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Abstract

Purpose Habitual snoring (HS) is a prominent symptom of sleep-disordered breathing; thus, it is also important to consider
the associated, multidimensional risk factors for HS in children. This study was aimed to identify risk factors for HS in
children.

Methods A cross-sectional survey was performed in Chengdu. Children aged 2—-14 years from four districts were randomly
chosen to participate. Questionnaires were voluntarily completed by the children’s guardians.

Results The survey included 926 boys and 622 girls, who were an average of 6.4 + 3.0 years old. The sample included 463
habitual snorers (30.4%), 683 occasional snorers (44.8%), and 402 nonsnorers (26.4%). HS was found in 51.8% of children
under 7 years old and 26.6% of children aged 7 years old or older. The prevalence of pregnancy complications was sig-
nificantly lower in mothers who bore children with HS (p =.006). Among the HS group, 86.6% had an immediate family
member who snores. Breastfeeding duration among the HS group was significantly less than among the occasional snoring
and nonsnoring groups. History of symptoms of allergic rhinitis, rhinosinusitis, tonsillitis, and pneumonia/bronchitis in the
past 6 months was associated with HS. Likewise, maternal smoking during pregnancy, maternal exposure to secondhand
smoke during pregnancy, and child exposure to secondhand smoke were also associated with HS.

Conclusion The prevalence of HS was higher in children under 7 years old. Having a mother with more education, a family
history of snoring, a shorter period of breastfeeding, upper respiratory tract inflammation, and passive smoking are important
risk factors for HS. Pregnancy complications may be associated with lower prevalence of snoring in childhood.
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Introduction medical consequences. The most severe manifestation of

SDB is OSA, which is characterized by recurrent events of

Sleep-disordered breathing (SDB) during childhood is com-
mon and includes a range of breathing abnormalities from
primary snoring (PS) to obstructive sleep apnea (OSA). Also
known as simple or non-apneic snoring, PS is regarded as
the mildest form of the SDB range and is without severe
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partial or complete upper airway obstruction during sleep
leading to abnormal ventilation and sleep patterns [1].
Snoring is the most important and common manifestation
of SDB [2]. Habitual snoring (HS) is a prominent symptom of
SDB that is usually defined as the presence of loud snoring at
least 3 nights per week [3, 4]. Globally, HS is relatively com-
mon and has been reported in 2.4-48.4% of children [3-5].
Within the literature to date, different inclusion criteria, age
groups, sex ratios, and even research periods have been identi-
fied as reasons for inconsistent levels of HS incidence [1-5].
Recent research suggests that HS, even in the absence of
OSA, is associated with cognitive, behavioral, and various
psychosocial problems [6, 7]. The clinical importance of HS
as a potential marker of morbidity for OSA is increasingly
recognized. Therefore, it is especially important to identify
the multidimensional risk factors for HS among children.
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Many published studies have identified various risk fac-
tors for HS [8, 9]. Studies that have investigated the relation-
ship between OSA severity and demographic and clinical
risk factors have identified that ethnicity and environmental
tobacco smoke are associated with increased severity of
SDB [8]. A study by Kim et al. confirmed several risk fac-
tors of SDB, namely male sex, overweight, and exposure to
tobacco smoking [9]. Lower family income, lower father’s
education, breastfeeding duration < 6 months, pregnancy
maternal smoking, obesity, overweight, several respiratory
problems (chronic/allergic rhinitis, asthma, adenotonsillar
hypertrophy, and chronic otitis media), and family history
of habitual snoring have been associated with an increased
risk for habitual snoring [3]. However, from the above stud-
ies, we have found that different regions, research groups,
inclusion criteria, and methods have led to diverging results.

Therefore, pediatric HS-related risk factors in different
regions affect the local epidemiology, as shown in these
studies [3-5, 8, 9]. The present study integrated the previ-
ous work and collected information on 23 related factors.
Using a large population-based sample, we aimed to identify
factors predisposing Chengdu’s pediatric population to HS
from among the previously identified potential risk factors.

Materials and methods
Study sample

This cross-sectional survey was performed in Chengdu,
Sichuan Province, in southwestern China. The Chengdu
administration was divided into five levels, from low to
high, namely city, suburb, county seat, town, and country-
side. Each district was divided into three groups: kinder-
garten, primary school, and junior middle school. We put
the number + name of all the schools into fifteen envelopes,
respectively. A laboratory colleague who did not partici-
pate in the study was invited to draw two number + name
of schools from each envelope randomly. Among the 30
selected schools, we distributed 70 questionnaires to each
school. School teachers randomly selected 70 students by
student ID and distributed the 70 questionnaires. The sample
was children aged 2—-14 years. Questionnaires were collected
from March 22, 2020, to June 13, 2020. A total of 2100
questionnaires were distributed, and 1721 questionnaires
were recovered.

Children with a history of tonsillectomy and(or) adenoid-
ectomy, neuromuscular disease, craniofacial syndromes,
cerebral palsy, sickle cell disease, mucopolysaccharide
storage disease, or immunodeficiency were excluded. Par-
ticipants were also excluded if they had mental or physical
impairment severe enough to cause abnormal behaviors,
including congenital disease, intellectual disability, or a
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psychiatric disorder. The study was approved by the Biomedi-
cal Research Ethics Committee of the West China Hospital of
Sichuan University. Written informed consent was obtained
from each guardian before they completed the questionnaire.

Questionnaire

The investigators explained the purpose of the study and
obtained informed consent before administering the ques-
tionnaire. The following items from our parent-reported
questionnaire were used for the analysis: (1) demographic
factors including age, sex, race, weight, height, and dis-
trict (city, suburb, county seat, town, and countryside); (2)
socioeconomic factors, including family income (Chengdu
Statistics Bureau’s average monthly household income of
2019: <5000 yuan, 5000-8000 yuan, 8000-12,000 yuan,
12,000-18,000 yuan, 18,000-25,000 yuan, 25,000-35,000
yuan, or > 35,000 yuan) and parental education (junior high
school or less, senior high school, junior college/undergrad-
uate course, postgraduate or above); (3) delivery method
(natural labor, Cesarean section), gestational age (pre-
mature [<37 weeks], full-term [37-42 weeks], postterm
[>42 weeks]), parental age at delivery, maternal pregnancy
disease, and parental history of obstructive sleep apnea
hypopnea syndrome; (4) symptoms of upper respiratory
tract infection during the past 6 months (including tonsillitis,
chronic rhinosinusitis, allergic rhinitis (AR), and asthma);
(5) passive smoke exposure (child exposed to secondhand
smoke), maternal smoking, and secondhand smoke exposure
during pregnancy; (6) and snoring.

Based on the OSA-5 questionnaire [10], the participants were
divided into three groups for comparison according to the packet
mode of references [3—5] (nonsnorers="‘never” or “hardly any,”
occasional snorers="‘rarely”’ or “sometimes,” and habitual snor-
ers="‘most of the time,” “frequently,” or “all the time”).

Data analysis

All analyses were performed using SPSS software (version
22.0; IBM SPSS, Armonk, NY, USA). The data are pre-
sented as mean + standard deviation, median (interquartile
range), and number (percentage) as appropriate for continu-
ous and categorical data. The differences between normally
distributed continuous variables were analyzed using the
analyses of variance test, whereas nonnormally distributed
variables were compared using the Mann—Whitney U test.
Categorical variables were compared using Pearson’s X2
test or Fisher’s exact test. Multivariate logistic regression
analyses were subsequently performed to further confirm
the association between potential correlated factors (soci-
odemographics, birth and heredity information, history of
respiratory inflammation, passive smoking exposure, etc.),
with HS and occasional snorers + nonsnorers as a reference.
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Results

Participant characteristics and prevalence
of habitual snorers

Of the 1721 children enrolled, 197 questionnaires were
excluded because of the following: (1) the questionnaire was
incomplete; (2) the child had a history of neuromuscular
disease, craniofacial syndrome, cerebral palsy, sickle cell
disease, mucopolysaccharide storage disease, or immunode-
ficiency; (3) the child had a mental or physical impairment
severe enough to cause abnormal behaviors (including con-
genital disease, intellectual disability, or psychiatric disor-
der). The remaining 1524 questionnaires used for analyses
represented a response rate of 88.6%. The survey included
926 boys and 622 girls. Overall, there were 463 habitual
snorers (30.4%), 683 occasional snorers (44.8%), and 402
nonsnorers (26.4%).

Risk factors for HS

Sociodemographics

Sociodemographic risk factors were tabulated for each
group and are shown in Table 1. HS morbidity was signifi-

cantly higher in children under 7 years old than in children
aged 7 years old or older. Although boys had a slightly

higher rate of HS than girls, this difference was not statis-
tically significant.

Fewer minority race children than Han participated,
though there was no racial difference in HS prevalence.
Nor did HS morbidity differ based on living district
(Table 1).

From Table 1, the BMI percentile in four categories had
no statistical significance between the incidence of HS.
Body mass index (BMI) scores were 16.62 (15.12-19.80),
16.63 (15.08-19.72), and 16.59 (15.15-19.96) for the HS,
occasional snoring, and nonsnoring groups, respectively.
After adjusting for age and gender, BMI did not differ
among the snoring groups.

Socioeconomic factors

According to the average household income statistics for
Sichuan Province in 2019, we divided family monthly
earning into six groups. No significant difference was
found between the prevalence of HS and family monthly
earning (p =0.21).

Paternal education did not differ between snoring
groups (p=0.119). Higher maternal education was associ-
ated with greater prevalence of HS (p =0.023) and mater-
nal college and undergraduate degrees were related to an
increase in HS morbidity (2.3; 95% CI, 1.1-4.7).

Table 1 Social demographic

Social demography Non-snorers (n=402) Occasional snorers ~ Habitual snorers  p
factors were compa.red among (n=683) (n=463)
non-snoring, occasional
snoring, and habitual snoring Age 0.002
groups <7Y 159 (39.6) 310 (45.4) 240 (51.8)
>7Y 243 (60.4) 373 (54.6) 223 (48.2)
Sex 0.089
Boys 207 (51.5) 427 (62.5) 292 (63.1)
Girls 195 (48.5) 256 (37.5) 171 (36.9)
Race 0.326
Han 382 (96.5) 649 (97.6) 450 (97.2)
Other race 14 (3.5) 16 2.4) 9(2.8)
BMI 0.376
< 5th perc 16 (4.0) 39(5.7) 24(5.2) 0.117
5th—75th perc 285 (70.9) 475 (69.9) 320 (69.1)
75th-95th perc 75 (18.7) 132 (19.4) 102 (22.0)
> 5th perc 26 (6.5) 34 (5.0) 17 (3.7)
Living districts 0.141
City 169 (42.0) 330 (48.3) 231 (49.9)
Suburb 67 (16.7) 131 (19.2) 84 (17.5)
County seat 67 (16.7) 150 (22.0) 97 (21.0)
Town 51 (12.7) 38(5.6) 30 (6.5)
Countryside 48 (11.9) 34 (5.0) 21 (4.5)
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Birth and heredity information

Neither delivery method (natural labor vs. cesarean section)
nor gestational age (premature, full-term, or post-term birth)
was related to HS prevalence (p=0 0.75 and 0.11, respec-
tively). Nor were maternal or paternal ages at the child’s birth
related to HS prevalence (p=0.123 and 0.373, respectively).

The average breastfeeding duration for the overall sam-
ple was 6.9+ 5.5 months. The between-groups difference in
average breastfeeding duration was statistically significant
(p=0.019). Breastfeeding duration (6.1 +5.2 months) in the
HS group was significantly shorter than in the occasional
snoring group (8.25+5.91 months) and the nonsnoring
group (7.92 +6.12 months).

In our sample, 77 mothers had pregnancy complications,
including four highly prevalent diseases: diabetes, hyper-
tension, hypothyroidism, and cholestasis. Interestingly, the
prevalence of pregnancy complications was significantly
lower in mothers who bore children with HS (16.6%) com-
pared with occasional snoring (24.6%) and nonsnoring
(18.9%) (p=0.006).

Parental loud snoring (considered a hereditary factor)
was related to the HS prevalence (p <0.001) (1.16; 95% ClI,
1.29-1.61).

History of respiratory inflammation

The prevalence of AR, nasosinusitis, and tonsillitis symp-
toms in the past 6 months for the HS, occasional, and non-
snoring groups is listed in Table 2. AR symptoms (1.24;
95% CI, 1.10-1.77), nasosinusitis symptoms (17.62; 95%
CI, 6.41-48.80), tonsillitis symptoms (19.66; 95% CI,
9.51-55.38), and pneumonia/bronchitis symptoms (14.22;
95% Cl, 5.42-38.01) within the past 6 months were related
to HS incidence. However, only 20 (1.3%) of the children
had been diagnosed with asthma, which was unrelated to
HS prevalence.

Passive smoking exposure

In the HS group, the proportion of mothers with a history
of smoking during pregnancy (43.1%) was markedly higher

than that in the nonsnoring (4.7%) and occasional snoring
(2%) groups. Both maternal exposure to secondhand smoke
during pregnancy and child exposure were related to HS
prevalence (p <0.001) (Table 3). To further investigate the
relationship between passive smoking and other factors and
snoring, multivariate logistic regression analysis was under-
taken, controlling for the potential confounders of age, gen-
der, and upper respiratory inflammation in the fully adjusted
model. Maternal smoking during pregnancy (1.95; 95% CI,
1.63-2.34), maternal exposure to secondhand smoke during
pregnancy (1.61; 95% CI, 1.08-2.39), and child exposure to
secondhand smoke (1.89; 95% CI, 1.56-2.23) were signifi-
cant risk factors for HS.

Discussion

This is the first epidemiological study to explore pediatric
HS risk factors in Chengdu. HS was present among 30.4%
of our study sample. We also explored 23 potential HS risk
factors to find that sex, race, living district, family income,
BMI, birth mode, and time of pregnancy did not predict
HS. However, age, family history of HS, maternal educa-
tion, respiratory tract infection, exposure to second-hand
smoke, and breast-feeding duration are important risk fac-
tors for HS.

The prevalence of 30.4% of HS that we found in our study
is higher than the 10.5-27.4% previously reported in other
Chinese studies [3, 11, 12]. A possible reason for this incon-
sistency may be heterogeneity between studies in participant

Table 3 Passive smoking exposure were compared among non-snor-
ing, occasional snoring, and habitual snoring groups

Passive smoking exposure Habitual snorers P
Yes No
Smoking during pregnancy 25 438 0.025
Exposure to secondhand smoke dur- 76 387 <0.001
ing pregnancy
Exposure to secondhand smoke 72 391 <0.001

Table 2 The upper respiratory

. iy Respiratory disease
disease within 6 months were

Non-snorers (n=402)

Occasional snorers Habitual snorers P

; (n=683) (n=463)

compared among non-snoring,

occasional snoring, and habitual — yeg 63 (15.7) 1189 (27.7) 196 (42.3) <0.001

Snoring groups No 339 (87.6) 494 (72.3) 264 (57.7)
Tonsillitis 19 (4.7) 82 (12.0) 115 (24.8) <0.001
Chronic rhinosinusitis 30 (7.5) 73 (10.7) 62 (13.6) 0.023
Allergic rhinitis 23 (5.7) 71 (10.4) 62 (13.4) 0.005
Pneumonia (bronchitis) 21(5.2) 76 (14.3) 98 (21.2) 0.012
Asthma 4(1.0) 11 (1.6) 5(1.1) 0.629
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age and area of residence. We speculate that another prin-
cipal reason may be that our questionnaire was completed
voluntarily. Guardians of children who snore habitually and
have related symptoms may have been more likely to par-
ticipate and complete the questionnaire.

There was an increased prevalence of HS in younger children.
The prevalence rate in children under age 7 years was 51.8%,
and 26.6% in children 7 years and older. Two studies using large
samples of children, by Li et al. [3] and Anuntaseree et al. [13],
also showed interesting age differences in HS prevalence: a
significant initial increase from ages 5—6 to 7 years and then
a gradual decline. HS prevalence tended to decrease with age
because of an increase in pharyngeal cross-sectional area with
growth. This is consistent with the fact that lymphoid tissues
in the larynx (i.e., adenoids, tonsils) gradually degenerate after
age 7 years [13, 14]. Children <7 years old commonly have a
higher proportion of co-sleep, which might result in higher rates
of reported snoring by their parents compared with the parents
of children>7 years.

We found a higher prevalence of HS in boys than in girls;
however, this difference was not significant in our sample
of 1524 children. In adults, HS is more common in men,
for which the influence of sex hormones on respiratory
control and/or body fat distribution has been suggested to
play a crucial role. Clearly, these factors would be much
less prominent in prepubertal children [15]. Papaioannou
and colleagues have also reported that growing adenoton-
sillar tissue narrows the upper airway during early life, and
adenotonsillar hypertrophy has been reported as a major
determinant of OSA in children but not in adolescents [16].
Lumeng has suggested that studies showing sex differences
often include children over age 13 years, so there may be
a potential mediating effect of puberty-related hormonal
changes on the higher SDB prevalence in boys [17].

Obesity has long been thought to be an important cause
of snoring, but in our study, we did not find any significant
difference in BMI among those three groups. Two potential
reasons for this result may be as follows: (1) obesity-related
anatomic risk factors, other than BMI, including enlarge-
ment of parapharyngeal fat pads, lateral pharyngeal walls,
the tongue, and total upper airway soft tissue[18]; (2) some
studies have shown that waist circumference (abdominal and
hip fat), not BMI, are the most important causes of snor-
ing in children [19, 20]. Ours was an epidemiological sur-
vey study for which BMI was calculated based on parents’
answers (height and weight values), and we were unable to
measure abdominal and hip fat.

We found that the HS group had a higher proportion of chil-
dren whose mother had a college-level or more education. In
China, it is often the case that mothers are more focused on their
children’s growth and living habits compared with fathers. We
speculate that mothers with a higher education had more access
to information about HS-related diagnoses and symptoms and

may have been more concerned about the impact of HS on their
children’s cognition and behavior.

Breastfeeding duration was significantly shorter within
the HS group compared with the other groups. A meta-anal-
ysis by Sun et al. [21] indicated that breastfeeding was asso-
ciated with reduced risk of HS in children. There are two
potential explanations underlying an impact of breastfeed-
ing on HS risk. First, breastfeeding has a beneficial effect
on mandibular development. Oral cavity features such as
high palates, retruded chin, and narrow dental arches are
additional risk factors for snoring in children which may
be partly prevented by breastfeeding. Second, breast milk
may provide immunoglobulins that may help prevent viral
respiratory infections and thus reduce the chronic upper
airway inflammation and adenotonsillar hypertrophy which
facilitate snoring [22]. Breastfeeding is an important way to
prevent the occurrence of HS, especially in the first months
of life [23]. However, how long breastfeeding can effectively
prevent snoring needs to be clarified by future prospective
research.

In this study, the prevalence of pregnancy complications
was significantly lower in mother who born children with HS
than in two other groups. The Barker hypothesis proposes that
fetal development within a hostile gestational environment
may predispose/program future sensitivity. Each variable such
as different environments likely plays a subtle role in the epi-
genetic manipulation of the embryo [24]. Maternal low-pro-
tein diet could change the metabolism of single carbon amino
acids, thus changing the epigenetic modification of histone
and DNA. Therefore, the mother suffering from pregnancy
complications may lead to abnormal metabolism of protein,
genes of the fetus. Then, those changes of protein or genes are
related to the lower incidence of HS. This analysis was our
conjecture based on “Barker Hypothesis” and “Epigenetics.”
More epidemiology, big data, and basic medical science are
needed to verify our conjecture in the future.

Family history of HS was another strong risk factor for
childhood HS. Li et al. found that having one habitually
snoring parent increased the child’s HS risk by nearly 3.4-
fold [15]. Genetic factors contribute to craniofacial struc-
ture, body composition, and neuromuscular control of the
upper airway and interact to produce a phenotype [25]. A
potential association has been suggested between the pres-
ence of a child’s tonsillar hypertrophy and the presence of
pharyngeal lymphoid tissue hypertrophy in their siblings
and parents [25]. Guardian should pay more attention to the
sleep condition and quality of children and guide the child to
eat a healthy diet and exercise more to avoid obesity. When
guardian find the children snoring, open mouth, and sleep
apnea during sleep, they should seek medical treatment in
time. The guardian can appropriately adjust the child’s sleep
posture, such as changing from supine position to lateral
position.
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Numerous disorders have been associated with HS,
including respiratory tract infection (asthma, AR, sinusi-
tis, tonsillitis, and pneumonia/bronchitis) [14, 26]. These
may narrow the airway, causing inflammation that increases
flow resistance and hence snoring propensity. Inflammatory
mediators including histamine, CysLTs, IL 1, and IL-4,
found in high levels in AR, have also worsen sleep quality in
those with OSA[27]. Montelukast sodium and mometasone
furoate have obvious anti-inflammatory effects, which has
indirectly confirmed upper respiratory tract infection as an
important cause of HS [28]. However, we could not detect a
significant association between asthma and HS prevalence,
likely due to the small number of positive cases. The guard-
ian shall pay attention to improving the child’s body immu-
nity and preventing respiratory tract infection. In case of res-
piratory tract infection, treatment should be taken on time.

In relation to the domestic environment, passive smoking was
identified as a major risk factor for HS, consistent with other
studies. Maternal smoking during pregnancy, maternal exposure
to secondhand smoke during pregnancy, and child exposure to
secondhand smoke all result in child smoke exposure. Parent-
reported smoking, particularly maternal smoking, has been asso-
ciated with increased child snoring, and nighttime respiratory
symptoms are exacerbated by such exposure [14, 29]. Multi-
variate analyses by Subramanyam et al. show that children aged
3-18 years with severe OSA and tobacco smoke exposure have
a 1.48 increased odds of developing obstructive apnea hypopnea
index than do those unexposed to tobacco smoke[30]. Studies by
Urschitz et al. [14] and Zhu [31] have shown a positive associa-
tion between household smoking and incidence of sleep-related
hypoxia and HS, respectively. Cigarette smoke exposes the nasal
and respiratory mucosa to large amounts of endotoxin, resulting
in a potent inflammatory reaction [32]. It is likely that cessation
of secondhand smoke exposure may also reduce oropharyngeal
mucosal inflammation. Cigarette smoke causes ciliary dysfunc-
tion and proliferation of goblet cells with increased mucus pro-
duction, in addition to mucosal inflammation [33]. Thus, inflam-
matory reactions and mucus production lead to respiratory tract
narrowing and HS. In summary, the best way to prevent children
from HS caused by secondhand smoke is for mothers and people
living together not to smoke at any time.

In conclusion, our epidemiological investigation showed
that the prevalence of HS is higher in children under 7 years
old. Family history of snoring, passive smoking, upper res-
piratory tract inflammation, and shorter breastfeeding dura-
tions are important HS risk factors. In addition, pregnancy
complications may be associated with lower occurrence of
snoring in childhood.

This was a questionnaire and observational survey based on
reports of guardians, and these were prominent limitations. The
data collected by the questionnaire lacked objective measure-
ment such as polysomnography. HS severity, the prevalence of
respiratory tract infections, exposure time of passive smoking, and
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maternal pregnancy disease were based on parental reports. In the
future, with the support of big data and polysomngraphy, we will
make more detailed groupings of possible risk factors in order to
minimize the bias caused by the questionnaire survey method.
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