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ABSTRACT

Background: Sleep is a vital physiological func-
tion for the maintenance of health and quality of
life by ensuring body rest and restoring its energy
levels. Remarkably, some children have sleep
disordered breathing (SDB) that can disturb their
normal sleep and affect the quality of their lives.
Objective: The aim of this study was to assess
the correlation between SDB and growth im-
pairments and wether the growth parameters
vary among genders. Methods: This study was
conducted in two steps: 1500 questionnaires
were distributed to children aged 3 to 12 years.
The questionnaire covered personal information,
medical history, and the Pediatric Sleep Ques-
tionnaire. The latter was used to evaluate the
incidence of sleep-disordered breathing and was
completed by parents of the involved children.
Growth assessment was then determined for
the population to find the correlation between
sleep disorders and growth impairments. Re-
sults: A total of 931 completed questionnaires
were returned (70.7% response rate). Among
the respondents, 56.3% were females whereas
43.3% were males. The mean age was 8 years.
The result showed that 16.11% of children were
at high risk of sleep-disordered breathing. A
significant effect of SDB syndrome on growth
parameters (weight-for-age parameter z-score
and BMI for age z-score) was observed among
males. Concerning the weight for age z-score,
a significant difference was found between
the means of control and SDB individuals (P =
0.0302). In male groups, the difference was
significant (P=0.043), while non-significant dif-
ference was found in female groups (P = 0.69).
Conclusion: This study highlights a significant
effect of SDB on growth parameters among
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males aged between 3 and 12 years.
Keywords: Sleep-disordered breathing; chil-
dren; growth.

1.BACKGROUND

Sleep is a physiological function that af-
fects both physical and mental well-being. It is
needed torest the body and restore its energy
levels required for healthy functioning and
survival (1). Good sleep quality means having
a sense of continuous deep sleep throughout
the night and feeling refreshed and alerted
upon waking up in the morning (2). Accord-
ing to the National Sleep Foundation, on av-
erage, children aged between 3 and 12 years
should get 10 to 12 hours of sleep per day
(3). During childhood, the brain needs more
sleeping than awake time in order to develop
healthily (1).

Intriguingly, in the past few decades, sleep-
ing studies, especially among children, have
increased and revealed a high prevalence in
sleep-disordered breathing (SDB) which is
the disturbance of normal respiratory pat-
terns and ventilation forms during sleep (4).
This prevalence can reach up to 25% at some
point during childhood, according to physi-
cians and experts (3). In fact, SDB is more pre-
dominant in children and adolescents than
adults and can lead to various complications
ranging from mild (such as daytime sleepi-
ness, inability to get up in time in the morn-
ing, lack of concentration in class) to serious
ones (like impairment of the growth, chronic
medical and neurocognitive complications
aswell as significant behavioral and learning
disabilities) (5, 6).
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It has been well established that SDB, secondary to
adenotonsillar hypertrophy, increases the risk of pedi-
atric growth failure (6, 7). Recently published controlled
studies have indicated a close association between SDB
and growth impairments with neurocognitive impair-
ments such as attention deficit disorder/attention deficit
hyperactivity disorder (ADD/ADHD) and other behavioral
disorders (6, 7). Hence, it is substantial for both parents
and educators to understand the mechanism of sleep-
ing and how interruptions in normal sleep patterns can
affect children (8).

Although sleep problems are common, they are usu-
ally undiagnosed among children. The gold standard for
SDB diagnosis is polysomnography. However, in light
of the time, effort, and expense of polysomnography
testing, several questionnaires have been developed to
identify patients at high risk for SDB (9). Basically, a ques-
tionnaire is a first and essential way to detect if the child
might have a sleep disorder or not; this should improve
the referral process to pediatric sleep specialists. Many
questionnaires were published in the literature; never-
theless, the “pediatric sleep questionnaire” (PSQ) had
the best diagnostic accuracy of the evaluated tests (9).

2.0BJECTIVE

Given that no study has yet been published regarding
the prevalence of SDB among Lebanese children and its
impact on their growth, we aimed in this study at: a) de-
termining the prevalence of Lebanese children that have
SDB; b) evaluating the impact of sleep disorders on their
quality of life; ¢) and assessing the correlation between
SDB and growth impairments.

3.MATERIAL AND METHODS

This is a retrospective cross-sectional study involv-
ing 931 school-children aged 3 to 12 years. The study
was conducted in two steps. First, 1500 questionnaires
were distributed to children in 4 schools in Lebanon. A
written informed consent was obtained from the parents
prior to distributing the questionnaire which covered
demographic characteristics, a focused medical history,
and the Pediatric Sleep Questionnaire-PSQ- developed
by Chervin et al (10). The questionnaire was used to
evaluate the incidence of sleep-disordered breathing
and was completed by the parents of the child. Second,
the growth parameters (height-for-age, weight-for-age,
BMI-for-age) were obtained and compared in both SDB
and non-affected groups.

This study was approved by the scientific committee
of the Faculty of Dental Medicine at Lebanese University

The inclusion criteria were every Lebanese child aged
between 3 to 12 years in any of those 4 schools whose
parents have consented to participate in the study. The
exclusion criteria were:

« Every child whose parents refused to join the study
or have not signed the consent form,

- Every child who has special needs or any other medi-
cal condition.

In a first step, and in order to assess the clarity of the
questions provided in the questionnaire and avoid con-
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fusion, the PSQ was distributed to 20 random parents
who were asked to mark any questions that were unclear.
Some questions were then adjusted in response to their
feedback and when feasible a meeting with parents was
done in order to explain the questionnaire.

The pediatric sleep questionnaire (PSQ)

The PSQ consisted of 22 questions rated by parents. It
has one scale called Sleep-Related Breathing Disorders
Scale (SRBD). Parents were asked to rate these ques-
tions with three possible answers: "yes" or "no" or "don’t
know" (10).

The SRBD scale

The questions included in the SRBD were related to
snoring frequency, loud snoring, observed apneas, dif-
ficulty in breathing during sleep, daytime sleepiness,
inattentive or hyperactive behavior (11). Each question
could be answered by yes (referred as 1), no (referred
as 0), or don’t know (considered a missing answer). All
unanswered questions or answered by “don’t know”
were excluded. The number of items answered by “yes”
was divided by the total number of questions answered
by “yes” and “no”, providing a result ranging from 0 to
1. [10]. When the number was equal or higher to 0.33
(scores of 8 or more), it was indicative of high risk for a
pediatric SDB, whereas children with fewer than 30%
positive responses (scores less than 8) were considered
at low risk of SDB (11).

In our study we added 13 questions to the PSQ related
to personal information about the child, his medical
history, his educational review, and his dietary habits.

Growth Parameters

Growth parameters (height and weight) were recorded
by well-trained school nurses and measurements done
privately for each child as follows:

a) Height measurement

Shoes, hair ornaments, buns and braids were re-
moved. The child was asked to stand on footplate por-
tion of height scale with back against stadiometer rule.
The school nurse made sure that the legs were brought
together with a contact at some point, the knees and body
were straight, arms were at sides and the shoulders re-
laxed. The headpiece was lowered tightly to the crown
of the student’s head with enough pressure to flatten
the hair. The value was read at eye level and recorded
incm (12).

b) Weight measurement

To measure weight accurately in the chosen 4 schools,
we adopted the same digital calibrated scale (Secca, Ger-
many). Children were instructed to remove their shoes
and only a light school’s shirt and pant were allowed
on. The child stood in the center of the scale facing the
nurse and his weight was recorded to the nearest decimal
fraction. Body mass index (BMI) was calculated using
the following formula: weight (kg)/height (m2). Z scores
and percentiles for the respective growth parameters
were calculated using the Medscape calculator which is
based on the CDC growth charts released in 2000 (13).

Statistical analysis

SPSS 21.0 software (SPSS Inc, Chicago, IL, USA) was
used for data analysis. Continuous data were presented
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1500
Questionnaires

1161 Answered
back

931 Included 230 Excluded

150 had high risk
of sleep-disordered
breathing (SDB)

Prevalence of SDB
16.11%

Prevalence of SDB
in Male 16.08%

Prevalence of SDB
in Female 16.2%
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All height

P value 0,5809

Sum of ranks in column A, B 365611, 68235
Mann-Whitney U 56910

Female height

P value 0,2333

Sum of ranks in column A, B 118477, 20651
Mann-Whitney U 17080

Male height

P value 0,6692

Sum of ranks in column A, B 68074,13736
Mann-Whitney U 10780

Table 1. Characterization of height-for-age z-score

All weight

P value

Mean + SEM of column A
Mean * SEM of column B

0,0302*
0.02830 + 0.04078 N=781
0.2575 + 0.1138 N=150

Figure 1. Size of tested sample and prevalence of SDB

as mean + standard deviation (mean + SD). Unpaired
t-test or Mann-Whitney U test was used to compare the
means of two independent groups (Control and SDB). Cat-
egorical data were presented as frequencies and propor-
tions, and compared by Hi? test. P <0.05 was considered
statistically significant.

4.RESULTS

Among 1500 questionnaires distributed, 1161 ques-
tionnaires were returned, and 931 (70.7%) were consid-
ered properly completed. Out of the 931 respondents,
56.3% were females and 43.3% were males. The mean
age was 8 years (SD = + 2.26) and range 3 to 12 years.
Among those 931 children, 150 were at high risk of SDB
according to the pediatric sleep questionnaire without
specific mean age nor gender, indicating an overall prev-
alence 0f 16.11%. The prevalence of SDB in females was
16.2% and the prevalence of SDB in males was 16.08%.
(Figure 1).

Height-for-age z-score parameter

Concerning the height for age z-score, no significant
difference was found between the means of control and
SDB individuals (P = 0.58). Moreover, there was no sig-
nificant difference between the means of control and
SDB in female group nor in male group (P =0.66 and 0.23
respectively) (Table 1).

Weight-for-age Parameter

Regarding the weight for age z-score, a significant dif-
ference was found between the means of control and SDB
group (P = 0.0302). The mean of weight for age z-score
was higher in SDB male group than in control group (P
=0.043) *, while non-significant difference was found in
female groups (P = 0.69) (Table 2).

BMI-for-age z-score

As for the BMI for age z-score, a significant difference
was found between the means of control and SDB indi-
viduals (P = 0.044) The mean of BMI for age z-score was
higherin SDB male group than control group (P=0.0151)
* while non-significant difference was observed in fe-
male groups (P = 0.77) (Table 3).
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Weight male

P value

0,0431*

Mean = SEM of column A

0.1233 £0.06242 N=338

Mean + SEM of column B

0.4432 £ 0.1584 N=66

Difference between means

-0.3198 £ 0.1576

Weight female

P value

0,6902

Mean + SEM of column A

-0.04422 + 0.05367 N=443

Mean + SEM of column B

-0.09679 + 0.1072 N=84

Table 2. Characterization of weight-for-age z-score

All BMI

P value

0,0441*

Mean + SEM of column A

0.2732 +0.04712 N=781

Mean + SEM of column B

0.5127 +0.1153 N=150

Difference between means

-0.2395 +£0.1188

Male BMI

P value

0,0151*

Mean + SEM of column A

0.3033 +0.06310 N=338

Mean + SEM of column B

0.6909 +0.1576 N=66

Difference between means

-0.3876 £ 0.1589

Female BMI

P value 0,7745

Sum of ranks in column A, B 116585, 22543
Mann-Whitney U 18240

Table 3. Characterization of BMI-for-age z-score

5.DISCUSSION

Nowadays, SDB is becoming highly frequent and it
should not be neglected especially in the case of chil-
dren because it will affect not only their normal body
development, growth and learning potentials, but also
might lead to more critical consequences such as brain
damage, hypertension and cardio vascular diseases (14).

In this study, a questionnaire was used to measure
the occurrence of SDB symptoms among Lebanese chil-
dren aged between 3 and 12 years and distributed into
4 schoolsin Lebanon. The pediatric sleep questionnaire
(PSQ) used in this study was considered as a reliable tool
with a sensitivity of 81% and specificity of 87%.

We randomly chose 2 private schools and 2 public
schools from mountains and coast to eliminate the
socio-economical factor. Of the total 1500 children, 931
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were included in this study. This number was considered
significant according to the population living in Leba-
non. The response rate (70.7%) was high among which
56.3% were girls and 43.3% were boys. Only 19.2% of the
surveys were not returned back and 10% were omitted
because they matched with the exclusion criteria listed
above.

In this study, 16.11% of children had high risk of SDB.
Interestingly, a previous study conducted in 2014 as-
sessed the prevalence of sleep disorders in children us-
ing another questionnaire “the sleep-50 questionnaire”
reported that the prevalence of severe sleep disorders all
over Lebanon was 5.6% (252 out of 4516) (7). Remarkably,
itwas noticed that the Northern governorate in Lebanon
had the majority of children that might have severe risk
of SDB with a rate of 9.3% (141 out of 1538) whereas, the
percentage fluctuated between 1.4% and 6% according
to the region (7).

On the other side, a wide variation of sleeping disor-
derin children prevalence rates are reported worldwide.
The prevalence of sleep disorders in our study (16.11
%) with 16.2% for female and 16.08% for male. The SDB
prevalence was higher than that conducted by Ramli et
al. which was 14.9% among children living in Malaysia
(15). On the other hand, our prevalence rate was lower
than the one reported by Baidas et al., (16) which stated
that 21% of children (with a mean age of 9.2 years) in
Saudi Arabia had sleep disorder. Moreover, it was lower
than those reported for Dutch Children aged between 7
and 12 years (25%) and Brazilian schoolchildren (27.6%)
who have sleep problems (17, 18). Moreover, in this study,
there was no difference for SDB severity in children be-
tween genders, which is in line with most studies [19].
However, in adult, male is at higher risk of having SDB
than female, and this may be due to differences in up-
per airway anatomy, body composition, and hormonal
influences (20).

Polysomnography (PSG) is the gold standard for diag-
nosis of SDB (21); however, its usage in epidemiological
researchislimited by its expense along with the required
time and effort (8). Sleep disorders in children can be as-
sessed by using several questionnaires such as parental
interactive bedtime behavior scale (PIBBS), sleep settle
questionnaire (SSQ), children’s sleep habit questionnaire
(CSHQ), the 50-sleep questionnaire, 18-OSA question-
naire and others (22). In this study, the pediatric sleep
questionnaire (PSQ) was the questionnaire of choice
since it represents the best diagnostic accuracy tool to be
used as a screening method for SDB (9, 10, 23). Besides,
it has been authorized and used by several studies as
an instrument to assess a variety of three prominent
symptom-complexes such as snoring, daytime sleepi-
ness, and inattentive/hyperactive comportment (8). It
also shows adequate psychometric properties as previ-
ously reported (22).

In 2014, a meta-analysis study evaluated the diagnos-
tic capability of physical evaluations and questionnaires
compared with the current reference standard (a full
PSG) to diagnose SDB in children younger than 18 years
(9, 24). It was found that PSQ had the best diagnostic ac-
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curacy among the evaluated tests (9, 23). Over the past
two decades, PSQ was used to screen many populations
and the most recent study using PSQ was conducted
among Saudi primary school children aged 6-12 years
in Riyadh city (16).

Monitoring growth is a key screening tool that enables
us to assess the child’s health and wellbeing. Adequate
growth implies that children are most probably healthy
and well-nourished. Abnormal growth, on the other
hand, flags the need for careful diagnostic work up and
action (25). A key principle in the clinical assessment of
children and adolescents’ growth is the expression of
their anthropometric parameters as percentiles, per-
cent of medians or as z-scores (26). They are applied in
pediatric growth follow up to detect the presence of any
growth impairment or disease [26]. For population-based
surveys, the z-score has proven more advantageous
compared to the other methods (27). It quantifies a mea-
surement's standard deviation from the mean. Based
on CDC, 50th percentile corresponds to a z score of 0. A
z-score of + 1.0 corresponds respectively to the 15th or
85th percentiles while a z-score of + 2 plots at roughly
the 3rd or 97th percentile (28).

In our study, the SDB severity group was not different
for Height z-score when investigated in the whole group
or when classified by gender. However, a significant dif-
ference was found between SDB and control groups only
in males. (Weight z-score, BMI z-score).

Obesity has been shown to increase the risk for SDB,
particularly in older children (29) with more risk factors
in obese children compared to children with normal
weight. These risk factors include increased neck cir-
cumference, enlarged tonsils, and a higher body mass
index (BMI), among others. As obesity is a major risk
factor for SDB in children, weight management should
be cautiously addressed in order to improve symptoms
of SDB (21).

It is important to identify and treat SDB in children
as early as possible, as untreated patients can lead to
a range of negative health outcomes, including poor
growth, developmental delays, and behavioral problems.

6.CONCLUSION

Based on our study, SBD significantly affects the
growth of male patients aged 3-12 years.

A larger study should be conducted to see if these
results are replicated on a larger scale and in different
populations. SBD shall be considered in the differential
diagnosis of pediatric patients presenting with failure
to thrive especially males. Awareness about SBD and its
implications on growth should be provided to all health
care professionals taking care of pediatric patients.
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