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s u m m a r y

This review aimed to better understand the underlying physiology of the risks and benefits of bed-
sharing. Eight databases were searched using terms relating to adulteinfant/baby, bed-sharing/co-
sleeping combined with outcome terms for physiology, sleep, cardiovascular, respiratory, temperature
and behaviour. Of 836 papers identified, 59 papers representing 48 cohorts met inclusion criteria.
Objective data using various methodologies were available in 27 papers and subjective data in 32 papers.
Diverse measures were reported using variable definitions of bed-sharing. Identified physiological and
behavioural differences between bed-sharing and cot-sleeping included increased behavioural arousals,
warmer in-bed temperatures and increased breastfeeding duration in bedshare infants as well as dif-
ferences in infant overnight sleep architecture, cardiorespiratory control and cortisol responses to stress.

We concluded that many differences are context-specific, and dependent on the subjective view of the
parents and their cultural values. Objective risk arises if the infant is unable to mount an appropriate
physiological or behavioural response to their micro-environment. More studies in the bed-sharing
setting are needed to identify infant risk, the potential benefits of a safer environment, and how bed-
sharing interacts with infant care practices other than sleep.

© 2018 Elsevier Ltd. All rights reserved.
Introduction

Bed-sharing between infants and parents has been identified in
some potentially adverse circumstances as increasing the risk of
sudden unexpected death in infancy/sudden infant death syn-
drome (SUDI/SIDS) [1,2]. However, bed-sharing has also been
identified as having a positive role in encouraging breastfeeding
and is the norm in many cultures where there is a low rate of SUDI
[3]. Prevalence of bed-sharing varies widely among ethnic and
social groups but, even in Caucasian societies where bed-sharing is
often discouraged, it continues to be a common practice [4,5]. An
internet-based infant sleep questionnaire answered by 29,287
parents with children aged up to 36 mo, from New Zealand,
Australia, Canada, UK, USA and multiple Asian countries, found 11%
d Children's Health, Dunedin
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of Caucasian parents and 38% of Asian parents reported bed-sharing
with their infant at sleep onset [6]. Neither benefits nor risks are
fully understood. Parents have identified ease of breastfeeding,
having a settled baby, reduced parental tiredness, and a sense of
security as bed-sharing benefits [5,7e9], while observational
studies have demonstrated increased breastfeeding, increased
motherebaby interactions and increased infant arousals [10e13].

In contrast, some studies have identified factors that, when
associated with bed-sharing, increase the risk of SUDI/SIDS. These
include maternal smoking [2,14e19] alcohol or drug consumption
prior to bed-sharing [2,15e17,19], maternal excessive weight [20],
overtiredness, household overcrowding, excessive bedding [1], soft
bedding [21], bed-sharers other than parents [22], and younger
infant age [2,19,20]. A particularly high degree of risk is conferred
by unsafe sleep surfaces such as sofas [15] as well as by maternal
smoking, parental alcohol and drug consumption [2,15e19]. These
interactions help to explain the seemingly ambiguous finding that
in some cultures bed-sharing is common but not associated with a
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high rate of SIDS [3,23e25] while in other cultures, particularly
where maternal smoking is common, approximately 50% of SUDI
are reported to occur while bed-sharing [18]. Carpenter et al. re-
ported an increased risk of bed-sharing in the absence of parental
smoking, and alcohol consumption using a reference group of
solitary sleepers at very low risk of SIDS and imputed data [26].
These findings were not replicated by Blair et al. [15] using real data
and a reference group of solitary sleepers at normal risk.

More recent studies from the UK and New Zealand have
demonstrated no statistically significant increased risk of SIDS
when bed-sharing in the absence of smoking [15,18] or recent
alcohol consumption [15], and an effect in the direction of protec-
tion against SIDS for bed-sharing with infants older than three
months [15]. Two in-bed sleep devices to enable bed-sharing while
providing a separate sleep space for baby, [the wahakura (indige-
nous flax bassinet) and P�epi-pod (plastic bassinet)], have been
shown as equivalent to stand alone bassinets in terms of exposure
to SUDI risk behaviours [27,28].

Several mechanisms for the action of identified risks have been
postulated. As early as 1892, Templeman suggested that maternal
alcohol consumption may lead to death of the bed-sharing infant
by overlaying and consequent accidental asphyxiation [29]. More
recent studies propose a similar mechanism based on largely
anecdotal evidence [30e32]. Overlaying is difficult to establish
from post-mortem findings alone and parental recollection can be
unreliable. Postulated mechanisms for the increased risk associated
with maternal smoking in pregnancy and subsequent bed-sharing
include hyperthermia, rebreathing, and respiratory obstruction.
An infant exposed in utero to cigarette smoke may be less
responsive to these physiological stressors [33e35].

Most investigation into potential vulnerabilities making an in-
fant more likely to succumb to SUDI has focused on cot-sleeping in
a sleep laboratory. However, more recently the influence of infant/
adult bed-sharing on infant physiology has been studied. Behav-
ioural studies have explored the possible impact of infant sleep
disturbance on infant stress levels. Studies have generally been
confined to infants identified at low risk of SUDI.

A recently published narrative review of bedsharing research
included studies with participants up to 18 y old and focused on how
proximity to the parents influenced children's social, emotional, and
physical development [36]. Our systematic review was strictly
limited to infants, with a particular focus on in-depth infant physi-
ology particularly, cardio-respiratory, thermoregulatory and arousal
responsiveness, extensive coverage of breastfeeding outcomes as
well as studies on allergy, infection and cortisol levels and includes
recently published behavioural and physiology data from high-risk
ethnic minority families [27]; a group rarely studied.

The main aim of this review was to systematically search and
synthesise existing literature related to adulteinfant bed-sharing
and infant physiology, with additional emphases on infant behav-
iour and breastfeeding outcomes, to provide better understanding
of the risks and benefits to the infant.

Methods

A systematic review was conducted in accordance with
preferred reporting items for systematic reviews and meta-ana-
lyses (PRISMA) [37]. Text words relating to adulteinfant/baby, bed-
sharing/bedsharing were combined with outcome terms for phys-
iology, sleep, cardiovascular, respiratory, temperature, behaviour,
and breastfeeding (see Appendix 1 for search strategy). The
following databases were searched for all potentially relevant pa-
pers published in any language prior to October 2017: PubMed;
SCOPUS; CINAHL; EMBASE; PsychINFO; Web of Science and EBM
Reviews including Cochrane.
From 1690 total publications, 854 duplicates were removed (see
Fig. 1). Titles and abstracts of the remaining 836 papers were
screened for eligibility. One paper was removed as it could not
readily be translated. All other papers were in English. The inclu-
sion criteria were: study population and exposure where infants
were aged less than two years old and were bed-sharing with an
adult family member, or caregiver of the child; the study was
prospective in design, and included a control/comparison group or
within-study post-hoc analyses of bed-sharing/non-bed-sharing
relating to an outcome of interest. The outcomes of interest were
sleep architecture, arousal from sleep, sleep position, cardiovas-
cular, respiratory, temperature/thermoregulation, infant behaviour
and breastfeeding. Retrospective, risk factor and epidemiological
descriptive studies were excluded, as were guidelines, letters,
comments, recommendations, conference abstracts, fact sheets and
studies with outcomes not relevant to the review. Studies reporting
kangaroo care, twins sleeping together, or sofa sleeping as the
exposure of interest were also excluded. Papers not meeting in-
clusion criteria were excluded (721), leaving 115 papers for detailed
review.

Full-text versions of the 115 articles were sourced and assessed
for final inclusion by three members of the research team (MP, SB,
BG). Three independent reviewers (AP, PB, DE) assessed the quality
of each article using the Lewis, Olds, Williams (LOW) critical
appraisal tool [38], which assesses the presence or absence of nine
methodological criteria suitable for observational studies of expo-
sures or interventions, or cross-sectional studies included in sys-
tematic evidence reviews. The studies were assessed only on the
information provided in the manuscripts. Possible responses to
each item were yes, no, or cannot determine. We grouped ‘no’ and
‘cannot determine’ into ‘unclear risk of bias’. Discrepancies were
resolved through consultation with the other authors (SB, BG).

Results

Fifty-nine papers representing 48 different cohorts were
included in the review. Half (31 papers) described cohort studies,19
caseecontrol, seven cross-sectional surveys, one a mixed methods
study and one a randomised control trial (RCT), although a small
number of mother/baby pairs (n ¼ 64) were studied in the RCT.
Papers originated from 15 countries: USA (19 papers), UK (14), The
Netherlands (five), New Zealand (four), Brazil (three), two papers
from each of Australia, Germany and Russia, one paper from each of
Barbados, China, Ireland, Japan, Sweden, Switzerland and Thailand,
and one internet-based study that included five predominantly-
Caucasian countries and 12 predominantly-Asian countries. Pa-
pers were published between 1994 and 2017. Participant numbers
ranged from ten to 29,287 with a median of 196. Two-thirds of the
papers (40/59) reported data from infants aged six months or
younger. The rest reported on infants aged up to one year (12 pa-
pers) and up to two years (seven).

Objective data were reported in 27 papers, collected from phys-
iological, video, actigraphy, or biochemical monitoring in the home
(20 papers) or in the sleep laboratory (seven). All studies recruited
healthy infants, except one which recruited ‘fussy infants’ [39].

Of papers reporting overnight objective data, three compared
routine bed-sharers with routine cot-sleepers sleeping in their
usual location on the study night [13,40,41]. Nine were of cross-
over design. In these latter papers routine bed-sharers and
routine solitary sleepers (slept in adult bed with the mother
<1 night/wk) were monitored e after random allocation of the
order of sleep location e during one night bed-sharing and one
night solitary sleeping [11,12,42e47]. Another compared triadic
with dyadic bed-sharing [48]. A further study randomised babies to
sleep location from birth [49] and another reported analysis of



Fig. 1. Search strategy flow chart.
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actual sleep location on a single night after randomising babies to
receive a wahakura or conventional bassinet [27]. All studies,
except the latter, had an adaptation night before data were
collected. Another four papers reported on longitudinal physio-
logical or video data [50e53]. Others related biochemical measures
of cortisol reactivity [54e57], melatonin rhythms [58] and nicotine
exposure [59] to sleep location.

The remaining 32 papers reported data from surveys or in-
terviews. These comprised longitudinal interviews (12 papers),
cross-sectional interviews (eight), longitudinal surveys (seven),
cross-sectional surveys (four) or review of medical records (one).

Appendices 2e7 present the 59 papers included in this review,
grouped into themes according to reported outcomes: Sleep;
Temperature; Cardiorespiratory; Breastfeeding; Behaviour; Other.
Other includes allergy, infection, cotinine and cortisol reactivity.
Some papers appear under more than one theme, reflecting the
diverse outcomes reported. Within each table, papers are listed
chronologically, with a summary of the important aspects of each.

Definition of bed-sharing

Bed-sharing was defined as infant/adult sleep on a same sleep
surface. The review included papers that used the terms “bed-
sharing” or “co-sleeping” as there is not universal agreement on
these definitions. If the outcomes in a paper were not related to
sharing a same sleep surface this was identified in the review. Out of
the 59 papers included in this review, 17 (29%) provided a detailed
definition of routine bed-sharing/co-sleeping, including terms
relating to frequency (such as “usually”, “regularly”, “every night”,
or “at least 5 nights per week”) combined with a term relating
to duration of bed-sharing (such as “all night”, “most of the
night”, “whole night”, “at least four hours”, “whole or part of
the night”, “main night time sleep” or “some of sleep”)
[4,11,13,27,40,41,43,48,58e66]. One paper provided subcategories of
bed-sharing: habitual (infant sleeps in parents' bed all night every
night); combination (infant sleeps in more than one place, but sleeps
in parents' bed for at least part of night on at least two nights per
week); occasional (infant sleeps in parents' bed once a week or less);
and non-bed-sharing (infant never slept with parent(s) in an adult
bed) [65]. Fifteen papers (25%) provided little detail relating to the
definition of bed-sharing, either in terms of frequency or duration
[6,39,42,49e52,55,56,67e73]. The remaining 27 papers (42%) re-
ported a moderate amount of information relating to frequency
(such as “usually”, “more than two nights per week”, “at least once
per week” or “regularly”), but no reference to duration. Tables S1e6
summarise the data on bed-sharing definition for each paper.

Quality assessment of papers

Methodological quality of papers included for relevant outcomes
ranged from four [39,46,58,70,73e75] to nine points [13,40,41]with
amean of six. Amaximumof nine pointswas only possible if studies
included a control group, otherwise the maximum score was seven
as scored in eight studies [6,54,61e63,76e79]. All studies had a clear
focus and themajority (86%) recruited subjects in an acceptableway.
The main methodological problems were not taking into consider-
ation confounding factors and numbers deemed inadequate or un-
able to ascertain in 36 (61%), the latter due to many not reporting
sample size calculations. Criteria for scoring adequate power was
either the reporting of a sample size calculation related to the
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outcome of interest or a cohort study >1000 subjects. Seventeen
articles (29%) included a control group and just eight scored a pos-
itive response to representativeness of sample/sufficient numbers
[12,13,40e42,48,49,53]. Four papers included a stable baseline
period reflective of their experimental design [44,45,64,80]. The
results of the papers were subjectively rated as ‘believable’ in the
majority, with four scoring no/unable to ascertain due to small
numbers, claims not consistent with study design or uncertain val-
idity of the outcomemeasure [58,67,75,81]. Results are summarised
in Fig. 2.
Overnight infant sleep
Of the 59 included papers, 19 reported outcomes related to

sleep of bed-sharing infants (Table S1). Methods of data capture
varied and included surveys, sleep diaries, video recordings, actig-
raphy, and polysomnography. Several different cultures were
represented across the studies. Unsurprisingly, mixed results were
found regarding the relationship between bed-sharing and sleep
parameters. Compared to solitary sleeping, bed-sharing was asso-
ciated with a significantly shorter total sleep time in infants
[6,61,68,75,82], no difference [13,49,58,70], and increased total sleep
time in specific sleep stages [11,39].

In a small study investigating the development of circadian
rhythms, no differences in the timing and magnitude of
sleepewake rhythms (using actigraphs) or melatonin levels, were
identified, although bed-sharing infants had more robust rhythms
[58]. Arousal deficiency has been suggested as a contributory factor
in some cases of SIDS. More frequent transient sleep arousals or
sleep awakenings have been significantly associated with bed-
sharing in many papers [6,40,43,74e76,80,82,83] but not all
[39,68], and have been shown to occur more often in bed-sharing
babies who breastfeed compared to those who bottle-feed [48].

In the 1990s, electroencephalography (EEG) recordings of infants
at the peak age for SIDS (11e15 wk) demonstrated increased stage 1
and 2 sleep and reduced stage 3 and 4 sleep in healthy, routinely bed-
sharing infants, compared to routinely solitary-sleeping infants [11].
One study reported more ‘active sleep’ in bed-sharers measured by
actigraphy, but this method has not been validated [67].
Temperature
Six studies reported on infant temperature or the thermal

environment [40,46,51e53,73] (Table S2). Four of these collected
temperature data from overnight monitoring of healthy term in-
fants [40,46,51,53]. Another collected overnight temperature data
from preterm infants at 44e45 wk post-conception age in their
usual place of sleep [52], and one [73] reported interview data from
mothers of 4 wk old infants. Studies reported on a range of mea-
sures including overnight infant rectal temperature [40,51,53], shin
[40], axillary [46], and insulated abdominal skin temperature [52],
as well as room temperature [40,46,52], and thermal insulation of
bedding and clothing [40,53,73].

The studies consistently showed a difference in thermal envi-
ronment when infants shared the adult bed compared to solitary
sleeping. One study reported an overall mean increase in rectal
temperature of 0.1 �C between two and eight hours after sleep onset
[53], while another reported that an increase of 0.1 �C did not occur
until eight hours after sleep onset [40]. A small sample of Asian ba-
bies had a significantly smaller drop in rectal temperature with sleep
onset during bed-sharing compared to solitary-sleeping, maintained
throughout overnight sleep [51]. Bed-sharing was associated with
significantly increased axillary temperature in both routine bed-
sharers and routine solitary-sleepers. This occurred in non-rapid
eyemovement (NREM/non-REM) sleep only andwas associatedwith
increased transient, movement-associated arousals [46].
Shin temperature was 0.8 �C higher in bed-sharing babies,
compared to cot-sleepers, two hours after sleep onset and
continued to increase overnight. This resulted in a smaller over-
night rectal-shin temperature difference (indicator of thermal
comfort [84]) for bed-sharing infants compared to cot-sleepers
[40], indicating bed-sharing babies were in a thermolytic state
while cot-sleepers were in a thermogenic state.

Two studies calculated the insulation of bedding over bed-
sharing infants to be significantly greater than that over cot-
sleepers, while insulation due to clothing was similar [40,73]. A
third found a small non-significant difference in the tog value of
clothing and bedding combined [53].

Thomas and Burr measured insulated abdominal skin temper-
ature as an indicator of circadian cycle acrophase [52]. Preterm
infants at 44e46 wk post-conceptual age who slept in the same
room and/or same bed as their parents showed different temper-
ature circadian rhythms to infants who slept in a separate room,
their temperature acrophase peaking in daytime. The authors
suggested this represented the beginning of entrainment to the
social dayenight pattern.

Overnight infant cardiorespiratory measures
Five papers [41,42,45,47,75] reported on data related to cardio-

respiratory factors (Table S3). Four studies were of case control
design. Datawere collected from overnight infant monitoring in the
home or sleep laboratory. These studies reported on measures
including oxygen saturation [41,42], carbon dioxide (CO2) in the air
around the infant's face [41], heart rate [41,42,47], apnea, and pe-
riodic breathing [41,45] in relation to sleep state [45,47]. All
included overnight video monitoring. The fifth study was a cross-
sectional survey where mothers were interviewed about infant
care and sleep, including about noisy breathing during sleep [75].

Oxygen desaturation, apnea and heart rate. In one study, desatura-
tion events, where oxygen saturation dropped to less than 90%,
were twice as common during bed-sharing as cot-sleeping but
when warmer in-bed temperatures were taken into account this
reduced to a one-and-a-half-fold difference [41]. Another study
showed an increased frequency of central apnea and periodic
breathing during bed-sharing. The greatest difference was between
routine bed-sharers on their bed-sharing night compared to
routine solitary-sleepers on their solitary-sleep night [45]. Central
apnea during bed-sharing was associated with the increase in fre-
quency of non-REM stage 1 and 2 and REM sleep [45].

Characteristics of desaturation events were not different be-
tween bed-sharing and cot-sleeping infants [41,42], and neither
were the mean apnea duration and maximum apnea duration
measured in another study [45]. Apneas longer than 15 s were rare
[41,45], as were desaturation events less than 80% [41].

Over three-quarters of desaturation events in bed-sharing and
cot-sleeping infants were preceded by a central apnea of five to ten
seconds and were not associated with bradycardia [41]. Desatura-
tion events were not associated with times when the level of CO2 in
the air at the infant's face was greater than 3% [41], nor with the
infant's mouth and nose being covered [42]. There was no consis-
tent impact on oxygen saturation or heart rate even during pro-
longed airways covering [42].

Irrespective of routine sleep condition, heart rate was higher on
the bed-sharing night in all sleep stages, and associated with
increased axillary temperature. Heart rate variability was lower on
the bed-sharing night in stage 1 and 2 and REM sleep [47].

Carbon dioxide measured in the air around the infant's face.
Eighty rebreathing events, due to an increase in CO2 in the air
surrounding the infant's face [41], were recorded from 22 bed-



Fig. 2. Summary of the quality assessment of all included studies using questions from the LOW critical appraisal tool [38].
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sharing infants and one cot-sleeping infant with 70% of these
events associated with head covering. Mean oxygen saturation was
maintained at 97.6% during rebreathing events [41]. Cumulative
duration of rebreathing per night ranged from 3 to 154 min. The
median of the average CO2 at the infant's face during rebreathing
events was 2.5%, with a maximum of 4% CO2 [41].

More bed-sharing infants than cot-sleepers were exposed to
rebreathing, with one infant in each group exposed to greater than
4% CO2. The face of the cot-sleeper was covered by a muslin wrap
leading to CO2 greater than 4% for 13 min [41].

From a survey of 112 parents where 26% bed-shared with their
infant, mothers reported more noisy infant breathing and infants
scored higher on sleep disordered breathing and parasomnia scores
during bed-sharing compared to solitary sleep [75]. The cross-
sectional study design means we do not know if infants were
brought into bed because of breathing difficulties.

Breastfeeding
Breastfeeding was the most commonly reported outcome

related to bed-sharing (Table S4). In total, 26 papers from 10
different countries reported on breastfeeding. Therewere 18 cohort
studies [27,50,55,60e62,65,69,71,74,76e78,85e89], two case con-
trol studies [12,13], two cross-sectional studies [83,90], one rand-
omised controlled trial [49], one mixed methods [72], one
longitudinal survey [4] and one longitudinal interview study [79].
Methods of collecting breastfeeding and bed-sharing data included
objective overnight video [12,13,27,49,50], and self-reported data
from surveys and sleep diaries, some of which included age of
breastfeeding cessation. Breastfeeding was inconsistently defined,
including “any”, “ever”, “full” and “exclusive”. In some studies it
was not defined at all.

Nineteenpapers reportedbreastfeeding toanolderageamongbed-
sharing infants [4,55,60e62,65,69,71,72,74,76e79,83,85,86,88,89]
while three did not find this association [27,87,90]. The remaining
four papers reported more breastfeeding attempts [12,13,49,50]
and longer duration [12,50] of overnight breastfeeding as observed
on overnight video. Infants in the early postnatal period in
hospital randomly allocated to bed-sharing or a side-car crib exhibited
more feeding effort and feeding attempts compared with infants
allocated a stand-alone cot [49]. Using maternal sleep logs and in-
terviews, Blair and Ball reported on 1356 infants from two UK studies
showing that bed-sharing was strongly related to breastfeeding,
with 46% of bed-sharing infants still breastfeeding at three to four
months, twice as many as among solitary sleeping infants (23%)
(p ¼ 0.0001) [86]. In another paper, habitual bed-sharing infants
breastfed formoreweeks, than inconsistentbed-sharers andnon-bed-
sharing infants [89].

Exclusive and any breastfeeding were associated with bed-
sharing on discharge [88], and at various points after discharge
[4,27,55,60,62,65,74,79,83,86]. Older infant age at breastfeeding
cessationwas also associatedwith bed-sharing [4,65,71,77,79,88,89].
Ball examined night-time care-giving practices of 253 families dur-
ing their infants' first four months using sleep logs and interviews
[65]. The rates of breastfeeding declined more slowly in bed-sharers
(46% at 16 wk) compared to non-bed-sharers (27% at 16 wk).

Overnight video studies reported increased breastfeeding at-
tempts [12,49,50], increased length of breastfeeding [12,50], and
increased frequency of successful breastfeeds [49,50].

Several studies investigated factors that may modify the
apparent relationship between bed-sharing and breastfeeding:
maternal anxiety and depression [61,69], ethnicity [78], socioeco-
nomic status [72], breastfeeding beyond four weeks, and bed-
sharing pattern (early, late, constant) [60]. Three papers reported
no significant relationship between bed-sharing and breastfeeding
[27,87,90], possibly related to the characteristics of the participants.
Behaviour
Aspects of parent and infant behaviours were reported in 13

papers [13,27,42,44,48,53,66,67,74,76,81,83,90] from eight coun-
tries: Thailand, Russia, Sweden, and Japan (one paper), New Zea-
land, The Netherlands, USA (two), UK (three), using video
recordings [13,27,42,44,48] or self-report [53,66,67,74,76,81,83,90]
(Table S5). The papers included case control studies reporting
objective data from overnight video (five papers), cross-sectional
studies (three), and cohort studies (five) reporting subjective data
from questionnaires, sleep diaries, or interviews or from video.

Sleep position was the most commonly studied behaviour.
Prone sleep was rarely reported. Bed-sharing infants were
significantly more likely to be placed to sleep laterally
[13,42e44,48,83,90] compared to non-bed-sharing infants,
although this was not the case in one study [53] nor was sleep
position different between bed-sharers and infants in a waha-
kura [27]. In two studies supine was the most common position
during bed-sharing [44,67].

The direction faced by side-sleeping infants was rarely reported.
One paper [44] identified bed-sharing infants (whether lateral or
supine) mostly slept facing their mothers, less than 30 cm apart
[44] and in another mothers who breastfed and bed-shared mainly
slept facing their infant, and infants mainly slept facing their
mothers [48]. In home studies infants more often slept laterally
compared with laboratory-based studies where bed-sharing in-
fants more often slept supine [48].

Head covering events were reported as significantly more
common during bed-sharing compared to cot-sleeping in two
studies [13,42]. All instances were initiated and most (70%) termi-
nated by maternal movements [13,42]. Bed-sharing infants were
checked three times more often by parents [13].

Video studies [13,43,48] and parent-reported data [83] identi-
fied that bed-sharing infants woke more frequently, often associ-
ated with breastfeeding, and were less likely to use a pacifier [83].
Studies report variable impacts of bed-sharing on infant tempera-
ment such as more negative mood and less persistence at activities
[81], but no impact on duration of crying/fussy behavior [67], and
more separation distress, dysregulation and negative mood, and
poorer manageability [74]. In the latter study it was suggested that
bed-sharing was a response to infant behavior rather than the
behavior being caused by bed-sharing.

After establishing bed-sharing behaviour at two months using
questionnaires, Mileva-Seitz assessed infant attachment at 14 mo
using a validated tool and found bed-sharing was associated with
more secure attachment than solitary sleep [66].

Another study found that ethnicity influenced perceptions
about whether or not waking was problematic, and that Turkish,
Moroccan or Caribbean mothers were more influenced by cultural
values about bed-sharing than were Dutch mothers whose bed-
sharing practices were more reactive [76].
Other e allergy (asthma/wheezing), infection, cotinine, cortisol

Asthma/wheezing, infection. Two large-population-based, prospec-
tive, cohort studies, from Brazil [63] and the Netherlands [91],
administered parental questionnaires about bed-sharing and infant
infections [63] and later childhood respiratory illness [91]
(Table S6).

No association was shown between bed-sharing in infancy
and subsequent wheezing or asthma [91] nor a higher risk
of hospitalisation for pneumonia, provided the infant was breast-
fed. Breastfeeding gave nearly twice the protection of non-
breastfeeding [63]. There was no significant association between
bed-sharing and hospitalisation for diarrhoea after allowing for
confounders [63].
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Smoking/cotinine. A UK study [59] involving 104 infants, aged
10e12 wk where 70% parents smoked and 11% bed-shared found
that bed-sharing compared to solitary-sleeping increased infant
smoke exposure as measured by infant urinary cotinine (Table S6).

Cortisol. Three studies reported cortisol reactivity [54e56]. Partic-
ipants were recruited from larger prospective longitudinal studies
in the Netherlands [55,56] and the USA [54] (Table S6). Maternal
infant-sleep-diary reports were matched with cortisol reactivity to
a mild physical stressor (bathing session) at five weeks of age, and
to a mild pain stressor (vaccination) at two months [56]. Bed-
sharing was related to a lower cortisol response to the mild
stressor at five weeks. No effects of bed-sharing were found on the
cortisol response to the stressor at two months age [56]. Bed-
sharing/room sharing was associated with an increased cortisol
response to inoculations at six and 12 mo independent of more
frequent night waking [54]. A fourth study reported that increased
maternal emotional availability at bedtime and more maternal re-
sponses to infant distress, but less co-sleeping were linked to
healthier cortisol patterning [57].

Discussion

Adulteinfant bed-sharing is a polarising issue. Bed-sharing is
often a valued cultural practice, part of a broader approach to
parenting. It can also be a response to an unsettled infant, and
decisions about it may be made under stressful circumstances.
Health professionals have an important role in providing up-to-
date evidence about advantages and risks to facilitate parental
decisions. This knowledge may reduce anxiety for those who
choose to bed-share, and decrease use of alternate strategies that
might put the infant at increased risk, such as sleeping on a sofa
with an infant [15].

This systematic review yielded 59 papers, representing 48
different cohorts. There was consistency of results across some
studies, but the methodologies and definitions of bed-sharing were
not consistent enough to combine any outcomes in a meta-analysis.
One recommendation from this study is for better definitions of
bed-sharing. For example, when investigating the impact of bed-
sharing on physiology, a longer duration (as suggested by Burn-
ham [58]) could be appropriate i.e., infantemother bed-sharing for
at least 4 h per night on at least five nights per week from birth to at
least one month old.

Approximately half of the 59 studies collected data objectively
and the other half subjectively. In the majority, bed-sharing vari-
ables were primary outcomes, but to ensure comprehensive
reporting, data on bed-sharing were extracted from studies where
this was not the prime focus. Some findings were derived from
small numbers of participants who were part of a larger study.

Impact of study design

Overnight monitoring studies provided the most consistent
definitions of bed-sharing in both laboratory and home, and those
studies were the most comprehensive, reporting on a range of
objective measures. Those of crossover design studied infants in
both habitual location and a novel sleep arrangement. Studies that
observed infants in their usual sleep location were open to more
confounding (partly controlled for through analysis) e.g., infant age
and season of study.

Self-reported data are arguably less reliable, and also influenced
by cultural attitudes [61,76,92]. Where data were collected via
maternal reporting [6,68,74,75,82], bed-sharing was associated with
a significantly shorter total infant sleep time, but overnight moni-
toring showed either no difference [13,49,58,70] or increased total
sleep time in specific sleep stages [11,39], compared to solitary-
sleeping infants. Increased waking was problematic for some
mothers [75] but not others [61]. There was only one paper that
randomised infants to bed-sharing or another sleep location [49].
There are limited possibilities for further studies using this design, as
parents often have strong views about infant sleep location.

Micro-environment and context

The bed-sharing micro-environment includes factors such as the
adult bed, the number of people in the bed (adults and/or siblings),
mothereinfant proximity and interactions, and the thermal insu-
lation and mobility of adult bedding. This systematic review shows
that different sensory and physical micro-environments for cot-
sleeping and bed-sharing lead to measurable physiological and
behavioural differences, including differences in sleep architecture,
infant arousals, infant overnight temperature control, cardiorespira-
tory responses, breastfeedingduration, sleepposition,mothereinfant
interactions, and physiological responses to mild stress. It is not
possible to determine definitively whether the physiological differ-
ences were clinically significant as apnea and oxygen desaturation
occur in normal infants and definitions ofwhat constitutes pathology
in infants are not clear [93]. Values have not usually beenpresented in
the research studies reviewed as indices of events per hour in each
sleep state and so data cannot easily be compared with data derived
from clinically directed infant polysomnography. However the fact
that associations are in expected directions suggests that these
changes represent normal homeostatic mechanisms in these infants.

Many differences are context-specific. Thus risk and benefit may
sit more appropriately on a continuum as suggested byMcKenna and
McDade [94], dependent on the subjective view of the parents, and
influenced by cultural values. Objective risk to an infant arises only if
the infant is unable to mount an appropriate physiological or
behavioural response to its micro-environment. In this scenario as-
pects of the bed-sharing environment may be seen as exogenous
stressors and while physiological differences in low SUDI risk infants
were small compared to solitary sleeping infants, these might be
exacerbated in vulnerable infants during bed-sharing thus providing
a mechanism for increased risk in hazardous circumstances [13] in
line with the triple risk hypothesis related to SUDI [33].

Potential benefits

Breastfeeding and sleep position
Considerable evidence supports a significant positive relation-

ship between bed-sharing and breastfeeding. The benefits include
increased frequency of successful breastfeeds, increased attempts
at breastfeeding, and longer total breastfeeding time during a given
night, as well as later age of breastfeeding cessation. Mothers who
strongly intend to breastfeed are more likely to bed-share and to
breastfeed for longer [4]. Mothers report that close proximity fa-
cilitates breastfeeding [95]. Three papers reported no relationship
between bed-sharing and breastfeeding [27,87,90]. This may have
been related to different bed-sharing drivers within the specific
populations. One study included Thai mothers for whom bed-
sharing was the cultural norm, not necessarily associated with
breastfeeding [90]. A USA study found that bed-sharing was asso-
ciated with single marital status and moving accommodation since
the birth of the infant, but not with breast-feeding [87]. The final
study included a small number of bed-sharing infants and others
sleeping in an in-bed device. SUDI risk factors were common in this
group [27]. The relationship between bed-sharing and breastfeed-
ing is complex. One study demonstrated the influences of maternal
mood, socioeconomic status, ethnicity, parental stress, and parental
depressive scores. Despite the increased risk of SUDI associated
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with bed-sharing in some situations, it is clear that many mothers
adopt bed-sharing for breastfeeding, despite no public education
campaigns promoting bed-sharing for this purpose [4]. The inter-
dependent relationship between bed-sharing and breastfeeding
has led McKenna and Gettler to suggest the term “breastsleeping”
to emphasise this relationship [96].

Without guidelines on “safe” bed-sharing for breastfeeding,
families may engage in higher risk behaviours, such as feeding and
sleeping on a sofa [15]. There is a need to develop broader guidelines.
In-bed sleep devices have been promoted as a means of maintaining
motherebaby proximity while providing a separate sleep place for
the infant, particularly for infants identified at increased risk of SUDI.
A New Zealand study showed that use of a culturally-derived in-bed
device, the wahakura, was associated with increased full breast-
feeding at 6 mo, compared to bassinet sleeping [27].

Sleep position during bed-sharing e side [13,27,42,48], supine
[43,44], commonly facing the mother, and in close proximity e

likely facilitates breastfeeding and mothereinfant interactions. It is
not clear if side-sleeping during bed-sharing poses the same risk as
it does during cot-sleeping, when the infant may roll to prone.
Disappointingly few studies reported on the infant's orientation in
relation to themother, although this is important to understand the
infant's micro-environment. The impact of the mother's presence is
also not clear, although the possibility of rolling to prone may be
reduced by the positioning of the mother relative to the infant
[48,97].

Prone sleep, while rare, has been observed, with infant on
mother's chest [97]. It is not clear if this poses the same risk as
prone cot-sleeping. Further to this, campaigns to discourage prone
positioning would likely have less impact among bed-sharers, due
to their infrequent prone sleep. This potentially explains the sub-
sequent proportional rise of SIDS during bed-sharing. There are few
observational studies of the impact of bed-sharing with other
adults or siblings [48,97]. In one study, the mother most commonly
slept between the father or siblings and the infant, maintaining the
close mothereinfant proximity. Other bed-sharers could distract
the attention of the mother and bed size may be a consideration
[97]. However, most research on infant sleep position in relation to
SUDI has been on cot-sleeping infants. Given the different micro-
environment during bed-sharing, research on the impact of sleep
position, and the presence of bed partners, is warranted.

Arousals
Maternal-reported data and overnight studies show increased

frequency of transient sleep arousals or awakenings significantly
associated with bed-sharing [6,40,43,46,74e76,80,82,83]. A
growing body of knowledge links sleep disruption to a range of
impairments in children and adults. However, waking to feed is a
feature of newborn life and breastfeeding infants tend to wake
more frequently than bottle-fed infants [48]. Bed-sharing infants
have more frequent but shorter arousals than cot-sleepers [13].
Parental views on whether this constitutes a sleep problem vary
widely. This has not been well addressed in the literature. Studies
show that infant sleep disturbance adversely influences parental
mood and parenting emotional engagement at bedtime and that
emotional engagement, in turn, influences infant sleep [98]. If in-
fants feel more secure they are more likely to sleep [98]. Increased
maternal responses to infant stress are also linked to healthier
cortisol patterning [57]. Some evidence indicates that bed-sharing
is associated with more secure attachment [66]. One study, how-
ever, suggests longer bed-sharing is associated with a less healthy
cortisol pattern [57]. We suggest more research is necessary on the
impact of bed-sharing on infant security/attachment and infant
sleep, and that researchers include more diverse populations as
most studies have included mainly Caucasian populations.
Sleep architecture
Bed-sharing infants experience less quiet sleep [11] and arouse

more frequently despite being in a warmer environment [40,46].
This finding seems inconsistent with the increase in auditory
arousal threshold shown in cot-sleeping infants in higher ambient
temperatures [99]. This again suggests that extrapolating findings
from cot-sleeping to bed-sharing infants may be inappropriate, as
each environment has unique sensory and behavioural character-
istics. The interactions of a bed-sharing mother and baby may
represent a more complex dynamic than that observed in solitary
infant sleep. Decreased quiet sleep and increased arousability have
been suggested as protective of SIDS [43]. The bed-sharing moth-
erebaby dyad is also characterised by increased sleep synchrony.
The implications of this are not clear. Sleeping close to adults (same
room or same bed) can influence infant circadian rhythms and peak
temperature acrophase, suggestive of entrainment to the social
dayenight pattern [52]. This requires further study.

Stress responses
Mothereinfant proximity (room-sharing or bed-sharing),

particularly in the early months, may influence the
hypothalamicepituitary axis development, andmodulate the stress
response as measured by cortisol reactivity [54e56]. More research
in this area is needed.

Mothereinfant proximity during bed-sharing has also been the
focus of investigations into allergy development and transmission
of infection. Studies to date do not suggest bed-sharing increases
development of childhood respiratory allergic responses or facili-
tates transmission of infections when the baby is also breastfed.
This latter finding from Brazil, was particularly important, as bed-
sharing is common (46%).

Potentially hazardous conditions during bed-sharing

Evidence suggests that the bed-sharing infant's safety is reliant on
both mother and infant being responsive to subtle cues during the
night. Thismay explain the increased riskwhen amother's responses
are impaired by alcohol or overtiredness, or when the infant is
impaired through infection or exposure to smoking in-utero.

Bed-sharing is a more dynamic environment than sleeping in a
cot. The mobility of bedding during adult movement exposes the
infant to the risk of head covering. This is associated with increased
rebreathing of air with higher levels of CO2 and lower levels of
oxygen. It also potentially reduces the infant's ability to lose heat.

Head covering
Head covering is identified as increasing the risk of SUDI and

occurs more frequently during bed-sharing [41,42]. Most
caseecontrol studies have only collected data on head covering at
the end of the final sleep which may be under-reported by parents
as one study showed head covering and uncovering occurred dur-
ing the night with few infants' heads covered at final waking [97].

Rebreathing was markedly more common among bed-sharing
infants (55%) compared to cot-sleeping infants (2%) [41]. Oxygen
desaturation was not associated with these rebreathe events, and
infant responses included increased ventilation, or removing
themselves from the rebreathe situation, sometimes prompting
maternal action. Head covering events did not all result in accu-
mulation of CO2. This may have been due to air channels between
the bedding and the infant's face, unable to be identified from the
videoed evidence [100]. Infants often remained head covered for
extended periods of time (up to 59 min) and maintained oxygen
saturation. It is suggested that normal homeostatic respiratory re-
sponses to the rebreathe environment protected these infants.
Mothers also spontaneously removed bedding during head



S.A. Baddock et al. / Sleep Medicine Reviews 43 (2019) 106e117114
covering events, indicating the importance of a responsive mother
during bed-sharing [97]. An infant or mother with impaired arousal
mechanisms may not be able to respond appropriately.

Infant temperature
Bed-sharing and cot-sleeping infants tend to experience

different thermal environments. Peripheral temperatures were
higher in bed-sharing infants [40], likely due to more thermal
insulation from adult bedding [40,73] and reduced ability to lose
heat from infant skin surfaces in contact with the mother [101].
Peripheral temperatures reflect the vasodilatory response to
maintain core temperature in a warmer thermal environment. This
increased peripheral temperature indicates that bed-sharing in-
fants are likely in a thermolytic state to maintain core temperature
[40]. Overnight temperature recordings identify increased rectal
temperature with waking [102]. It may be that warmer tempera-
tures during bed-sharing reflect the increased waking and feeding
episodes with a further contribution from greater bedding insu-
lation. The evidence suggests reducing adult bedding when bed-
sharing, along with having face and hands exposed to enable
effective heat loss, could reduce the infant thermoregulatory
challenge. There is potential for more research in this area.

Later maturation of sleep temperature pattern is reported in
groups at increased risk of SIDS, such as prone-sleeping or bottle-
fed infants. Sharing a bed with an adult, and being of Asian
ethnicity, are also associated with later development of an adult
temperature pattern [51,103]. This can be influenced by minor
illness: a smaller drop in rectal temperature at sleep onset occurs in
the prodromal stage of infection [104]. The evidence suggests in-
fants at low risk of SUDI are likely to maintain normal rectal tem-
perature, but a combination of risk factors such as infection or in-
utero smoke exposure may lead to an inadequate response and
contribute to hyperthermia during bed-sharing.

Potential for hypoxia and exposure to maternal smoking
During bed-sharing the mobility of over-bedding due to the

presence of adults has the potential to contribute to increased head
covering and desaturation events, while maternal proximity may
expose the infant tomaternal expired air. Desaturation events, where
oxygen saturation (SaO2) dropped below90%,were twice as common
in bed-sharing infants compared to cot-sleepers. This was mainly
associatedwith the increased in-bed temperature and thus increased
central apnea in the bed-sharing infants. In both groups, desaturation
was not associated with bradycardia, and decreases to below 80%
were rare [41]. The impact of increased desaturation events related to
central apnea andperiodic breathing innormal infants is not clear but
neither central apnea nor periodic breathing are observed more
frequently in future SIDS victims [105]. Animal studies show that
repeated hypoxic events blunt arousal responses [106]. Frequent
desaturations in vulnerable infants could be a contributory factor for
SIDS risk associated with bed-sharing. Reducing the bed-sharing
thermal environment may reduce these mild hypoxic events.

Infanteparent proximity leads to infant exposure to maternal
expired air containing elevated CO2 whichmaymaintain a stimulus
to infant breathing [107], but may be problematic if the mother is
currently a smoker. A UK study [59] that included small numbers of
bed-sharing infants demonstrated increased urinary cotinine of
bed-sharers compared to cot-sleepers when one parent was a
smoker. Further research in this area would be valuable in under-
standing the mechanism of this risk.

Night waking
Infants wake more frequently during bed-sharing. This is often

linked to increased breast-feeding. Parent and research reports are
varied as to whether or not this is problematic. Different
approaches may be related to the infant's age. Newborns wake
regularly during the night to feed [108]. As infants grow older,
maternal tolerance of night waking may reduce [61]. Mosko et al.
demonstrated that mothers of three-month-old infants had similar
total sleep duration on bed-share and separate-sleeping nights
[109]. However, bed-sharing has been criticised for over-involving
parents and contributing to the infant sleep interruption. Bed-
sharing was associated with more waking in nine-month-old in-
fants, who exhibited more dysregulation and separation distress. It
was not possible to identify whether bed-sharingwas a direct cause
of sleep disruption or if parents were bed-sharing to cope with a
poorly-sleeping infant [74]. The biological drive to wake to
breastfeed compared to sleep disruption experienced in different
contexts requires greater investigation.

Implications

Given the large number of families that bed-share for some time
on a regular basis [4] despite widespread advice in some countries
not to bed-share, it is important to understand what motivates
families to engage in this sleep arrangement. There is considerable
research focused on the potential risks to the infant but some of this
is extrapolated from a solitary sleep environment and not derived
from research during bed-sharing. More understanding of the
benefits and ways to provide a safe environment may be advan-
tageous for families, but a clear understanding of the factors that
create a hazardous environment is also needed to reduce unsafe
bed-sharing. Ways of modifying bed-sharing, such as clip-on cots
[49] or in-bed infant sleep devices [27,28] may provide effective
alternatives in otherwise hazardous situations.

Future studies, with a clear definition of bed-sharing, are needed
to collect objective data. Published physiological studies present
consistent results from the hospital, home-like sleep laboratory and
home settings. They identify measurable differences compared to
solitary sleeping infants, suggesting different normative measures
exist in the bed-share environment. These studies are predomi-
nantly describing low SUDI-risk infants which leaves us hypothe-
sising about high-risk infant responses as, ethically, it is difficult to
research this group. Investigations of bed-sharing among low-risk
infants help to characterise bed-sharing as a beneficial activity.
For those who have risk factors but still intend to bed-share, stra-
tegies are needed to provide options. Our recommendations for
research build on these concepts.

Limitations

Included studies differed widely in regard to study design and
outcomes, thus no meta-analysis was possible and a narrative
synthesis of results was deemed appropriate as was also identified
byMileva-Seitz et al. [36] in their review. The lack of control groups
in most studies and inadequacy of sample size led to further limi-
tations in the evaluation of the quality of reviewed studies. How-
ever, studies involving overnight assessments and intense
measurements make it difficult to study large numbers. The formal
quality assessment conducted was limited by no validated tool
being available for the study designs included. All well-validated
quality assessment tools are intended to assess randomised
controlled trials. To minimise publication bias, attempts weremade
to contact authors where informationwas missing or study overlap
was unclear.

Conclusion

Bed-sharing studies report diverse measures and use variable
definitions of the frequency and duration of bed-sharing. This
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makes comparisons difficult. While the risks of bed-sharing are
quantifiable, it is more challenging to quantify the benefits.
Extrapolation of results from infants sleeping in a cot or bassinet
does not take into account the dynamic environment of bed-
sharing nor the presence of the mother or caregiver, and thus
cannot be assumed to accurately represent the experience of the
infant during bed-sharing. More studies in the bed-sharing envi-
ronment are needed to differentiate between the experiences of
lower and higher risk infants, although the latter poses many
challenges.
Practice points

1. Bed-sharing is associated with increased breastfeeding

and motherebaby interactions.

2. The increased head covering and the warmer environ-

ment during bed-sharing lead to protective physiological

responses from the infant. Vulnerable infants may not

respond effectively.

3. Keeping infant heads clear of over-bedding should

reduce the incidence of rebreathing and expose the face

for cooling. Reducing the thickness of adult over-bedding

could reduce the need for infants to lose heat.

4. The importance of an unimpaired mother and a respon-

sive healthy infant is emphasised.

5. Bed-sharing following maternal smoking in pregnancy

or when alcohol or drugs have been consumed on the

bed-sharing night could influence the ability of the

mother or infant to respond and should be avoided

completely as should bed-sharing on unsafe sleep sur-

faces such as sofas.

Research agenda

1. Efforts to address the risks of SUDI associated with bed-

sharing must recognise the differences in infant sleep

environments, and that some differences are beneficial.

2. Clear definitions of bed-sharing need to be used in

research. Room sharing with the infant in a separate

bassinet/cot should not be included as bed-sharing.

3. Research is needed into bed-sharing practices in cultures

where bed-sharing is common and SUDI risk is low.

4. Future studies could explore the impact of the thermal

environment.

5. Innovative protocols are needed for studying physio-

logical responses of infants at high SUDI risk, due to the

acknowledged risks of bed-sharing for these infants.

6. Further exploration of the benefits of bed-sharing in the

absence of hazardous environments would be helpful to

support those who wish to bed-share.

7. Further study of in-bed and clip-on devices is needed as

alternatives to bed-sharing for infants at increased risk.

* The most important references are denoted by an asterisk.
Funding source

Funding in part was obtained from a Research grant, Otago
Polytechnic, New Zealand.
Financial disclosure

The funders had no role in study design, or in the collection,
analysis, and interpretation of data, or in thewriting of the report or
the decision to submit the article for publication.

Contributors' statements

Professor Sally Baddock participated in the design and coordi-
nation of the study, conception of data analysis, led the drafting of
the manuscript, and approved the final manuscript as submitted.

Dr Melissa Purnell participated in design and coordination of
the study, conception of data analysis, helped draft the manuscript,
and approved the final manuscript as submitted.

Professors Elder and Blair and Dr Pease completed quality
assessment of papers and approved the final manuscript as
submitted.

Research Associate Professor Galland participated in the
conception and design of the study, helped edit the manuscript,
and approved the final manuscript as submitted.

Clinical trials registration

This is not registered as a clinical trial.

Conflicts of interest

The authors do not have any conflicts of interest to disclose.

Acknowledgement

This paper was developed following an identified need by the
International Society for the Study and Prevention of Perinatal and
Infant Death (ISPID) Physiology/Epidemiology Working Group to
write a fact sheet on the physiology of infants during bed-sharing.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.smrv.2018.10.007.

References

[1] Blair P, Fleming P, Smith I, Platt M, Young J, Nadin P, et al. Babies sleeping
with parents: case-control study of factors influencing the risk of the
sudden infant death syndrome. Br Med J 1999;319:1457e62.

*[2] Carpenter RG, Irgens LM, Blair PS, England PD, Fleming P, Huber J, et al.
Sudden unexplained infant death in 20 regions in Europe: case control
study. Lancet 2004;363(9404):185e91.

[3] Nelson EA, Taylor BJ, Jenik A, Vance J, Walmsely K, Pollard K, et al. In-
ternational child care practices study: infant sleeping environment. Early
Hum Dev 2001;62(1):43e55.

[4] Ball HL, Howel D, Bryant A, Best E, Russell C, Ward-Platt M. Bed-sharing by
breastfeeding mothers: who bed-shares and what is the relationship with
breastfeeding duration? Acta Paediatr 2016;105(6):628e34.

[5] Tully KP, Holditch-Davis D, Brandon D. The relationship between planned
and reported home infant sleep locations among mothers of late preterm
and term infants. Matern Child Health J 2015;19(7):1616e23.

[6] Mindell JA, Sadeh A, Kohyama J, How TH. Parental behaviors and sleep
outcomes in infants and toddlers: a cross-cultural comparison. Sleep Med
2010;11(4):393e9.

[7] Ball HL, Hooker E, Kelly PJ. Where will the baby sleep? Attitudes and
practices of new and experienced parents regarding cosleeping with their
newborn infants. Am Anthropol 1999;101(1):143e51.

[8] Abel S, Park J, Tipene-Leach D, Finau S, Lennan M. Infant care practices in
New Zealand: a cross-cultural qualitative study. Soc Sci Med 2001;53(9):
1135e48.

https://doi.org/10.1016/j.smrv.2018.10.007
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref1
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref1
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref1
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref1
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref2
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref2
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref2
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref2
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref3
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref3
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref3
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref3
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref4
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref4
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref4
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref4
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref5
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref5
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref5
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref5
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref6
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref6
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref6
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref6
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref7
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref7
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref7
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref7
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref8
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref8
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref8
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref8


S.A. Baddock et al. / Sleep Medicine Reviews 43 (2019) 106e117116
[9] Hooker E, Ball HL, Kelly PJ. Sleeping like a baby: attitudes and experiences
of bedsharing in northeast England. Med Anthropol 2001;19(3):203e22.

[10] McKenna JJ, Mosko SS. Sleep and arousal, synchrony and independence,
among mothers and infants sleeping apart and together (same bed): an
experiment in evolutionary medicine. Acta Paediatr Suppl 1994;397:
94e102.

*[11] Mosko S, Richard C, McKenna J, Drummond S. Infant sleep architecture
during bedsharing and possible implications for SIDS. Sleep 1996;19(9):
677e84.

*[12] McKenna JJ, Mosko SS, Richard CA. Bedsharing promotes breastfeeding.
Pediatrics 1997;100(2 Part 1):214e9.

[13] Baddock SA, Galland BC, Bolton DP, Williams SM, Taylor BJ. Differences in
infant and parent behaviors during routine bed sharing compared with
cot sleeping in the home setting. Pediatrics 2006;117(5):1599e607.

[14] Scragg R, Mitchell EA, Taylor BJ, Stewart AW, Ford RP, Thompson JM, et al.
Bed sharing, smoking, and alcohol in the sudden infant death syndrome.
New Zealand Cot Death Study Group. Br Med J 1993;307(6915):1312e8.

[15] Blair PS, Sidebotham P, Pease A, Fleming PJ. Bed-sharing in the absence of
hazardous circumstances: is there a risk of sudden infant death syn-
drome? An analysis from two case-control studies conducted in the UK.
PLoS One 2014;9(9), e107799.

[16] Gessner BD, Ives GC, Perham-Hester KA. Association between sudden
infant death syndrome and prone sleep position, bed sharing, and
sleeping outside an infant crib in Alaska. Pediatrics 2001;108(4):923e7.

[17] James C, Klenka H, Manning D. Sudden infant death syndrome: bed
sharing with mothers who smoke. Arch Dis Child 2003;88(2):112e3.

*[18] Mitchell EA, Thompson JM, Zuccollo J, MacFarlane M, Taylor B, Elder D, et al.
The combination of bed sharing and maternal smoking leads to a greatly
increased risk of sudden unexpected death in infancy: the New Zealand
SUDI Nationwide Case Control Study. N Z Med J 2017;130(1456):52e64.

[19] Vennemann MM, Hense HW, Bajanowski T, Blair PS, Complojer C,
Moon RY, et al. Bed sharing and the risk of sudden infant death syndrome:
can we resolve the debate? J Pediatr 2012;160(1):44e8.

[20] Carroll-Pankhurst C, Mortimer EA. Sudden infant death syndrome, bed-
sharing, parental weight, and age at death. Pediatrics 2001;107(3):530e6.

[21] Flick L, White DK, Vemulapalli C, Stulac BB, Kemp JS. Sleep position and
the use of soft bedding during bed sharing among African American in-
fants at increased risk for sudden infant death syndrome. J Pediatr
2001;138(3):338e43.

[22] Hauck FR, Herman SM, Donovan M, Iyasu S, Merrick Moore C,
Donoghue E, et al. Sleep environment and the risk of sudden infant death
syndrome in an urban population: the Chicago Infant Mortality Study.
Pediatrics 2003;111(5 Part 2):1207e14.

[23] Lee NN, Chan YF, Davies DP, Lau E, Yip DC. Sudden infant death syndrome
in Hong Kong: confirmation of low incidence. Br Med J 1989;298(6675):
721.

[24] Sawaguchi T, Namiki M. Recent trend of the incidence of sudden infant
death syndrome in Japan. Early Hum Dev 2003;75(Suppl.):S175e9.

[25] Bartick M, Tomori C. Sudden infant death and social justice: a syndemics
approach. Matern Child Nutr 2018, e12652.

[26] Carpenter R, McGarvey C, Mitchell EA, Tappin DM, Vennemann MM,
Smuk M, et al. Bed sharing when parents do not smoke: is there a risk of
SIDS? An individual level analysis of five major caseecontrol studies. BMJ
Open 2013;3(5).

*[27] Baddock SA, Tipene-Leach D, Williams SM, Tangiora A, Jones R. Wahakura
versus bassinet for safe infant sleep: a randomized trial. Pediatrics
2017;139(2), e20160162.

[28] Tipene-Leach D, Baddock SA, Williams SM, Tangiora A, Jones R, McElnay C,
et al. The Pepi-Pod study: overnight video, oximetry and thermal envi-
ronment while using an in-bed sleep device for sudden unexpected death
in infancy prevention. J Paediatr Child Health 2018;54(6):638e46.

[29] Templeman MD. Two hundred and fifty-eight cases of suffocation of in-
fants. Edinb Med J 1892;(October):322e9.

[30] Byard RW. Is breast feeding in bed always a safe practice? J Paediatr Child
Health 1998;34(5):418e9.

[31] Nakamura S, Wind M, Danello MA. Review of hazards associated with
children placed in adult beds. Arch Pediatr Adolesc Med 1999;153(10):
1019e23.

[32] Person TL, Lavezzi WA, Wolf BC. Cosleeping and sudden unexpected death
in infancy. Arch Pathol Lab Med 2002;126(3):343e5.

[33] Filiano JJ, Kinney HC. A perspective on neuropathologic findings in victims
of the sudden infant death syndrome: the triple-risk model. Biol Neonate
1994;65(3e4):194e7.

[34] Lewis KW, Bosque EM. Deficient hypoxia awakening response in infants of
smoking mothers: possible relationship to sudden infant death syndrome.
J Pediatr 1995;127(5):691e9.

[35] Campbell AJ, Galland BC, Bolton DPG, Taylor BJ, Sayers RM, Williams SM.
Ventilatory responses to rebreathing in infants exposed to maternal
smoking. Acta Paediatr 2001;90(7):793e800.

[36] Mileva-Seitz VR, Bakermans-Kranenburg MJ, Battaini C, Luijk MPCM.
Parent-child bed-sharing: the good, the bad, and the burden of evidence.
Sleep Med Rev 2017;32:4e27.

[37] Moher D, Liberati A, Tetzlaff J, Altman DG. The PRISMA group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med 2009;6(7), e1000097.
[38] Lewis LK, Williams MT, Olds T. Short-term effects on outcomes related to
the mechanism of intervention and physiological outcomes but insuffi-
cient evidence of clinical benefits for breathing control: a systematic re-
view. Aust J Physiother 2007;53(4):219e27.

[39] Hunsley M, Thoman EB. The sleep of co-sleeping infants when they are
not co-sleeping: evidence that co-sleeping is stressful. Dev Psychobiol
2002;40(1):14e22.

*[40] Baddock SA, Galland BC, Beckers MG, Taylor BJ, Bolton DP. Bed-sharing
and the infant's thermal environment in the home setting. Arch Dis Child
2004;89(12):1111e6.

*[41] Baddock SA, Galland BC, Bolton DP, Williams SM, Taylor BJ. Hypoxic and
hypercapnic events in young infants during bed-sharing. Pediatrics
2012;130(2):237e44.

[42] Ball H. Airway covering during bed-sharing. Child Care Health Dev
2009;35(5):728e37.

[43] Mosko S, Richard C, McKenna J. Infant arousals during mother-infant bed
sharing: implications for infant sleep and sudden infant death syndrome
research. Pediatrics 1997;100(5):841e9.

[44] Richard C, Mosko S, McKenna JJ, Drummond S. Sleep position, orientation
and proximity in bed-sharing infants and mothers. Sleep 1996;19(9):
685e90.

[45] Richard CA, Mosko SS, McKenna JJ. Apnea and periodic breathing in bed-
sharing and solitary sleeping infants. J Appl Physiol 1998;84(4):1374e80.

[46] Richard CA. Increased infant axillary temperatures in non-REM sleep
during mother-infant bed-sharing. Early Hum Dev 1999;55(2):103e11.

[47] Richard CA, Mosko SS. Mother-infant bedsharing is associated with an
increase in infant heart rate. Sleep 2004;27(3):507e11.

[48] Ball H. Parent-infant bed-sharing behavior e effects of feeding type and
presence of father. Hum Nature Int Bios 2006;17(3):301e18.

*[49] Ball HL, Ward-Platt MP, Heslop E, Leech SJ, Brown KA. Randomised trial of
infant sleep location on the postnatal ward. Arch Dis Child 2006;91(12):
1005e10.

[50] Pollard K, Fleming P, Young J, Sawczenko A, Blair P. Night-time non-
nutritive sucking in infants aged 1 to 5 months: relationship with infant
state, breastfeeding, and bed-sharing versus room-sharing. Early Hum
Dev 1999;56(2e3):185e204.

[51] Petersen SA, Wailoo MP. Interactions between infant care practices and
physiological development in Asian infants. Early Hum Dev 1994;38(3):
181e6.

[52] Thomas KA, Burr R. Preterm infant temperature circadian rhythm:
possible effect of parental cosleeping. Biol Res Nurs 2002;3(3):150e9.

[53] Tuffnell CS, Petersen SA, Wailoo MP. Higher rectal temperatures in co-
sleeping infants. Arch Dis Child 1996;75(3):249e50.

[54] Lucas-Thompson R, Goldberg WA, Germo GR, Keller MA, Davis EP,
Sandman CA. Sleep arrangements and night waking at 6 and 12 months in
relation to infants' stress-induced cortisol responses. Infant Child Dev
2009;18(6):521e44.

[55] Beijers R, Riksen-Walraven JM, de Weerth C. Cortisol regulation in 12-
month-old human infants: associations with the infants' early history of
breastfeeding and co-sleeping. Stress 2013;16(3):267e77.

[56] Tollenaar MS, Beijers R, Jansen J, Riksen-Walraven JMA, de Weerth C.
Solitary sleeping in young infants is associated with heightened cortisol
reactivity to a bathing session but not to a vaccination. Psychoneur-
oendocrinology 2012;37(2):167e77.

[57] Philbrook LE, Teti DM. Associations between bedtime and nighttime
parenting and infant cortisol in the first year. Dev Psychobiol 2016;58(8):
1087e100.

[58] Burnham MM. The ontogeny of diurnal rhythmicity in bed-sharing
and solitary-sleeping infants: a preliminary report. Infant Child Dev
2007;16(4):341e57.

[59] Joseph DV, Jackson JA, Westaway J, Taub NA, Petersen SA, Wailoo MP.
Effect of parental smoking on cotinine levels in newborns. Arch Dis Child
Fetal 2007;92(6):484e8.

*[60] Blair PS, Heron J, Fleming PJ. Relationship between bed sharing and
breastfeeding: longitudinal, population-based analysis. Pediatrics
2010;126(5):e1119e26.

[61] Hughes A, Gallagher S, Hannigan A. A cluster analysis of reported sleeping
patterns of 9-month old infants and the association with maternal health:
results from a population based cohort study. Matern Child Health J
2015;19(8):1881e9.

[62] McCoy RC, Hunt CE, Lesko SM, Vezina R, Corwin MJ, Willinger M, et al.
Frequency of bed sharing and its relationship to breastfeeding. J Dev
Behav Pediatr 2004;25(3):141e9.

[63] Ngale KMA, Santos IS, Gonzalez-Chica DA, de Barros AJD, Matijasevich A.
Bed-sharing and risk of hospitalisation due to pneumonia and diarrhoea
in infancy: the 2004 Pelotas Birth Cohort. J Epidemiol Community Health
2013;67(3):245e9.

[64] Wolke D, Sohne B, Riegel K, Ohrt B, Osterlund K. An epidemiologic lon-
gitudinal study of sleeping problems and feeding experience of preterm
and term children in southern Finland: comparison with a southern
German population sample. J Pediatr 1998;133(2):224e31.

[65] Ball HL. Breastfeeding, bed-sharing and infant sleep. Birth 2003;30(3):
181e8.

[66] Mileva-Seitz VR, Luijk MPCM, van Ijzendoorn MH, Bakermans-
Kranenburg MJ, Jaddoe VWV, Hofman A, et al. Association between infant

http://refhub.elsevier.com/S1087-0792(18)30084-4/sref9
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref9
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref9
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref10
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref10
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref10
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref10
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref10
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref11
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref11
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref11
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref11
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref12
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref12
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref12
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref13
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref13
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref13
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref13
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref14
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref14
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref14
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref14
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref15
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref15
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref15
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref15
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref16
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref16
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref16
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref16
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref17
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref17
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref17
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref18
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref18
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref18
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref18
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref18
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref19
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref19
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref19
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref19
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref20
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref20
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref20
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref21
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref21
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref21
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref21
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref21
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref22
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref22
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref22
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref22
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref22
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref23
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref23
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref23
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref24
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref24
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref24
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref25
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref25
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref26
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref26
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref26
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref26
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref26
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref27
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref27
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref27
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref28
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref28
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref28
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref28
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref28
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref29
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref29
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref29
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref30
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref30
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref30
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref31
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref31
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref31
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref31
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref32
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref32
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref32
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref33
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref33
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref33
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref33
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref33
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref34
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref34
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref34
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref34
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref35
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref35
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref35
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref35
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref36
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref36
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref36
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref36
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref37
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref37
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref37
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref38
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref38
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref38
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref38
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref38
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref39
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref39
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref39
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref39
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref40
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref40
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref40
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref40
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref41
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref41
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref41
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref41
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref42
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref42
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref42
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref43
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref43
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref43
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref43
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref44
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref44
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref44
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref44
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref45
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref45
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref45
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref46
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref46
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref46
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref47
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref47
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref47
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref48
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref48
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref48
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref48
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref49
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref49
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref49
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref49
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref50
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref50
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref50
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref50
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref50
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref50
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref51
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref51
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref51
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref51
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref52
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref52
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref52
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref53
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref53
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref53
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref54
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref54
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref54
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref54
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref54
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref55
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref55
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref55
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref55
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref56
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref56
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref56
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref56
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref56
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref57
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref57
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref57
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref57
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref58
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref58
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref58
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref58
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref59
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref59
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref59
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref59
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref60
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref60
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref60
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref60
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref61
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref61
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref61
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref61
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref61
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref62
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref62
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref62
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref62
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref63
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref63
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref63
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref63
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref63
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref64
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref64
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref64
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref64
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref64
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref65
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref65
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref65
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref66
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref66


S.A. Baddock et al. / Sleep Medicine Reviews 43 (2019) 106e117 117
nighttime-sleep location and attachment security: no easy verdict. Infant
Ment Health J 2016;37(1):5e16.

[67] Shinohara H, Kodama H. Relationship between duration of crying/fussy
behavior and actigraphic sleep measures in early infancy. Early Hum Dev
2012;88(11):847e52.

[68] Huang XN, Wang HS, Chang JJ, Wang LH, Liu XC, Jiang JX, et al. Feeding
methods, sleep arrangement, and infant sleep patterns: a Chinese
population-based study. World J Pediatr 2016;12(1):66e75.

[69] Galler JR, Harrison RH, Ramsey F. Bed-sharing, breastfeeding and maternal
moods in Barbados. Infant Behav Dev 2006;29(4):526e34.

[70] Buckley P, Rigda RS, Mundy L, McMillen I. Interaction between bed
sharing and other sleep environments during the first six months of life.
Early Hum Dev 2002;66(2):123e32.

[71] Ball HL. Bed-sharing practices of initially breastfed infants in the first 6
months of life. Infant Child Dev 2007;16(4):387e401.

[72] Kadakia A, Joyner B, Tender J, Oden R, Moon RY. Breastfeeding in African
Americans may not depend on sleep arrangement: a mixed-methods
study. Clin Pediatr 2015;54(1):47e53.

[73] Watson L, Potter A, Gallucci R, Lumley J. Is baby too warm? The use of
infant clothing, bedding and home heating in Victoria, Australia. Early
Hum Dev 1998;51(2):93e107.

[74] DeLeon CW, Karraker KH. Intrinsic and extrinsic factors associated with night
waking in 9-month-old infants. Infant Behav Dev 2007;30(4):596e605.

[75] Kelmanson IA. Sleep disturbances in two-month-old infants sharing the
bed with parent(s). Minerva Pediatr 2010;62(2):161e9.

[76] Luijk M, Mileva-Seitz VR, Jansen PW, van Ijzendoorn MH, Jaddoe VWV,
Raat H, et al. Ethnic differences in prevalence and determinants of mother-
child bed-sharing in early childhood. Sleep Med 2013;14(11):1092e9.

[77] Santos IS, Mota DM, Matijasevich A, Barros AJ, Barros FC. Bed-sharing at 3
months and breast-feeding at 1 year in southern Brazil. J Pediatr
2009;155(4):505e9.

[78] Broussard DL, Sappenfield WM, Goodman DA. The Black and White of
infant back sleeping and infant bed sharing in Florida, 2004e2005.
Matern Child Health J 2012;16(3):713e24.

*[79] Moon R, Mathews A, Joyner B, Oden R, He J, McCarter R. Impact of a
randomized controlled trial to reduce bedsharing on breastfeeding rates
and duration for African-American infants. J Community Health
2017;42(4):707e15.

[80] Wolke D, Meyer R, Ohrt B, Riegel K. The incidence of sleeping problems in
preterm and fullterm infants discharged from neonatal special care units:
an epidemiological longitudinal study. J Child Psychol Psychiatry
1995;36(2):203e23.

[81] Kelmanson IA. Parent-infant bed sharing and behavioural features in 2e4-
month-old infants. Early Child Dev Care 1999;149:1e9.

[82] Jenni OG, Fuhrer HZ, Iglowstein I, Molinari L, Largo RH. A longitudinal
study of bed sharing and sleep problems among Swiss children in the first
10 years of life. Pediatrics 2005;115(1):233e40.

[83] Mollborg P, Wennergren G, Norvenius SG, Alm B. Bed-sharing among six-
month-old infants in western Sweden. Acta Paediatr 2011;100(2):226e30.

[84] Clark RP, Edholm OG. Man and his thermal environment. London: Edward
Arnold Ltd; 1985.

[85] Ball HL, Moya E, Fairley L, Westman J, Oddie S,Wright J. Bed- and sofa-sharing
practices in a UK biethnic population. Pediatrics 2012;129(3):e673e81.

[86] Blair PS, Ball HL. The prevalence and characteristics associated with
parent-infant bed-sharing in England. Arch Dis Child 2004;89:1106e10.

[87] Brenner RA, Simons-Morton BG, Bhaskar B, Revenis M, Das A, Clemens JD.
Infant-parent bed sharing in an inner-city population. Arch Pediatr Ado-
lesc Med 2003;157(1):33e9.
[88] Clements MS, Mitchell EA, Wright SP, Esmail A, Jones DR, Ford RP. In-
fluences on breastfeeding in southeast England. Acta Paediatr 1997;86(1):
51e6.

[89] Taylor N, Donovan W, Leavitt L. Consistency in infant sleeping arrange-
ments and mother-infant interaction. Infant Ment Health J 2008;29(2):
77e94.

[90] Anuntaseree W, Mo-Suwan L, Vasiknanonte P, Kuasirikul S, Ma ALA,
Choprapawon C. Factors associated with bed sharing and sleep position in
Thai neonates. Child Care Health Dev 2008;34(4):482e90.

[91] Luijk M, Sonnenschein-van der Voort AMM, Mileva-Seitz VR, Jansen PW,
Verhulst FC, Hofman A, et al. Is parent-child bed-sharing a risk for
wheezing and asthma in early childhood? Eur Respir J 2015;45(3):661e9.

[92] Ramos KD, Youngclarke D, Anderson JE. Parental perceptions of sleep
problems among co-sleeping and solitary sleeping children. Infant Child
Dev 2007;16(4):417e31.

[93] Elder DE, Campbell AJ, Galletly D. Current definitions for neonatal apnoea:
are they evidence based? J Paediatr Child Health 2013;49:E388e96.

[94] McKenna JJ, McDade T. Why babies should never sleep alone. Pediatr Resp
Rev 2005;6:134e52.

[95] Tipene-Leach D, Hutchison L, Tangiora A, Rea C, White R, Stewart A, et al.
SIDS-related knowledge and infant care practices among Maori mothers.
N Z Med J 2010;123(1326):88e96.

[96] McKenna JJ, Gettler LT. There is no such thing as infant sleep, there is no
such thing as breastfeeding, there is only breastsleeping. Acta Paediatr
2016;105(1):17e21.

[97] Baddock SA, Galland BC, Taylor BJ, Bolton DPG. Sleep arrangements and
behavior of bed-sharing families in the home setting. Pediatrics
2007;119(1):e200e7.

[98] Teti DM, Kim BR, Mayer G, Countermine M. Maternal emotional avail-
ability at bedtime predicts infant sleep quality. J Fam Psychol 2010;24(3):
307e15.

[99] Franco P, Scaillet S, Valente F, Chabanski S, Groswasser J, Kahn A. Ambient
temperature is associated with changes in infants' arousability from sleep.
Sleep 2001;24(3):325e9.

[100] Patel AL, Harris K, Thach BT. Inspired CO2 and O2 in sleeping infants
rebreathing from bedding: relevance for sudden infant death syndrome.
J Appl Physiol 2001;91(6):2537e45.

[101] Karlsson H. Skin to skin care: heat balance. Arch Dis Child Fetal
1996;75(2):F130e2.

[102] Brown PJ, Dove RA, Tuffnell CS, Ford RP. Oscillations of body temperature
at night. Arch Dis Child 1992;67(10):1255e8.

[103] Lodemore MR, Petersen SA, Wailoo MP. Factors affecting the development
of night time temperature rhythms. Arch Dis Child 1992;67(10):1259e61.

[104] Jackson JA, Petersen SA, Wailoo MP. Body temperature changes before
minor illness in infants. Arch Dis Child 1994;71(1):80e3.

[105] Franco P, Szliwowski H, Dramaix M, Kahn A. Decreased autonomic re-
sponses to obstructive sleep events in future victims of sudden infant
death syndrome. Pediatr Res 1999;46(1):33e93.

[106] Johnston RV, Grant DA, Wilkinson MH, Walker AM. Repetitive hypoxia
rapidly depresses arousal from active sleep in newborn lambs. J Physiol
(Lond) 1998;510(Pt 2):651e9.

[107] Mosko S, Richard C, McKenna J, Drummond S, Mukai D. Maternal prox-
imity and infant CO2 environment during bedsharing and possible im-
plications for SIDS research. Am J Phys Anthropol 1997;103(3):315e28.

[108] Anders TF. Infant sleep, nighttime relationships, and attachment. Psychiatr
1994;57(1):11e21.

[109] Mosko S, Richard C, McKenna J. Maternal sleep and arousals during bed-
sharing with infants. Sleep 1997;20(2):142e50.

http://refhub.elsevier.com/S1087-0792(18)30084-4/sref66
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref66
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref66
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref67
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref67
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref67
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref67
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref68
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref68
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref68
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref68
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref69
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref69
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref69
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref70
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref70
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref70
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref70
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref71
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref71
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref71
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref72
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref72
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref72
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref72
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref73
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref73
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref73
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref73
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref74
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref74
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref74
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref75
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref75
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref75
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref76
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref76
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref76
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref76
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref77
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref77
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref77
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref77
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref78
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref78
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref78
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref78
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref78
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref79
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref79
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref79
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref79
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref79
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref80
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref80
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref80
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref80
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref80
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref81
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref81
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref81
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref81
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref82
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref82
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref82
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref82
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref83
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref83
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref83
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref84
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref84
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref85
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref85
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref85
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref86
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref86
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref86
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref87
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref87
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref87
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref87
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref88
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref88
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref88
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref88
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref89
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref89
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref89
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref89
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref90
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref90
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref90
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref90
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref91
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref91
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref91
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref91
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref92
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref92
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref92
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref92
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref93
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref93
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref93
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref94
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref94
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref94
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref95
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref95
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref95
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref95
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref96
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref96
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref96
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref96
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref97
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref97
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref97
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref97
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref98
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref98
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref98
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref98
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref99
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref99
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref99
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref99
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref100
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref100
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref100
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref100
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref100
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref100
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref101
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref101
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref101
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref102
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref102
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref102
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref103
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref103
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref103
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref104
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref104
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref104
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref105
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref105
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref105
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref105
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref106
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref106
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref106
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref106
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref107
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref107
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref107
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref107
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref107
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref108
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref108
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref108
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref109
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref109
http://refhub.elsevier.com/S1087-0792(18)30084-4/sref109

	The influence of bed-sharing on infant physiology, breastfeeding and behaviour: A systematic review
	Introduction
	Methods
	Results
	Definition of bed-sharing
	Quality assessment of papers
	Overnight infant sleep
	Temperature
	Overnight infant cardiorespiratory measures
	Oxygen desaturation, apnea and heart rate
	Carbon dioxide measured in the air around the infant's face

	Breastfeeding
	Behaviour
	Other – allergy (asthma/wheezing), infection, cotinine, cortisol
	Asthma/wheezing, infection
	Smoking/cotinine
	Cortisol



	Discussion
	Impact of study design
	Micro-environment and context
	Potential benefits
	Breastfeeding and sleep position
	Arousals
	Sleep architecture
	Stress responses

	Potentially hazardous conditions during bed-sharing
	Head covering
	Infant temperature
	Potential for hypoxia and exposure to maternal smoking
	Night waking


	Implications
	Limitations
	Conclusion
	Funding source
	Financial disclosure
	Contributors' statements
	Clinical trials registration
	Conflicts of interest
	Acknowledgement
	Appendix A. Supplementary data
	References


