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ABSTRACT

Introduction: Studies indicate that the association between asthma and rhinitis is common
and may be responsible for the presence of sleep disorders, with consequent impairment
throughout the day, worsening of quality of life, decreased ability to concentrate, low school
performance rates, and behavioral changes. Objective: To evaluate the impact of the level
of asthma and rhinitis control on the sleep quality of children and adolescents. Methods:
This was a cross-sectional, prospective, analytical, and quantitative study conducted with
children and adolescents between 6 and 18 years of age diagnosed with asthma and
allergic rhinitis who attended the Pediatric Pulmonology Outpatient Clinics of the Hospital
das Clinicas of the Federal University of Goias (UFG). The Asthma Control Test (ACT) and
Childhood Asthma Control Test (c-ACT) questionnaires were applied to assess asthma
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control, the Rhinitis Control Assessment Test (RCAT) to verify rhinitis control, and the Sleep
Disorders in Children Scale (EDSC). The data obtained were tabulated and processed
using the SPSS for Windows version 16.0 program, in which the Mann-Whitney or Kruskal-
Wall tests were applied to compare the distributions of quantitative variables of the groups
(p=5%). Results: A total of 107 children and adolescents with asthma were included, 66
(61.7%) of whom were male, with a mean age of 10.93 + 3.10 years. 47 (43.9%) patients
were classified as having uncontrolled asthma, and they had higher EDSC values, which
indicates the presence of greater sleep disorders. Regarding rhinitis, 68 (63.6%) had
uncontrolled rhinitis, with significantly higher values in the total score (p<0.001) and in all
disorders evaluated by the questionnaire (p<0.05) in this group. When associating the
presence of asthma and rhinitis, the groups with controlled asthma and rhinitis showed
differences in all the components mentioned above in relation to the group with
uncontrolled asthma and rhinitis. Conclusion: We conclude that both asthma and AR are
related to the presence of sleep disorders in children and adolescents and, when not
controlled, may be more harmful to patients. Uncontrolled AR demonstrated a greater
impact when compared with non-asthma control.

Keywords: Asthma. Rhinitis. Sleep Disorders. Child.
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INTRODUCTION

Asthma is a heterogeneous disease characterized by chronic inflammation of the
airways, with the presence of recurrent episodes of wheezing, dyspnea, chest tightness,
and cough, associated with expiratory flow variation, and which affects approximately 300
million people worldwide and causes about 1000 deaths per day (GINA, 2024)

It is considered one of the most common chronic childhood diseases, and affects
24.3% of Brazilian school-age children and 19% of adolescents (SOLE et al, 2006; GINA,
2024). In addition, uncontrolled asthma is one of the main causes of hospitalization in
school-age children, which leads to higher morbidity and mortality, absenteeism from
school, level of sedentary lifestyle, medication expenses, and poorer quality of life
(RODRIGUES-BASTOS et al., 2013; MARQUES et al., 2022)

Another chronic disease with a high prevalence in the pediatric age group is allergic
rhinitis (AR), which presents nasal manifestations such as anterior and posterior
rhinorrhea, nasal obstruction, sneezing, hyposmia and nasal itching due to an inflammatory
process after contact with allergens (CAMELO-NUNES et al., 2010; IV BRAZILIAN
CONSENSUS ON RHINITIS, 2017; CALDEIRA et al., 2021).

Rhinitis has an overall prevalence of 10 to 40%, with variation according to the
region, and is considered an underdiagnosed and undertreated disease (KATELARIS et al,
2012). In Brazil, the study with the International Study of Asthma and Allergies in Childhood
(ISAAC) protocol identified the prevalence of allergic rhinitis in 12.8% in children aged 6-7
years and 18.0% among adolescents aged 13-14 years (SOLE et al., 2004).

The association between asthma and rhinitis is common, in which about 40% of
patients with AR have asthma, while 80% of asthmatics have AR (AGUERO et al., 2023).
This association can be explained by the physiological and pathological relationship
between the upper and lower airways with the single airway theory, as well as by the
chronic inflammatory component of both diseases (CAMELO-NUNES et al., 2010; DI-
CARA et al., 2015; MORENO et al., 2019).

Studies have shown that children with asthma and/or rhinitis may have some type of
sleep disorder, such as complaints of insomnia, poor sleep quality, difficulty falling asleep,
sleep disturbances, daytime sleepiness, and night terrors (NALLU et al., 2019; BILGIN et
al., 2022; REITER et al., 2022). General sleep complaints such as bedtime problems and
nighttime awakenings, consistent with behavioral insomnia, are found in approximately 20-
30% of school-age children (MINDELL et al., 2006).
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Among the theories for the relationship between sleep disorders in patients with AR
and asthma, the consequence of inflammatory processes with greater activation of
inflammatory mediators, increased airway resistance, presence of wheezing, and coughing
at night is mentioned (LOEKMANWIDJAJA et al., 2018; SANCHEZ et al., 2018). In
addition, there is a complex bidirectional interaction between sleep-related breathing
disorders and asthma, in which insufficient and poor quality sleep can aggravate asthma
symptoms, and uncontrolled asthma can impair sleep (REITER et al., 2022).

From this perspective, it is noted that in recent years the quality of sleep has been a
reason for questioning and concern, especially in the pediatric age group, given its
influence on the child's development (MASKI et al., 2018). In addition, improving asthma
and rhinitis control seems to be an important step to improve symptoms and prevent
deterioration in sleep quality in children (D'ELIA et al., 2022). Therefore, the objective of
this study was to evaluate the impact of the level of asthma and rhinitis control on the sleep

quality of children and adolescents.

METHODOLOGY

This is a cross-sectional, prospective, analytical, and quantitative study, in which
children and adolescents between 6 and 18 years of age, diagnosed with asthma and AR,
who attended the Pediatric Pulmonology outpatient clinics of the Hospital das Clinicas of
the Federal University of Goias (UFG), from March to September 2019, were selected.
Patients with neurological, cardiac and other pulmonary diseases, except asthma, were
excluded.

The Asthma Control Test (ACT) (ROXO et al., 2010) and Childhood Asthma Control
Test (c-ACT) (OLIVEIRA et al., 2016), Rhinitis Control Assessment Test (RCAT)
(FERNANDES et al., 2016) and Sleep Disorders Scale in Children (EDSC) (FERREIRA,
2009) questionnaires were applied to parents or guardians of children and adolescents, all
of which were validated for Portuguese.

The ACT consists of five questions about asthma symptoms, the effect of asthma on
daily routine, and the use of reliever bronchodilators in the last four weeks for patients over
12 years of age. Each question includes five answer options, from 1 (worst) to 5 (best). The
final score can range from 5 to 25, with a score less than or equal to 19 being considered

uncontrolled asthma, and values = 20 indicative of controlled asthma (ROXO et al., 2010).
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The c-ACT is applied to children between 4 and 11 years of age, consisting of three
items directed to parents, with scores ranging from 0 (worst) to 5 (best) and four items
directed to children, with scores ranging from 0 (worst) to 3 (best), and at the end, a cutoff
point of 19 was considered, in which a score = 20 was indicative of good asthma control.
(OLIVEIRA et al., 2016).

The RCAT is composed of six questions, whose answers are graded from one to
five, according to the frequency of the events questioned, which at the end will be added to
compose a total score. The questions refer to the frequency of rhinitis symptoms in the last
week and its interference with daily activities and sleep. Patients with controlled rhinitis
symptoms were considered to be those who obtained a score = 22 points, and uncontrolled
patients with < 22 points. (FERNANDES et al., 2016).

In order to evaluate the relationship between the level of asthma control and the
level of rhinitis control, the patients were also classified into groups with controlled asthma
and rhinitis, controlled asthma and uncontrolled rhinitis, uncontrolled asthma and controlled
rhinitis, and uncontrolled asthma and rhinitis.

The EDSC has 26 items divided into six subscales: Sleep Onset and Maintenance
Disorders (DIMS), Sleep-Disordered Breathing (SDB), Awakening Disorders (DD), Sleep-
Wake Transition Disorders (VSD), Excessive Daytime Sleepiness (EDS), and Sleep
Hyperhidrosis (HS), which results in a total score of 130 points, with the score being
inversely proportional to sleep quality (FERREIRA, 2009).

The study was approved by the Research Ethics Committee of the Federal
University of Goias (UFG), opinion no.: 3,716,365. All parents or guardians signed the
Informed Consent Form, as well as children and adolescents signed the Informed Consent
Form.

The data obtained were tabulated and processed using the SPSS for Windows
version 16.0 (Statistical Package for the Social Sciences; SPSS Inc., Chicago, IL; USA).

To verify the normality of the quantitative variables, the Kolmogorov-Smirnov test
and the Shapiro-Wilk test were applied, and in both tests, variables with values of p>0.05
were considered to have a normal distribution.

The quantitative variables were presented as median, minimum and maximum. To
compare the distributions of non-parametric quantitative variables between two groups, the

Mann-Whitney test was used.
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To compare the distributions of quantitative variables of four independent groups
without normal distribution, the non-parametric Kruskal-Wallis test was used. When the
latter presented statistically significant differences between the groups, the Non-Parametric
Multiple Comparison Test (MCT) was applied.

In all cases, the significance level was set at 5%.

RESULTS

A total of 115 children and adolescents with asthma were evaluated, eight of whom
were excluded because of the presence of cystic fibrosis or bronchiolitis obliterans or
because they did not answer all the questions in the questionnaires. In the end, 107
asthma patients participated in the study, 66 (61.7%) of whom were male, with a mean age
of 10.93 + 3.10 years and a median of 11 (6-18) years.

According to the ACT classification of the level of asthma control, 60 (56.1%)
patients were classified as having controlled asthma and 47 (43.9%) as having
uncontrolled asthma. Table 1 shows the comparison of the components of the Sleep
Disorders in Children Scale (EDSC) and the level of asthma control, and significantly
higher values were observed in the total score (p=0.002), in the sleep initiation and
maintenance disorder (p=0.001), in the sleep-to-sleep breathing disorder (p=0.011), in the
awakening disorder (p=0.033) and in the sleep-wake transition disorder (p=0.046) in the
group with uncontrolled asthma, in which higher values indicate the presence of greater

sleep disorders.

Table 1: Comparison of the Sleep Disorders in Children Scale (EDSC) score in relation to the level of asthma
control in children and adolescents.

ANC AC p

Total score 54 (30 — 102) 46 (30 — 83) 0,002
DIMS 15 (7 - 27) 12 (7-27) 0,001
DRS 6 (3 15) 5(3-13) 0,011
DD 5(3-9) 3(3-11) 0,033
DTSV 12 (6 - 28) 11 (6 — 23) 0,046
SED 12 (5 - 24) 9(4-22) 0,062
HS 4 (2-10) 4 (2-16) 0,102

ANC: Uncontrolled asthma; CA: Controlled asthma; DIMS: sleep onset and maintenance disorder,
DRS: sleep-disordered breathing, DD: arousal disorder, DTSV: sleep-wake transition disorder,
EDS: excessive daytime sleepiness, HS: sleep hyperhidrosis. Statistical test: Mann-Whitney test.

Regarding rhinitis, 39 (36.4%) children and adolescents were classified as having
controlled rhinitis and 68 (63.6%) with uncontrolled rhinitis. Table 2 shows the comparison

of the components of EDSC with rhinitis control, and significantly higher values were
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observed in the total score (p<0.001) and in all disorders evaluated by the questionnaire

(p<0.05) in the group with uncontrolled rhinitis.

Table 2: Comparison of the Sleep Disorders in Children Scale (EDSC) score in relation to the level of rhinitis
control in children and adolescents with asthma.

RNC RC p

Total score 54 (31 -102) 43 (30 - 81) <0,001
DIS 14 (7 - 27) 12 (7-27) 0,017
DRS 6 (3-15) 4(33-8) <0,001
DD 4(3-11) 3(3-8) 0,003
DTSV 13 (6 — 28) 9(6-23) <0,001
ED 11 (4 —24) 8 (5 —20) 0,004

HS 4(2-16) 3(2-10) 0,016

NCR: Uncontrolled rhinitis; CR: Controlled rhinitis; DIMS: sleep onset and maintenance disorder, DRS: sleep-
disordered breathing, DD: arousal disorder, DTSV: sleep-wake transition disorder, EDS: excessive daytime
sleepiness, HS: sleep hyperhidrosis. Statistical test: Mann-Whitney test.

When associating the presence of asthma and rhinitis, 33 (30.8%) patients with
controlled asthma and rhinitis, 27 (25.2%) with controlled asthma and uncontrolled rhinitis,
6 (5.6%) with uncontrolled asthma and controlled rhinitis, and 41 (38.3%) with uncontrolled
asthma and rhinitis were observed. When comparing the groups, a statistically significant
difference was observed between the groups in the overall score (p<0.001) and in all
components of the questionnaire, with the exception of sleep hyperhidrosis (p=0.101)
(Table 3).

The groups with controlled asthma and rhinitis showed differences in all the
components mentioned above in relation to the group with uncontrolled asthma and rhinitis.
On the other hand, the group with asthma and controlled rhinitis showed differences with
the group with controlled asthma and uncontrolled rhinitis in the items of total score, sleep-

disordered breathing, and sleep-wake transition disorder.
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Table 3: Comparison of the score obtained on the Sleep Disorders in Children Scale (EDSC) in relation to the
level of asthma and rhinitis control in children and adolescents.

AC+RC AC+RNC ANC+RC ANC+RNC p

Total 43 (30 - 81) 50 (31 - 83) 49 (33 - 57) 59 (33 - 102) <0,001
DIS 11 (7 - 17) 14 (7 - 22) 15 (11 - 25) 15 (7 - 27) 0,005
DRS 4(3-8) 6(3-13) 4(3-8) 7 (3 - 15) <0,001
DD 3(3-8) 4(3-11) 3(3-7) 5(3-9) 0,022
DTSV 9 (6-23) 14 (8 - 23) 11 (6 - 13) 13 (6 - 28) <0,001
ED 8 (5 - 20) 11 (4 - 22) 6 (5-11) 12 (5 - 24) 0,008
HS 3(2-10) 4 (2-16) 4(2-4) 5 (2 - 10) 0,0101

ANC: uncontrolled asthma, CA: controlled asthma; NCR: Uncontrolled rhinitis; CR: Controlled rhinitis; DIMS:
sleep onset and maintenance disorder, DRS: sleep-disordered breathing, DD: arousal disorder, DTSV: sleep-
wake transition disorder, EDS: excessive daytime sleepiness, HS: sleep hyperhidrosis. Statistical test:
Kruskal-Wallis test and Multiple Comparison Test (Total: AC+OHR#ANC+NCR and AC+WCR#AC+NCR;
DIMS: AC+RC#ANC+RNC; DRS: AC+RC#ANC+RNC and AC+RC#AC+RNC; DD: AC+RC#ANC+RNC;
DTSV: AC+RC#ANC+RNC and AC+RC#AC+RNC; SED: AC+RC#ANC+RNC).

DISCUSSION

In the present study, we identified a significant presence of sleep disorders in
children and adolescents diagnosed with asthma and AR. The significant relationship found
between uncontrolled asthma and sleep disorders, including respiratory disorders, is
similar to data in the literature, which demonstrate that asthmatic patients have lower sleep
quality, especially those with uncontrolled disease (BROCKMANN et al., 2014; LI et al.,
2015; SANCHEZ et al., 2016).

According to previous studies, nocturnal exacerbations due to asthma affect about
two-thirds of asthmatics in general (GREENBERG et al., 2012; REITER et al., 2022). It is
believed that nocturnal asthma symptoms are related to changes in circadian variation as
one of the factors for increased airway resistance during sleep (NUNES, 2002;
GREENBERG et al., 2012).

Li et al., (2015) reinforced the relationship between asthma severity and the
presence of nocturnal snoring, suggesting that asthmatic patients, in the search for disease
control, should be screened for sleep-related respiratory disease. In the present study,
higher EDSC values were found in those patients whose asthma was not controlled,
establishing a negative association between asthma severity and sleep quality.

A systematic review conducted by Sanchez et al. (2016) evaluated the prevalence of
asthma and sleep-disordered breathing in children and found that both studies with
questionnaires and those that performed objective measures such as polysomnography
(PSG) evidenced the relationship between asthma severity and sleep disorders. The same
review proposes a bidirectional relationship between asthma and SDB, indicating that just

as asthma patients have a higher prevalence of these disorders, those diagnosed with
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obstructive sleep apnea (OSA) have a greater susceptibility to asthma exacerbations.
(SANCHEZ et al., 2016).

In contrast, a meta-analysis conducted by Brockmann et al. (2014) proposes that
there is no way to infer a risk relationship between asthma and OSA, since the few studies
that have conducted PSG, considered the gold standard for the diagnosis of OSA, have not
been able to demonstrate an association between these pathologies. In the present study,
although no PSG was performed on the individuals evaluated, the application of
questionnaires demonstrated a significant relationship between lack of asthma control and
sleep disorders.

When we evaluated the population with uncontrolled allergic rhinitis compared with
controlled AR, we found a significant difference in all sleep disorders evaluated by the
EDSC, including the domains of excessive daytime sleepiness and sleep hyperhidrosis,
which were not significant when asthma alone was evaluated.

After associating AR and asthma, the group of patients with non-control of both
diseases had significantly higher values in the global score of the EDSC and in the
assessment of sleep-disordered breathing and sleep-wake transition disorder when
compared to the group with controlled AR and asthma. These same items evaluated also
had higher scores, which were statistically significant, in the group with AR that was
uncontrolled, when compared with the group with controlled AR, both with controlled
asthma.

However, when we compared groups with controlled AR, which differed only by
whether or not asthma was controlled, there was no significant difference between the
scores obtained, thus leading us to believe that uncontrolled AR has a greater impact on
sleep quality than does asthma.

Authors propose that inflammatory mediators in patients with AR, such as cytokines
and histamines, act on the central nervous system, modifying the circadian rhythm, thus
promoting sleep disorders that negatively alter the quality of life of these patients (KIMPLE
et al., 2013; PERIKLEOUS et al., 2018; LOEKMANWIDJAJA et al., 2018). Nasal
obstruction is described as being the symptom with the greatest impact on quality of life,
being seen as a nuisance during the performance of activities, when associated with
mucosal edema it contributes to the increase of airway resistance, thus acting as a factor
of worsening for sleep quality (CAMELO-NUNES et al., 2010; KIMPLE et al., 2013).
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Studies have shown that after the treatment of AR with nasal corticosteroids, a
significant improvement in the nasal symptoms of patients was identified and a consequent
improvement in sleep quality, as well as a decrease in symptoms such as drowsiness and
irritability during their daily activities (MANSFIELD et al., 2004; DAVIES et al., 2006). In our
study, there was no evaluation of the impact of AR treatment on sleep quality, but it was
found that disease control was the most relevant factor in the prevalence of sleep
disorders, which leads us to believe that AR treatment could positively impact the quality of
life of these children and adolescents.

In a review carried out by Owens, in children with SDB, impairment in executive
functions and memory was identified, as well as behavioral problems, mood swings and
attention deficits (OWENS, 2009). In addition, there are reports in the literature of lower
school performance in these children (FANGUPO et al., 2021). Thus, since the disorders
presented widely affect the quality of life of patients, parents and/or guardians should be
alerted to signs of sleep and behavior changes, so that the diagnosis is as early as
possible.

Finally, it is noteworthy that it was not possible to evaluate sleep disorders after
optimizing the treatment of asthma and AR, since this is a cross-sectional study, indicating
the need for further studies on this topic. Another limitation of the present study was the
use of questionnaires only to assess sleep disorders, however, our results were similar to
those found in the literature that used polysomnography (SANCHEZ et al, 2016). Thus, it is
emphasized that services that do not have polysomnography, the application of simple and
reproducible questionnaires such as the EDSC, can be a possible tool for screening the
presence of sleep-disordered breathing in children and adolescents with asthma and/or

rhinitis.

CONCLUSION

Both asthma and AR are related to the presence of sleep disorders in children and
adolescents and, when not controlled, can be more harmful to patients. Uncontrolled AR
demonstrated a greater impact when compared with non-asthma control.

Although there is an association between sleep disorders and AR/Asthma, further
studies with objective methods are still needed to evaluate the impact of treatment on

affected patients.
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