Breastfeeding

and sleep-disordered
in children:
systematic review and
proposal of underlying

breathing

interaction models

DOI 10.23804/ejpd.2021.22.04.10

M. Storari', F. Yanez-Regonesi?, G. Denotti?,
L. Paglia® D. Viscuso'

'Department of Surgical Science, Institute of Dentistry,
Division of Orthodontics, University of Cagliari,
Cagliari, Italy

2Orofacial Pain Center, College of Dentistry, University
of Kentucky, Lexington, Kentucky, USA

*Department of Surgical Science, Institute of
Dentistry, Division of Pediatric Dentistry,

University of Cagliari, Cagliari, Italy

4Istituto Stomatologico ltaliano, Milan, Italy

E-mail address: m.storari93@gmail.com

Abstract

Aim Paediatric sleep breathing disorders represent an emerging
paediatric health concern. Despite risk factors are widely discussed
in literature, evidences about protective factors are lacking. The aim
of this systematic review was to examine the available evidence
about the effect of breastfeeding on snoring and obstructive sleep
apnea in childhood, and to methodically describe the underlying
mechanism of interaction.

Methods The study protocol was registered in advance in
PROSPERO (CRD42020212529). Electronic search of the literature
was performed up to October 10th, 2020 using four databases:
PubMed, ScienceDirect, Medline and Scopus. Two authors
independently retrieved potentially relevant articles to meet
eligibility criteria. PRISMA guidelines were followed. Prospective,
retrospective, case-control, cohort, clinical trial and cross-sectional
studies investigating the association between breastfeeding and
paediatric sleep-disordered breathing were included and data were
extracted. No restrictions on language or date of publication were
set. Subsequently, a search in the literature was further done to
investigate underlying mechanisms of interaction.

Results Fifteen studies were included. The evidence supports a
protective dose-response effect of breastfeeding on sleep breathing
disorders in children and adolescents. Exclusive breastfeeding
emerged to prevent habitual snoring when compared to formula-
fed or non-breastfed children. Breastfeeding promotes harmonious
development of oral cavity, trains oral muscles and tongue posture,
coordinates nose breathing and prevents adenotonsillar hypertrophy.

Conclusions This review suggests that breastfeeding can
effectively protect children and adolescents from sleep-disordered
breathing, especially from habitual snoring, by preventing the
associated risk factors. Future prospective studies with more efficient
design are required.

KEYWORDS Breastfeeding, Sleep disordered breathing,
Paediatric obstructive sleep apnoea, Obstructive sleep apnea,

Paediatric snoring, Malocclusions, Adenotonsillar hypertrophy.

Introduction

Sleep-Disordered Breathing (SDB) encompass a spectrum of
conditions characterised by abnormal breathing during sleep
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[Burman, 2017]. They go all the way from snoring, to upper
airway resistance syndrome up to Obstructive Sleep Apnea
(OSA). The European Respiratory Society (ERS) for the diagnosis
and management of obstructive respiratory sleep disorders in
childhood defines OSA as “a syndrome of upper airway
dysfunction during sleep, characterised by snoring and/or
increased respiratory effort secondary to increased upper airway
resistance and pharyngeal collapsibility” [Kaditis, 2016].
Diagnosis and clinical presentation of paediatric OSA differs
from adult OSA. Its diagnosis requires overnight
polysomnography where the number of apneas and hypopneas
per hour of sleep (AHI) are calculated. The cut-off for AHI in
the paediatric population is 1. Common symptoms found in
the paediatric population are: Frequent snoring (>3 night/week),
laboured breathing during sleep, gaps/snorting, sleep enuresis,
sleeping in seating position, headaches on awakening, daytime
sleepiness, attention-deficit/hyperactivity disorder and learning
problems [Kheirandish-Goza, 2012].

The prevalence of OSA in the paediatric population ranges
from 1 to 6% (4). It mostly affects children aged 2 to 8 years.
Several factors can lead to a reduction or increase in risk of
collapsibility of the upper airway leading then to increased risk
of childhood OSA. Among the risk factors, obesity is one of
the most important. When the population is separated into
obese children the prevalence of OSA increases to 19-61%
[Verhulst, 2007; Wing, 2003; Kalra, 2005; Siegfried, 1999]. It
has been reported that by each increment in body mass index
(BMI) above the 50th percentile, an increase in 10-12% risk
for OSA is seen [Hannon, 2012; Tan, 2013]. Adenoid and
tonsillar hypertrophy have also been reported as risk factor due
to the risk of upper airway reduction. In fact, adenotonsillectomy
is the recommended treatment for paediatric obstructive sleep
apnea [Venekamp, 2015]. Allergic rhinitis is also considered a
risk factor due to the belief that congestion secondary to the
inflammation of the nasal mucosa may increase the airway
resistance [Gulotta, 2019]. Finally, malocclusion and maxillofacial
abnormalities have been associated with paediatric OSA [Pirelli,
2010]. Alterations of size, position or geometry of the jaws
and/or tongue can reduce the upper airway, increasing the
odds of obstruction [Gulotta, 2019].

Identifying a protective factor that could reduce the risk
factors for SBD could in part result in reduction of prevalence
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in the disease. In recent years, the potential protective effect
of breastfeeding on SDB in the paediatric population has been
suggested [Sun, 2019]. WHO recommends that infants should
be exclusively breastfed for the first six months of life, and
breastfeeding should be supplemented with additional foods
for the first 2 years, or longer [World Health Organization 2001].
Along the clear short-term benefits for children health [Bahl,
2005], breastfeeding reduces the risk of overweight and obesity
in childhood and adolescence in dose-response effect, whereas
no clear evidences exist with regards to adulthood [Horta and
Yan, 2014; Hornell, 2013]. Conversely, a history of breastfeeding
during infancy correlates with small but significant reductive
effect on blood pressure and on blood cholesterol in adulthood,
as well as with prevention of type-2 diabetes [Horta and Yan,
2014]. Additionally, breast milk is reported to be beneficial for
brain neural development and cognitive functioning [Horta and
Yan, 2014; Hornell, 2013]. The evidence appears still limited
and controversial about the risk of developing atopic diseases
and asthma [Hornell, 2013]. The aim of this study was to: 1)
Investigate the role of breastfeeding in paediatric SBDs and 2)
Systematically explain and justify the proposed mechanisms for
the interaction between breastfeeding and SBDs.

Methods

Registration

The study protocol was registered in advance in PROSPERO:
International Prospective Register of Systematic Reviews (Center
for Reviews and Dissemination, University of York, Heslington,
York, United Kingdom; and the National Institute for Health
Research, London, United Kingdom) under registration number:
CRD42020212529.

Eligibility criteria

Inclusion criteria: Prospective and retrospective studies, case-
control studies, cohort studies, clinical trials and cross-sectional
studies that evaluated the association between breastfeeding
and paediatric sleep-disordered breathing. Studies published
in English, Spanish and Italian were included, with no restrictions
regarding year of publication.

Exclusion criteria: Book chapters, reviews, abstracts, personal
opinion, case reports, case series, editorial letters, commentaries
and meeting abstracts. Studies evaluating the relationship
between breastfeeding and SBD in adults.

Search strategy

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist was followed (Fig. 1) [Moher,
2009]. Comprehensive electronic search was performed of
four electronic databases: PubMed, ScienceDirect, Medline
and Scopus. The search was performed from initial coverage
data through October 10, 2020. Combinations of the following
key words with appropriate truncation and medical subject
headings (MeSH) were: breastfeeding, sleep breathing disorder,
pediatric obstructive sleep apnea, sleep apnea, obstructive
sleep apnea, paediatric snoring and snoring. The searches were
re-run immediately prior to analysis and further studies retrieved
for inclusion, to ensure that the most current information is
presented in the review.

Study selection

Two authors (MS and FYR) independently reviewed the titles
and abstracts. Potential studies were selected for further review.
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FIG. 1 Search process flow diagram (PRISMA).

In a second phase, full articles were obtained and reviewed
according to eligibility criteria. Any disagreement was settled
by a third author (DV). Additionally, references were hand
searched through selected studies.

Data collection

A standardised form was used to extract data from the
included studies. Data was extracted from the selected studies
including: authors, year of publication, aim of the study, study
design, sample size, assessment tool for SDB and breastfeeding
and outcomes. One reviewer retrieved the information (MS)
and the second (FYR) crosschecked the accuracy of the data.
Missing data was requested from study authors via email.

Risk of bias

Newcastle-Ottawa Scale was utilised to access for risk of
bias in the selected studies. Modified versions were utilised for
case-control studies and cross-sectional studies (Table 1, 2)
[Wells, 2020].

Review questions and outcomes variables

Review questions were defined using PICO frameworks
[Systematic Reviews - Research Guide, 2020]. The main outcome
was to establish the protective effect of breastfeeding on SBDs
in children. Secondary outcomes were: 1) defining if any dose-
response effect is present between duration of breastfeeding
and development of SBDs in children and adolescents, and 2)
defining if any difference in the effect on SDB development
exists between breastfeeding and bottle-feeding. For each
outcome, effect of the interventions was evaluated through
Odds Ratio (OR) with relative 95% Cl, and p-value.

Results

Studies and participants characteristics

A total of 497 articles were identified through database
searching. Following abstract/tittle assessment and removal of
duplicates, a total of 473 articles were excluded. From the
full-text studies reviewed, 15 studies fulfilled the eligibility
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Selection Comparability Outcome
Study Representativeness | Selection | Ascertainment | Demonstration | Comparability | Assessment Was Adequacy of
of the exposed of the of exposure | that outcome | of cohorts on | of outcome | follow-up | follow up of
cohort non- of interest was | the basis of long enough cohorts
exposed not present at | the design or for outcomes
cohort start of study analysis to occur
Brew et al. 2014 * *x * *
Beebe et al. 2013 * * *x *
Bonuck et al. 2011 * * *% *
Montgomery-Downs et | . x .
al. 2006
Marshall et al. 2007 * *x * *
TABLE 1 Newcastle-Ottawa Scale. Cohort studies (5).
Selection Comparability Outcome
Study Is the Case | Representativeness | Selection | Definition | Comparability | Ascertainment | Same method of |  Non-
Definition of the Cases of Controls | of Controls | of Cases and of Exposure ascertainment | Response
Adequate? Controls on the for cases and Rate
Basis of the controls
Design or
Analysis
Montgomery-Downs et | , . . . . .
al. 2007
Lietal. 2013 * * * *
Galbally et al. 2012 * * * * *ok *
Lietal. 2010 * * * *x * *
Piteo et al. 2011 * * * * *x * *
Li et al. 2010 * * * * *x *
Kuehni et al. 2008 * * * *x *
Lofstrand-Tidestrom et | . . . . .
al. 1999
Xu et al. 2020 ] * * * *x * *
Chng et al. 2004 * * *

TABLE 2 Newcastle-Ottawa Scale, Case-control studies.

criteria and were included in this study.

To date, we found only 15 studies meeting the inclusion
criteria investigating the effect of breastfeeding on SDB in
children [Montgomery-Downs, 2007; Brew, 2014; Li A.M.,
2013; Galbally, 2013; Li S., 2010; Beebe, 2012; Bonuck, 2011;
Piteo, 2011; Montgomery-Downs, 2006; Li A.M., 2010;
Kuehni, 2008; Lofstrand-Tidestrom, 1999; Marshall, 2007;
Xu S., 2020; Chng, 2004]. All the 15 selected studies were
published in English, and the average sample size was 6188
+ 7748. Studies included children aged from 0 to 15 years
sampled from 1991 to 2017. Most of them have been
developed retrospectively while only 4 were prospective. To
determine feeding durations and methods parents-reported
questionnaires or interviews were administered. SDB were
mostly diagnosed through parental questionnaires or
interviews, one study used in-home PSG [Lofstrand-Tidestrom,
1999] and two studies used full overnight PSG [Montgomery-
Downs, 2007; Xu, 2020]. Baseline characteristics and outcomes
of all included studies are reported in Table 3.

Definition of breastfeeding durations and methods

In these studies, the exposure was defined as: “any
breastfeeding” (any breast-milk given for at least one month
regardless of whether other breast-milk substitutes or solids
had been given) in all studies. Specifically, “exclusive
breastfeeding” was investigated in 5 studies [Montgomery-
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Downs, 2007; Brew, 2014; Li, 2010; Piteo, 2011; Xu, 2020],
“exclusive formula/bottle feeding” in 3 studies [Montgomery-
Downs, 2007, Li S., 2010; Piteo, 2011], “both types of feeding”
in 3 studies [Montgomery-Downs, 2007; Li S., 2010; Piteo,
2011]. The timing of exposure was detected as a continuous
measure in 4 studies [Montgomery-Downs, 2007; Brew, 2014;
Beebe, 2012; Marshall, 2007] to compare the effect of each
additional month of breastfeeding to the previous one; 4 studies
evaluated the effect of breastfeeding duration “for at least 1
month” and “for at least 2 months” [Montgomery-Downs,
2007; Brew, 2014; Beebe, 2012; Marshall, 2007], 5 studies “for
at least 3 months” [Montgomery-Downs, 2007; Brew, 2014,
Beebe, 2012; Marshall, 2007; Xu, 2020], 9 studies “for at least
6 months” [Montgomery-Downs, 2007; Brew, 2014; Galbally,
2013; Li S., 2010; Beebe, 2012; Marshall, 2007; Li A.M., 2010;
Kuehni, 2008; Lofstrand-Tidestrom, 1999], and 4 studies “for
at least 12 months” [Montgomery-Downs, 2007; Brew, 2014;
Beebe, 2012; Marshall, 2007]. 7 studies compared specifically
duration of breastfeeding > 6 months to < 6 months
[Montgomery-Downs, 2007; Galbally, 2013; Li S., 2010; Li A.M.,
2010; Kuehni, 2008; Lofstrand-Tidestrom, 1999; Marshall,
2007] and 1 study looked at the number of breastfeeds per
day [Montgomery-Downs, 2006].

Definition of SDB
A total of 12 studies provided the whole investigation via
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Author | Year |Study design Aim of study Country Sample size Age AssessmSeBnS tool for Feeding practices Outcomes
Beebe {2012 |Prospective |Clarify whether persistent ~ |US 249 Followed |Snoring: Child Breast milk feeding |Breastfeeding, specially during
birth snoring in 2- to 3-year-olds from birth ~ |sleep habits survey longer periods, markedkly
cohort is associated with behavioral up to 3 years |questionnaire reduced the risk for persistent
and cognitive development, old snoring even after controlling
and to identify predictors for counding variables (OR 0.73
of transient and persistent 95% C10.61,0.87
snoring
Bonuck 2011 |Population-| Describe the prevalence, England 14.049 Followed SDB symptoms | Asked if child was | Not breasfeeding was associated
based persistence, and during 7 time |were assessed ever breastfed with an increased risk of
cohort characteristics associated pointsand | through parent “always" snoring at 1.5 (65%)
with sleep disordered data was report of snor- ing, and 6.7 (40%) years and
breathing (SDB) symptoms. analyzed at  |apnea, and mouth- “habitual” snoring at 1.6 (50%)
1.5, 4.75 and | breathing via and 4.75 (30%) years.
6@5 years  |questionnaire
0
Brew 2014 |Birth Investigate the relationship | Australia 616 birth Follow up | Questionnaire Breastfeeding status | Any breastfeeding for longer
control  |between breastfeeding and cohort, 450 at |from birth | about snoring and |was recorded by | than a month, compared with
study snoring in childhood follow up up to 8 years |witness apneas | nurses visiting the  |less than one month, was
old homeat 1, 3, 6, associated with a reduced
9and 12 months. |risk for both habitual snoring
Recorded when (OR 0.48,95% C10.29, 0.81)
substitues and solids | and witnessed apnea at age 8
were introduced.  |(OR 0.17,95%C10.04, 0.71).
There was a dose-response
relationship between duration of
breastfeediing and the presence
of habitual snoring
Chng 12004 |Cross- Determine the prevalence of |Singapore  {12.173 Pre-school | Questionnaire Study did not Habitual snoring was significantly
sectional  |snoring and habitual snoring questionnaires |and primary |given to parents | differentiate associated with breastfeeding
in Asian preschool and were given,  |school regarding between methods  |(OR 1.49; 95% Cl, 1.11-1.98).
primary school children and 11.114 children aged |demographics,  |of breastfeeding
the factors associated with responses 4-7years  |snoring and (exclusive,
snoring and habitual snoring were obtained sleeping habits  |predominant,
in these children and complete or mixed breast-
information feeding) or duration
was available of breastfeeding
in 10.279
Galbally 2012 |Cohort | Determine if babies Australia |4.507 3t019 Asked about Asked if child was | After adjustment for
breastfed at 6 months of months old | problems like: still breastfeeding | confounders, breastfeeding had
age were more likely to wheezing or until 6 months a significantly protective effect
wake at night and less likely coughing, snoring/ |of age on wheezing or coughing (OR
to sleep alone than formula- breathing,getting 0.6,95% Cl, 0.43,0.84) and
fed babies. to sleep, sleeping snoring or breathing problem
alone, waking (OR 0.55,95% Cl, 0.38,0.79).
during the night
and restless sleep.
Kuehni |2008 |Cross- Determine prevalence, UK 6.811 1-4yearold |Parents filled single | Breastfeeding as > 6| A longer duration of
sectional |severity and risk factors for questionnaire months breastfeeding was associated
snoring including questions with a lower prevalence of
on wheezing and snoring (OR 0.73, 95% Cl,
snoring. 0.57-0.95), but the association
disappeared after adjustment for
parental smoking and was not
age dependent.
LIAM 2013 |Multi- Evaluate the prevalence 14 Asia 23481 Ages ranged |Parents filled Evaluated current | Current breastfeeding (OR =
centre of habitual snoring and Pacific from birth to |Brief Infant Sleep | breastfeeding 0.69, 95% C1(0.54-0.83), P <
Cross- the different correlates countries: 36 months | Questionnaire 0.005) was protective against
sectional  |associated with habitual Australia, (BISQ) which habitual snoring among non-
snoring China, Hong includes snoring Caucasian non-Chinese children.
Kong, India, habits
Indonesia,
South Korea,
Japan,
Malaysia,
New Zealand,
Philippines,
Singapore,
Taiwan,
Thailand and
Vietnam
LS 2010 |Cross- Assess the prevalence and | China 20.151 Mean age of | Parents filled Indicated feeding | After adjusdting for age and
sectional  |associated factors of habitual the sample  |Children’s Sleep  |patterns during gender mixed/bottle feeding
snoring was9.01  |Habits Question- |the first four during the first four months
years (SD = |naire (CSHQ) months after birth |after birth (OR 1.16, Cl 95%,
1.60 years, |included three (breastfeeding, 1.06-1.27)and after adjusting for
range from |items regarding | mixed feeding, all confounders breastfeeding
5.08 t0 signs and and bottle feeding) |for < 6 months (OR 1.17,
11.99 years) |symptoms related |and duration of C195%,1.08-1.28) were
to SDB breastfeeding (</> 6 | significantly associated with an
months) increased likelihood of HS.

TABLE 3 Baseline characteristics and outcomes of all the studies included in the systematic review.
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LAM  |2010 |Cross- Determine the prevalence  |China 6.349 5-14 years | Parents filled Breastfeeding as > 6 | After adjusting for all factor

sectional |of habitual and its old questionnaire months breastfeeding for > 6 months
association with clinical regarding snoring, was not associated with reduced
features, environmental sleeping habits, risk of habitual snoring (OR 0.96,
and socioeconomic factors, and sleep related C195%, 0.49-1.87)
neurobehavioral outcomes, breathing
and other sleep-related
symptoms

Lofstrand [1999 |Cross- Estimate the prevalence of | Sweden 644 4yearold  |Parents filled Breastfeeding and if |No significant differences

sectional  |SBD and to examine co- questionnaire it was longer than 6 | betweeen the snoring group
variates related to breathing regarding months and the rest of the cohort if the
obstruction and to compare child's sleeping report breasfeeding (p=0.72)
dental arch and craniofacial habits, snoring, or breastfeeding > 6 months
morphology. mouth- breathing (p=0.4)
and breathing
ireqularities.

Marshall |2007 |Birth Investigate the risk factors | Australia 616 Birth until 5 | Parents were asked | Breastfeeding Being breastfed for at least 6
control | for snoring. years old whether their child |was classified as ~ |months was not associated
study snored (YES/NO) ~ |ever having been | with snoring. The frequency of

and, if so, how  |breastfed and snoring was not related to the
frequently. as having been duration of breastfeeding (P

breastfed for 6 =0.78)

months or more. It

was also measured

as a continuous

variable quantifying

the duration of

breastfeeding (up to

1 year)

Mont- {2006 Evaluate sleep duration and |USA 944 Children ages|Questionnaire Being breastfed fewer time per

gomery- locations, snoring prevalence 2 weeks to 2 |about snoring day increased the risk of snoring

Downs and risk factor associated years

with snoring.

Mont- 2007 |Cross- Explore whether sleep- USA 196 6.7+29  |Overnight Identify the Those who were breastfed for at

gomery- sectional | disordered breathing severity years old polysomnography | method(s) used least 2 months had significantly

Downs would differ for children was performed ~ [to feed the child  |reduced SDB severity on every

who were breastfed as during the first year | measure assessed. Breastfeeding
infants. of life: formula only, |for longer than 5 months did not
breast milk only, or | contribute additional benefits.
both formula and
breast milk. Also
reported duration of
breastfeeding
Piteo 2011 |Cross- Examine sleep, snoring and | Australia 457 Infants aged | Parents filled dentify the In the fully adjusted model,
sectional  |associated factors. from1to  |questionnaire method(s) used exclusive formula feeding since
13.9 weeks |regarding sleeping |to feed the child | birth (OR: 28.87, 95% C15.99,
old (4.9 £2.7 |habits, respiratory |formula only, breast | 139.19, p < .01) was significantly
weeks) problems, milk only, or both  |associated with habitual snoring
snoring, and formula and breast
sleep disordered | milk.
breathing
Xu 2020 |Cross- Identify risk factors of OSAS |China 1578,(63.9% |Children Questionnaire Breast feeding was | Multivariate analysis showed that
sectional  |in children. had OSAand |aged 2 to 15 |regarding defined if the child | breastfeeding was associated
36.1% were suspected risks  |was fully breastfed | with OSA (OR: 1.7213, 95% Cl,
non-0SA) factorsfor SBD.  |formorethan3  |p=0.0007)
Polysomnographic |months since birth
examinations were
performed.

TABLE 3 Baseline characteristics and outcomes of all the studies included in the systematic review.

guestionnaires, and 3 used questionnaires for breastfeeding
and polysomnography (PSG) for SDB [Montgomery-Downs,
2007; Lofstrand-Tidestrom, 1999; Xu, 2020].

With regards to SDB, snoring was investigated in 14 studies
as a dichotomous variable “yes” or “no” [Brew, 2014; Li A.M.,
2013; Galbally, 2013; Li S., 2010; Beebe, 2012; Bonuck, 2011;
Piteo, 2011; Montgomery-Downs, 2006; Li A.M., 2010; Kuehni,
2008; Lofstrand-Tidestrom, 1999; Marshall, 2007; Xu, 2020;
Chng, 2004]. Data about the frequency were collected in 10
studies through different time points which can be overall rated
on a 3-point scale: “almost always” if occurred 5 to 7 nights
per week, “habitual” for 2 to 4 nights per week, and
“occasionally/never” for 0 to 1 night per week [Brew, 2014; Li
A.M., 2013; Li S., 2010; Beebe, 2012; Bonuck, 2011; Piteo, 2011;
Montgomery-Downs, 2006; Li A.M., 2010; Marshall, 2007,
Chng, 2004]. The majority of studies excluded a priori cold,
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rhinitis, tonsillitis, asthma and allergies, by contrast 2 studies
separated snoring occurred with cold/allergy from snoring
occurred apart from cold/allergy [Li A.M., 2013; Kuehni, 2008].
Two studies investigated a positive or negative history of snoring
as comparative measure [Kuehni, 2008; Xu, 2020]. OSA was
detected in 5 studies whether present or not: 2 studies via an
overnight full-PSG [Montgomery-Downs, 2007; Xu, 2020], 1
study via a portable sleep monitoring device [Lofstrand-
Tidestrom, 1999], and 2 studies via questionnaires to parents
[Brew, 2014; Bonuck, 2011]. A total of 242,280 children were
included, ranging from birth up to 15 years old.

Risk of bias

The main methodological limitations across the studies are
referred to data collection. Information about infant feeding
methods were obtained via questionnaires. Questionnaires

EuroPEAN JOURNAL OF PAEDIATRIC DENTISTRY voL. 22/4-2021
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were not univocally constructed with regard to duration and
exclusivity of breastfeeding methods, and high heterogeneity
among questions and answers was observed. Furthermore,
most studies used questionnaires based on parental-report to
assess SDB, while three resorted to overnight PSG. All the
included studies were conducted retrospectively. According to
NOS, evidence quality of included studies was low-to-moderate.
Due to the high heterogeneity in sampling methods and in
tools used to diagnose SDB and to assess breastfeeding, the
authors considered meta-analysis of data not meaningful..

Review of the evidence

Overall, 10 works established a protective effect [Montgomery-
Downs, 2007; Brew, 2014; Li A.M., 2013; Galbally, 2013; Li S.,
2010; Beebe, 2012; Bonuck, 2011; Piteo, 2011; Montgomery-
Downs, 2006; Li A.M., 2010] and one refutes the association
only after adjusting for parental smoking [Kuehni, 2008], 2
found no association [Lofstrand-Tidestrom, 1999; Marshall,
2007] and 2 found an association between habitual snoring
and/or OSA and breastfeeding [Xu, 2020; Chng, 2004].

Exclusive breastfeeding compared to formula/mixed feeding

Exclusive breastfeeding compared to formula/mixed feeding
emerged significantly beneficial for SDB. Piteo et al. [2011]
carried out the largest odds of risk for developing HS in formula-
fed children, p < .01 [OR 28.87 (95% Cl 5.99-139.19)]; although
still significant, Li et al. [2010] found a smaller difference, p <
0.001 [OR 1.16 (95% Cl 1.06-1.27)]. When retrospectively
evaluated across the first 12 months of life, until or longer than
each monthly increment, exclusively breastfed children showed
lower AHI, lower respiratory arousals indices and higher SpQ,
compared to those receiving formula milk (p value < 0.05)
[Montgomery-Downs, 2007]. Respectively, the effect-size of
comparisons was moderate 0.37 < Cohen’s d > 0.59, over 12
months period [Montgomery-Downs, 2007] ? = 11.43 [Li S.,
2010] and % = 13.2 [Piteo, 2011].

Duration of breastfeeding

Duration of breastfeeding measured continuously over 12
months was reported as negatively associated with SDB by 3
studies [Montgomery-Downs, 2007; Brew, 2014; Beebe, 2012].
Brew et al. [2014] reported a significant protective trend of
breastfeeding duration across the first thirteen months of life,
p trend < 0.01 [OR 0.79 (95% CI 0.62-1.00)]. Similarly did
Beebe et al. [2012], p trend < .001 [OR 0.73 (95% CI 0.61-
0.87)], who additionally reported that in their sample no child
exclusively breastfed for longer than twelve months developed
HS. Conversely, one study did not find any association (p =
0.78), although exclusively referred to children with rhinitis
[Marshall, 2007].

When 6 months of breastfeeding were considered as cut
off, 4 studies found a protective effect [Montgomery-Downs,
2007; Galbally, 2013; Li S., 2010; Li A.M., 2010]. After
multivariate logistic regression, Galbally et al. [2013] showed
the protective effect of breastfeeding at six months on
snoring, OR 0.59 (95% Cl 0.41-0.87). Similar results were
also reported by other authors [Li S., 2010] p < .001 [OR 1.17
(95% CI 1.08-1.28)]; Li et al. [Li A.M., 2010] found that
breastfeeding for longer than six months is associated with
reduced frequency of snoring, p trend < 0.0001. Kuheni et
al. [2008] confirmed the protective effect of breastfeeding
for more than 6 months when adjusted for age, sex and
ethnicity, but not in the fully adjusted model, p = .019 [OR
0.73 (95% (1 0.57-0.95)]. By contrast, 2 studies demonstrated
no association [Lofstrand-Tidestrom, 1999; Marshall, et al.
2007]. Nevertheless, Marshall et al. [2007] limited by the
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cohort of analysis (children with rhinitis). Furthermore, children
breastfed fewer times per day were reported to be more likely
to snore (p = 0.006) [Montgomery-Downs, 2006].

Breastfeeding and OSA

With regard to reported OSA, Lofstrand-Tidestrém et al.
[1999] failed to demonstrate the association with breastfeeding.
Nevertheless, HS and breathing pauses were evaluated as a
single parameter. Conversely, Brew et al. [2014] found that
exclusive breastfeeding was beneficial in the first month after
birth [OR 0.22 (95% C1 0.05 0.91)] and that no child exclusively
breastfed for longer than three months reported to suffer
from OSA (p = 0.02). However, in the same trial, duration of
breastfeeding showed a not significant trend as protective
factor for witnessed sleep apneas over 13 months, p = 0.07
[OR 0.56 (95% C1 0.27-1.17)].

PSG measures of SDB between children who had and had
not been breastfed reported controversial findings with
breastfeeding either providing long-term protection against
the incidence and/or severity of snoring and/or OSA or not.
Montgomery-Downs et al. [2007] provided PSG data from 196
children (age: 6.7 + 2.9), accompanied by a detailed survey
reporting feeding methods (exclusive breastfeeding, exclusive
formula feeding, mixed feeding) and duration of breastfeeding.
They found that each additional month of breastfeeding
provides lower AHI through 4 months, higher SpO, nadir
through 5 months, and lower respiratory arousal index through
3 months. By contrast, Xu et al. [2020] found that breastfeeding
was positively associated with OSA. The population cohort
was significantly larger, 1578 children aged from 2 to 15 years,
although breastfeeding was only investigated using 3 months
of duration as comparative measure.

Discussion

This systematic review examined the current evidence on
the possible effect of breastfeeding on SDB development in
children and adolescents. A univocal consensus was not
possible to report. With regard to HS, longer duration of
exclusive breastfeeding was associated to increasing protection
across the first year of life. Nevertheless, when comparing
breastfed to formula fed, or non-breastfed children, the
protective effect emerged as mainly limited to the first 3t0 6
months. By contrast, controversial results were found
concerning paediatric OSA and no clear conclusion can be
drawn, whereas the protective contribution of breastfeeding
can be reasonably favoured. However, the quality of evidence
was low-to-moderate and a more robust approach to trial
design in terms of methodology is needed to establish an
unequivocal direct association. To explain any possible
association between breastfeeding and SDB, it was in the
authors purposes to further analyse how breastfeeding could
contribute to prevent HS and OSA causes in infancy. Two
complementary models were systematically described: a)
physical hypothesis, and b) immunological hypothesis.

Physical hypothesis

The physical model suggests that breastfeeding provides
oral development by stimulating muscle tone, bone growth,
harmonic dental occlusion and breathing coordination.

Biomechanics of breastfeeding

Breastfeeding is the outcome of a dynamic synchronization
among mandible oscillations, rhythmic motility of tongue and
muscles, swallowing, breathing and, lastly, the breast milk
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ejection reflex toward the nipple. Ultrasounds analysis
demonstrated that the anterior part of the tongue, wedged
between the nipple-areola complex and the lower lip, moves
as a rigid body following the cycling movement of the mandible
- lowering, protrusion, elevation and retrusion. By contrast,
the posterior portion of the tongue crimps in a harmonic
peristaltic wave. Changes in mouth volumes due to mandible
oscillations and posterior tongue peristalsis are reported to
generate a sub-atmospheric pressure in infants’ mouth,
between -20 to -40 mmHg [Elad, 2014]. However, other authors
[Geddes, 2008] recorded a significantly higher intraoral pressure
of -64 £ 45 mmHg and mean peaks of -145 + 58 mmHg at
baseline. The vacuum created and modulated by these periodic
movements is believed to be the driving force of milk extraction
and subsequent swallowing. Particularly, evidence revealed
that vacuum increases as the posterior tongue and the soft
palate move downward, allowing the milk flow. As infants
move upward the tongue, the vacuum reduces and milk flow
ceases [Geddes, 2008]. This pressure additionally helps to keep
the nipple-areola complex inside the babies’ mouth [Sanches,
2004]. Yet, exactly how the tongue works during feeding is
not well defined, as well as how this change over time and
with different feeding methods. On the contrary, it is well-
known that ankyloglossia greatly interferes with breastfeeding
[Ferrés-Amat, 2017].

Electromyography revealed significantly higher activity of
masseters and temporalis in newborns during breastfeeding
compared to bottle feeding where, instead, they operate in
hypofunction [Franga, 2014; Gomes, 2006; Inoue, 1995].
Conversely, buccinators result more activated during bottle
feeding [Gomes, 2006]. It results that the main action in
bottlefeeding is sucking, which contracts the buccinators,
whereas in breastfeeding tongue and lips’ movements allow
a more squeezing pattern. Masseters, temporalis and
pterygoids, as well as suprahyoid and infrahyoid muscles, are
the main responsible for the execution of the jaw cycling motion
which physiologically occurs during breastfeeding [Sanches,
2004]. On the other side, buccinators impact mandible
movements and reduce the chances of adequate jaws
development. Breastfeeding provides an intense muscular
activity to obtain the milk. However, as it is physiological,
exclusive breastfed infants showed higher number of sucking
movements and pauses of shorter duration per minute of
feeding if compared with bottle fed infants, suggesting a lesser
effort [Moral, 2010]. This altered muscular pattern interferes
with the harmonious orofacial growth [Sanches, 2004] in favour
of a narrower maxilla, leading to changes in sucking,
swallowing, chewing and speech [Silveira, 2013], parafunctional
oral habits [Montaldo, 2011] and malocclusions [Peres, 2015;
Boronat-Catala, 2017].

Breastfeeding and occlusion

Besides the altered muscular and biomechanical patterns,
the biological plausibility of the relationship between
breastfeeding and malocclusion lies additionally in the structural
difference between feeding means. The nipple of the infant
feeding bottle is usually less flexible than the mother’s nipple
which in turn perfectly adapts to the internal shape of the oral
cavity, enabling the oral seal without excessive pressures
[Sanches, 2004; Agarwal, 2012]. Consequently, teeth alignment,
transverse, vertical and sagittal growth of the palate, and nasal
breathing may result affected by bottle feeding. Two
independent systematic reviews and meta-analyses investigated
the breastfeeding-malocclusion relationship [Peres, 2015;
Boronat-Catald, 2017]. Reportedly, the consensus is clear on
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the evidence that longer duration of breastfeeding is a
protective factor against non specific malocclusion. Exclusively
breastfed children emerged to be 46% less likely to develop
a malocclusion than those who were not [OR 0.54 (95% Cl
0.38-0.77)] [Peres, 2015]. The evidence emerged moderate
with regard to every single type of malocclusion. The reason
refers to the small number of studies and the fact that almost
all the studies collected breastfeeding data through
retrospective questionnaires or parents’ interviews, which could
give rise to memory bias. Posterior crossbite, anterior open
bite, increased overjet, dental Class Il, narrower and deeper
palate, and high-angled face resulted significantly less prevalent
in breastfed children, although in the absence of univocal
agreements. The association further decreases as the duration
of breastfeeding increased. This resulted particularly evident
with regards to the transverse dimension in primary and mixed
dentition [Boronat-Catald, 2017]. Non-breastfed children
exhibited a ratio of posterior crossbite 1.70 (95% Cl 1.22-2.39),
3.76 (95% Cl 2.01-7.03), and 8.78 (95% Cl 1.67-46.1) times
greater than in those who were breastfed for between 1 and
6 months, for over 6 months, and for over 12 months,
respectively. Exclusive breastfeeding also emerged to
significantly reduce the mean age of emergence of deciduous
teeth if compared to partial breastfeeding [Folayan, 2013]; such
evidence may additionally support the role of appropriate
breastfeeding in promoting the development of the mouth in
the early life.

Retropalatal and retroglossal space of the upper airways
have been clearly established to be affected by craniofacial
features. High-angled face, jaws’ posterior rotation, narrow
and high palate, reduced maxillary intercanine and intermolar
widths, posterior crossbite, short lower arch and severe
crowding in the maxilla and the mandible are related to SDB
in children [L&fstrand-Tidestrom, 1999; Huynh, 2011; Marino,
2009; Galeotti, 2019]. Moreover, dental agenesis or early
extractions demonstrated to affect the oral cavity growth,
leading to long narrow face and airway collapsibility during
sleep [Guilleminault, 2016]. Bottle-feeding was demonstrated
to markedly increase the risk of dental caries in children aged
1-6 years [Bahuguna, 2013], which may cause early tooth loss.
A similar impact on jaws development is reported in presence
of short lingual frenulum. Short lingual frenulum is additionally
associated with sucking and swallowing difficulties in early life,
mouth breathing, modification of the tongue position and
small upper airways [Guilleminault, 2018].

Breastfeeding, breathing and muscles’ development

To adequately stimulate orofacial growth, a coordination
between nasal breathing and breastfeeding must develop very
early in life. Indeed, at birth infants are obligatory nose breathers
and the tongue extends in a protruded position to provide the
adequate oropharyngeal space for breathing, as the mandible
is small. Similarly, the posterior portion of the tongue is close
to the epiglottitis to protect the lower respiratory tract during
swallowing. Swallowing moves the bolus into the digestive
system preventing it from entering the airway. The upward
movement of the tongue during sucking moves the milk bolus
under the soft palate toward the pharynx. Only when enough
amount of milk has accumulated, swallowing is triggered and
breathing ceases for about 0.5 seconds [Sanches, 2004].
Oxygen saturation physiologically decreases during
breastfeeding but tends to increase over the first 3 months
after birth. However, oxygen saturation levels emerged
significantly lower during bottle feeding, suggesting a reduced
capability of infants to adapt in the suck-swallow-breath cycle
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than breastfed children [Sakalidis, 2016]. Thus, any disturbance
in such equilibrium may impact the physiology of upper airways
in infants, and bottle feeding may promote mouth breathing.

Abnormal nasal airflow is well-known to affect maxillary
development in all dimensions resulting in a high, narrow and
ogival palatal vault [Lofstrand-Tidestrém, 1999; Cheng, 1988].
Mouth-breathing is associated with an increased anterior facial
height, maxillomandibular discrepancy, posterior crossbite and
a tendency to posterior rotation of the maxilla and mandible
[Harvold, 1981; Vargervik, 1984; Paolantonio, 2019].
Furthermore, adaptive changes in tongue posture and orofacial
muscles appear [Harvold, 1981; Vargervik, 1984]. Habitual
mouth breathing is also directly associated to SDB [Huynh,
2011; Guilleminault, 2018]. Functional changes in breathing
and/or in orofacial activities, including feeding methods, alter
normal upper airways’ contraction, particularly during sleep
[Guilleminault, 2018]. Children who snore are more likely to
be mouth-breathers and greater degrees of hypotonia tend to
correlate with an increased risk of SDB. As previously discussed,
breastfeeding promotes adequate orofacial muscles’ tonicity.
Premature children, in contrast to full-term children, showed
at the 4 years follow up mouth breathing during sleep (88%
= 11% vs 6% = 3%, total sleep time), higher AHI (14 + 11
events/h vs 0.6 £ 0.2 events/h, mean AHI), lower oxygen
saturation (89 £ 1.5% vs 96 = 2%, average lowest oxygen
saturation) palatal deficiency (19 £ 3 mm vs 31 = 1.8 mm,
maxillary canines distance), and orofacial hypotonia. Mixed and
obstructive apnoea events were the predominant pattern of
SDB found during the overall follow up as opposed to the initial
recording, mostly characterised by central events. The authors
concluded that there is a strong association between oral
muscle tone, breathing during sleep and orofacial development
[Huang, 2013, 2014]. A similar phenotype was revealed in
young adults with myotonic dystrophy [Guilleminault, 1978].

To support the need of adequate muscle development in
children, myofunctional therapy demonstrated a greater impact
on long-term remission of OSA and orofacial dysfunction
compared to only adenotonsillectomy (AT) and/or maxillary
expansion (ME). Children who did not participate in an orofacial
re-education programme after receiving both AT and rapid ME
showed the re-occurrence of signs and symptoms of OSA and
an abnormal AHI, as well as high and narrow palate vault and
mandibular retrusion, though an initial improvement
[Guilleminault, 2013]. Furthermore, AT demonstrated to improve
AHI at 6 months post-surgery, but most of the children revealed
a progressive worsening with time. In detail, children who were
mouth breathers before surgery and who did not undergo
myofunctional therapy continued to breathe through the mouth
even after surgery and persisted to show significantly higher
AHI throughout the follow-up [Lee, 2015].

Immunological hypothesis

Breast milk contains various antimicrobial and anti-
inflammatory substances and provides factors that promote
the development of the immature immune system in infants.
Given that enlarged tonsils and adenoids are dominant factors
in the genesis of OSA, convincing evidences demonstrated a
protective dose/duration-response effect on respiratory tract
infections in exclusively breastfed children than those partially
or never breastfed [Hornell, 2013; Kramer, 2012]. This notion
is supported by growing evidence suggesting that early
respiratory viral exposures may facilitate chronic inflammation
and hypertrophy of upper airways’ tissues. The main
consequence is the remodeling of the respiratory tract
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potentially leading to the development of childhood SDB. The
effect is significative as restrictions in breathing capability
frequently occur in pre- and early school years when the size
of adenoids and tonsils exceeds into the throat diameter
[Handelman, 1976]. Surprisingly, OSA and recurrent tonsillitis
(RT) show two distinctly different disease processes in children
tonsils [Goldbart, 2004, 2007]. Reactive molecules were
significantly greater in OSA as well as they were not only
restricted to the tonsillar epithelial layer but also expressed in
the extrafollicular area within the tonsillar parenchyma
[Goldbart, 2004]. Similarly, increased levels of nerve growth
factor, neurokinin 1 and Substance P, markers of neurogenic
inflammation, were observed in OSA compared to RT
[Piedimonte, 2007]. Neurogenic inflammation represents a
pathological link between viral infections and chronic
inflammatory conditions [Piedimonte, 2003]. Thus, early
exposure to respiratory viruses may lead to long-term alterations
in the immune modulation of adenotonsillar tissues and may
predispose to accelerated tissue proliferation in response to
further stimuli such as upper airway fluttering and collapse,
recurring hypoxia and re-oxygenation, allergens and other
microorganisms. The overall frequency of virus detection in
children undergone AT ranges between 71.5% and 94.7% in
adenoids, 37.5% — 92.6% in tonsils, peaking up to 97.5% when
all clinical specimens are considered together [Yeshuroon-
Koffler, 2015; Proenca-Modena, 2012, 2014; Faden, 2016].
Virus detection rates resulted directly proportional to adenoids
size while more selectively to tonsils size, according to the virus
type [Proenca-Modena, 2012]. Yet, substantial differences
emerged when comparing tonsils removed after a diagnosis
of OSA or RT [Yeshuroon-Koffler, 2015]. Reportedly, 50% of
children with OSA who experienced respiratory tract infection
more than a year before AT presented respiratory pathogens
in their tonsils, conversely none of those with RT (p < 0.001).
Although the current recommended therapy for most children
with OSA is AT, the pathogenesis of chronic adenotonsillar
diseases remains largely unknown.

In the light of these evidences, by preventing respiratory tract
infections in early life, breastfeeding could protect from
deleterious alterations in upper airways' tissues occurring
especially in SDB.

Conclusions

In summary, the present review suggests that exclusive
breastfeeding in the first months of life, rather than longer
duration, are important to prevent SDB, especially HS, in
children and adolescents.

Breastfeeding promotes the harmonious development of
oral cavity and jaws, educates oral muscles to proper functions
and tonus, trains the tongue to the correct posture, coordinates
nose breathing and prevents adeno-tonsils’ hypertrophy.
Moreover, as stated by the WHO, it protects from childhood
obesity and overweight. By preventing these risk factors,
breastfeeding could reduce the prevalence of SDB in childhood.

Future prospective studies with more validated sampling
and diagnostic methods are needed to confirm our findings.
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