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The objective of this study was to determine whether atopy and other clinical and environmental variables predict the
risk of childhood habitual snoring (HS) in a birth cohort born to atopic parents. Participants completed clinical
evaluations and questionnaires at ages 1–4 and age 7. HS was defined as snoring ‡3 nights/week. Traffic-related air
pollution (TRAP) exposure was estimated using land-use regression. The association between early (£age 4) and
current (age 7) allergic disease, environmental exposures, and snoring at age 7 was examined using adjusted logistic
regression. Of the 609 children analyzed the prevalence of HS at age 7 was 21%. Early tobacco smoke exposure
[environmental tobacco smoke (ETS)] [odds ratio (OR) 1.79, 95% CI (confidence interval) 1.12–2.84], rhinitis (OR
1.74, 95% CI 1.06–2.92), wheezing (OR 1.63, 95% CI 1.05–2.53), maternal HS (OR 2.08, 95% CI 1.36–3.18), and
paternal HS (OR 1.83, 95% CI 1.14–3.00) were significantly associated with HS at age 7. Current TRAP (OR 1.93,
95% CI 1.13–3.26), respiratory infections (OR 1.16, 95% 1.03–1.35), maternal HS (OR 2.86, 95% CI 1.69–4.84), and
paternal HS (OR 3.01, 95% CI 1.82–5.09) were significantly associated with HS at age 7. To our knowledge, this is
the largest birth cohort examining longitudinal predictors of snoring in children born to atopic parents. Parental HS
was the only variable consistently associated with childhood HS from ages 1 to 7. Early rhinitis, early ETS exposure,
and concurrent traffic pollution exposure increased the risk of HS at age 7, while aeroallergen sensitization did not.
Children with these characteristics should be considered for screening of sleep disorders.
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Introduction

Sleep disordered breathing (SDB) includes a range of
diseases from primary snoring to obstructive sleep apnea

(OSA) and has a variable prevalence reported between 4.0%
and 34.5%.1,2 Children with SDB have numerous compli-
cations described including delayed growth, impaired cog-
nitive functioning, lipid abnormalities, abnormal pulmonary
artery pressures, hypertension, body weight abnormalities,
hyperactivity, irritability, and poorer school performance.3–5

Gender, race, breastfeeding, family history, allergic rhini-
tis, asthma, eczema, respiratory infections, tobacco smoke,
traffic pollution, and obesity have also been associated.6–12

Polysomnography (PSG) is the gold standard for diagnosis;

however, it is expensive and not always available.13,14 There-
fore, identifying clinical and environmental factors could help
categorize children in need of screening and provide modifi-
able characteristics that could prevent complications. Further,
studies indicate that adenotonsillectomy (AT) can be curative.
Thus, identifying predictors could help stratify those in need of
surgical intervention.15,16

A paucity of prospective birth cohort studies has exam-
ined predictors of snoring longitudinally,15,17–21 and only a
few have been conducted on children residing in the
United States.22–25 The Cincinnati Childhood Allergy and
Air Pollution Study (CCAAPS), a prospective birth cohort with
longitudinal follow-up, has characterized snoring throughout
childhood.26 Sensitization at age 1 was identified as a risk factor
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for habitual snoring (HS) in this birth cohort born to atopic
parents.23 Thus, the study objectives were to determine
whether atopy, along with other early clinical and environ-
mental risk factors, predicts the risk of HS at age 7. In
addition, cross-sectional factors associated with HS were
evaluated at age 7.

Materials and Methods

Study population

The design, recruitment, environmental exposure as-
sessment, and health evaluations of the CCAAPS cohort
have been previously reported.26,27 Briefly, CCAAPS chil-
dren were born in the Cincinnati, Ohio area between 2001
and 2003.27 Study eligibility required having a parent with
at least 1 allergy or asthma symptom along with confirmed
aeroallergen sensitization, and residing either near (<400 m)
or far (>1,500 m) from the nearest major roadway (defined
as >1,000 trucks/day).27 The University of Cincinnati In-
stitutional Review Board approved the study protocol before
subject recruitment and written informed consent was ob-
tained from the parents before participation.

Clinical evaluations

Children enrolled completed demographic and clinical
evaluations annually from ages 1 to 4 and at age 7. At each visit
children underwent skin prick testing (SPT) to milk and egg,
and a panel of 15 aeroallergens: pollen (meadow fescue, tim-
othy, white oak, maple mix, American elm, red cedar, short
ragweed), mold (Alternaria, Aspergillus fumigatus, Peni-
cillium mix, Cladosporium), pet (cat, dog), and dust [German
cockroach (Blattella germanica), dust mite mix (Dermato-
phagoides farinae and Dermatophagoides pteronyssinus)].26

SPT was defined as positive when the wheal was ‡3 mm
larger than the saline control after 15 min.26 At each clinical
examination, parents completed questionnaires regarding
their child’s respiratory and allergic health history, and re-
ported environmental exposures.26 Parents were also que-
ried regarding the frequency of their child’s snoring: never,
rarely (<1 night/week), sometimes (1–2 nights/week), fre-
quently (3–4 nights/week), and almost always (5–7 nights/
week).23 The same questions were also asked of the mother
and father’s snoring.

Children’s height and weight were measured at each visit
and body mass index (BMI) was calculated as weight in
kilograms/height in meters.2 Early and current BMI was
defined at ages 4 and 7, respectively. BMI change was de-
fined as the difference from ages 4 to 7.

Allergic and respiratory disease definitions

Variables were defined as ‘‘early’’ if reported between
the ages of 1 and 4 and ‘‘current’’ if reported at age 7. Early
aeroallergen sensitization was defined as having at least 1
positive SPT to the panel of aeroallergens on 2 clinical visits
between ages 1 and 4. Current aeroallergen sensitization
was defined as at least 1 positive SPT at age 7. Early and
current food sensitization were defined as positive SPT to
either milk and/or egg on at least 1 visit during ages 1–4 and
at age 7, respectively. Rhinitis was defined by parental re-
port of symptoms of sneezing, runny, or blocked nose in the
preceding 12 months outside of a cold or flu. Upper respi-

ratory infections (URIs) included colds, ear infections, sinus
infections, strep throat, tonsillitis, respiratory flu, and col-
ored drainage as defined by parental report in the past
12 months. Wheezing was described by parental report 2 or
more times in the previous 12 months. Eczema was defined
as parental report of frequent skin scratching, skin redness,
red spots, or rough and dry skin ‡6 months.

During the age 7 visit, all children underwent pulmo-
nary function testing according to American Thoracic
Society (ATS) guidelines.28 Based on spirometry testing
or methacholine challenge test (MCCT), children were
diagnosed with asthma if they had (1) parental report of
asthma symptoms and (2) demonstrable airway revers-
ibility (‡12% increase in FEV1 after bronchodilator) or
evidence of bronchial hyperresponsiveness with a positive
MCCT result (PC20 £ 4 mg/mL).29

Environmental exposure assessment

A previously validated land-use regression (LUR) model
was used to estimate traffic-related air pollution (TRAP)
exposure for all CCAAPS participants.30 Briefly, ambient
air sampling was conducted on a rotating basis in the Cin-
cinnati area from 2001 through 2006, and the average daily
concentration of elemental carbon attributable to traffic
(ECAT) was determined for each monitoring station.31 A
LUR model was developed, validated, and applied to all
addresses where children were reported to have lived and
spent time to provide an estimate of ECAT,32 which is a
surrogate marker of the diesel exhaust component of the
TRAP mixture.33 Early and current environmental tobacco
smoke (ETS) exposure was defined by parental report of 1
or more cigarettes smoked by residents of the child’s
household at ages 1 and 7, respectively. Early and current
dog and cat ownership were defined as having 1 or more dog
or cat in the child’s household at ages 1 and 7, respectively.

Statistical analysis

For this analysis, the 5 categories of reported snoring were
combined into 2 as reported in previous studies.23,34 HS in-
cluded those who snored ‡3 nights/week and answered
‘‘frequently’’ and ‘‘almost always.’’35,36 Non-habitual snor-
ing (non-HS) included the responses of ‘‘never,’’ ‘‘rarely,’’
and ‘‘sometimes.’’ All characteristics in Tables 1, 2, and 4

Table 1. Demographic Variables and Snoring

Frequency of the Cohort (n = 609)

Variable n (%)

Snoring frequency

Non-
habitual
(n = 480),

n (%)

Habitual
(n = 129),

n (%) p

African Americana 131 (22) 90 (19) 41 (32) 0.002
Male 336 (55) 268 (56) 68 (53) 0.549
Income ‡$40,000 339 (56) 289 (60) 50 (39) <0.001
Breastfeeding

‡4 months
322 (53)b 271 (56) 51 (40) 0.001

aRemainder of the cohort represented by 475 Caucasians and 3
children of other races.

bUnavailable data for 1 patient.
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were compared across levels of snoring at age 7 by either
analysis of variance or a chi-squared test, as appropriate. Two
adjusted logistic regression models estimated the association
between the risk factors and HS: 1 model for early charac-
teristics (Table 3 and Fig. 1) and another for current, cross-
sectional characteristics (Table 5 and Fig. 2). Characteristics
were included in each model if these were univariately as-
sociated with the ordered level of snoring at age 7 ( p < 0.1).

Results

Of 762 children, 609 had available information regarding
snoring and were included in the analysis. The prevalence of
HS was 22% and 21% at ages 4 and 7, respectively. Sixty-
three children with HS at age 4 (50%) continued to snore at
age 7. Sixty-four children with HS at age 4 (50%) no longer
snored at age 7. Fifty-five children without HS at age 4

(12%) developed HS by age 7. Therefore, half of the chil-
dren in this study continued to snore at ages 4 and 7. A small
percentage of children developed snoring at age 7, while
half the children with HS at age 4 no longer had HS at age 7.

Demographic variables along with snoring frequency are
listed in Table 1. When comparing non-HS versus HS, there
was a significant difference in snoring frequency among
African Americans ( p = 0.002), and they represented 32% of
HS. Children with a household income ‡$40,000 ( p < 0.001),
and breastfeeding for ‡4 months ( p = 0.001) had significant
differences in snoring and were more likely to be non-HS.

Early variables

Early variables from ages 1 to 4 and prevalence of HS
at age 7 are shown in Table 2. Significant differences in
non-HS and HS were observed in those exposed to ETS
( p < 0.001), with a higher proportion of HS having ETS
exposure (40%). Children exposed to TRAP also had sig-
nificant differences ( p = 0.001), with a higher proportion of
HS reporting higher TRAP exposure. Children sensitized to
aeroallergens also differed significantly ( p = 0.09), with
higher proportion of HS being sensitized. A higher propor-
tion of HS reported rhinitis ( p = 0.001). Wheezing was
also significant ( p = 0.001), with a higher proportion of HS
reporting wheezing. Maternal ( p < 0.001) and paternal
( p < 0.001) snoring also had significant differences.

The early variables that were significantly associated with
differences in snoring frequency (race, income, breastfeed-
ing, ETS, TRAP, aeroallergen sensitization, rhinitis, wheez-
ing, and parental HS) were combined into an adjusted model
(Table 3 and Fig. 1) to predict the factors associated HS at age
7. ETS exposure [odds ratio (OR) 1.79, 95% confidence in-
terval (CI) 1.12–2.84], rhinitis (OR 1.74, 95% CI 1.06–2.92),
wheezing (OR 1.63, 95% CI 1.05–2.53), maternal HS (OR
2.08, 95% CI 1.36–3.18), and paternal HS (OR 1.83, 95% CI
1.14–3.00) were significantly associated with HS at age 7.

Table 2. Early Variables at Age 4
and Their Association with Snoring Frequency

at Age 7 (n = 609)

Variable n (%)

Snoring frequency

Non-
habitual
(n = 480),

n (%)

Habitual
(n = 129),

n (%) p

BMIa 16.07b 16.04 16.20 0.387
ETSc 154 (25) 102 (21) 52 (40) <0.001
Dog ownershipd 217 (36) 168 (35) 49 (38) 0.535
Cat ownershipe 138 (23) 113 (24) 25 (19) 0.345
TRAPf 138 (23) 94 (20) 44 (34) 0.001
Aeroallergen

sensitizationg
275 (45) 208 (43) 67 (52) 0.09

Food sensitizationh 44 (7) 37 (8) 7 (5) 0.448
Rhinitisi 404 (66) 302 (63) 102 (79) 0.001
Wheezingj 206 (34) 146 (30) 60 (47) 0.001
URIk 3.22l 3.10 3.64 0.39
Eczemam 191 (31) 148 (31) 43 (33) 0.594
Maternal HS 215 (35) 146 (30) 69 (53) <0.001
Paternal HS 387 (64) 287 (60) 100 (78) <0.001

aDefined as the numerical value at age 4.
bRepresents mean numerical value for BMI. Unavailable data for

37 children.
cETS exposure defined by parental report of 1 or more cigarettes

smoked by residents of the child’s household through age 1.
dOne or more dog in the child’s household at age 1.
eOne or more cat in the child’s household at age 1.
fTRAP exposure as defined by a land-use regression model.
gDefined as at least 1 positive (‡3 mm greater than negative

control) to a panel of 15 aeroallergens.
hDefined as at least 1 positive SPT to milk and/or egg.
iDefined by parental report of symptoms of sneezing, runny, or

blocked nose in the preceding 12 months outside of a cold or flu.
jDefined by parental report of wheezing 2 or more times in the

previous 12 months.
kUpper respiratory tract conditions (cold, ear infection, sinus

infection, strep throat, tonsillitis, respiratory flu, colored drainage)
were defined as the mean number as described by parental report in
the past 12 months.

lRepresents mean number of URIs reported by parents in
preceding 12 months.

mParental report of frequent skin scratching, skin redness, red
spots, or rough and dry skin for ‡6 months.

BMI, body mass index; ETS, environmental tobacco smoke; HS,
habitual snoring; SPT, skin prick testing; TRAP, traffic-related air
pollution; URI, upper respiratory infection.

Table 3. Early Model of Variables

at Age 4 Predicting Snoring at Age 7

Variable
Odds
ratio

Lower
CI

Upper
CI

African American 1.27 0.74 2.14
Income ‡$40,000 0.75 0.46 1.23
Breastfeeding ‡4 months 0.71 0.45 1.11
ETSa 1.79 1.12 2.84
TRAPb 1.41 0.87 2.26
Aeroallergen sensitizationc 1.39 0.91 2.13
Rhinitisd 1.74 1.06 2.92
Wheezinge 1.63 1.05 2.53
Maternal HS 2.08 1.36 3.18
Paternal HS 1.83 1.14 3.00

aETS Exposure as defined by parental report of more than 1
cigarette smoked by residents of the child’s household through age 1.

bTRAP exposure as defined by a land-use regression model.
cDefined as at least 1 positive (‡3 mm greater than negative

control) to a panel of 15 aeroallergens.
dDefined by parental report of symptoms of sneezing, runny, or

blocked nose in the preceding 12 months outside of a cold or flu.
eDefined by parental report of wheezing 2 or more times in the

previous 12 months.
CI, confidence interval.
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Current variables

Cross-sectional current variables at age 7 and snoring fre-
quency are shown in Table 4. Significant differences were
associated with BMI ( p = 0.012) and change in BMI from ages
4 to 7 ( p = 0.023), with HS having higher BMIs and larger
changes in BMI. ETS exposure was significant ( p = 0.003),
with a higher proportion of HS having exposure. TRAP ex-
posure ( p = 0.004) was also significant with the higher pro-
portion of HS being exposed. Rhinitis ( p = 0.009), asthma
( p < 0.001), and eczema ( p = 0.007) significantly differed with
higher proportions of HS having these diseases. HS reported
more URIs, and had significant differences in non-HS versus
HS ( p = 0.002). Maternal ( p < 0.001) and paternal ( p < 0.001)
HS also had significant differences.

The current variables that were significantly associated
with differences in snoring frequency (race, income, BMI,
change in BMI, ETS, TRAP, rhinitis, asthma, URIs, eczema,
parental HS) were combined into an adjusted model (Table 5
and Fig. 2) to determine which factors were associated with
snoring at age 7. TRAP (OR 1.93, 95% CI 1.13–3.26), URIs
(OR 1.16, 95% 1.03–1.35), maternal HS (OR 2.86, 95% CI
1.69–4.84), and paternal HS (OR 3.01, 95% CI 1.82–5.09)
were significantly associated with HS at age 7.

Discussion

Birth cohorts examining snoring in children with a per-
sonal and family history of atopy have been studied in other
countries,34,36,37 but to our knowledge, this is the largest
birth cohort study examining longitudinal predictors of
snoring in children born to atopic parents and the first in
the United States. In multivariate analysis, early ETS ex-
posure, rhinitis, wheezing, and parental HS were found to
significantly increase the risk of HS at age 7. In cross-
sectional analysis, traffic pollution, URIs, and parental HS
were significantly associated with childhood HS at age 7.

The objective of this study was to expand upon the
findings of this cohort at age 1, and determine whether
sensitization, along with other clinical and environmental
variables increased the risk of HS. Compared to the 15%
prevalence of HS at age 1,23 the prevalence increased to
21% at age 7. Although this prevalence is higher than re-
ported in some studies,6,18 these results could possibly re-
flect this population’s predisposition for atopy, given its
high reported prevalence of rhinitis.8 Skin prick positivity
was used to define atopy at age 1; however, aeroallergen

Table 5. Current Model of Variables

at Age 7 Predicting Snoring at Age 7

Variable Odds ratio Lower CI Upper CI

African American 1.53 0.84 2.77
Income ‡$40,000 0.62 0.36 1.08
BMIa 1.01 0.88 1.15
BMI changeb 1.03 0.90 1.21
ETSc 1.29 0.71 2.31
TRAPd 1.93 1.13 3.26
Rhinitise 1.42 0.88 2.30
Asthmaf 1.68 0.89 3.14
URIg 1.16 1.03 1.35
Eczemah 1.57 0.82 2.91
Maternal HS 2.86 1.69 4.84
Paternal HS 3.01 1.82 5.09

aDefined as the mean numerical BMI at age 7.
bChange in BMI as defined from numerical values between ages 4

and 7.
cETS exposure as defined by parental report of more than 1

cigarette smoked by residents of the child’s household through age 1.
dTRAP exposure as defined by a land-use regression model.
eDefined by parental report of symptoms of sneezing, runny, or

blocked nose in the preceding 12 months outside of a cold or flu.
fAs defined by American Thoracic Society guidelines by either

spirometry or methacholine challenge test.
gUpper respiratory tract conditions (cold, ear infection, sinus

infection, strep throat, tonsillitis, respiratory flu, colored drainage)
were defined by parental report as the mean number in past 12
months.

hParental report of frequent skin scratching, skin redness, red
spots, or rough and dry skin ‡6 months.

Table 4. Current Variables at Age 7
and Their Association with Snoring Frequency

at Age 7 (n = 609)

Variable N (%)

Snoring frequency

Non-
habitual
(n = 480)

Habitual
(n = 129) p

BMIa 16.48b 16.33 17.01 0.012
BMI change 0.38c 0.26 0.82 0.023
ETSd 118 (19)e 81 (17) 37 (29) 0.003
Dog ownershipf 269 (44) 208 (43) 61 (47) 0.425
Cat ownershipg 134 (22) 109 (23) 25 (19) 0.472
TRAPh 148 (24) 104 (22) 44 (34) 0.004
Aeroallergen

sensitizationi
254 (42) 196 (41) 58 (45) 0.422

Food sensitizationj 12 (2) 11 (2) 1 (1) 0.324
Rhinitisk 271 (45)l 200 (42) 71 (55) 0.009
Asthmam 95 (16) 58 (12) 37 (29) <0.001
URIn 0.87o 0.76 1.26 0.002
Eczemap 82 (13) 55 (11) 27 (21) 0.007
Maternal HS 130 (22)q 78 (17) 52 (41) <0.001
Paternal HS 310 (53)q 222 (48) 88 (73) <0.001

aDefined as the mean value as defined at age 7.
bRepresents mean numerical BMI at age 7. Unavailable data for

20 children.
cRepresents mean change in numerical BMI from ages 4 to 7.

Unavailable data for 53 children.
dETS exposure as defined by parental report of more than 1

cigarette smoked by residents of the child’s household through age 7.
eUnavailable data for 53 children.
fOne or more dog in the child’s household at age 7.
gOne or more cat in the child’s household at age 7.
hTRAP exposure as defined by a land-use regression model.
iDefined as atleast 1 positive (‡ 3 mm greater than negative

control) to a panel of 15 aeroallergens.
jPositive SPT to milk and/or egg.
kDefined by parental report of symptoms of sneezing, runny, or

blocked nose in the preceding 12 months outside of a cold or flu.
lUnavailable data for 3 children.
mAs defined by American Thoracic Society guidelines by either

spirometry or methacholine challenge test.
nUpper respiratory tract conditions (cold, ear infection, sinus

infection, strep throat, tonsillitis, respiratory flu, colored drainage)
were defined as the mean number as described by parental report in
the past 12 months.

oRepresents mean number of URIs reported by parents in
preceding 12 months.

pParental report of frequent skin scratching, skin redness, red
spots, or rough and dry skin ‡6 months.

qMissing data for 25 parents.
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sensitization was not found to be a predictor of HS at age 7.
This discrepancy might be explained by the lack of repro-
ducibility of positive aeroallergen skin tests at age 1 when
compared with subsequent years, as previously demon-
strated in this cohort.38

Parental HS was the only variable to consistently predict
childhood HS in this birth cohort. Family studies have
revealed an inherited predisposition to SDB,39,40 and cross-
sectional studies have found associations with a family his-
tory of snoring.41,42 To our knowledge, this is the first birth
cohort study showing parental HS as a risk factor for child-
hood HS in a population enriched for atopy. It is hypothe-
sized to result from a possible interaction between genetic
and environmental determinants,7 which further supports our
finding of parental HS predicting childhood HS from ages 1
to 4 and its association at age 7. Hereditable factors could
determine recognized patient characteristics associated with

snoring including craniofacial structure, body composition,
and neuromuscular control of the upper airway.43,44 Inter-
estingly, parental history of AT has been linked to a child’s
risk of snoring and OSA, hypothesized to be related to ade-
notonsillar tissue growth rate.42,45 In addition, parents in this
study were atopic, therefore, another plausible hypothesis is
that parents are snoring due to their allergic rhinitis.

It is interesting that early, but not current, rhinitis was found
to be a significant predictor of HS. This finding could be at-
tributed to the increased prevalence of rhinitis at age 4 (66%)
compared to age 7 (45%). These results support previous
studies reporting rhinitis to be associated with snoring.7,8

Allergen-triggered mucus and edema can lead to airflow
resistance and nasal cavity obstruction, which can lead to
HS.46–48 Therapies for allergic rhinitis, including intranasal
fluticasone, azelastine, and beclomethasone have been shown
to decrease symptoms of nasal airway obstruction, adenoidal

FIG. 1. Early model of variables
at age 4 predicting snoring at age 7.

FIG. 2. Current model of
variables at age 7 predicting
snoring at age 7.
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size, and apnea.49–51 It is possible that the decrease in preva-
lence of rhinitis at age 7 can be explained by concomitant use of
allergic medications, which are more likely to be prescribed at
this age due to dosing indications.52 Unfortunately, this study
did not have enough information to analyze medication use. In
addition, since rhinitis was based on parental report, other
subtypes of rhinitis (infectious, nonallergic, idiopathic) could
not be further discriminated. Therefore, it could be plausible
these etiologies are playing a role.

Wheezing was found to be an early predictor of HS,
which correlates with data showing children with a history
of wheezing having more frequent tonsillar enlargement that
may explain its association with SDB.53–55 Wheezing can be
interpreted as a surrogate for asthma,56 however, asthma at
age 7 was not found to be a predictor of HS. It could also be
interpreted as a sign of URIs,57 however, early URIs were
not significant for HS. Given the nonspecific nature of
wheezing, it is possible parents confused it with other dis-
orders, including snoring.58 Since wheezing was not con-
firmed with objective measures by a practitioner, it is
difficult to ascertain whether parental report of wheezing
truly represented the disorder. In addition, tonsillar tissue
size and history of surgical intervention were not collected
in this study, making it difficult to ascertain its effects on
wheezing.

Early ETS exposure was also found to be a predictor of
HS in this cohort, which may explain both children and
parental snoring. Previous studies have demonstrated pas-
sive cigarette exposure is associated with HS,46,59 possibly
due to chemical-induced pharyngeal inflammation and
edema leading to obstruction.11,46,60. Effects of second hand
smoke exposure on HS have been shown to be dose depen-
dent,11 however, ETS exposure was not found as a current
predictor. This may be explained by the decreased preva-
lence of HS exposed to ETS at ages 4 (40%) and 7 (29%).

In cross-sectional analysis, URIs were found to be as-
sociated with HS. Childhood respiratory tract infections
have been associated with snoring,61,62 and Respiratory
Syncytial Virus has been suggested to induce proliferative
changes from leukotriene and neutrophil production in
tonsillar tissue, which could lead to snoring.63,64 Why URIs
were found as a significant predictor of HS at age 7, but not
age 4, is unclear, especially since URIs early in life are
common.65 Perhaps, those with persistent URIs at 7 repre-
sent a more severe phenotype. Another hypothesis could be
that mouth breathing during HS could lead to oral flora
exposure leading to URIs.66,67 Otitis media has been linked
to mouth breathing,68 and given otitis media’s association
with URIs, it could be hypothesized that they are linked.69

Traffic pollution exposure was found to be cross-
sectionally associated with snoring at age 7, which supports
a study showing that HS was associated with road traffic.18

Another study found children aged 6–12 who resided in
neighborhoods with greater traffic pollution had higher rates
of HS, hypothesized to be related to pollutants’ promotion
of inflammatory changes in lymph-adenoid tissue.12 The
fact that traffic pollution was not found as an early predictor
may suggest that a certain duration of exposure is needed
before developing snoring. Similar to the development of
incident asthma in school-aged children exposed to traffic
pollution,70 it could be speculated that a similar process is
playing a role in childhood HS. TRAP exposure could also
be hypothesized to be contributing to parental snoring.

Although not found to be a significant predictor of HS in
this study, breastfeeding has been found to be protective
against HS in previous studies.15,35 One study of children
born to families with a history of asthma found that children
breastfed for more than 1 month had a reduced risk of HS
and witnessed apneas.36 Proposed mechanisms include the
physical effect of the breast in oropharyngeal development
and passive immunoglobulin transfer that protects against
respiratory viruses that can lead to SDB.36

Strengths of this study include its prospective design and
focus on high-risk children born to atopic families, recog-
nizing that atopy has been associated with HS.8 Our study
design allowed for examining multiple predictors of snoring
at different points in a child’s life. The major limitation was
parental report of snoring that was not confirmed with ob-
jective measures. While parental report is often subject to
recall bias and confusion with other disorders, it has been
shown to accurately correlate with PSG results.71 In addi-
tion, other symptoms reported by parents, such as wheezing,
were not confirmed by practitioners. Although parental
aeroallergen sensitization was verified by SPT, objective
evidence of rhinitis and asthma were not collected in the
parents, making it impossible to determine whether all
parents were truly atopic in this study. Additionally, ade-
noidal size and the effects of AT were not examined. This
study did not have enough information to study the effects
of medication use, such as inhaled or nasal corticosteroids to
assess whether these had any impact on snoring frequencies.
It is also recognized that the results of this study may not
apply to children born to nonatopic parents.

Future areas of study include continued reassessment of
this cohort into adulthood to determine the persistence of
snoring and development of OSA. Confirmation of aller-
gic symptoms (rhinitis, wheezing, URIs) and obstructive
breathing with PSG would be paramount. In addition, ex-
amining the effect of interventions such as AT and nasal
steroids on snoring should be considered.

Conclusions

Children born to atopic families with a family history
of snoring, early exposure to ETS, and early diagnoses of
rhinitis and wheezing are at increased risk for HS later in
childhood. In addition, concurrent parental snoring, TRAP
exposure, and URIs at age 7 was associated with HS at age
7. Children with these characteristics should be considered
for screening of sleep disorders, which may prevent adverse
health outcomes. Furthermore, these results suggest children
with a family history of snoring and atopy would benefit the
greatest from screening. Further research is needed to de-
termine whether interventions can prevent these children
from developing persistent snoring.
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