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ABSTRACT
Aim: Viral respiratory infections and atopy have been implicated in the pathogenesis of

adenotonsillar hypertrophy and obstructive sleep apnoea (OSA), but the role of atopy is

controversial. We aimed to test our hypothesis that atopy, expressed as physician-

diagnosed eczema, was associated with adenotonsillar hypertrophy and OSA among

children who snored.

Methods: Data on children who snored and were referred for polysomnography were

reviewed. The primary outcome measures were adenotonsillar hypertrophy and OSA.

Results: We analysed data on 855 children with a mean age (�standard deviation) of 6.3

(�2.5) years and median obstructive apnoea–hypopnea index of 2.1 episodes per hour.

Of the 855 subjects, 133 (15.6%) had physician-diagnosed eczema, 591 (69.1%) had

adenoidal hypertrophy, 605 (70.8%) had tonsillar hypertrophy, 219 (25.6%) were obese

and 470 (55%) had OSA. Eczema was not related to adenoidal or tonsillar hypertrophy

after adjustment for gender and age, with odds ratios (OR) of 1.00 (95% confidence

interval 0.67–1.49; p = 0.98) and 0.88 (95% confidence interval 0.59–1.32; p = 0.54),

respectively. Similarly, eczema did not affect OSA frequency after adjustment for adenoidal

and tonsillar hypertrophy, obesity, gender and age, with an adjusted OR of 0.82 (0.56–

1.21; p = 0.32).

Conclusion: Atopy was not related to adenotonsillar hypertrophy or OSA in children who

snore.

INTRODUCTION
Increased upper airway resistance and, or, pharyngeal collaps-
ibility predispose patients to intermittent pharyngeal airway
narrowing during sleep and obstructive sleep-disordered
breathing which presents as snoring and increased work of
breathing (1). Childrenwho snore are diagnosedwith obstruc-
tive sleep apnoea (OSA) if they have detectable intermittent
airflow cessation (apnoea) or airflow reduction (hypopnea),
gas exchange abnormalities (hypoxaemia and hypercapnia)
and arousals from sleep (2). OSA is the most severe form of
obstructive sleep-disordered breathing (2).

Adenotonsillar hypertrophy and obesity are common
clinical factors associated with increased upper airway
resistance and, or, pharyngeal collapsibility, and for this
reason, they predispose to OSA (1,2). Both OSA and
allergic rhinitis are characterised by symptoms of sleep
disturbance, such as frequent awakenings, daytime fatigue,

hypersomnolence, decreased cognitive functioning and
impaired quality of life (3). This overlap in symptoms
between the two disease entities has led to speculation that
allergic rhinitis is implicated in the pathogenesis of OSA, by
inducing nasal obstruction and enhancing nasal resistance
(4). However, the association between the presence of
allergic rhinitis or atopy and severity of sleep-disordered
breathing has not been delineated due to the frequently
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Key notes
� Atopy has been implicated in the pathogenesis of

adenotonsillar hypertrophy and obstructive sleep
apnoea (OSA), but its role is controversial.

� We tested the hypothesis that atopy, expressed as
physician-diagnosed eczema, was associated with
adenotonsillar hypertrophy and OSA among children
who snored.

� Our study of 855 children who underwent polysom-
nography for suspected obstructive sleep-disordered
breathing did not support the hypothesis.
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coexisting adenoidal hypertrophy (5). Adenoidal hypertro-
phy develops in preschool years, persists into late childhood
and adolescence and presents as nasal obstruction similar
to allergic rhinitis (6).

Eczema is an atopic disease that frequently precedes the
development of allergic rhinitis and asthma (7,8). In the
current study, physician-diagnosed eczema was used as a
surrogate measure of atopy, in an attempt to bypass
difficulties with the diagnosis of allergic rhinitis in children
who snore and have concurrent adenoidal hypertrophy.
Therefore, we tested the hypothesis that children who are
referred for polysomnography because of suspected
obstructive sleep-disordered breathing, and also have
physician-diagnosed eczema, face an increased risk of
adenotonsillar hypertrophy and OSA. The effect of the
interaction between physician-diagnosed eczema and age
on frequency of OSA was also evaluated.

PATIENTS AND METHODS
Subjects and evaluation
We analysed data records of children who snored for at
least one night per week and were referred to the sleep
disorders laboratory of the Larissa University Hospital for
polysomnography between January 2001 and June 2013.
Data on subjects with craniofacial abnormalities and
neuromuscular or genetic disorders were not included in
the analysis.

Clinical information relevant to this study was extracted
from the sleep laboratory database on each participant: (i)
symptoms of obstructive sleep-disordered breathing; (ii)
current or past physician-diagnosed eczema (atopic derma-
titis); (iii) current or past physician-diagnosed allergic
rhinitis; (iv) history of nasal congestion for at least
3 months over the 6-month period preceding polysomnog-
raphy; and (v) body mass index (BMI) z score and tonsillar
size (graded from 1+ to 4+) (9,10). Obesity was defined as a
BMI z score of >1.645 and tonsillar hypertrophy as tonsillar
size >2+. All children were evaluated by an ear, nose and
throat surgeon for the presence of adenoidal hypertrophy,
and the result of this assessment was included in the
database.

Polysomnography
Overnight polysomnography was performed in the sleep
disorders laboratory, and the following signals were
recorded: electroencephalogram (C3/A2, C4/A1, O1/A2);
right and left oculogram; submental and tibial electromyo-
gram; body position; electrocardiogram; thoracic and
abdominal wall motion (piezoelectric transducers); orona-
sal airflow (three-pronged thermistor and nasal pressure
transducer); and oxygen saturation of haemoglobin.

Obstructive apnoea was scored when there was absence
of airflow (at least 90% reduction in the airflow signal
amplitude compared to baseline) for at least two respiratory
cycles in the presence of chest or abdominal wall motion
(11,12). Apnoea was characterised of mixed type when
there was both an obstructive and a central component.

Hypopnea was defined as a decrease in the airflow signal
amplitude of at least 50% compared to baseline associated
with oxygen desaturation of haemoglobin equal to or >4%
or with an arousal. Obstructive apnoea–hypopnea index
(AHI) was the mean number of obstructive and mixed
apnoeas and hypopneas per hour of total sleep time (13).
Arousals and sleep stages were evaluated according to
standard criteria (14,15).

Data analysis
Obstructive sleep apnoea was the main outcome measure of
the study and was defined as an obstructive AHI of at least
two episodes per hour or an obstructive apnoea index of at
least one episode per hour (16). History of physician-
diagnosed eczema was the primary explanatory variable,
and age, adenoidal hypertrophy, tonsillar hypertrophy,
obesity and gender were additional explanatory variables.
Children with, and without, OSA were compared regarding
age, frequency and other explanatory variables and
polysomnography indices. The Student’s t-test or Mann–
Whitney U-test was used to compare continuous variables,
and v2 was carried out for categorical variables.

Univariate logistic regression analysis was performed to
calculate odds ratios and the corresponding 95% confi-
dence intervals for the presence of adenoidal hypertrophy,
tonsillar hypertrophy and OSA in children with and
without eczema. Four multivariate logistic regression analy-
sis models were tested as follows: model 1 included
adenoidal hypertrophy as the outcome measure and
eczema, age and gender as explanatory variables; model 2
incorporated tonsillar hypertrophy as the outcome measure
and eczema, age and gender as explanatory variables;
model 3 included OSA as the outcome measure and
eczema, adenoidal hypertrophy, tonsillar hypertrophy,
obesity, gender, age and the interaction between eczema
and age as explanatory variables; and model 4 was similar
to model 3, but without the interaction term. This retro-
spective research protocol was approved by the Larissa
University Hospital Scientific Council.

RESULTS
Subjects’ characteristics
A total of 1099 children who snored for at least one night
per week were referred for polysomnography during the
study period. We excluded 244 of the 1099 subjects from
the analysis due to a history of craniofacial abnormalities
(n = 68) or neuromuscular or genetic disorders (n = 176).
This means that we analysed data on 855 children with a
mean age (� standard deviation) of 6.3 (�2.5) years and a
median obstructive AHI of 2.1 episodes per hour and an
interquartile range of 1.1–4.5 episodes per hour. Of the 855
subjects, 133 (15.6%) had physician-diagnosed eczema, 219
(25.6%) were obese, 591 (69.1%) had adenoidal hypertro-
phy, 605 (70.8%) had tonsillar hypertrophy and 470 (55%)
had OSA.

Children with OSA were younger in age, had a higher
prevalence of adenoidal or tonsillar hypertrophy and worse
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polysomnography indices than subjects without OSA
(p < 0.05) (Table 1). However, the two groups of subjects
did not differ significantly in prevalence of physician-
diagnosed eczema, physician-diagnosed allergic rhinitis
and history of nasal obstruction for at least 3 months in
6 months before polysomnography (Table 1).

Effects of physician-diagnosed eczema on frequency of
adenoidal or tonsillar hypertrophy
Eczema was not significantly associated with the presence
of adenoidal hypertrophy with odds ratio of 1.00 (95%
confidence interval 0.67–1.50; p = 0.99), even after adjust-
ment for age and gender [odds ratio of 1.00 (95%
confidence interval 0.67–1.49); p = 0.98]. Similarly, there
was no significant relationship between eczema and tonsil-
lar hypertrophy before and after adjustment for age and
gender with odds ratios of 0.91 (95% confidence interval

0.61–1.37; p = 0.66) and 0.88 (95% confidence interval
0.59–1.32; p = 0.54), respectively.

Effects of physician-diagnosed eczema and its interaction
with age on frequency of OSA
Physician-diagnosed eczema was not associated signifi-
cantly with OSA with an unadjusted odds ratio of 0.89 (95%
confidence interval 0.62–1.30; p = 0.56). The interaction
between physician-diagnosed eczema and age did not affect
significantly the risk of OSA, with an odds ratio of 0.96
(95% confidence interval 0.81–1.14; p = 0.64). When the
interaction term was removed from the multivariable
logistic regression analysis model, the association of physi-
cian-diagnosed eczema with OSA, adjusted for the presence
of adenoidal and tonsillar hypertrophy, obesity, gender and
age, remained nonsignificant, with an odds ratio of 0.82
(95% confidence interval 0.56–1.21; p = 0.32) (Table 2).

Table 1 Subjects’ characteristics and statistical comparisons of children without and with obstructive sleep apnoea

Variables Children without OSA n = 385 Children with OSA n = 470 p value

Age, years 6.9 � 2.7 5.8 � 2.3 <0.01

Gender, male (%) 216 (56.1) 281 (59.8) 0.28

BMI z score 0.6 � 1.4 0.7 � 1.5 0.62

Obesity (%) 89 (23.1) 130 (27.7) 0.13

Adenoidal hypertrophy (%) 249 (64.7) 342 (72.8) 0.01

Tonsillar hypertrophy (%) 243 (63.1) 362 (77) <0.01

Nasal obstruction for at least 3 months over the

past 6 months

250 (64.9) 328 (69.8) 0.17

Physician-diagnosed allergic rhinitis (%) 136 (35.3) 156 (33.2) 0.51

Physician-diagnosed eczema (%) 63 (16.4) 70 (14.9) 0.56

Obstructive apnoea index, episodes per hour 0.3 (0.2, 0.6) 1.4 (0.8, 2.4) <0.01

Obstructive apnoea–hypopnea index, episodes per hour 1 (0.5, 1.5) 4 (2.7, 7.3) <0.01

Respiratory arousal index, episodes per hour 0.4 (0.2, 0.7) 1.7 (1, 3) <0.01

Oxygen desaturation (≥4%) of haemoglobin index,

episodes per hour

1.2 (0.6, 2) 5.2 (3, 9.8) <0.01

SpO2 nadir, % 92 (90, 93) 88 (84, 90) <0.01

Continuous variables are expressed as mean � standard deviation or median (interquartile range).

BMI = Body mass index; OSA = Obstructive sleep apnoea: SpO2 = Oxygen saturation of haemoglobin.

Table 2 Associations of obstructive sleep apnoea with history of eczema and other explanatory variables

Variables

Outcome measure: OSA

Unadjusted odds ratio (95% confidence interval) p value Adjusted odds ratio (95% confidence interval)* p value

Eczema 0.89 (0.62–1.30) 0.56 0.82 (0.56–1.21) 0.32

Adenoidal hypertrophy 1.46 (1.10–1.95) 0.01 1.52 (1.12–2.06) <0.01

Tonsillar hypertrophy 1.96 (1.45–2.64) <0.01 1.86 (1.37–2.54) <0.01

Obesity 1.27 (0.93–1.74) 0.13 1.47 (1.06–2.03) 0.02

Male gender 1.16 (0.89–1.53) 0.28 1.11 (0.83–1.47) 0.49

Age 0.83 (0.78–0.88) <0.01 0.84 (0.79–0.89) <0.01

OSA = Obstructive sleep apnoea.

*Multivariate logistic regression analysis was applied to adjust OR of each independent variable by all other variables.
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Adenoidal or tonsillar hypertrophy, obesity and young age
were significant predictors of OSA (Table 2).

DISCUSSION
In the present series of children referred for polysomnog-
raphy due to history of snoring, it was demonstrated that
atopy expressed as physician-diagnosed eczema did not
affect the risk of adenotonsillar hypertrophy and was not
associated with increased risk of OSA, even when coexis-
ting adenotonsillar hypertrophy was taken into consider-
ation. No relationship between atopy and OSA was found
for either younger or older children.

Allergic rhinitis has a negative impact on sleep quality in
children, but it is unclear whether OSA is one of the
pathophysiologic mechanisms that mediate this adverse
effect (17). In a recent publication, 18 papers evaluating the
association between allergic rhinitis and sleep-disordered
breathing were systematically reviewed (5). Of these, 12
studies supported an association between allergic rhinitis
and sleep-disordered breathing, but they were of low
methodological quality. In seven studies, skin prick testing
or in vitro measurement of specific IgE to common
environmental allergens was carried out. However, in four
of the seven studies, there was no report of nasal symptoms
that would allow the diagnosis of allergic rhinitis and not
just demonstration of allergic sensitisation. Seven studies
used OSA diagnosed by polysomnography as an outcome
measure, whereas in the remaining papers, only snoring,
which is a symptom of sleep-disordered breathing, was
recorded. Participants did not undergo complete evaluation
for allergic rhinitis (allergy testing), adenotonsillar hyper-
trophy and OSA (polysomnography) in any of the studies.
Furthermore, no criteria were applied to differentiate nasal
symptoms that could be attributed to allergic rhinitis from
those symptoms related to adenoidal hypertrophy.

It has been proposed that objective measures of increased
nasal resistance, such as nasal peak inspiratory pressure,
could facilitate delineation of the adverse effects that
allergic rhinitis has on sleep quality (17). Nevertheless,
many children with sleep-disordered breathing have con-
current adenoidal hypertrophy, and it is difficult to separate
the component of increased upper airway resistance, which
is due to allergic rhinitis, from the element related to
adenoidal hypertrophy (6).

Allergic rhinitis, asthma and atopic dermatitis are differ-
ent clinical expressions of atopy, and they frequently coexist
in the same individual (7). The term ‘atopic march’ has been
employed to describe the onset of eczema early in life, with
later development of allergic rhinitis and asthma (8,18). In a
retrospective report that was based on the Taiwan’s
National Health Insurance database, an increased propen-
sity for developing atopic dermatitis was identified in 42
children and adolescents with an OSA diagnosis over a
period of 5.5 years (19). In the present study, we have used
physician-diagnosed eczema as a surrogate measure of
atopy in a much larger cohort of children who snored, had a
high prevalence of adenotonsillar hypertrophy and were

referred for polysomnography. Participants with, or with-
out, adenotonsillar hypertrophy or OSA did not differ in the
frequency of physician-diagnosed eczema. Moreover,
adenoidal or tonsillar hypertrophy, obesity and young age
were significant risk factors for OSA, but eczema was not.

A population-based study of 1-year-old infants born to
atopic parents indicated that subjects with at least one
positive skin prick test to aeroallergens or food allergens
had increased risk of habitual snoring (20). Similarly, in a
cross-sectional study of young children, allergic rhinitis and
atopic dermatitis were significant risk factors for habitual
snoring (21). However, the severity of sleep-disordered
breathing was not evaluated by polysomnography in any of
the population-based studies mentioned above. To interpret
our findings in the context of the previous two studies, we
speculate that allergic rhinitis and atopic predisposition do
not determine the severity of intermittent upper airway
obstruction during sleep in children who snore due to the
profound effects of adenotonsillar hypertrophy on upper
airway resistance.

Published evidence indicates that during the first 8 years
of life, the pharyngeal lymphoid tissue is vulnerable to
stimuli promoting cellular proliferation (3). Certain sub-
groups of subjects, such as children with parental history of
adenotonsillectomy or physician-diagnosed wheezing, are
more prone to the development of adenotonsillar hyper-
trophy and OSA during early childhood (22,23). Viral
agents that may trigger wheezing at preschool age, such as
respiratory syncytial virus, enhance the pathway of neuro-
trophins and the synthesis of cysteinyl leukotrienes (24,25).
Both neurotrophins and cysteinyl leukotrienes have
been implicated in the pathogenesis of adenotonsillar
tissue hypertrophy. It should be mentioned that adminis-
tration of montelukast, a type-1 cysteinyl leukotriene
receptor, has been accompanied by a reduction in adenoid
size (26–29).

Clinical studies support the dominant role of adenoton-
sillar hypertrophy, probably caused by viral respiratory
infections, over atopy in the pathogenesis of OSA. In a large
cohort from Israel, children and adolescents with suspected
sleep-disordered breathing who underwent polysomnogra-
phy in the winter had higher AHI than subjects who were
studied in the summer (30). Seasonal variability was more
apparent in children younger than 5 years of age and was
not altered by the presence of atopy. Moreover, in a
population-based study from the United States, which
included young children, AHI was higher when polysom-
nography was performed in the winter and there was a
downward trend in the spring when allergic rhinitis symp-
toms usually deteriorate (31).

We propose that the contribution of allergic rhinitis to
the pathogenesis of sleep-disordered breathing can be
quantitated more accurately in children who have already
undergone adenotonsillectomy to treat OSA. It is interest-
ing that combining oral montelukast and intranasal budes-
onide leads to improved respiratory and sleep parameters in
children with residual OSA following adenotonsillectomy
(32).
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CONCLUSION
When we studied children who were referred for
polysomnography due to a history of snoring, physician-
diagnosed eczema was not associated with an increased
risk of adenotonsillar hypertrophy or OSA. Adenotonsil-
lar hypertrophy was the predominant risk factor for OSA
in childhood when compared to atopic predisposition.

References

1. Katz ES, D’Ambrosio CM. Pathophysiology of pediatric
obstructive sleep apnea. Proc Am Thorac Soc 2008; 5: 253–62.

2. Kaditis A, Kheirandish-Gozal L, Gozal D. Algorithm for the
diagnosis and treatment of pediatric OSA: a proposal of two
pediatric sleep centers. Sleep Med 2012; 13: 217–27.

3. Malakasioti G, Gourgoulianis K, Chrousos G, Kaditis A.
Interactions of obstructive sleep-disordered breathing with
recurrent wheezing or asthma and their effects on sleep quality.
Pediatr Pulmonol 2011; 46: 1047–54.

4. Koinis-Mitchell D, Craig T, Esteban CA, Klein RB. Sleep and
allergic disease: a summary of the literature and future
directions for research. J Allergy Clin Immunol 2012; 130:
1275–81.

5. Lin SY, Melvin TA, Boss EF, Ishman SL. The association
between allergic rhinitis and sleep-disordered breathing in
children: a systematic review. Int Forum Allergy Rhinol 2013;
3: 504–9.

6. Papaioannou G, Kambas I, Tsaoussoglou M,
Panaghiotopoulou-Gartagani P, Chrousos G, Kaditis AG.
Age-dependent changes in the size of adenotonsillar tissue in
childhood: implications for sleep-disordered breathing.
J Pediatr 2013; 162: 269–74 e4.

7. Zheng T, Yu J, Oh MH, Zhu Z. The atopic march: progression
from atopic dermatitis to allergic rhinitis and asthma. Allergy,
Asthma Immunol Res 2011; 3: 67–73.

8. Kapoor R, Menon C, Hoffstad O, Bilker W, Leclerc P, Margolis
DJ. The prevalence of atopic triad in children with
physician-confirmed atopic dermatitis. J Am Acad Dermatol
2008; 58: 68–73.

9. Ogden CL, Kuczmarski RJ, Flegal KM, Mei Z, Guo S, Wei R,
et al. Centers for Disease Control and Prevention 2000 growth
charts for the United States: improvements to the 1977
National Center for Health Statistics version. Pediatrics 2002;
109: 45–60.

10. Brodsky L. Modern assessment of tonsils and adenoids. Pediatr
Clin North Am 1989; 36: 1551–69.

11. American Thoracic Society. Standards and indications for
cardiopulmonary sleep studies in children. Am J Respir Crit
Care Med 1996; 153: 866–78.

12. Kaditis AG, Finder J, Alexopoulos EI, Starantzis K, Tanou K,
Gampeta S, et al. Sleep-disordered breathing in 3,680 Greek
children. Pediatr Pulmonol 2004; 37: 499–509.

13. Bhattacharjee R, Kheirandish-Gozal L, Spruyt K, Mitchell RB,
Promchiarak J, Simakajornboon N, et al. Adenotonsillectomy
outcomes in treatment of obstructive sleep apnea in children: a
multicenter retrospective study. Am J Respir Crit Care Med
2010; 182: 676–83.

14. Rechtschaffen A, Kales A. A manual of standardized
terminology: techniques and scoring systems for sleep stages of
human subjects. Los Angeles: UCLA Brain Information
Service/Brain Research Institute, 1968

15. American Sleep Disorders Association. EEG arousals: scoring
rules and examples: a preliminary report from the Sleep

Disorders Atlas Task Force of the American Sleep Disorders
Association. Sleep 1992; 15: 173–84.

16. Marcus CL, Moore RH, Rosen CL, Giordani B, Garetz SL,
Taylor HG, et al. A randomized trial of adenotonsillectomy for
childhood sleep apnea. N Engl J Med 2013; 368: 2366–76.

17. Koinis-Mitchell D, Craig T, Esteban CA, Klein RB. Sleep and
allergic disease: a summary of the literature and future
directions for research. J Allergy Clin Immunol 2012; 130:
1275–81.

18. Gustafsson D, Sjoberg O, Foucard T. Development of allergies
and asthma in infants and young children with atopic
dermatitis–a prospective follow-up to 7 years of age. Allergy
2000; 55: 240–5.

19. Tien KJ, Chou CW, Lee SY, Yeh NC, Yang CY, Yen FC, et al.
Obstructive sleep apnea and the risk of atopic dermatitis: a
population-based case control study. PLoS One 2014; 9:
e89656.

20. Kalra M, Lemasters G, Bernstein D, Wilson K, Levin L, Cohen
A, et al. Atopy as a risk factor for habitual snoring at age 1
Year. Chest 2006; 129: 942–6.

21. Chng SY, Goh DY, Wang XS, Tan TN, Ong NB. Snoring and
atopic disease: a strong association. Pediatr Pulmonol 2004;
38: 210–6.

22. Kaditis AG, Kalampouka E, Hatzinikolaou S, Lianou L,
Papaefthimiou M, Gartagani-Panagiotopoulou P, et al.
Associations of tonsillar hypertrophy and snoring with
history of wheezing in childhood. Pediatr Pulmonol 2010; 45:
275–80.

23. Alexopoulos EI, Charitos G, Malakasioti G, Varlami V,
Gourgoulianis K, Zintzaras E, et al. Parental history of
adenotonsillectomy is associated with obstructive sleep apnea
severity in children with snoring. J Pediatr 2014; 164: 1352–7.

24. Tortorolo L, Langer A, Polidori G, Vento G, Stampachiacchere
B, Aloe L, et al. Neurotrophin overexpression in lower airways
of infants with respiratory syncytial virus infection. Am J Respir
Crit Care Med 2005; 172: 233–7.

25. Piedimonte G, Renzetti G, Auais A, Di Marco A, Tripodi S,
Colistro F, et al. Leukotriene synthesis during respiratory
syncytial virus bronchiolitis: influence of age and atopy. Pediatr
Pulmonol 2005; 40: 285–91.

26. Goldbart AD, Mager E, Veling MC, Goldman JL,
Kheirandish-Gozal L, Serpero LD, et al. Neurotrophins and
tonsillar hypertrophy in children with obstructive sleep apnea.
Pediatr Res 2007; 62: 489–94.

27. Dayyat E, Serpero LD, Kheirandish-Gozal L, Goldman JL,
Snow A, Bhattacharjee R, et al. Leukotriene pathways and in
vitro adenotonsillar cell proliferation in children with
obstructive sleep apnea. Chest 2009; 135: 1142–9.

28. Goldbart AD, Goldman JL, Veling MC, Gozal D. Leukotriene
modifier therapy for mild sleep-disordered breathing in
children. Am J Respir Crit Care Med 2005; 172: 364–70.

29. Tsaoussoglou M, Lianou L, Maragozidis P, Hatzinikolaou S,
Mavromati M, Orologas N, et al. Cysteinyl leukotriene
receptors in tonsillar B- and T-lymphocytes from children with
obstructive sleep apnea. Sleep Med 2012; 13: 879–85.

30. Greenfeld M, Sivan Y, Tauman R. The effect of seasonality on
sleep-disordered breathing severity in children. Sleep Med
2013; 14: 991–4.

31. Gozal D, Shata A, Nakayama M, Spruyt K. Seasonal variability
of sleep-disordered breathing in children. Pediatr Pulmonol
2011; 46: 581–6.

32. Kheirandish L, Goldbart AD, Gozal D. Intranasal steroids and
oral leukotriene modifier therapy in residual sleep-disordered
breathing after tonsillectomy and adenoidectomy in children.
Pediatrics 2006; 117: e61–6.

©2014 Foundation Acta Pædiatrica. Published by John Wiley & Sons Ltd 2014 103, pp. 1239–1243 1243

Alexopoulos et al. Eczema and obstructive sleep apnoea


