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Objectives: To describe the prevalence of sleep-disordered breathing (SDB) in Chilean schoolchil- ~ breathing;

dren and study associated risk factors. Patients and Method: We carried out a transversal and des- ~ asthma;

criptive study. Questionnaires were sent to the parents of children attending first year of elementary ~allergic rhinitis

school in the Metropolitan Region (Santiago), the Biobio Region (Concepcion, Chilldn, Yumbel)

and the Magallanes Region (Porvenir and Puerto Natales). Anthropometric data, school performan-

ce, household characteristics, indoor pollutants, medical history, and current symptoms of asthma,

allergic rhinitis, and atopic dermatitis were recorded. The nutritional status was determined accor-

ding to z-BMI. A pediatric sleep questionnaire validated in Spanish (PSQ) was applied. Results: 564

questionnaires were analyzed, the median age was six years (range 5 to 9), 44.9% male. The SDB

prevalence was 17.7% (n = 100): 6% in Vitacura (Metropolitan Region), 28.7% in Chilldn (Biobio

Region), and 36.4% in Puerto Natales (Magallanes Region) (p = 0.001). The group with SDB had a

higher proportion of men (54.5 vs 42.8%, p = 0.033), lower academic performance (overall grade

point average 6.36 £ 0.48 vs 6.56 + 0.34, p = 0.001), lower maternal higher education (44.4% vs

69.9%, p = 0.001), and higher exposure to indoor pollutants than those without SDB. After the

multivariate analysis, symptoms of rhinitis in the last 12 months (OR 4.79, 95% CI 2.20-10.43) and

lower maternal educational level (OR 3.51; 95% CI 1.53-8.02) remained as predictors of SDB. Con-

clusions: Chilean schoolchildren have a high prevalence of SDB with demographic differences. It

was associated with social risk factors, more specific factors of lung damage, and worse sleep quality

and quantity.
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Introduction

Sleep-disordered breathing (SDB) in children is an
inflammatory disease characterized by variable upper
airway obstruction and different degrees of disturban-
ce in gas exchange during the night. Its presentation
spectrum varies from habitual snoring to complete
obstruction of the airway, so called obstructive sleep
apnea (OSA)"™.

Different tools have been developed for the diag-
nosis of SDB. First, history and physical examination,
although they guide to these pathologies, have shown
to have low sensitivity and specificity’. Polysomnogra-
phy (PSG) measures various neurophysiological and
cardiorespiratory parameters, and is considered the
gold standard for OSA. Its disadvantages are the limi-
ted availability of health centers that perform it and its
high cost. Given this, several diagnostic alternatives
have been developed, such as respiratory polygraphy,
urinary biomarkers, anterior rhinomanometry, and
questionnaires of nocturnal respiratory symptoms and
diurnal symptoms associated with SDB, among others.
These were compared to the gold standard in a syste-
matic review! showing an adequate diagnostic accura-
cy. Within the sleep questionnaires, the pediatric sleep
questionnaire (PSQ) was developed by Chervin et al®
and demonstrated excellent sensitivity and specificity
(71% and 51% respectively) to identify children with
OSAS when applied in a group of frequent snorers and
compared to a control group. Its main advantage is the
simplicity of use, its low cost and a precise cutoff (score
> 0.33) that can be used for screening OSA. This cut-
off demonstrated predicting OSAS in PSG with an OR
of 2.8 (95% CI 1.68 - 4.68)°.

There is wide evidence that SDB constitutes an
important cause of metabolic’, cardiovascular®® and
neurocognitive'®!" morbidity in the pediatric popula-
tion'%. Their early detection and management are fun-
damental since they can result in relief of symptoms,
improve quality of life, prevent sequelae, educate pa-
rents, and decrease the use of health resources'. The
reported prevalence of this disorder in the literature is
quite variable, ranging from less than 3%" to appro-
ximately 35% in the pediatric population. A study of
our group already demonstrated that in Santiago the-
re was a dissimilar prevalence of snoring children in
two communes, being 18.2% in Puente Alto and 0.7%
in Providencia. Another study carried out in Con-
cepcion found a SDB prevalence based on the PSQ of
24.6% in 256 children between six and 14 years of age,
higher than previously reported'®. However, studies re-
garding the prevalence and risk factors associated with
SDB in Chilean schoolchildren are scarce. In addition,
it is not known whether its prevalence varies in diffe-
rent regions of the country.
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The objective of this study is to describe the SDB
prevalence in Chilean schoolchildren living in three
different regions of Chile, analyzing several associated
risk factors: anthropometric characteristics, ethnicity,
academic performance and comorbidity (obesity, asth-
ma, allergic rhinitis, and atopic dermatitis).

Patients and Method

Study design and participants

A descriptive, cross-sectional study was conducted
in Chile between May 2015 and July 2016. Different
schools were randomly recruited from different com-
munes of different socioeconomic levels in the Metro-
politan, Biobio, and Magallanes Regions. The schools
in which the principals agreed to participate were in-
corporated to the study. A convenience sampling was
carried out.

N=1,092 questionnaires were distributed to parents
of children in their first year of primary school, with
a 53.8% return rate. It was necessary to exclude 22
subjects who did not have signed informed consent
and two who sent the consent but did not complete the
questionnaire. Figure 1 shows the selection flow of
study subjects.

Sociodemographic data such as age, gender, weight
in kilos (kg), height in centimeters (cms), and grades
from several subjects (language, physical education,
mathematics, natural sciences, and overall grade point
average)were collected. School grades range from 2.0
to 7.0. In addition, the questionnaire included house-
hold data such as housing type (house or apartment),
number of stories, household size in square meters
(m?), number of rooms, number of inhabitants (chil-
dren and adults), indigenous origin, educational level
of parents, and monthly family income. The monthly
family income was converted to US dollars (USD). Fi-
nally, we asked about indoor pollutants such as pets,
indoor/outdoor smoking, and heating type used in win-
ter.

We calculated the body mass index (BMI = weight
[kg]/height [m?]) and z-BMI with AnthroPlus®!3, de-
termining nutritional status as follows: malnutrition <
-2 SD, malnutrition risk -1 to -1.9 SD, eutrophy 0.9 to
-0.9 SD, overweight 1 to 1.9 SD, obesity 2 to 2.9 SD,
and severe obesity > 3 SD.

Approval was obtained from the Ethics Committee
of the Pontifical Catholic University of Chile (#project
14-541). Informed consent was requested along with
the questionnaires, and parents kept a copy and the re-
searchers’ contact details.

Respiratory symptoms and sleep
Parents reported on the child’s and family history
of asthma, allergic rhinitis and OSAS. For sleep-related
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Figure 1. Study design.

respiratory symptoms, the parents answered the PSQ®,
which is validated in Spanish®. This questionnaire was
applied in Chile compared to gold standard (PSG)
with a 0.714 sensitivity, 0.521 specificity, a 0.521 po-
sitive predictive value and a 0.714 negative predictive
value for the 0.33 cut-off point®. It has 22 questions
regarding various symptoms including characteristics
of snoring (duration, intensity, and frequency), episo-
des of apnea, mouth breathing, presence of enuresis,
diurnal hypersomnolence, headache, overweight, hy-
peractivity symptoms, impulsivity, and inattention.
The 0.33 cut-off point was used in our study to iden-
tify children at high risk of having a sleep-disordered
breathing’.

For current respiratory symptoms, the Internatio-
nal Study of Asthma and Allergies (ISAAC)?*' questions
for asthma, allergic rhinitis, and atopic dermatitis were
applied.

Statistical analysis

For descriptive statistics, we used median, mini-
mum, and maximum for continuous; and number and
percentage for categorical variables, in case of non-
normal distribution. Non-parametric Mann-Whitney
and Kruskal-Wallis tests were applied for quantitative
variables. Spearman correlation was used to compare
numerical variables. A p < 0.05 value was considered
statistically significant.

In order to analyze the association between diffe-
rent factors and SDB, a multivariable analysis was ca-
rried out using binary logistic regression, expressing
the results as odds ratio (OR) with a 95% confidence
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interval. The model was adjusted for following so-
ciodemographic variables: age, gender, mother’s level
of education, pet ownership, and smoke exposure at
home. All analyses were performed using the SPSS Sta-
tistics software version 24 for MAC.

Results

A total of n=564 surveys were analyzed. Overall
SDB prevalence was 17.7% (n=100), with differences
between communes and regions; 6% in Vitacura (Me-
tropolitan Region), 28.7% in Chilldn (Biobio Region),
and 36.4% in Puerto Natales (Magallanes Region)
(p = 0.001). Figure 2 shows the SDB prevalence in di-
fferent communes.

Table 1 summarizes the main characteristics of the
subjects included in the study, with and without SDB
defined by PSQ score. The group with SDB had signifi-
cantly more males than the group without SDB; 54.5%
vs 42.8% respectively (p = 0.033). The group with SDB
tended to have a higher z-BMI than the group without
SDB; 0.82 (£ 1.8) vs 0.63 (*+ 1.6), but this difference
was not significant (p = 0.276). The presence of seve-
rely obese children in the SDB group was significant;
12.2% vs. 4.3% in those without SDB (p = 0.038). In
terms of academic performance, children with SDB
performed worse in all subjects assessed (language,
mathematics, science, and physical education) and on
their overall GPA. The SDB group had a 6.36 overall
GPA (% 0.48) vs. 6.56 (£ 0.34) in the non-SDB group,
with p = 0.001.

7 Santiago 9 Biobio 2 Magallanes
school’s school’s school’s
(n=707) (h=273) (n=112)

[

[

First grade school children (n = 1092)

Delivery of questionnaires to
teachers

]

Questionnaires devolution
(53.8%)

Delivery of questionnaires to
parents

| Questionnaires |

|

| Informed consent

| | 24 incomplete were excluded

|

Data analysis
(n=564)
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The educational level of the parents showed an in-
verse association with SDB, a higher educational level
of the parents was associated with a lower SDB pre-
valence. Mothers of children without SDB had 69.9%
of technical or higher studies compared to 44.4% of
mothers of children with SDB (p < 0.001). Family in-
come was also associated with SDB.Families of children
with SDB tend to have lower monthly income in USD,
a significant difference (p < 0.001): 68% with income
less than or equal to 1,300 USD vs 37.8% in children
without SDB. In addition, we found a significant asso-
ciation of SDB with indigenous parental origin, mainly
mapuche; 14.6% vs. 6.6% (p = 0.011).

Families of children with SDB had smaller hou-
ses compared to those without SDB (87 m? vs 140 m?,
p =0.003). No significant differences were found in the
number of stories in the house, rooms, total inhabi-
tants or the number of adults. Regarding indoor po-
llutants, children with SDB were more likely to be ex-
posed to passive smoke (inside and outside the home),
53% vs 37.1% (p = 0.003), and to have pets inside the
home, 43.4% vs 31.4% (p = 0.021). No differences
were found between heating type used during winter in
both groups (kerosene, wood, gas, electric, or other).

Regarding previous diagnosis of asthma and aller-
gic rhinitis, there were no significant differences bet-
ween the groups with and without SDB. There was also
no significant difference in family history of asthma,
allergic rhinitis nor OSAS for children with or without
SDB. However, when analyzing ISAAC questions for
asthma, allergic rhinitis, and atopic dermatitis, all pre-
sented statistically significant differences, being most
frequently positive in the SDB group. Table 2 sum-
marizes these results. For the entire cohort, we found
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a prevalence of wheezing that interrupted sleep at
least once a week of 47.2% and nocturnal dry cough
in the last 12 months of 28.6%. Children with SDB
had significantly more wheezing in the past 12 months
(25.3% vs 11.1%, p < 0.001), and more rhinitis symp-
toms such as frequent sneezing, runny nose, or nasal
congestion without infectious intercurrence in the last
12 months (68.5% vs 34.8%, p < 0.001) compared to
those without SDB.

Regarding nocturnal respiratory symptoms, 20.2%
of the total sample reported to snore more than half
the time, 19% snored always, and 20.4% snored loudly.
5.4% of the parents acknowledged that their child had
episodes when he or she stopped breathing at night.
In terms of sleep duration, the total group of children
slept a median of 10 hours during the week (7-12.5
hrs) and 11 hrs during the weekend (7.5-14.5 hrs).
When analyzing groups with and without SDB, chil-
dren with SDB slept an average of 14.4 minutes less on
weekdays (p = 0.002), without significant differences
in the number of hours that both groups slept on the
weekend.

A multivariate analysis was performed for factors
associated with the presence of SDB in schoolchildren.
Variables that presented a significant association in the
univariate analysis (sex, general grade point average,
father and/or mother belonging to indigenous people,
educational level of the mother, wheezing in the last
12 months, rhinitis symptoms in the last 12 months,
and eczema in the last 12 months) were included. Low
educational level of the mother (OR 3.51 (95% CI
1.53-8.02, p = 0.003)), and child’s rhinitic symptoms
in the last 12 months (OR 4.79 (95% CI 2.20-10.43,
p < 0.001)) were significant predictors of SDB.

Vitacura I 6
Las Condes I 7, 7%
Puente Alto I 0%
Nuioa m—— S 3%
Maipt I O 1%
Concepcion IIEEEEEE————— 4%
Providencia I 720

Total I 17,7 %

Macul I 0
Yumbel I 22 6
Chillan I 28, 7%
POV e —— 33, 3%
Puerto Natales I 36.4 %0

Figure 2. Sleep disordered
breathing (SDB) prevalence (%) in
Chilean schoolchildren, differences
for communes (Metropolitan, Bio-
bio and Magallanes regions).
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Table 1. Participant’s characteristics with or without SDB defined by PSQ

Total sample (n = 564) SDB (+) (n = 100) SDB (-) (n = 464) p

Age in years 6(5-9) 6(5-7) 6(5-9) 0.434
Male sex 44.9 (250) 54.5 (54) 42.8 (196) 0.033*
zBMI, mean (SD) 0.66 (+ 1.64) 0.82 (= 1.8) 0.63 (= 1.6) 0.276
Severe obesity (zBMI) (> 3 SD) 56 (17) 12.2 (6) 43 (11) 0.038*
Mother's higher education 65.4 (362) 44.4 (44) 69.9 (318) 0.000*
Father's higher education 64.5 (343) 46.8 (44) 68.2 (299) 0.001*
Socioeconomic income, tertiles 0.000*
High (> 3.000 USD) 45 (245) 23.7 (23) 49.7 (222)

Middle (1.300 - 3.000 USD) 11.8 (64) 8.2 (8) 12.5 (56)

Low (< 1.300 USD) 45 (245) 68 (66) 37.8 (169)

Indigenous population 79 (42) 14.6 (13) 6.6 (29) 0.011*
Pets indoors 33.5(188) 43.4 (43) 31.4 (145) 0.021*
Secondhand smoking 40 (225) 53 (53) 37.1(172) 0.003*
Asthma (previous diagnosis) 10.2 (57) 15.2 (15) 9.1 (42) 0.071
Allergic rhinitis (previous diagnosis) 21.8(121) 25.5 (25) 21.1 (96) 0.333
Sleep hours weekday 10(7-12.5) 9.8(7-11.3) 10(7.8-12.5) 0.002*
Sleep hours weekend 11(7.5-14.5) 11(8-13.5) 11(7.5-14.5) 0.579

Data are presented as median (range) or % (n), unless otherwise stated. *p < 0.05 was considered statistically significant. Definition of ab-
breviations: SDB = sleep disordered breathing; PSQ = pediatric sleep questionnaire, zBMI = Z score body mass index, SD = standard deviation.

Table 2. ISAAC questions for asma, allergic rhinitis and atopic
dermatitis in participant’s with or without SDB defined by PSQ

SDB (+) SDB (-) p
(n=100) (n=464)
Asthma
Wheezing ever 65.2 (60) 38.2(170) <0.001*
Wheezing last 12 months 25.3(23) 11.1 (50) <0.001*
Sleep disturbed due to wheezing 83 (8 04 (2) <0.001*
Allergic rhinitis
Rhinitis symptoms ever 77.7 (73) 41.8(187) <0.001*
Rhinitis symptoms last 12 months ~ 68.5 (63) 34.8 (157) < 0.001*
Conjunctivitis symptoms 471 (40) 16.7 (75) <0.001*
Atopic dermatitis
Eczema ever 25.8(24) 11.2 (51) <0.001*
Eczema last 12 months 22.3(21) 106 (48) 0.002*

Eczema typical places

16.9(15) 8.6 (39) 0.017*

Data are presented as % (n). *p < 0.05 was considered statistically sig-
nificant. Definition of abbreviations: SDB = sleep disordered breathing;
PSQ = pediatric sleep questionnaire, ISAAC= International Study of
Asthma and Allergies.
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Discussion

This study found a high SDB prevalence in Chilean
schoolchildren (17.7%), similar to that reported in in-
ternational studies'>!*. There were also differences in
sociodemographic level, housing, ethnic/family and
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prevalence of chronic respiratory pathologies related
with the prevalence of SDB.

The higher SDB prevalence in boys than in girls
found in our study has been previously described. In
children and adolescents, there are sociocultural, hor-
monal, metabolic, and anatomical factors that may
explain this trend®. Several studies have shown that
obesity is an independent risk factor for SDB in the
pediatric population®?. Multiple physiopathologic
mechanisms are described to link both diseases; such
as narrowing of the upper airway by local fat infiltra-
tion and a greater work of breathing by increased body
fat*. Although no significant differences were seen in
the nutritional status of patients with and without SDB
in our study, the SDB group tends to have more severe
obesity.

There is consistent evidence concerning an associa-
tion between SDB and neurocognitive consequences in
school-age population®*-?. In previous studies in Chile,
children with SDB showed significantly lower perfor-
mance in language and physical education® subjects
and in mathematics and science’®. Similarly, the diffe-
rences in school performance found in our study could
show a deterioration in the daytime cognitive functio-
ning of schoolchildren. It is important to note that
formal neurocognitive evaluations may be required to
better characterize possible consequences in children
with SDB.
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The association between OSAS and race/ethnicity
has also been described; there has been a significant
association between African American children and
the presence of SDB#-**. Our study found a significant
association between SDB and parents of indigenous
origin, mainly mapuches. We believe that there are
anatomical maxillofacial relationships characteristic of
these indigenous people that may predispose to sno-
ring or apneas in sleep.

Schoolchildren without SDB were also found to
have larger houses than the SDB group, findings that
are consistent with what was published in previous stu-
dies®. Since the perception of snoring depends on the
presence of a family member near the child during the
night, having a smaller home may lead to more accu-
rate reporting of snoring*. On the other hand, having
smaller homes may be associated with more crowded
conditions, indoor pollutants, and poor ventilation,
with a predisposition to having SDB. In our study, the
higher SDB prevalence in southern cities could be ex-
plained by higher levels of indoor pollutants such as
wood heating.

As in international literature, an inverse relations-
hip was found between family income level and SDB%,
which could be partly explained by overcrowding®,
but also by multiple other factors. For example, the
possibility of the family to provide a physical envi-
ronment that facilitates fall asleep and maintains the
sleep™, lower opportunities of access to health with a
delay of the diagnosis and treatment of patients and
lower level of education of both parents. The educa-
tional level of the mother remained as a predictor of
SDB after multivariate analysis, which in other studies
has been considered a poverty marker. Higher levels of
poverty lead to poorer environmental conditions for
children that can lead to the development of SDB and
other chronic diseases, especially respiratory diseases.

Passive smoking is a known risk factor for SDB in
children, which is reinforced by our study. Since sno-
ring affects on the diameter of the pharynx, smoke
exposure can cause, in other alterations, edema and
inflammation of the mucosa, resulting in a decrease
in the diameter of the pharynx and increased snoring
and apneas during sleep??*. Passive smoke exposure
in children has been shown to predispose to recurrent
respiratory infections, alter the quality and quantity of
sleep in children and decrease neurological develop-
ment in infants*-*2,

The association between allergic rhinitis, asthma
and SDB has been widely studied®***, with atopy being
one of the highest risk factors for SDB*. Being both
(SDB and asthma) inflammatory diseases of the airway,
the presence of one can cause or exacerbate the other,
and there may be a bidirectional relationship. Thus,
treatment of asthma may improve nocturnal symp-
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toms in children with SDB and treatment of asthmatic
children with SDB (e.g. adenotonsillectomy) may im-
prove asthma exacerbations®. This is what sustains
the theory of the “single airway”, a continuous of res-
piratory pathologies”. Although our study showed no
association between prior diagnosis of allergic rhinitis,
asthma, and SDB; when asked about symptoms of the-
se pathologies, all were significantly more frequent in
the SDB group. A sub-diagnosis of asthma and aller-
gic rhinitis is striking, with a challenge to optimize the
treatment of frequent chronic respiratory pathologies
in children, improving nocturnal respiratory symp-
toms and avoiding the consequences already described
of SDB. There are also studies that correlate SDB and
atopic dermatitis, where patients with OSAS were at
greater risk of developing atopic dermatitis®. Our stu-
dy emphasizes the importance of investigating atopy
and managing it early to improve the quality of life and
sleep of children.

There are limitations in our study; sampling was
for convenience and may not be representative. We
did not use formal sleep study due to the high costs in-
volved, however, we applied a validated questionnaire
in our language and which has been previously applied
in our population with good correlation. On the other
hand, the questionnaires were applied by different sur-
veyors in each city so that the differences reported in
these could be partly explained by a possible bias of
the surveyor.

Notwithstanding that, we rescue several strengths
of this study such as the number of children surveyed,
from different cities in Chile and which could be des-
cribed in terms of several sociodemographic characte-
ristics, respiratory symptoms of sleep and atopy (asth-
ma, allergic rhinitis, and atopic dermatitis).

Conclusions

According to their parents, Chilean first-grade
schoolchildren have a high SDB prevalence, among
to the highest rates worldwide. Differences in SDB
prevalence were found between the included cities and
communes. SDB in Chilean schoolchildren was asso-
ciated with social risk factors, lung diseases, and worse
quantity and quality of sleep. It would be interesting
to be able to carry out future studies to evaluate phys-
iopathological mechanisms and statistical causality of
the factors associated with SDB, in order to be able to
intervene them in a more appropriate way.
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