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Abstract
Introduction—The pathophysiology of obstructive sleep apnea (OSA) and recurrent otitis media
(ROM) is intimately associated with the presence of adenotonsillar hypertrophy in children.
However, it remains unclear whether habitually snoring children have a higher prevalence of ROM
and whether they require tympanostomy tube placement more frequently.

Methods—Questionnaires collected from parental surveys of 5–7–year-old children attending the
public schools in Louisville, KY were retrospectively reviewed for the presence of habitual snoring
(HS), ROM, and the need for tympanostomy tube insertion.

Results—There were 16,321 surveys with complete datasets (51.2% boys; 18.6% African
American (AA) with a mean age of 6.2±0.7 years). Of these children, 1,844 (11.3 %) were HS (53%
boys; 25.9% AA); and, of these, 827 HS had also a positive history of ROM (44.8%) with a slight
predominance in males (55%). In addition, 636 of these children underwent placement of
tympanostomy tubes (i.e., 34.4% of all HS and 76.9% of ROM). Among the 14,477 non-snoring
children (NS), ROM was reported in 4,247 NS children (29.3%; p<0.000001; odds ratio [OR]: 1.95;
confidence interval [CI]: 1.77–2.16) of which 57.6% were boys, and 1,969 NS with ROM underwent
tympanostomy tube placement (i.e., 46.3% of those with ROM and 13.6% of all non-snoring
children). Thus, the risk for tympanostomy tube placement was also greater among HS compared to
NS children (p<0.00001; OR: 2.19; CI: 1.98–2.43).

Conclusions—Habitual snoring is associated with a significant increase in the prevalence of
recurrent otitis media and the need for tympanostomy tube placement. Further studies aiming to
assess the prevalence of obstructive sleep apnea among children with ROM are needed.

Introduction
Recurrent otitis media (ROM) is a frequent condition in children, which may affect up to 40%
of all young children during the first few years of life (1–5). ROM susceptibility is clearly
multifactorial, and includes genetic, environmental (e.g., passive cigarette smoking and
allergies), microbial, and other host-related factors (e.g., breast feeding), with delayed language

Corresponding Author: David Gozal, M.D., FCCP, Kosair Children’s Hospital Research Institute, University of Louisville, 570 South
Preston Street, Suite 204, Louisville, KY 40202, USA. Phone: 502-852-2323, Fax: 502-852-2215, Email: david.gozal@louisville.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Sleep Med. Author manuscript; available in PMC 2009 July 1.

Published in final edited form as:
Sleep Med. 2008 July ; 9(5): 549–554. doi:10.1016/j.sleep.2007.08.002.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



development and learning difficulties as possible long-term sequelae of ROM (2,6–8).
Enlarged lymphadenoid tissues within the nasopharyngeal passages are clearly involved in the
initiation and perpetuation of ROM, such that surgical removal of the enlarged adenoids is
consistently employed to prevent disease recurrences (9,10).

Habitual snoring (HS), defined as the presence of loud snoring at least three times per week,
is a highly prevalent condition affecting up to 27% of young children (11–14). HS is
epidemiologically linked to many of the same risk factors that have been identified for ROM.
Furthermore, HS is pathophysiologically determined by the size of upper airway lymphadenoid
tissue size (15). The close analogy between HS and ROM from the epidemiological and
pathophysiological standpoints prompted us to hypothesize that the two conditions may be
related. We, therefore, assessed the frequency of ROM and the need for tympanostomy tube
placement among snoring and non-snoring school-aged community children.

Methods
Survey Questionnaire

The study was approved by the University of Louisville Human Research Committee and the
Jefferson County Public Schools (JCPS) Board. A previously validated sleep questionnaire
was used (16,17). Parents of all children 5–7 years of age enrolling in the JCPS system were
invited to complete a detailed questionnaire about the sleeping habits of their children. The
information gathered from the questionnaire included gender, age, ethnic background, current
or past history of episodes of acute otitis media (OM), insertion of tympanostomy tubes,
tonsillectomy and adenoidectomy, atopic diseases (asthma, eczema, hay fever, and food
allergy), and passive exposure to cigarette smoke in the household. In addition, questions about
whether the child had difficulty breathing during sleep, mouth breathing, witnessed apnea,
daytime sleepiness, snoring and, if so, the severity of the snoring were also included. The
responses were graded as “never”, “rarely” (once per week), “occasionally” (twice per week),
“frequently” (3–4 times per week) and “almost always” (>4 times per week). Returned
questionnaires were scanned into a computerized database and were subdivided according to
their snoring patterns into non-snoring (NS) children (responses of never or rarely on snore
and not applicable on loudness of snore in questionnaire) or habitually snoring (HS) children
(responses of almost always [>4 nights/week] or always on snoring frequency and medium
loud to loud on loudness of snoring). Subjects were excluded if they had any known genetic
or craniofacial syndromes.

Data Analysis
ROM and tympanostomy tube insertion were the main outcome variables, and HS was the
independent variable of interest. Comparison of habitual snorers with non-habitual snorers for
continuous variables was conducted using Student’s t-tests and for categorical characteristics
using the chi-square test (Yates’ correction). The odds ratios and corresponding 95%
confidence intervals for ROM and tympanostomy tubes in children with versus without
habitual snoring were calculated using univariate logistic regression analysis. Multiple logistic
regression analysis was then done to adjust the odds ratio for age, gender, ethnicity, exposure
to cigarette smoke (at least one parent smoking), asthma (history of repeated wheezing
requiring bronchodilator administration), atopic disease (seasonal symptoms associated with
nasal discharge, eczema o other skin rashes, ocular symptoms), and chronic nasal obstruction
(mouth breathing and persistent nasal congestion or discharge). A commercially available
statistical software package was used for all analyses (Statistical Package for Social Sciences,
version 11.5; SPPS Inc., Chicago, Ill.). A p value <0.05 was considered statistically significant.
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Results
During the years 1999 to 2004, a total of 48,376 questionnaires were mailed and 16,321 surveys
with complete datasets were returned. In addition, 1,422 questionnaires were returned but had
data missing regarding either otitis media or tympanostomy tubes. An additional 349
questionnaires were returned with a signed statement that the parents refused to participate in
the survey, and 498 questionnaires were returned due to wrong address. Finally, 262
questionnaires were excluded due to the presence of known genetic or craniofacial syndromes.
Thus, the overall response rate was 38.9%.

Among the valid surveys, mean age was 6.2±0.7 years, 51.2% were boys, and 18.6% African
American (AA). A total of 1,844 of these children (11.3 %) were reported as having HS, and
their reported demographic and sleep characteristics are shown in Table 1, as well as those of
children who did not habitually snore. Multiple respiratory and sleep symptoms, as well as
passive exposure to cigarette smoke were associated with an increased risk for HS (Table 1).
Of the 1,844 children with HS, 827 HS had also a positive history of ROM (44.8%), with a
slight predominance in males (55%), compared to ROM being reported in 4,247 non-snoring
(NS) children (57.6% boys) out of the 14,477 NS children (29.3%; p<0.000001; OR: 1.96; CI:
1.77–2.16). Table 2 shows adjusted univariate odds ratios for ROM in relation to some of the
more prominent risk factors for habitual snoring. A total of 636 of HS children underwent
placement of tympanostomy tubes (i.e., 34.4% of all HS and 76.9% of ROM; Table 3), while
1,969 NS with ROM underwent tympanostomy tube placement (i.e., 46.3% of those with ROM
and 13.6% of all non-snoring children). Thus, the risk for tympanostomy tube placement was
also greater among HS compared to NS children (p<0.00001; OR: 2.19; CI: 1.98–2.43).

When the odds ratio for ROM and the need for tympanostomy tube placement were adjusted
for age, sex, ethnicity, chronic nasal obstruction, allergies, and exposure to cigarette smoke in
the household, using multivariate analysis, the associations between ROM and habitual snoring
(p value <0.0000001, OR 1.54, 95% CI 1.32 to 2.14), and between tympanostomy tube
placement and HS (p value <0.0000001, OR 1.77, 95% CI 1.52 to 2.27), remained highly
significant.

Discussion
Frequent and loud snoring is the most common clinical manifestation of sleep-disordered
breathing in children and in most cases reflects the presence of enlarged adenotonsillar tissues
within the upper airway. In the present investigation, significant associations between ROM
and tympanostomy tube placement and habitual snoring in childhood were identified, even
after correction for other potential confounders in the multivariate analysis. To our knowledge,
this is the first population-based study assessing the possible correlation between these
variables, and it, furthermore, represents the first attempt to examine the effect of other potential
confounders, such as ethnicity, chronic nasal obstruction, allergies, and exposure to cigarette
smoke in the household. The overall response rate to the mailed questionnaires was good for
a survey of the general pediatric population. We, therefore, believe that the findings are valid
for the cohort and essentially provide a very large community survey of sleep-associated
snoring in a metropolitan community of children in the United States. Nevertheless, since we
can not exclude with certainty the presence of response bias, and since the latter cannot simply
be inferred from the relative proportion of non-responders, some degree of caution should be
exercised in the extrapolation and generalizability of our findings to other pediatric
populations. Of note, the frequency of habitual snoring was 11.3%, which is remarkably similar
to our previous report on nearly 6,000 children (13), and essentially reflects the median values
found among multiple epidemiological surveys around the world (11,12,14;18–22). As
previously reported, we found that passive exposure to cigarette smoke increased the risk for
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habitual snoring and that African American children were at higher risk for habitual snoring
(13,21,23). While we cannot infer the exact mechanisms underlying the increased prevalence
of snoring in the context of exposure to cigarette smoke in the household, the epidemiologic
association, however, is strongly supported through the various studies (24–26) and would
suggest that passive exposure to cigarette smoke may act as an airway irritant and promote
mucosal inflammation, thereby leading to accelerated proliferation of lymphadenoid tissues in
the upper airway along with nasal congestion and obstruction symptoms. Thus, this study has
allowed for either identification or confirmation of several ethnic and environmental risk
factors for snoring during childhood in the United States. Furthermore, we now confirm in a
large-scale study previously reported associations between habitual snoring and sleep-
disordered breathing, and the presence of chronic nasal obstruction, atopic disease (27,28), and
asthma (29).

The prevalence of ROM has been estimated at 34.8% to 41.1% in a recent large survey in the
United States involving 8,261 children aged less than six years (5). Our current findings of a
prevalence of 31% are certainly within the anticipated frequencies of ROM in the general
population. Since the reliability of parental reporting of ROM appears to be relatively high,
and inconsistencies in reporting are likely to be associated with less severe disease (30), it is
possible that the somewhat lower prevalence found in our survey may reflect recall biases
towards more severe ROM in slightly older children. Risk factors previously identified for
ROM included the presence of allergic conditions, child care use, early breastfeeding
termination, asthma, passive cigarette smoke exposure, and limited access to healthcare (5,
31–34). While we did not specifically examine the impact of socioeconomic status, child
healthcare, and breastfeeding duration, our findings strongly support robust associations
between passive cigarette smoke exposure, asthma, allergic rhinitis, and atopic conditions and
the risk for ROM and tympanostomy tube placement in childhood. The relative contributions
of such factors could reside in their known effects on mucus production, mucociliary clearance,
and systemic and local immunity responses (34–39). Notwithstanding such considerations, the
risk for ROM also appears to be related to the presence of enlarged adenoid tissues, since
habitual snoring emerged as an important risk factor in the present study, and especially
considering that adenoidectomy at the time of first tympanostomy tube insertion appears to
reduce the likelihood of subsequent morbidity associated with ROM (9).

African American children were more likely to snore but less likely to suffer from ROM or to
require placement of tympanostomy tubes. While the increased prevalence of snoring has been
previously noted for this ethnic group (13,19), the reduced frequency of ROM despite increased
prevalence of snoring in African American children may reflect some of the different
mechanisms underlying snoring, with potentially greater contributions from craniofacial and
neuromuscular factors, rather than adenotonsillar hypertrophy (15). Alternatively, disparities
in access to healthcare leading to reduced diagnostic and treatment rates could be operational
as well (40).

The increased frequencies of ROM and tympanostomy tube placement among HS children
remained highly significant after adjustment for other known significant risk factors,
suggesting that operational causative mechanisms underlying HS and ROM may be shared in
a proportion of such children. Among those mechanisms, increased proliferation of
lymphadenoid tissues in the upper airways appears to be the most logical process, considering
the prominent role of enlarged adenoids in increased upper airway resistance as well as in the
pathophysiology of eustachian tube dysfunction. Based on our findings, it could be important
to screen for HS among all children with ROM, particularly when considering the
neurobehavioral implications of HS and ROM (2,41–44).

Gozal et al. Page 4

Sleep Med. Author manuscript; available in PMC 2009 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In summary, we have shown that ROM and the need for tympanostomy tube placement are
increasingly prevalent among school-aged children who report frequent and loud snoring
during sleep, even when other known risk factors such as atopy, asthma, chronic rhinitis, and
passive exposure to cigarette smoke are taken into consideration. Future studies aiming to
assess the prevalence and outcomes of sleep-disordered breathing among children with ROM
appear, therefore, justified.
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Table 1
Demographic characteristics and prevalence of symptoms among 5–7–year-old children with habitual snoring and
children who do not snore in Louisville, KY

Habitual Snorers (N=1844) Non-Snorers (N=14,477) P value Odds Ratio
(Confidence Intervals)

Age (years) 6.1±0.6 6.2±0.7 NS
Males 977 (53%) 7,412 (51.2%) NS
African American 477 (25.9%) 2,693 (18.6%) <0.0000001 1.53 (1.36–1.71)
Witnessed Apnea 147 (8.0%) 14 (0.1%) <0.0000001 8.49 (3.88–18.62)
Breathing Problems
During Sleep

332 (18.1%) 43 (0.3%) <0.0000001 73.71 (52.85–103.12)

Daytime Sleepiness 118 (6.4%) 246 (1.7%) <0.0000001 3.95 (3.14–4.98)
Mouth Breathing 1,089 (58.0%) 1,187 (8.2%) <0.0000001 15.73 (14.08–17.58)
Chronic Nasal
Obstruction

756 (41.1%) 2,765 (19.1%) <0.0000001 2.94 (2.66–3.26)

Asthma 345 (18.7%) 1,188 (8.3%) <0.0000001 2.57 (2.25–2.94)
Allergies 535 (29.1%) 2,881 (19.9%) <0.0000001 1.65 (1.48–1.84)
Exposure to Cigarette
Smoking in Household

666 (36.1%) 4,184 (28.9%) <0.0000001 1.39 (1.25–1.54)

All comparisons and univariate adjusted odds ratios between habitual snorers and non-snorers are shown.

Sleep Med. Author manuscript; available in PMC 2009 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gozal et al. Page 9

Table 2
Logistic Regression Analysis of Variables Associated with the Presence of Recurrent Otitis Media in 5–7–Year Old
Children.

ROM
N=5,074

No ROM
N=11,247

Adjusted Odds Ratio
(Confidence Intervals)
P value

Habitual Snoring
Yes 827 (16.3%) 1,017 (9.0%) 1.96 (1.77–2.16)

<0.0000001No 4,247 (83.7%) 10,230 (91.0%)
African American
Yes 818 (16.1%) 2,352 (20.9%) 0.73 (0.67–0.79)

<0.0000001No 4,256 (83.9%) 8,895 (79.1%)
Chronic Nasal Obstruction
Yes 1,268 (25.0%) 2,253 (20.0%) 1.33 (1.23–1.44)

<0.00000001No 3,806 (75%) 8,994 (80.0%)
Allergies
Yes 1163 (22.9%) 2,253 (20.0%) 1.19 (1.10–1.29)

<0.0001No 3911 (77.1%) 9,021 (78.2%)
Exposure to Cigarette Smoking
Yes 1,567 (44.7%) 3,283 (29.1%) 1.08 (1.01–1.17)

<0.03No 3,507 (55.3%) 7,964 (70.9%)
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Table 3
Logistic Regression Analysis of Variables Associated with Surgical Placement of Tympanostomy Tubes in 5–7–Year
Old Children.

Tympanostomy
Tubes (+)
N=2,605

No Tympanostomy
Tubes
N=13,716

Adjusted Odds Ratio
(Confidence Intervals)
P value

Habitual Snoring
Yes 636 (24.4%) 1,208 (8.8%) 3.34 (3.00–3.73)

<0.0000001No 1,969 (75.6%) 12,508 (91.2%)
African American
Yes 459 (21.0%) 2,711 (19.1%) 0.87 (0.78–0.97)

<0.02No 2,146 (79.0%) 11,005 (80.9%)
Chronic Nasal Obstruction
Yes 1,088 (41.8%) 2,433 (17.7%) 3.33 (3.04–3.64)

<0.00000001No 1,517 (59.2%) 11,283 (82.3%)
Allergies
Yes 978 (37.5%) 2,438 (17.8%) 2.78 (2.54–3.05)

<0.00000001No 1,627 (62.5%) 11,278 (82.2%)
Exposure to Cigarette Smoking
Yes 1,069 (41.0%) 3,781 (27.6%) 1.83 (1.68–2.0)

<0.00000001No 1,536 (59%) 9,935 (72.4%)
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