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ABSTRACT

Aim: This prospective study examined the prevalence of snoring during infancy and the
prenatal and postnatal risk factors for this condition.

Methods: The study population comprised 1388 infants from the CHILD-SLEEP birth
cohort, who were recruited in the Pirkanmaa Hospital District, Finland, between 2011 and
2013. Sleep and background factor questionnaires were filled out prenatally by parents
and when the infant was three and eight months old.

Results: The prevalence of habitual snoring was 3.2% at the age of three months and
3.0% at eight months, and snoring infants had more sleeping difficulties at those ages, with
odds ratios (ORs) of 3.11 and 4.63, respectively. At three months, snoring infants slept for
a shorter length of time (p = 0.001) and their sleep was more restless (p = 0.004). In
ordinal logistic regression models, parental snoring (adjusted OR = 1.65 and 2.60) and
maternal smoking (adjusted OR = 2.21 and 2.17) were significantly associated with infant

snoring at three and eight months, while formula feeding and dummy use (adjusted

OR = 1.48 and 1.56) were only associated with infant snoring at three months.
Conclusion: Parental snoring and maternal smoking increased the risk of snoring. Infants
who snored also seemed to suffer more from other sleep difficulties.

INTRODUCTION

Sleep-disordered breathing represents a spectrum ranging
from primary snoring to obstructive sleep apnoea. Primary
snoring refers to snoring with no evidence of apnoea or gas
exchange abnormalities (1). Habitual snoring is generally
defined as snoring three or more nights per week.

The prevalence of sleep-disordered breathing in children
has been quite well studied, but the reported prevalence
rates of snoring in infants vary widely (2-6). The prevalence
of habitual snoring is estimated to be about 5.0-6.6% of
children under one year of age (2,3,6), and in some studies
the prevalence even rises to 9-14% (4,5). This may be
explained by the heterogeneity of the studies, variation in
the definition of habitual snoring and the presence of colds.

The presence of snoring in infants and preschool children
has been associated with male gender (7-9), lower socioe-
conomic status (7,10), African American race (2), chronic
rhinitis (9,10), regurgitation (10) and tobacco smoke expo-
sure (11). Snoring has also been associated with restless

Abbreviations

aOR, Adjusted odds ratio; BMI, Body mass index; CI, Confidence
interval; OR, Odds ratio; SD, Standard deviation.

sleep (2,5,6), parental asthma (7,10) and maternal concern
about the child’s breathing (2,5). There is evidence that
breastfeeding reduces the risk of habitual snoring (4,12,13)
and the severity of sleep-disordered breathing (14). Exclu-
sive formula feeding has been significantly associated with
habitual snoring (5).

Familial factors also seem to play a role in the develop-
ment of sleep-disordered breathing. Maternal cigarette
smoking is associated with snoring in children (8,10,15).
In addition, there seems to be a significant association

Key notes

e This study analysed the prevalence and the risk factors
of snoring during infancy. The prevalence of snoring
was lower than reported earlier.

e The sleep of snoring infants was shorter and more
restless than other infants. Maternal smoking and
parental snoring increased the risk of snoring.

e Considering that snoring has been associated with
several negative health consequences, it is essential to
identify the symptoms of sleep-disordered breathing as
early as possible.
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between the child’s snoring and a history of snoring or the
snoring by the mother, father or siblings (9), suggesting that
inherited and environmental factors play a role in disor-
dered breathing during sleep.

The main objective of this study was to add to the limited
knowledge on infant snoring and the factors associated with
it. We examined the prevalence of snoring at the ages of
three and eight months, as well as the prenatal and
postnatal parental-reported factors that are associated with
this condition.

METHODS

Study settings and subjects

This was a prospective study based on the CHILD-SLEEP
birth cohort. The study protocol was approved by the Ethics
Committee of Pirkanmaa Hospital District on March 9,
2011 (number R11032). The cohort was recruited prena-
tally in Pirkanmaa Hospital District, Finland. The infants
were born between April 2011 and February 2013. A total
of 2244 parents were approved to receive the prenatal
questionnaires during their visits to maternity clinics, from
which 1673 (74%) families returned the baseline question-
naires. The parents filled in the first questionnaire before
the mother went into labour. Follow-up measurements took
place at three and eight months postnatally. Questionnaires
were provided by post to both the mother and father. The
infant questionnaire was filled out by the parents together.
Details of the recruitment procedure have been reported
previously (16). The response rate was 85% at the age of
three months and 78% at the age of eight months. The
families who did not answer the question concerning
snoring were excluded, leaving 1388 infants at the age of
three months and 1216 infants at the age of eight months.

Data collection

The sleep questionnaire included questions from four
screening tools: the Basic Nordic Sleep Questionnaire, the
Brief Infant Sleep Questionnaire, the Infant Sleep
Questionnaire and the Sleep Disturbance Scale for
Children (17-20).

The Sleep Disturbance Scale for Children (18) is a rating
scale developed for the evaluation of sleep disorders in
children. To assess sleep-disordered breathing, we used
questions from the sleep-disordered breathing subscale. On
this scale the response alternatives were always indicating
daily, often suggesting three to five times per week,
sometimes meaning once or twice per week, occasionally
indicating once or twice per month and never.

The infants’ birthweight, length and gestational age were
collected from the hospital records.

Statistical analysis

Frequency analyses were performed first. The prevalence
and persistence of snoring was assessed. We then evaluated
how snoring was related to parent-reported infant sleep
quality. The comparisons were based on ¢-tests or the chi-
square test depending on type of the variable to be analysed.

Snoring in infancy

Next, we performed bi-variable analyses between snoring
and the potential risk factors using the chi-square test. In
these analyses, we combined the frequency of snoring into a
dichotomy as follows: the habitual snorers stood for snoring
at least three times per week versus infants snoring less than
three times per week. Based on the findings of previous
studies among infants, the potential risk factors considered
were formula feeding, parental snoring and parental smok-
ing. Dummy use was studied because of its similarity to
bottle feeding.

Finally, ordinal logistic regression models were con-
structed in order to study which of the risk factors
previously listed were significantly related to snoring at
the ages of three and eight months when the infant’s age,
sex, allergies and number of infections, plus the parents’
education and income, were controlled for. We used three
ordinal categories with the following cut-off points: snoring
never or one or two times per month (n = 1241 at the age of
three months and n = 1089 at the age of eight months),
snoring one to two times per week (n = 103 at three months
and n = 90 at eight months) and habitual snoring indicating
snoring three to five times per week or always (n = 44 at
three months and n = 37 at eight months).

RESULTS

There were 1388 infants (52.4% boys) in the sample at the
age of three months and 1216 infants (52.0% boys) at the
age of eight months. The mean gestational age was
40 weeks. A small number of the infants (1.7%) were born
prematurely at 33-36 + 6 weeks of gestation. Four of them
were habitual snorers.

The parents reported chronic illnesses as follows: one
infant with Down syndrome, Turner syndrome and Crou-
zon syndrome, 10 infants with apnoeas of infancy and three
infants with laryngomalacia. Only the infant with Crouzon
syndrome and one infant with laryngomalacia were habit-
ual snorers. All the analyses were carried out excluding the
infants with illnesses and prematurity, and the results
remained virtually the same.

Some 64.6% of the infants were exclusively breastfed
during the first three months. Most of the three-month-old
infants (70.8%) used a dummy and the majority (74.3%)
slept in a supine position. At the age of eight months, 40.1%
of the infants were receiving breast milk and no formula
milk. The majority of the infants (59.9%) were using a
dummy at the age of eight months. Most of the eight-month-
old infants slept in a lateral position (52.5%) or supine
position (42.7%).

The prevalence of snoring

In total, 10.6% of the families with a 95% confidence
interval (95% CI) of 9.0-12.2% reported that their child had
snored at least once a week at the age of three months. The
corresponding prevalence of weekly snoring at the age of
eight months was 10.4% (95% CI: 8.7-12.1%). Some 3.2%
(95% CI: 2.3-4.1%) of the infants at three months and 3.0%
(95% CI: 2.0-3.0%) at eight months were snoring at least
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Figure 1 The prevalence (%) of snoring at the age of three and eight months.

three nights per week. The detailed prevalence rates are
shown in Figure 1. There were 15 infants (1.1%, 95% CI:
0.6-1.7%) who snored habitually and 53 infants who snored
weekly (3.8%, 95% CI: 2.8-4.8%) based on parental reports
at both measurement points. There were six habitually
snoring infants (0.4%) whose parents only answered the
questionnaire at the age of three months.

Factors associated with snoring
The factors associated with habitual snoring in bi-variable
models are shown in detail in Tables 1 and 2. The infants
who were diagnosed with gastro-oesophageal reflux snored
significantly more (p = 0.017) than those not suffering from
reflux at the age of three months. At the age of three
months, the infants who were exclusively breastfed snored
significantly less than the infants who were receiving
formula milk (p = 0.024). Birth characteristics, allergies,
colic, the number of respiratory infections and dummy use
did not associate with habitual snoring during infancy.
Infants who snored habitually at the age of three months
had fathers with a significantly higher body mass index
(BMI) (26.3 versus 27.7 kg/m?, p = 0.014) and a lower
frequency of higher education (p = 0.031). Infants whose
mother snored habitually had a greater risk of snoring at the
age of eight months (p = 0.033). The infants of habitually
snoring fathers had a greater risk of snoring as well at both
the age of three months (p = 0.003) and at eight months
(p = 0.039). The infants of smoking mothers had a greater
risk of snoring both at the age of three months (p = 0.031)
and at the age of eight months (p = 0.018) (Table 3).

The sleep of snoring infants

At the age of three months the sleep length of habitually
snoring infants was more than one hour shorter than those
who snored weekly or less (p < 0.001) but this was no
longer the case at eight months (p = 0.057) (see Fig. 2). The
infants’ sleep was considered to be restless when there were
several arousals and periods of wakefulness at night lasting

Eight months

more than 20 minutes at a time. The sleep of habitually
snoring infants was more restless (p = 0.004, OR 3.88, 95%
CI: 1.70-8.86) at the age of three months. However, at the
age of eight months the difference was no longer seen
(p = 0.102, OR 2.96, 95% CI: 0.86-10.42) (see Fig. 3). In
addition, the sleep of habitually snoring infants was more
often considered problematic by parents at three months
(p =0.034, OR 3.11, 95% CI: 1.18-8.21) and at eight
months (p < 0.001, OR 4.63, 95% CI: 2.16-9.94; Fig. 4).

There was no difference in the sleeping place between
snorers and the infants who did not snore at three months
(p = 0.101, OR 0.59, 95% CI: 0.29-1.19) nor at eight
months (p = 0.256, OR 1.39, 95% CI: 0.65-3.01). Some
80% of the infants at the age of three months slept in the
same room as their parents and 64% did so at the age of
eight months.

The adjusted risk

Ordinal logistic regression analysis was used in calculating
ORs adjusted for the infant’s sex, age, earlier respiratory
infections and the infant’s allergies, plus the parents’ lower
level of education and lower income. We added the
potential risk factors listed previously to the model. The
adjusted odds ratios (aORs) are shown in Table 4.

When the confounding factors were controlled for in the
adjusted models, exclusive formula milk feeding (aOR =
1.48) and dummy use (aOR = 1.56) were significantly
associated with snoring at the age of three months. In both
age groups, parental snoring (aOR = 1.65 and 2.60) and
maternal smoking (aOR: 2.21 and 2.17) add to the risk of
snoring. In all models, of the background factors, male sex
was significantly associated with snoring (aOR = 1.55-2.20,
p = 0.001-0.047).

DISCUSSION
The reported prevalence of snoring in our study was 3.2% at
the age of three months and 3.0% at the age of eight months,

1688 ©2019 Foundation Acta Peediatrica. Published by John Wiley & Sons Ltd 2019 108, pp. 1686—1694



Katila et al.

Table 1 The characteristics of the study population, infant factors®

Eight months

Three months

Habitual snorers

N

Non-habitual snorers
(N = 1179)

All infants

N

Habitual snorers
(N = 44)

Non-habitual snorers

N

All infants

37)

1216)

p*

1344)

1388)

(N =

Study population

0.182!
0.261

15 (40.5)

250 £+ 14

617 (52.3)
246 + 838

632 (52.0)

247 £ 9

0.444
0.166
0.157

26 (59.1)
100 + 12

702 (52.2)
97 £ 14

728 (52.4)

Boys N (%)

97 £ 12

Age, days, Mean + SD
Gestational age, weeks,

Mean + SD

0.827

40 £ 1.5

40 £ 1.3

40 £ 1.3

40 +£ 1.6

40 £ 1.3

40 £ 1.3

0.101

3450 + 400
8890 + 1400

3580 + 460

0.850 3580 = 460
0.110 8750 + 1150

3570 £ 380
6400 + 760

3580 + 460
6190 + 790

3580 + 460

Birthweight, grams, Mean + SD
Weight, grams Mean =+ SD
Milk allergy, N (%)

0.754

8830 + 1050

6320 + 740

0.208
0.146
0.069

3 (8.1)
3 (8.1)

49 (4.2)
41 (3.5)
48 (4.1)

52 (4.3)
44 (3.6)

0.061

2 (4.5)
0 (0)

11 (0.8)

13 (0.9)

1.000
0.017

7 (05)
44 (3.3)

7 (05)
49 (3.5)

Other allergies, N (%)

4 (10.8)
12.7)
26 (70.3)

52 (4.3)
22 (1.8)
734 (60.4)

5 (11.4)
1(2.3)
13 (29.5)

Gastro-oesophageal reflux, N (%)

Infantile colic, N (%)

0.496

21 (1.8)
708 (60.1)

1.000
0.269

45 (3.3)
297 (22.1)

46 (3.3)
310 (22.3)

0.236

One or more respiratory infections,

N (%)

0.866

23 (62.2)
22 (59.5)

705 (59.8)

728 (59.9)

0.239

35 (79.5)
23 (52.3)

948 (70.5)
468 (34.8)

983 (70.8)
491 (35.4)

Dummy use, N (%)

1.000

706 (59.9)

728 (59.9)

0.024

Formula milk feeding, N (%)

*To compare habitually snoring infants to other infants, p-value is based on t-test or chi-square test depending on the variable type.

Data shown as mean with standard deviation or proportion as appropriate. The statistically significant factors are bolded.

Snoring in infancy

which is lower than reported earlier (2-6). Only 15 infants
snored both at the ages of three and eight months when
reported by parents. Previous studies concerning infants
have reported a 5-14% prevalence of habitual snoring (2-6).
In our study, 65% of the three-month-old infants were
exclusively breastfed and 22% were fed both breast milk and
formula milk. The protective aspect of breastfeeding may
partly explain the lower prevalence of habitual snoring.
Furthermore, in the present study, the cohort was skewed
towards a higher educational background.

Primary snoring is not a benign condition. In previous
studies snoring has been associated with neurocognitive
disturbances in infants (21,22). Among older children,
snoring has also been linked to cardiovascular disorders
(23,24) and behavioural disorders (7,25). For these reasons,
it is essential to identify the risk factors for snoring. These
factors — including formula feeding, dummy use, maternal
smoking and parental snoring — were largely the same as
those reported in previous studies. In this study, snoring in
infants was associated with male gender in ordinal logistic
regression models, as has been previously reported (7-9).
The explanation for this association is not clear and
requires further study.

Consistent with our findings, breastfeeding has previously
been shown to be protective against sleep-disordered
breathing (4,12-14). Upper airway obstruction during the
infant’s sleep is mainly caused by decreased upper airway
muscle tone, high nasal resistance and a compliant chest
wall (1). The oral muscles are exercised in suckling, and
breastfeeding has an important influence on the growth of
the mandible (26). During breastfeeding, the tongue action
shapes the palate by rounding and flattening it. During
bottle feeding and dummy use, the tongue cannot reach the
palate (27). A short duration of breastfeeding has been
associated with malocclusion (28). There is also evidence
that myofascial education can be beneficial in the treatment
of obstructive sleep apnoea (29).

It seems that there are multifactorial mechanisms
behind infant snoring, including several intrinsic compo-
nents, environmental factors and genetic aspects. In our
study, parental snoring was an independent risk factor for
infant snoring. The association of a parental history of
snoring and sleep-disordered breathing has been reported
earlier (9,30). However, the mechanism of this association
is unknown. One explanation could be the inheritance of
facial anatomy, which has been reported to affect the risk
of snoring (1).

Higher paternal BMI was significantly associated with
infants’ snoring at the age of three months in this study. It is
well known that obesity is related to snoring in the adult
population. The interconnection with the father’s higher BMI
may reflect the association of the father’s and infant’s snoring.

Lower socioeconomic status has been reported as a risk
factor for children’s snoring (7,10). In our study cohort, the
infants of fathers with a higher education snored signifi-
cantly less at the age of three months but not thereafter. As
discussed earlier, the majority of fathers in our cohort were
highly educated, which may explain the finding.

©2019 Foundation Acta Paediatrica. Published by John Wiley & Sons Ltd 2019 108, pp. 16861694 1689
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Table 3 The crude associations between risk factors and habitual snoring at three and eight months*

Three months

OR

Eight months

Snoring in infancy

950 Cl p OR 950 Cl p

Infant factors

Sex, boy 1.32 0.72-2.43 0.444 0.62 0.32-1.21 0.182

Milk allergy 5.77 1.24-26.85 0.061 2.04 0.60-6.86 0.208

Other allergies N/A N/A 1.000 2.45 0.72-8.30 0.146

Gastro-oesophageal reflux 3.79 1.42-10.08 0.017 2.85 0.97-8.36 0.069

Infantile colic 0.67 0.90-4.98 1.000 1.53 0.20-11.70 0.496

One or more respiratory infections 1.48 0.76-2.86 0.269 1.57 0.77-3.21 0.236

Dummy use 1.62 0.77-3.41 0.239 1.08 0.55-2.12 0.866

Formula milk feeding 2.05 1.12-3.74 0.024 0.98 0.50-1.91 1.000
Familial factors

>3 children in the family 0.50 0.15-1.64 0.353 0.216 0.09-1.59 0.293

Firstborn 1.11 0.60-2.04 0.755 1.01 0.52-1.98 1.000

Maternal tertiary qualification 0.69 0.38-1.26 0.271 0.61 0.32-1.18 0.160

Paternal tertiary qualification 0.49 0.26-0.92 0.031 0.85 0.44-1.63 0.739

Family monthly income <2000 euros 1.00 0.50-2.0 1.000 1.51 0.76-3.01 0.257

Maternal snoring > nights/week 0.99 0.39-2.55 1.000 2.47 1.14-5.34 0.033

Paternal snoring >3 nights/week 2.50 1.37-4.56 0.003 2.05 1.06-3.99 0.039

Maternal smoking <6 months ago 3.19 1.21-8.42 0.031 3.76 1.40-10.09 0.018

Paternal smoking <6 months ago 1.41 0.76-2.62 0.320 1.62 0.83-3.16 0.200
N/A = Not applicable.
*The statistically significant factors are bolded.

Total sleep time in hours
B Snoring 0-2 nights/week Snoring > 3 nights/week
p<0.001* p=0.057
‘ x I
14,1 hours
12,9 hours 13,3 hours 12,9 hours
Three months Eight months

Figure 2 The total sleep time presented (in hours) at the ages of three and eight months among infants who snore two nights per week or less versus habitual snorers.

Maternal smoking increased the risk of snoring at the
ages of three and eight months in ordinal logistic regression
analysis. This has been shown in previous studies as well
(8,10,15). However, paternal smoking had no significant
effect on the infant’s snoring. The explanation could be the
proximity of the mother and infant during the first months
of life especially in Finland, where the duration of maternity
leave is nine months.

Kuehni et al. (10) found an association between gastro-
oesophageal reflux during infancy and snoring among
children aged 1-4 years. In our study, the presence of
reflux was only significantly associated with snoring at the
age of three months.

The parents of snoring infants reported significantly more
sleeping problems. The sleep length of habitually snoring
infants was shorter and the sleep was more restless, which

©2019 Foundation Acta Paediatrica. Published by John Wiley & Sons Ltd 2019 108, pp. 16861694 1691
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Restless sleep

30% p= 0.004*

25%

20%

15%

10%

5%

0%
Three months

B Snoring 0-2 nights/week

p=0.102

(—A—\

Eight months

Snoring > 3 nights/week

Figure 3 The prevalence of restless sleep (several arousals and periods of wakefulness at night lasting more than 20 minutes at a time) at the ages of three and eight
months among infants who snore two nights per week or less versus habitual snorers.

Moderate or severe sleeping problems

35%
30%

0,
2% p=0.034*

20% (—}%1

15%
10%

5%

0% -

Three months

® Snoring 0-2 nights/week

p <0.001*

ﬁ) —

Eight months

Snoring > 3 nights/week

Figure 4 The prevalence of sleeping difficulties at the ages of three and eight months among infants who snore two nights per week or less versus habitual snorers.

can be a sign of the harmfulness of snoring. Even though it
is natural for infants to have several arousals from sleep, it is
important to note that there might be some non-physiolo-
gical aspects behind the baby’s restless sleep as well. It is
important for physicians treating infants and their family to
pay attention to parents’ reports of infant sleeping problems
and to ask specifying questions in order to identify any sign
of a snoring disorder. While the treatment of snoring during
infancy is remarkably controversial, our results support an
active approach and the consideration of the intervention
in snoring even in this young population.

Strengths and limitations

This longitudinal study on the prevalence of snoring in
infants is based on a large and representative population-
based follow-up sample comprising 1388 families. As far as
we know, this is the first study to report both maternal and
paternal factors associated with infant snoring. In this
study, the prevalence of snoring was lower than reported
previously, and thus, the number of habitual snorers
remained small. In further studies, even larger samples are
needed in order to confirm the findings of our study and to
study factors that are related to persistent snoring.
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Table 4 Ordinal logistic regression models to predict snoring*

Three months Eight months

aOR  95% Cl p-value aOR  95% Cl p-value
Formula 1.48 1.04-2.10 0.028 0.69 0.45-1.05 0.081
milk
feeding
Dummyuse 1.56 1.03-2.36 0.037 0.78 0.50-1.24 0.293
Parental 1.65 1.10-2.46 0.015 2.60 1.65-4.10 <0.001
snoring
Maternal 2.21 1.04-4.50 0.014 2.17 1.01-4.69 0.039
smoking
Paternal 1.10 0.76-1.59 0.628 092 0.58-1.47 0.730
smoking

aOR = Adjusted odds ratio.

*Data were adjusted for the infant's sex, age, earlier respiratory infections and
allergies, as well as the parents’ education and income. Three ordinal
categories were used with the following cut-off points: never or less-than-
weekly snoring, weekly snoring (snoring 1-2 nights per week) and habitual
snoring (snoring at least three nights per week). The statistically significant
factors are bolded.

The snoring prevalence was based on parental reports of
their infant’s sleep, and polysomnography was not included
in the study protocol. Parental reports of snoring may not
always be accurate particularly if the parents are not
sleeping in the same room as the infants. In this sample,
most of the infants slept in the same room as the parents
and there was no difference in the sleeping place between
the snorers and non-snorers. Based on this, we assume that
parents can assess the prevalence of snoring relatively
accurately. Further studies should consider including
polysomnography in the study protocol in order to increase
the reliability of the findings.

CONCLUSION

Sleep-disordered breathing is a long-lasting condition with
a significant influence on the health and well-being of
children, so it is essential to identify the children with
symptoms of sleep-disordered breathing as early as possible.
However, the reported prevalence of snoring in our study is
lower than reported earlier. We found that breastfeeding
was a protective factor against snoring. This is valuable
information to highlight when motivating mothers to
breastfeed.

Several of the risk factors reported both in this study
and previously — including formula feeding, dummy use
and maternal smoking — can be modified. For this reason
it is important to already identify these risk factors during
infancy in order to diminish the risk of snoring. Paedi-
atricians should also remember to consider snoring when
evaluating a child’s restless sleep. Furthermore, longitudi-
nal studies are needed in order to clarify the factors
behind snoring in infants and the health consequences in
later life.

Snoring in infancy
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