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Abstract

Purpose: Both sleep apnea and the common cold are disorders of the upper respiratory

tract, and may be associated. However, studies on the association between obstructive

sleep apnea (OSA) and upper respiratory tract infections (URTI) in children are scarce. The



aim of this study was to investigate putative associations between snoring, the severity of

OSA, and URTl in elementary school children.

Methods: This was a cross-sectional study in a community cohort of elementary school

children (first and second graders) in Japan. Information on sleep habits, history of URTI,

OSA risk was obtained from a parental questionnaire, and children underwent overnight

tracheal sound recordings from which apnea-hypopnea index was estimated. Multivariable

logistic analysis was employed to define the association between snoring, OSA and URTI =3

episodes over six months.

Results: Of the 953 children enrolled, 653 children and their parents agreed to participate

in the study. Multivariable-adjusted ORs for URTI were 1.73 (95%Cl: 1.16 to 2.59) in children

who snored 1 to 4 nights per week and 2.82 (95%Cl: 1.26 to 6.28) in snoring =5 nights per

week compared with never snoring (reference). Likewise, subjectively reported louder

snoring, as well as objectively defined larger sound levels, were significantly associated

with URTI. In addition, OR for URTI in children with an estimated apnea-hypopnea index



=2.0 events/hour was 2.65 (95%Cl: 1.32 to 5.31) compared to children with apnea-

hypopnea index less than 1.0 events/hour (reference).

Conclusions: Snoring and severity of OSA as measured by nocturnal tracheal sound
recordings are associated with increased susceptibility to URTI in elementary school

children.
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Abbreviations:

URTI upper respiratory tract infections
OSA obstructive sleep apnea

TH tonsil hypertrophy

AH adenoid hypertrophy
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eAHI estimated apnea-hypopnea index
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Introduction

Upper respiratory tract infections (URTI) are a group of self-limiting infectious

diseases caused by various viruses and bacteria and are estimated to cause one-third of

the overall number of respiratory illnesses [1,2]. The common cold and influenza are typical

URTI, and impose substantial public health issues, due to the need for accessing primary

care consultations along with significant increases in parental work and child school

absences, as well as incurring substantial adverse economic consequences [3,4]. Therefore,

identification of health-related factors that increase the propensity of URTI may help

address these public health issues.

Previous studies on the association between viral infections and sleep disorders

have suégested that sleep duration and sleep efficiency are associated with the common

cold incidence [5,6]. Among the common sleep disorders in children is obstructive sleep

apnea (OSA), which affects 1-4% of the general pediatric population [7]. Since both sleep

apnea and the common cold are disorders of the upper respiratory tract, it is possible that

they are associated. Kuehni et al. reported that 8% of preschool children have habitual

snoring associated with viral infections, and that children suffering from cold are more likely



to have habitual snoring [8]. Another study reported that preschool children who suffer from
OSA experience higher rates of lower respiratory tract infections than do those without OSA
[9].

These previous studies suggested that pediatric sleep apnea and URTI are
associated, although conclusive evidence on the association between snoring, one of the
major symptoms of OSA, sleep apnea, and URTI in community-dwelling children has not yet
been firmly established. Therefore, the purpose of the present study was to evaluate the
association between snoring, severity of OSA, and URTI in elementary school children in

Japan.



Methods

Study design and population

This was a prospective cross-sectional study enrolling first grade (6-7 years old)

and second grade (7-8 years old) children attending seven elementary public schools in

Higashiyamato City, Tokyo from October 2019 to January 2020. Both analyses derived from

questionnaire (Study 1) and those using tracheal sound (Study 2) were conducted. See

Figure 1 for a detailed flow diagram of included participants for analyses. The detail of the

study was described in online supplement. The study protocol was reviewed and approved

by the Hospital Ethics Committee Juntendo University Hospital (#18-032). This study did

not provide any financial incentive to the participants, and participation was strictly

voluntary.



Sound levels and estimation of apnea-hypopnea index (eAHI)

A tracheal sound sensor consisting of a microphone and an air-coupler that is

worn by the children along the anterior midline of the neck, and the tracheal sound was

recorded on an audio recorder (DR-10L, TEAC, Tokyo, Japan) overnight. The sound data

were analyzed using a custom-made PC-program, which yields variables for snoring and

apnea-hypopneas. As a variable for snoring, equivalent sound pressure level (Leq) was

calculated, which represent mean tracheal sound energy over the measurement period [10].

Apnea and hypopnea events were detected, and apnea-hypopnea index (AHI) was

estimated (eAHI) by a system using a deep neural network (DNN) analysis according to the

methods previously described by Nakano et al. [11]. The system has been trained and

validated in 1,852 adult patients and showed excellent diagnostic performance with an 98%

sensitivity and 76% specificity for detecting a simultaneously obtained PSG-derived AHI

of >5/h. In addition, the system has been further trained and validated in 233 pediatric

patients and showed excellent diagnostic performance with sensitivity/specificity of

63%/100% and 89%/96% for AHI>5 and AHI>1, respectively [12].
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Participants were divided into 4 quartiles based on the Leq for analyses. Based on

diagnostic criteria of the International Classification of Sleep Disorders-Third Edition

(American Academy of Sleep Medicine, 2014), OSA was defined as an eAHI of 1.0 event or

higher/hour. Participants were divided into 3 groups based on eAHI, eAHI <1.0 (reference)

vs. 1.0 to <2.0 vs. =2.0 events/hour.

Definition of URTI

As in previously published studies [8,13], a history of URTI was determined from

the response to the question, “How many times has your child caught a cold with a runny

nose, stuffy nose, sore throat, cough and sputum, headache, and fever of 37 to 38 degree

Celsius as the main symptoms in the recent six months?” This question was in accordance

with the 2007 guidelines for the management of respiratory infectious diseases in children

in Japan [14]. According to a previous study [13]: the history of URTI was divided into three

groups none, once or twice episodes over six months, and =3 episodes over six months, a

history of URTI =3 episodes over six months was defined as being susceptible to URTI.
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Questionnaire and Variables

We used a previously validated Japanese sleep-disordered breathing questionnaire

which we have employed in previous studies [15,16]. Briefly, the self-administered

questionnaire includes questions regarding school grades, sleep duration (usual amount of

sleep), tonsil hypertrophy (TH) and/or adenoid hypertrophy (AH), nasal obstruction, in

addition to demographic variables such as age, sex, height, and weight of the children. TH

and/or AH, and nasal congestion were defined as nasopharyngeal disorders.

Regarding frequency, parents were asked “Does your child snore while asleep?”

with a Likert-type response scale: never, one night per week; two nights per week; three to

four nights per week; and over four nights per week. The participants were divided into

three categories based on their responses: never (reference); 1 to 4 nights per week; =5

nights per week.

For snoring loudness, parents who reported snoring frequency =1 night per week,

were asked “How loudly does your child snore?” and responses include mildly quiet,

medium loud, loud, very loud and extremely loud. Based on the responses to snoring

frequency and loudness, the participants were divided into three categories: quiet as a

12



reference (never snoring plus mildly quiet); medium loud; loud (loud, very loud, and

extremely loud). The Rohrer's index, a measure of childhood obesity widely used in Japan

[17,18], was calculated as weight [kg]/height [cm]®x 107. Those children with a Rohrer's

index of =145 were considered to be overweight [19].

Statistical analysis

Univariable and multivariable logistic analyses were employed to evaluate odds ratios (ORs)

and 95% confidence intervals (95% Cls), and multivariable regression analyses were applied

to examine attributable risks for individuals having susceptibility to URTI in relation to

snoring, with children who did not snore serving as a reference, as well as to sound levels

with the bottom quartile of the sound level as reference, and to eAHI, with children with

eAHI of less than 1.0 as reference. Multivariable analyses were adjusted for potential

confounders including age, sex, Rohrer‘s index, average sleep duration per night (Model 1)

and nasopharyngeal disorders (Model 2). Additional analyses were performed after

stratification by nasopharyngeal disorders. Data are shown as mean (SD). Statistical

13



significance was defined as a P-value of less than 0.05. All the statistical analyses were

conducted using SAS version 9.4 software (SAS Institute, Cary, NC, USA).
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Results

Of the 922 potential enrollees, 653 (70.8%) children and their parents agreed to

participate in the study, and gave their informed assent and informed consent, respectively.

After exclusion of 42 for missing data, a data set of 611 children were analyzed (Study 1)

and after excluding additional 72 for drop-out from a tracheal sound survey, that of 539

were analyzed (Study 2).

Table 1 shows the demographics of the study participants. Among the 611 children

in the present study, nearly one-fifth of the participating children did not suffer from URTI.

No differences were observed between the demographic or other characteristics of subjects

with incomplete datasets and the study population (Supplementary Tables 1 and 2).

Table 2 of the multivariable-adjusted logistic analyses showed that URTI and

frequent snoring were associated. even after additional adjustments for nasopharyngeal

disorders (Model 2). Stratification with nanopharyngeal disorder revealed that URTI and

frequent snoring were associated in children without nasopharyngeal disorders.

15



Table 3 from the multivariable-adjusted logistic analysese showed that

susceptibility to URTI and louder snoring were significantly associated. This association

was exclusively observed in those who did not have nasopharyngeal disorders.

The multivariable-adjusted lotistic analyses showed htat greater Leq and

susceptibility to URTI were associated (Table 4,). After stratification with nasopharyngeal

disorders, the association between the greater Leq and URTI were observed with marginal

significance in children without nasopharyngeal disorders in the univariate analysis.

Table 5 shows the association between susceptibility to URTI and sleep apnea

based on eAHI and after stratification by nasopharyngeal disorders. The multivariable-

adjusted logistic analyses showed that those who showed greater eAHI were more likely to

show higher odds for susceptibitliy to URTI. This association was observed in those who

did not claim nasopharyngeal dislrders.
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We conducted sensitivity analyses using using the cut off values for URTI, i.e., = twice

within half a year, and found that those analyses repeated the sameresults based on = 3

times within half a year (e-Table 7-10).

The multivariable OR (95% CI) for URTI in children with both snoring (=1 weekly)

and OSA (eAHI=1 event/hour) and that in those with snoring were 2.69 (1.42 to 5.07) and

1.64 (1.03 to 2.60) respectively, compared with those without snoring and with normal eAHI

(reference). However, the multivariable OR (95% CI) for URT! in children only with OSA

(eAHI=1) was 1.37 (0.41 to 4.60), compared to the reference group, although the proportion

of those with URTI was 25.0%, i.e., numerically greater than the reference group, (17.4%).

Lack of statistical significance may be due to the fact that the number of children with OSA

but without snoring was small (N=16, Supplementary Table 3).

In addition, the association between susceptibility to URTI and nasopharyngeal

disorders was examined (Supplementary Table 4). The multivariable-adjusted OR (95% Cl)

for URTI was 1.74 (1.13 to 2.67) in children who have nasopharyngeal disorders compared

to children without nasopharyngeal disorders. Furthermore, the association between Leq

17



and snoring frequency and snoring loudness were examined (Supplementary Table 5 and 6).

The multivariable-adjusted ORs (95% CI) for the top quartile of Leq levels were 1.90 (1.21 to

2.98) in children who snored 1 to 4 nights a week, and 5.37 (2.19 to 13.15) in those who

snored 5 or more nights a week compared with never snoring (Supplementary Table 5,

Model 2). The multivariable-adjusted ORs (95% CI) for URTI were 1.79 (1.14 to 2.81) in

children with medium-loud, and 6.27 (2.82 to 13.95) in children with loud snoring compared

to the quiet group (Supplementary Table 6, Model 2).
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