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ABSTRACT Household crowding can place young children at risk for respiratory infections which
subsequently provoke asthma symptoms. However, crowding might also protect against asthma, in
accordance with the hygiene hypothesis. We tested if parent-infant bed-sharing, an important dimension
of household crowding, increases or decreases the risk for asthma.

In a population-based prospective cohort (N = 6160) we assessed bed-sharing at 2 and 24 months;
wheezing between 1 and 6 years of age; and asthma at 6 years of age. Generalised estimating equation
models were used to assess repeated measures of wheezing and asthma.

We found no association between bed-sharing in early infancy and wheezing or diagnosis of asthma. By
contrast, we found a positive association between bed-sharing in toddlerhood and both wheezing (OR
1.42, 95% CI 1.15-1.74) and asthma (OR 1.57, 95% CI 1.03-2.38). Wheezing was not associated with bed-
sharing when using cross-lagged modelling.

This study suggests that bed-sharing in toddlerhood is associated with an increased risk of asthma at
later ages, and not vice versa. Further studies are needed to explore the underlying causal mechanisms.
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Introduction

Crowded household conditions place young children at risk of acute lower respiratory infections [1-3], or
increased severity of such infections [4]. This is potentially due to a higher viral load, either through
interpersonal transmission or through contact with more infectious particles [5]. However, crowding may
also protect against asthma [6]. According to the hygiene hypothesis, viral infections transmitted by older
siblings could protect young children from allergic diseases, and particularly those of the respiratory tract
[7-9]. Parent-infant bed-sharing at night-time has not been explored in relation to asthma symptoms in
childhood. Importantly, bed-sharing can occur even in the absence of crowding, and thus represents a
unique dimension of proximity to others that potentially transects socioeconomic variables.

In early infancy and, thus, prior to the development of wheezing symptoms, parents initiate bed-sharing for
a number of reasons, including ease of breastfeeding and cultural values [10, 11]. Later on, parents may
adopt bed-sharing practices that allow for closer monitoring of their already asthmatic children [12], as
asthma symptoms are frequently experienced during night-time hours. Asthma symptoms exacerbate during
the night due to changes in serum cortisol and inflammatory mediators, sleep posture, and increased
allergen exposure [12]. Indeed, in some studies asthma has been associated with increased sleep problems in
children [13, 14]. Thus, asthma could stimulate bed-sharing beyond early infancy because of sleep
disordered breathing and frequent awakenings at night. It is, therefore, important to capture both early and
later bed-sharing practices. A recent review [12] suggested that research should focus on direction of the
effects between sleep and asthma, with accurate diagnosis of asthma, large sample sizes, inclusion of ethnic
minorities, and assessment of crowding and sleep routines such as bed-sharing. In a large-scale, multi-ethnic
prospective study, we try to disentangle the reciprocal effects of bed-sharing and asthmatic symptoms in
young children, by longitudinally testing the hypotheses that bed-sharing practices may increase the
development and persistence of asthmatic symptoms or that asthmatic symptoms may stimulate bed-sharing
practices. Both bed-sharing and asthma were repeatedly measured throughout childhood.

Materials and methods

Design

This study was embedded in the Generation R Study, a population-based prospective cohort from early
fetal life onwards in Rotterdam, the Netherlands [15]. The study has been approved by the Medical Ethical
Committee of the Erasmus Medical Centre in Rotterdam. Written informed consent was obtained from all
participants. A total of 6160 mothers and their children were included in the current analyses.

Respiratory symptoms

Information on wheezing (no/yes) was obtained by questionnaires, which were adapted from the
International Study on Asthma and Allergy in Childhood (ISAAC) [16] at the ages of 1, 2, 3, 4 and 6 years.
For this analysis, we defined asthma-like symptoms as any reported wheezing in a given year [17]. All
children included in the analyses were assessed at least twice and response rates for the questionnaires varied
from 71% to 76% [18]. Wheezing patterns were created to assess persistence of wheezing over time, using
three patterns: early-only wheezing (wheezing reported at ages 1, 2 and/or 3 years), late-only wheezing
(reported at ages 4 and/or 6 years), and persistent wheezing (reported at all ages between 1 and 6 years)
[19]. Information on physician-diagnosed asthma was obtained by maternal report at 6 years of age.

Bed-sharing

We assessed sleeping practices at 2 and 24 months using a parental questionnaire relating to the place of
sleep of the child [20]. Bed-sharing was defined as the child sharing a bed with the mother (or both
parents). At 2 months the question was “How often does the child sleep in the parents’ bed?” and an
answer of more than three times a week was considered bed-sharing. At 24 months the question was
“Where does the child sleep?” with answer options being in their own bed or in the parents’ bed [11].
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Medical Center, Rotterdam, the Erasmus University Rotterdam and the Netherlands Organization for Health Research and
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Covariates

Information on maternal age, parity, ethnicity, socioeconomic status, history of asthma or atopy, and pet
keeping was obtained by questionnaires completed by the mother during pregnancy. Child ethnicity was
based on the country of birth of the parents. Socioeconomic status was assessed using the highest maternal
educational level. Information on maternal psychological distress was obtained by postal questionnaires at
20 weeks of gestation using the Brief Symptom Inventory [21]. Data on active maternal smoking was
collected using questionnaires sent by mail in the first, second and third trimesters of pregnancy and
combined into a single parameter as smoking (no/yes). Postal questionnaires at the ages of 6 and 12
months postpartum provided information about breastfeeding and day care attendance, and at 18 months
child sleep problems were assessed using the Child Behavior Checklist (CBCL) [22] for toddlers (e.g.
nightmares, too much or little sleep, overtired). Questionnaires between the ages of 1 and 6 years assessed
occurrence of lower respiratory tract infections (pertussis, bronchitis, bronchiolitis or pneumonia) and
doctor attended inhalant allergy [15]. Gestational age at birth and sex of the children were obtained from
midwife and hospital registries (fig. 1).

Statistical analysis

We analysed the associations of bed-sharing with wheezing between the ages of 1 and 6 years using
generalised estimating equation models (GEEs). With GEE analyses, repeatedly measured symptoms over
time can be analysed, taking into account that these repeated measurements within the same subject are
correlated. For the analysis examining effects of bed-sharing at 2 months, wheezing between the ages of 1
and 6 years was used as the outcome measure; for the analysis examining effects of bed-sharing at 24
months, wheezing at 3-6 years of age was used as the outcome. Multinomial regression analysis was used
to assess the relationship between bed-sharing and wheezing patterns. Wheezing patterns (early-only
wheezing, late-only wheezing and persistent wheezing) were based on MarTINEZ et al. [19]. Logistic
regression analysis was used to assess the association between bed-sharing and physician-diagnosed
asthma. A cross-lagged modelling approach was applied to estimate reciprocal influences [23] between
bed-sharing and wheezing within one model. The model included multiple logistic regressions, reflecting
associations of bed-sharing at 2 months of age with wheezing at 1 year, bed-sharing at 2 years with
wheezing at 2, 3, 4 and 6 years, and wheezing at 1 year with bed-sharing at 2 years, while simultaneously
accounting for continuity in bed-sharing and wheezing over time.

To reduce bias associated with missing data, missing values of the covariates and the outcome were
multiply imputed based on the correlation of the missing variables with all other variables in the analyses,
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FIGURE 1 Assessments and model of the study. SES: socioeconomic status; LRTI: lower respiratory tract infection.

DOI: 10.1183/09031936.00041714 663



PAEDIATRIC PULMONOLOGY | M.P.C.M. LUIJK ET AL.

i.e. predictors, covariates and outcomes, and additionally with educational level, smoking and age of the
father. Data were imputed for participants with two or more assessments of wheezing. 25 imputed datasets
were created and analysed separately after which the results were pooled [24]. Characteristics for study
participants in both the original and imputed datasets are presented in table 1. All models were initially
performed unadjusted and subsequently adjusted for potential confounders. Selection of confounders was
based on previous studies [25-27], if they were associated with both the determinant and outcome, or
changed the effect estimate by >10% when added to the basic model. In the first adjusted model, the
following confounders were included: child sex and age, maternal educational level and smoking. In the
second adjusted model, additional confounders were entered: maternal body mass index (BMI),
breastfeeding, parity, child ethnicity, gestational age at birth, day care attendance, pet keeping, maternal
history of atopy and asthma, and maternal prenatal psychological distress. The models for 24 month
bed-sharing were controlled for bed-sharing at 2 months. In a secondary analysis, the effects of child
inhalant allergy, lower respiratory tract infections (LRTIs) and sleep problems were tested by adding them
to the model in a last step. The statistical analyses were performed using the SPSS version 20.0 for
Windows (IBM Corp., Armonk, NY, USA), SAS 9.2 (SAS institute, Cary, NC, USA) and Mplus version
7.11 (Muthén & Muthén, Los Angeles, CA, USA) using Monte Carlo integration techniques and
maximum likelihood estimation with robust standard errors.

Results

Sample characteristics

Children included in the present analysis (n=6160) (online supplementary material) had mothers who
were older (t-test -18.70; p<0.001) and had a higher educational level (Chi-squared 389.71; p<0.001), were
more often of European descent (Chi-squared 481.56; p<0.001), smoked less during pregnancy
(Chi-squared 67.94; p<0.001), and were more often nulliparous (Chi-squared 55.14; p<0.001), compared
with those who did not provide information on bed-sharing and wheezing (n=1536). No differences in
maternal history of atopy and asthma were found (Chi-squared <0.01; p=0.96).

Of the study participants, 18.5% (n=1141) of children shared a bed with their parents at 2 months of age,
and 9.8% (n=605) were bed-sharers at 24 months of age. Bed-sharing at 2 and 24 months were positively
correlated (r=0.22, p<0.001). Wheezing prevalence among the children was 30.0%, 20.8%, 13.9%, 14.3%
and 9.8% at ages 1, 2, 3, 4 and 6 years, respectively. According to the ages at which wheezing occurred, we
grouped the children in the following way: 54.1% of children were classified as “never wheezing”, 27.6% as
having “early wheezing” (wheezing only at 1, 2 and 3 years of age), 4.8% as having “late wheezing”
(wheezing only at 4 and 6 years of age) and 13.5% as having “persistent wheezing” (wheezing at all ages
between 1 and 6 years). Prevalence of physician-diagnosed asthma at 6 years of age was 8.0%. Correlations
between mother-reported wheezing and physician-diagnosed asthma increased from 1 to 6 years, the
respective r-values were 0.20, 0.26, 0.33, 0.33, and 0.41. Bed-sharing was positively associated with child
sleep problems (r=0.30; p<0.01).

Compared with solitary sleepers, children sharing a bed with their parents at 2 months of age did not have
increased odds of wheezing between 1 and 6 years of age (fully adjusted model OR 0.98, 95% CI 0.89-
1.08) (table 2). Children had increased odds of wheezing between 3 and 6 years of life when they shared a
bed at 24 months of age (OR 1.42, 95% CI 1.15-1.74). Similarly, in analyses with wheezing patterns as an
outcome, the results indicated that bed-sharing at 2 months was not associated with any wheezing pattern.
However, bed-sharing at 24 months was significantly associated with persistent wheezing. This effect
remained significant after controlling for maternal educational level, age, smoking during pregnancy and
sex of the child in model 1, and additionally for bed-sharing at 2 months, maternal BMI, breastfeeding,
parity, child ethnicity, gestational age at birth, day care attendance, pet keeping and maternal history of
atopy, asthma and psychological distress in model 2 (OR 1.65, 95% CI 1.17-2.35) (table 3).

Bed-sharing at 24 months, but not at 2 months, was significantly associated with physician-diagnosed
asthma (unadjusted OR 1.99, CI 1.46-2.70) (table 3), and the effect remained significant after adjustment
for confounders (OR 1.57, CI 1.03-2.38).

To assess the effect of child allergy, LRTT and sleep problems on the association between bed-sharing and
asthma, these factors were added to the models in a secondary analysis. Child inhalant allergy, LRTI and
sleep problems did not change the results for bed-sharing at 2 months in any of the analyses. For
bed-sharing at 24 months, child LRTI did not change the effects. Child inhalant allergy, however, did
attenuate the effect of bed-sharing at 24 months on asthma diagnosis (OR 1.31, 95% CI 0.80-2.17), but
not on the persistent wheezing pattern (OR 1.49, 95% CI 1.01-2.20) or in the GEE analyses (OR 1.36, 95%
CI 1.07-1.72). The same was true for child sleep problems, which attenuated the effect of bed-sharing at
24 months only in the analysis of asthma diagnosis (OR 1.37, 95% CI 0.89-2.09), but not in any of the
other analyses.
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TABLE 1 Characteristics of children and their mothers”

Original data Imputed data
Maternal characteristics

Age years 30.9+4.9 30.9+4.9

Body mass index
<20 kg-cm™? 8.4 (520) 8.8 (541)
20-25.0 kg-cm™2 49.6 (3056) 55.1 (339¢)
25-30.0 kg-cm™2 22.3(1375) 26.5(1633)
>30 kg-cm™2 9.4 (581) 9.6 (590)
Missing 10.2 (628)

Education
Primary or secondary 44.8 (2757) 48.5 (2987)
Higher 49.3 (3042) 51.5 (3173)
Missing 5.9 (361)

History of asthma or atopy
No 50.9 (3138) 63.2 (3891)
Yes 31.6 (1947) 36.8 (2269)
Missing 17.5 (1075)

Smoking during pregnancy
No 76.1 (4690) 85.2 (524¢6)
Yes 13.2 (811) 14.8 (913)
Missing 10.7 (659)

Psychological distress
No 71.6 (4410) 92.3 (5685)
Yes 5.7 (353) 7.7 (475)
Missing 22.7 (1397)

Parity
0 55.5 (3416) 57.0 (3512
>1 41.5 (2555) 43.0 (2648)
Missing 3.1(189)

Gestational hypertensive problems (%)
No 83.9 (5166) 94.0 (5792
Yes 5.2 (322) 6.0 (368)
Missing 10.9 (672)

Gestational diabetes
No 95.4 (5876) 99.1(6102)
Yes 0.7 (45) 0.9 (58)
Missing 3.9 (239)

Child characteristics

Female sex 49.7 (3062) 49.7 (3062)

Gestational age at birth weeks 39.9+£1.7 39.9+£1.7

Birth weight g 34514550 34514551

Ethnicity
European 68.1 (4195) 70.2 (4322
Non-European 28.2 (1739) 29.8 (1838)
Missing 3.7 (226)

Breastfeeding
Never 7.6 (470) 8.0 (491)
Ever 88.9 (5478) 92.0 (5669)
Missing 3.4 (212)

Day care attendance first year
No 29.2 (1798) 45.0 (2771)
Yes 42.0 (2585) 55.0 (3389)
Missing 28.8 (1777)

Pet keeping
No 52.3 (3219) 66.3 (4085)
Yes 26.6 (1639) 33.7 (2075)
Missing 21.1 (1302)

Data are presented as meansp, or % (n) for original data (N range=6159-4383). #: N=6160.
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TABLE 2 Associations of bed-sharing at 2 and 24 months with repeated wheezing assessments at age 1-6 years®

Wheezing Overall wheezing
1 year 2 years 3 years 4 years 6 years
Bed-sharing at 2 months
Model 1 0.98 (0.83-1.13)  1.00 (0.83-1.22)  1.05 (0.84-1.31) 1.00 (0.79-1.26) 1.01 (0.77-1.33) 0.99 (0.90-1.10)
Model 2 0.95(0.81-1.12)  0.99 (0.82-1.20)  1.04 (0.83-1.30)  0.99 (0.78-1.25) 1.00 (0.75-1.31) 0.98 (0.89-1.08)
Bed-sharing at 24 months
Model 1 1.35 (1.05-1.75)  1.56 (1.19-2.04) 1.71(1.26-2.33)  1.51 (1.29-1.79)
Model 2 1.26 (0.92-1.73)  1.48 (1.08-2.02) 1.54 (1.06-2.26)  1.42 (1.15-1.74)

Data are presented as OR (95% Cl) from generalised estimating equation models and represent the odds of wheezing (yes/no) for children who
bed-share with their parents at 2 and 24 months of age. Bold indicates statistical significance (p<0.05). Model 1 was adjusted for maternal
educational level, age, smoking during pregnancy, and sex of the child. Model 2 was additionally adjusted for maternal body mass index,
maternal psychological distress, breastfeeding, parity, child ethnicity, gestational age at birth, day care attendance, pet keeping and maternal
history of atopy and asthma. The models for bed-sharing at 24 months were additionally adjusted for bed-sharing at 2 months. #. n=6160.

Both directions of the bed-sharing-wheezing association were simultaneously examined in a cross-lagged
model (figure 2). The strongest associations were between the two assessments of bed-sharing (OR 4.46,
95% CI 3.63-5.49) and between the repeated assessments of wheezing, reflecting a strengthening
association with increasing age (e.g. wheezing from 1 to 2 years: OR 6.35, 95% CI 5.43-7.43; from 4 to 6
years: OR 13.9, 95% CI 10.9-17.9). The lagged associations indicated that bed-sharing at 2 years was
associated with an increased risk of wheezing at age 3, 4 and 6 years (e.g. OR for wheezing at 6 years 1.62,
95% CI 1.09-2.41). Bed-sharing before the age of 2 years was not associated with subsequent wheezing,
nor did wheezing predict bed-sharing.

Discussion

Bed-sharing decreased from roughly 20% in infancy to 10% in toddlerhood, which has been reported in
previous studies [28-31]. Wheezing decreased from 30% to 10% during the first 6 years of life, similar to
findings from other cohorts [32]. We found no association between bed-sharing in early infancy (age 2
months) and wheezing in the first 6 years of life or a diagnosis of asthma at 6 years of age. Also, wheezing
at age 1 and 2 years did not associate with bed-sharing practices at 24 months. By contrast, we found an
association between bed-sharing in toddlerhood (age 24 months) and both wheezing and asthma at later ages.

TABLE 3 Associations of bed-sharing at 2 and 24 months with patterns of wheezing and asthma diagnosis”

Wheezing pattern Asthma'
Early only Late only Persistent
(1, 2 and 3 years) (4 and 6 years) (1-6 years)
Bed-sharing at 2 months
Subjects n 1358 247 663 279
Unadjusted model 1.07 (0.90-1.26) 1.03 (0.71-1.48) 1.00 (0.79-1.28) 1.15 (0.86-1.53)
Adjusted model 1 1.06 (0.90-1.26) 1.00 (0.70-1.44) 0.98 (0.77-1.25) 1.13 (0.85-1.51)
Adjusted model 2 1.11 (0.93-1.33) 0.99 (0.68-1.44) 0.93 (0.72-1.19) 1.08 (0.80-1.46)
Bed-sharing at 24 months
Subjects n 1450 243 662 319
Unadjusted model 1.57 (1.00-2.46) 1.86 (1.43-2.41) 1.99 (1.46-2.70)
Adjusted model 1 1.40 (0.88-2.21) 1.66 (1.27-2.18) 1.78 (1.30-2.43)
Adjusted model 2 1.07 (0.62-1.88) 1.65 (1.17-2.35) 1.57 (1.03-2.38)

Data are presented as OR (95% Cl) based on multiple imputation, unless otherwise stated. Bold indicates statistical significance (p<0.05). The
reference group for wheezing patterns is no wheezing (for bed-sharing at 2 months n=2743; at 24 months n=2879). The reference group for
asthma is no diagnosis of asthma (for bed-sharing at 2 months n=3739; at 24 months n=4254). Model 1 was adjusted for maternal educational
level, age, smoking during pregnancy and sex of the child. Model 2 was additionally adjusted for maternal body mass index, maternal
psychological distress, breastfeeding, parity, child ethnicity, gestational age at birth, day care attendance, pet keeping and maternal history of
atopy and asthma. The models for bed-sharing at 24 months were additionally adjusted for bed-sharing at 2 months. #: n=6160; T: children

ever-diagnosed with asthma at 6 years of age.
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FIGURE 2 Cross-lagged model including lagged associations between repeated bed-sharing and wheezing measures.
Values represent odds ratios. The model was adjusted for covariates. Covariates were regressed on baseline bed-sharing
and wheezing. Model fit: Akaike Information Criterion: 33111 (adjusted), 33544 (unadjusted); Bayesian Information
Criterion: 33407 (adjusted), 33665 (unadjusted). **: p<0.01.

Although the latter finding is in line with the increased risk theory [1-4], the finding that early
bed-sharing did not associate with more wheezing or asthma suggests that a causal relationship is unlikely.

Studies on bed-sharing practices and asthma in early childhood have not been conducted previously, and
the current study is the first, to our knowledge, to document this association. In this study, bed-sharing in
early infancy was assessed before wheezing had been assessed, i.e. when the child was 2 months-old, which
precludes reversed causality mechanisms. Our study also did not confirm a protective effect of bed-sharing
practices on asthma [6-9], but it might be possible that bed-sharing parents are more attuned to their
children’s breathing and, therefore, more likely to report wheezing. Alternatively, bed-sharing at 24 months
could be more common in families for whom child wheezing is perceived as problematic and leads to
child sleep problems which in turn elicit bed-sharing. More night awakenings [13, 33], worse sleep quality
[14] and sleepiness during the day [25, 34] have indeed been reported in samples of school aged and
pre-adolescent children with asthma, but other studies did not find differences between asthmatic and
nonasthmatic children [35, 36]. In a single study on preschool children, no differences in sleep quality
between asthmatic children and healthy controls were reported in the first four years of life [36]. In the
current study, sleep problems experienced at the age of 18 months attenuated the effect of toddlerhood
bed-sharing on asthma diagnosis at 6 years of age, but sleep problems did not attenuate the effect of
toddlerhood bed-sharing on repeated assessments of later wheezing or on the persistent wheezing
phenotype, suggesting that bed-sharing might indeed be a disease-specific parental monitoring practice
rather than a reaction to the child’s sleep problems.

Indeed, asthma symptoms are frequently experienced during night-time hours, and the parents of ill
children are more vigilant [37], which could suggest that bed-sharing is a nocturnal monitoring practice,
in which parents take their already wheezing children into the parental bed. However, our results did not
show an association between early wheezing and later bed-sharing. They do indicate an association
between bed-sharing in toddlerhood and later wheezing. These findings converge with the increased risk
theory and suggest that it is less likely that wheezing precedes bed-sharing.

Childhood wheezing and asthma might partly be caused by both infectious and atopic mechanisms [38,
39]. In the current study, controlling for respiratory tract infections did not change the association
between bed-sharing and wheezing or asthma outcomes, suggesting that the association cannot be
explained by infectious mechanisms. Child inhalant allergy did attenuate the effect of bed-sharing at 24
months on asthma diagnosis, but it did not attenuate the effect on the repeated wheezing measures or the
persistent wheezing phenotype. A history of inhalant allergy is an important risk factor for development of
childhood asthma [40, 41], and our findings suggest that atopy could affect the development of asthma in
bed-sharing families. However, previous studies also indicate that multiple features may interact in the
expression of early wheezing, and the combination of these features (e.g. atopy and lung function) might
determine the likelihood of persistence of symptoms into childhood [32]. Studies disentangling the
complex effects of child sleep problems and atopy as risk factors in the development of asthma in
bed-sharing children are needed [42].

Regardless of bed-sharing, the very frequent mother-infant contact in the first months of life adds to the
complexity of the associations in the current study. The absence of an association between bed-sharing at
2 months and later wheezing possibly indicates that all children share microorganisms with their mothers
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in these first months of life, and that, according to the hygiene hypothesis [7], this early sharing of
microorganisms at least temporarily protects infants from developing allergic diseases.

Many demographic and environmental factors also affect the development of childhood wheezing and
asthma [41], and must be taken into account when modelling associations with family and crowding
factors. In the first model, a small set of confounders was used, but even when controlling for a
comprehensive set of confounders (as in the second model), the effect estimates remained significant,
indicating a robust association between bed-sharing in toddlerhood and development of asthma.

Some strengths and limitations need to be considered. This study was embedded in a population-based
prospective cohort with a large number of subjects who were followed from early fetal life onwards with
detailed prospectively and repeatedly measured information on bed-sharing and wheezing, and a large
number of potential confounders available [15]. Due to nonresponse not all mothers and children could
be included in the analyses, and nonresponders more often had a lower socioeconomic position. This
might have affected our findings, although the inclusion of a comprehensive set of confounding variables
reduces the likelihood that results were biased. Furthermore, we imputed missing data to prevent possible
selection bias, which minimised biased effect estimates due to selective response on measurements [43].
We added extra variables to our imputation model and performed 25 imputations, to optimise our
imputations. Although the multiple imputation method has been suggested to be the preferable method to
deal with missing data, we cannot exclude that residual confounding might have occurred. A limitation of
our study is the lack of information on the use of inhalant asthma medication. However, wheezing
prevalence was based on maternal reports using ISAAC questionnaires, a widely accepted and reliable
method of assessing wheezing in epidemiological studies [44]. Bed-sharing practices were assessed with a
single question at both time-points, indicating whether families regularly bed-share. Findings from a
previous study using the same measurement converged with results from the bed-sharing literature [11];
however, in future studies bed-sharing practices should be assessed in more depth.

Our findings suggest that children who bed-shared in toddlerhood have higher odds of wheezing at 3-6
years of age, and higher odds of being diagnosed with asthma at 6 years of age. Children bed-sharing in
infancy did not have higher odds of these outcomes. Early wheezing was not associated with bed-sharing.
Therefore, in the current longitudinal study design with advanced statistical analyses we were able to
disentangle the direction of the association between bed-sharing and respiratory outcomes. Further studies
are needed to explore the effects of bed-sharing at later ages and to examine the underlying causal
mechanisms.
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