the 0.01 level (two-tailed).

TABLE 4 Statistical differences between children with tonsillar hypertrophy compared to those without

Tonsillar hypertrophy No tonsillar hypertrophy p-value

Subjects n 126 (45.2) 153 (54.8)

Age years 5.1¡2.6 6.9¡3.2 ,0.001"

Centile body mass index kg?m-2 59.4¡36.9 76.6¡35.1 ,0.001"

Apnoea/hypopnea index events?h-1 8.9¡10.5 3.5¡6.3 ,0.001"

Mean oxygen saturation % 96.7¡2.1 97.2¡1.3 ,0.01"

Sleep clinical score 10.4¡2.4 7.3¡2.8 ,0.001"

Male 77 (61.1) 101 (66) NS+

Oral breathing 63 (50) 67 (43.7) NS+

Nasal obstruction 110 (87.3) 120 (78.4) NS+

Septum nose deviation 12 (9.5) 19 (12.4) NS+

Dental/skeletal malocclusion 103 (81.7) 126 (82.3) NS+

Friedman palate position III–IV 40 (31.7) 33 (21.5) NS+

Narrow palate 105 (83.3) 117 (76.5) NS+

Adult/obese phenotype 21 (16.6) 43 (28.1) ,0.05+

Adenoid phenotype 27 (21.4) 18 (11.7) ,0.05+

Brouillette score o -1 91 (72.2) 89 (58.2) ,0.05+

Rating scales positive for hyperactivity or attention deficit 23 (18.2) 41 (26.8) NS+

Other neurological symptoms# 18 (14.2) 60 (39.2) ,0.001+

Data are presented as n (%) or mean¡SD, unless otherwise stated. #: limb movements, electroencephalogram paroxysmal activity, daytime somnolence, cephalalgia,

enuresis or nocturnal choking; NS: not significant. ": p-values calculated by t-test; +: p-values calculated by Chi-squared test.
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changes, arousal from sleep and secondary sleep debt [26–28].
Although audio–video taping and overnight pulse-oximetry may
be used as first-line investigations, their quality varies con-
siderably and they require strong parental motivation [29, 30].
Overnight oximetry only identifies the subset of patients with
more severe OSA, and even this goal is not fully achieved
because marked oxyhaemoglobin desaturation is not present in
all patients with severe OSA [29]. The information ruled out by
the SCS can be useful to identify children with SDB who can wait,
deferring PSG recording, and can directly receive an early
diagnosis and treatment. This is also supported by the fact that
the few subjects having a false negative score showed a lower
AHI, and a lower percentage of nasal obstruction and of severe
tonsillar hypertrophy than children with a true positive score.
Since they expressed a mild form of OSA they also can forego a
PSG and be directly treated. According to our findings, the SCS
may obviate the need for a PSG study in approximately 21% (59
out of 279) of our sample, thus reducing waiting lists and costs.

Conversely, a positive correlation between the SCS and AHI
was found in our sample, and the SCS would also be useful to
screen patients for the presumably severe form, necessitating an
urgent recording. The relatively low specificity of the SCS is due
to the high number of false positives found. The group of child-
ren with a false positive score showed a higher frequency of
other neurological symptoms (limb movements, EEG paroxys-
mal activity, daytime somnolence, cephalalgia, enuresis or noc-
turnal choking) compared with those with a true positive score.
In our opinion, the presence of neurological symptoms in children
with positive SCS is in any case an additional reason to perform
a nocturnal PSG recording in order to exclude the presence of
other sleep-related neurological disorders, mimicking sleep ob-
structive disordered breathing (such as sleep central apnoeas,
nocturnal epilepsy or periodic limbs movements) [31]. An indirect
confirmation of these results is the higher SCS found in children
with tonsillar hypetrophy compared with those without. Children
with tonsillar hypertrophy also had a higher AHI, confirming that
tonsillar hypertrophy in association with other risk factors, such as
dental malocclusions, adenoid hypertrophy, narrow palate and/
or obesity increase the risk of a more severe form of OSA.

In our study, we did not find any differences in the percentage
of children with a positive ADHD rating scale score between
subjects with OSA and primary snorers. It is extensively reported
that children with SDB display diurnal neurobehavioural pro-
blems such as ADHD, learning problems, behavioural disorders
and hypersomnolence [32, 33]. Although a significant improve-
ment in diurnal neurobehavioral disorders has been widely
demonstrated following adenotonsillectomy [32, 34–36], the
relationship between the severity of OSA syndrome and cog-
nitive deficits is usually weak [37–39]. The results of our study
support the idea these symptoms are related to SDB but are not
specific to OSA.

One limitation of the sleep record we propose is that it was
validated in a selected population of children with suspected
SDB in whom OSA accounted for ,72% of the cases, and it has
not been validated in normal children. This tool should thus be
used by experts in sleep disorders or paediatricians on children
who are referred to physicians for snoring, apnoea or oral breath-
ing during sleep, not as a screening instrument in the general
paediatric population.

In addition, this instrument may effectively be used to identify
patients with OSA, and the specificity and the positive predictive
value may be increased by adding other screening instruments
such as nocturnal pulse-oximetry.

Conclusions
SCS is an instrument that may effectively be used to screen
patient candidates for PSG study for suspected OSA, and those
with a mild form of SDB, enabling early treatment.
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