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ABSTRACT

Objective: Research evidence offers mixed results regarding the relationship between early child care
attendance and childhood asthma and wheezing. A meta-analysis was conducted to synthesize the
current research evidence of the association between early child care attendance and the risk of child-
hood asthma and wheezing. Method: Peer reviewed studies published from 1964-January 2017 were
identified in MEDLINE, CINAL, and EMBASE using MeSH headings relevant to child care and asthma.
Two investigators independently reviewed the selected articles from this search. All relevant articles
that met our inclusion criteria were selected for further analysis. Data were extracted from studies that
had sufficient data to analyze the odds of asthma or wheezing among children who attended child
care. Results: The meta-analysis of 32 studies found that (1) early child care attendance is protective
against asthma in children 3-5 years of age but not for children with asthma 6 years of age or older. (2)
Early child care attendance increases the risk of wheezing among children 2 years of age or younger,
but not the risk of wheezing for children over 2 years of age. Conclusions: This meta-analysis shows that
early child care attendance is not significantly associated with the risk of asthma or wheeze in children
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6 years of age or older.

Introduction

Asthma is a leading respiratory disorder among chil-
dren worldwide (1). When poorly controlled, childhood
asthma can result in significant health care costs and have
a negative impact on the quality of life of affected children
and their families (1,2). Research studies suggests that
asthma may develop in response to complex interactions
between genetic variants and environmental exposures
(3,4), which may include early life exposure to child care
outside the home.

Increased utilization of child care outside the home
has coincided with greater maternal participation in the
workforce in both the United States and abroad (5). For
example, 52% of children in the United States attended
child care in 1993 (6) and by 2011, 61% of children under
the age of 5 years attended child care for an average of
36 hours per week (7). Although child care can provide a
safe, nuturing environment outside the home for children
with working parents, attending child care may increase

young children’s incidence of upper and lower respira-
tory tract infections (8-11), which is a potential risk factor
for the development of asthma in childhood (12,13). In a
longitudinal study of respiratory infections among chil-
dren 2 to 24 months of age, attending child care was
associated with an increased risk of bronchial obstruc-
tion in the first 2 years of life, but not asthma at 4 years
of age (14). However, there are consistent findings in sev-
eral studies (15-18) demonstrating an increased risk of
asthma among children who attend child care compared
to those who did not attend child care. For instance, one
case-control study found that children who attended child
care within the first 4 months of life were 1.6 times more
likely to develop asthma later in childhood (19), and one
longitudinal study reported that children who attended
child care before 6 months of age were 3.1 times more
likely to have asthma at 7 years of age (17). Alternatively,
other studies suggest that child care attendance before
12 months of age is protective against asthma later in
childhood (20-22).
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In summary, studies of child care attendance and
asthma offer conflicting results. Previous studies have not
consistently offered comparitive analyses of the effect of
the child’s age at the time of exposure or attendance in
child care on the risk of asthma or wheeze. Therefore,
we conducted a meta-analysis to evaluate the strength of
the relationship between the age of entry into child care
and the age of diagnosis of asthma or the age of onset of
wheeze in children. A more refined understanding of this
relationship may be salient for both health care providers
and parents, given that family decisions regarding child
care arrangements not only focus on location, cost, and
type of child care, but also on health concerns, including
the potential risk of infectious diseases and asthma.

Methods

Study design

We conducted a meta-analysis of studies evaluating the
association between child care attendance and childhood
asthma or wheeze. We describe the methodology below,
using guidelines based on PRISMA, a standard report-
ing system for meta-analyses (23). The literature search
was conducted through the following databases: PubMed
(MEDLINE), CINAL, and EMBASE using MeSH head-
ings relevant to child care attendance and asthma; asthma
was combined with child care, child preschool, child day
care centers, and schools nursery. The search yielded orig-
inal studies published in English from the inception of
PubMed (1964) to January 9, 2017.

Definition of child care and child care exposure

There are a variety of terms used to refer to child care set-
tings internationally, including child care, day care, nurs-
ery school, preschool, and pre-kindergarten. Child care
can be provided in a variety of settings, including center-
based and home-based (i.e., family child care homes).
These programs can be publicly-funded by local, state, or
federal agencies, or they can be privately operated (either
for-profit or non-profit). Additionally, there are differ-
ences in the quality of care and amount of time children
spend in child care. Some programs offer part-day or full-
day and part-year or full-year. The programs also dif-
fer in the number of children present in each age group.
We defined “child care” as programs that offer early care
and education for young children in out-of-home settings
before kindergarten entry. Henceforth in this paper, these
programs will be referred to as child care.

We also defined child care exposure as the onset of
attendance in child care, measured by the age of atten-
dance in child care. Given that children under 12 months

of age who attend child care have a higher risk of respira-
tory infections, (11,24), which may subsequently increase
their risk of asthma (25,26), we used 12 months as the
comparison age to determine if the risk of asthma in
young children was different for children under or over
12 months of age. Therefore, child care exposure was cate-
gorized as any child care attendance, early child care atten-
dance (entering child care before 12 months of age), and
late child care attendance (entering child care between 1
to 5 years of age).

Definition of outcomes

The outcomes evaluated in the study are parent report
of asthma and/or wheeze (see Tables 1 and 2). Medical
provider report or pulmonary function testing was not
uniformly required in the studies to confirm the diagno-
sis. We stratified these outcomes by age. To be consistent
with studies that report stronger evidence of confirmed
asthma among children older than 5 years of age (27), we
compared children diagnosed with asthma between the
ages 3-5 years to those diagnosed between the ages of 6 to
18 years. Similarly, the outcome of wheezing was catego-
rized by diagnosis between the ages 0-2 years, 3- 5 years,
and 6-18 years.

Study selection

Studies were included if they met the following inclusion
criteria. Studies must include a sample of children 18 years
of age or younger. In addition, the articles reported the
age of child care attendance, the diagnosis or identifica-
tion of asthma on or after 3 years of age, and the diag-
nosis or identification of wheeze on or after 1 year of
age. All studies must provide the crude odds ratio (OR)
measuring the association between child care attendance
and childhood asthma or wheeze, and/or provide enough
data to calculate the crude OR. Studies were excluded if
they were review articles, non-English language articles,
or if they did not provide enough information to calculate
an OR.

Two independent reviewers conducted the study selec-
tion in three phases using the inclusion criteria. First,
each full bibliographic reference identified in the database
search was reviewed. After narrowing down the arti-
cles, the abstracts from these references were reviewed.
Finally, the full text of the selected articles was reviewed to
determine, which assessed the association between child
care attendance and asthma or wheeze in children. A
kappa score was calculated during each step of the arti-
cle selection process to determine the degree of agreement
between the two reviewers. Inter-rater reliability was valid
for kappa scores indicating greater than 80% agreement.



JOURNAL OF ASTHMA 3

sieak g—/ abe 1e ewyIsy syuow z|> a1ed Aeq vy puejeaz MaN  |0JIU0I-ISBD |RUOIIIIS-SSOID) (¥9)
s1eak 9—| abe je ewyjse pasoubelq syjuow g|> 131U a1edAeq 6187 S3)e1S patuN |BUO[}235-5501) (s1)
abe Jo sieak ||> je ewyisy payidads Jou aby aled pliyd £599 epeue) |eU013235-5501) (1)
sieak g—¢ abe e ewyise
pasoubelp-uepisAyd jo 1iodai |ejuaiey syjuow > 191U aued Aeg 169 $91e1S PallUN  |0J1UOD-3SED [RUOIIIRS-5501) (61)
sieaf y1-¢|
9be 1e ewyise sisoubeip LN (7)
s1edk -] 9be Aq ewyise pasoubelp JaAJ (1) sieak €-| 243U 3ued AeQ /8€8 puejui4 |eUO13235-5504) (€9)
syuow 4z—¢1
9be JO SYUOW $§< I8 BWIYISE 13SUO d1eT] syjuow g1/ aiedheq ¥86 $1e1S PaMUN 110Y02 3A1129ds0id (0€)
sieaf | abe
1e swoldwAs ewyise Juaund pasoubelq ()
sieak o abe Aq ewyise pasoubelp JaA7 (1) syjuow g|> aJed pIyd 0vST KemlioN 1J0Y0d dA13>9dsold (99)
sleak -7
s1eak G— abe 1e ewyisy sieak 7> 191U3d a1ed Aeg 6v/€ KemioN |eU0I3235-5501) (09)
s1eak G-z abe Je ewyise pasoubelp uenisAyd sieaf 7> a1edAeq 9818 epeue) 110Y02 3A1123ds0id (6)
91ep xapul 1o ‘siedf gL 1e ewylsy 9)ep xapul 01 yuig a1ed Aeg 9t/60L epeue)  |0JJUOD-3SeD [RUOIIIDS-SSOI) (8%)
si1eak 9> ewyisy IM/Y oL < a1ed Aeq /578 $1e1S pauN |eUO1173s-5504) (tp)
sieaf y—¢>
s1eaf p—¢ 1e ewyise pasoubelp uepisAyd syuow z|> a1ed Aeq 16 epeur)  |0JjUOD-9SRD [RUOIIIDS-SSOI) (02
obe uayebiapury| 1e eWYISY payads jou aby 2ed paseq AU 0069 $1e1S PauuUN 110Y02 3A1129ds0id (9t)
sieaf z<
sieak z-|
s1eakg-| 1e 101d0p Aq pasoubelp ewyisy syuow g|> aiedheq 158°0L uspams |eUO11D3S-S504) (25)
syauow 9¢-9L
s1eak 6| Aq ewyise syjuow G| > 131Udd 34ed pPIY) Gl8 S91e1S payun 140Y02 9A1129ds0id (2€)
sieak / ewyisy syuow z|> 191u3d aued Aeg 685 $91e1S paun 110402 3A1129ds0id (21)
sleaf ¢<
sleak €-¢
|0J3u0d-358d>
s1edf -9 abe Je ewyIsy siedf 7> a1ed Aeq 085 uemie] pa1sau [eUOI1D9S-5501) (81)
sieak -9 abe 1e ewyisy payads jou aby 2182 pIIYd 126'8Y epeue) |BUO11D3S-SS04) ()
sieak g abe Je ewyse pasoubelp uepisAyd syuow g|> a1ed Aeq £Sh $91e1S pajun 110Y02 3A1123dsoid (0
s1eak  abe je ewyise pasoubelp uepisAyd syjuow z|> aied Aeq 19 S91e1S paun 14040 3A1329dsold (12)
s1eak 19 abe 1e ewyise pasoubeip uepisAyd syuow g|> a1ed Aeq 414 JIYD  |0JIUOI-ISED [eUOIIIAS-SSOL) (15)
sieaf g-syjuow |
syuow 71—/
sieak £1-9 abe 1e ewyise pasoubeip uepisAyd syuow 9> a1ed Aeq 966 $1L1S pauN |euo1173s-5504) (17
abe uonesynuapj 1o 9duepuane Jo aby 2413 p|Iyd Jo adA| 9215 3|dwes uopedo07 Apnis ubisag Apmis JEL [ INEBIVEICTEN|

sisoubelp ewyise Jo 1odai Jualed :PWOINQ

abe aduepuRIIe 318D P|Iyd JO 1odal Judled :ansodx3

"S3IPNIS JO D|gel — BLIYISEe pue 9dUBRpUIe 318 p|iy) °L d|qel



4 (&) A SWARTZETAL

abe JO SYIUOW 7| ISIY BY} Ul SZIYM 3I3A3S
96e JO SYIUOW 7] 1SIL DY} Ul 3Z33YM JUSLINIBY

9be Jo syuow 7| 1S1Y 9Y3 Ul J9AS 9Z33Y syuow g|> ased Aeq SLLL SpuelayIaN |BUOI}D3S-SS01) (€9)
s1eak /-9 abe 1e 9zaaym 13suo-ale
sieak /-9 abe Je 3zaayM JUdISISIdg
s1eak /-9 abe Je 3zaayMm Judisuel] sieak 7> 193U ased Aeg €ec'g] Kjey |BUOI}D3S-S501) (29)
s1eak y—g abe Je 9zaaym Jang aled Aeq 60L Aaxanp |BUOI}35-5501) (19)
syuow g1 <
syiuow 71-9
sieah G abe 1e 9zaaym ualn) syuow 9> Jjooyds AIasinN Sp8 wopbury pauun 110402 3A1129dsoid (SS)
sieak 9 abe
1e (Jeak 1se| 3y uj saposids £<) 9zaaym Jua.IndvY syjuow z|> uayebiapury 80¢ |ebnuogd 110402 dA1329d501d (op)
(payads jou abe) azaaym uaLn) payads jou aby aied keq /107 edjewef |eUOID3S-5501) (09)
sieak/—9 abe 1e syjuow g| 1sed ul 9zasym sieak ¢> uanebiapury Yedrd auten|n |BUOI}D3S-SS01) (69)
sieaf z<
sieak z-|
sieak 9—| abe e (syjuow] Ised ay1 ul) 3zaaym syuow z|> aledheq 1S8°0L uapams |BUOI}IAS-SS04) (25)
9be Jo syjuow g1 151y Y3 Ul 9Z93YM JULINIRY syuow z|> a1ed> Aeq €00€ |izeig |BUOID3S-S501) (89)
s1eak 9 abe 1e 3zaaym JuaLINIY syuow z|> a1ed Aeq £Sh $91e1S pajun 110yod aAnadsoid (0
s1edf 7 9be 1 9za3YM JUBLINIBY syuow z|> a1ed Aeq 9% $91e1S pauun 110y03 dA11dadsoid (L§)
19k | 9be 1e 3zaaym Jo saposida +¢
13k | 9be 1e azaaym Auy syjuow g|> aled keq 861 S91e1S pauN 110yod aAnadsoid (g€)
abe Jo syyuow g1-g| 1e Bulzaaym 1ua1NIdY syuow g|> 2183 plIYd 856 ureds |BUOI}I3S-SS01) (£9)
abe uonesynuapl duepuale Jo by a4ed pjIyd jo adAL 9z1§ 9|dwies uonex07 Apnig ubisag Apnis Jaquinp axua.)ay

1o sisoubelp buizasym jo 110dai Judled :dW02INQ

abe aduepuaye
318 p|Iyd Jo 1iodal Juaied :2insodx3

"S3IPNIS JO 3|qel — BuIZaaym pue sduepUIIIe 31ed PJIYD "Z 3|qel



Differences were resolved by informal consensus among
all participating reviewers. Retrieved full text articles were
cross-referenced and manually screened for any poten-
tially missed articles. Lastly, study authors were contacted
to review our list of selected articles.

Data extraction and analysis

The following data were extracted from the selected stud-
ies by two lead investigators: authors’ names, publica-
tion year, country of study, study design, sample size,
study population type, mean or age range, gender of par-
ticipants, age when child care attendance was assessed,
age when asthma and/or wheeze was assessed, type of
risk factors or confounders adjusted for in the mod-
els, and the statistic reported on the outcome variable
of interest (asthma or wheeze) including: odds ratio,
adjusted odds ratio, or relative risks, and 95% confidence
intervals.

Data were pooled using a meta-analysis model.
Random-effects was applied to each meta-analysis model
with high heterogeneity as indicated by statistical tests.
Heterogeneity was measured using the I-squared statis-
tic. The pooled results were graphed using a forest plot
for each association measured between child care atten-
dance and asthma or wheeze. Because unique samples are
needed for pooled analysis, only the most recent publi-
cation was included when duplicate samples were found
among our selected studies. We examined the poten-
tial for weighted influence of any given study by look-
ing at the percentage of total weight to the final pooled
results for each study. Publication bias was assessed using
funnel plots (28). All analyses were performed using
Stata 13.1 (29).

Of the studies that provided sufficient data, we strat-
ified the models to compare the effects of the age of
entry into child care (any child care attendance, early
child care attendance, or late child care attendance). We
also categorized the outcomes (either asthma or wheeze)
into different diagnostic age groups (ever/any diagno-
sis or identification, 0 to 2 years, 3 to 5 years, and 6 to
18 years).

Results

Descriptive results

Our search used broad MeSH headings to cast a wide net,
which resulted in identifying 16,749 citations. Applica-
tion of our inclusion/exclusion criteria produced 43 stud-
ies of the relationship between child care attendance and
childhood asthma or wheeze. Thirty-two studies included
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results that met the criteria to be included in the meta-
analysis (Figure 1). Of the 32 included studies, 22 stud-
ies reported the odds of asthma among children who
attended child care (Table 1) and 13 studies reported the
odds of wheeze among children who attended child care
(Table 2). Three studies reported the odds of both out-
comes. Based on the funnel plot analyses, there was no
evidence of publication bias among the selected studies.

Among the pooled studies that evaluated the relation-
ship between child care attendance and asthma (n = 20),
the participants (mean = 12,156 participants, range =
453-109,746) were recruited from pediatric clinical set-
tings from 9 countries, with the majority from either the
United States (n = 10) or Canada (n = 5). Two studies
(30,31) could not be included in this model due to the
inclusion of duplicate samples from other studies (22,32).
The pooled results from these studies are summarized
in Table 3. Similar to the studies that evaluated asthma,
the participants (mean = 3465 participants; range 109-
16,333) from the studies that evaluated the relationship
between child care attendance and wheeze (n = 11) were
recruited from pediatric clinical settings from 11 coun-
tries. Two studies (31,33) could not be included in this
model due to the inclusion of a duplicate sample from
another study (22). The pooled results of this group of
studies are summarized in Table 4.

Pooled results: Child care attendance and asthma

The pooled analysis showed that children who attend
child care at any age have increased odds of asthma
between ages 0 to 18 years compared to children who did
not attend child care (OR = 1.17 [95% CI, 1.01-1.35]; I?
statistic = 80.4%) (Table 3). The stratified analysis based
on the age of entry into child care showed that there was
no association between asthma among children and ado-
lescents (0 to 18 years of age) who attended early child care
compared to those who did not attend child care (OR =
0.94 [95% CI, 0.70-1.27]; I? statistic = 64.4%) (Table 3).
In contrast, the odds of asthma among children and ado-
lescents (0 to 18 years of age) who attended late child care
was increased, compared to children who did not attend
child care (OR = 1.19 [95% CI, 1.01-1.41]; I? statistic =
32.5%) (Table 3).

We found no association between asthma at ages 3
to 5 years among children who attend child care at any
age compared to children who did not attend child care
(OR = 1.11 [95% CI, 0.92-1.35]; I? statistic = 0.0%)
(Table 3). The stratified analysis based on the age of entry
showed that children who attended early child care had
a reduced odds of asthma at 3 to 5 years of age com-
pared to children who did not attend child care (OR =
0.66 [95% CI, 0.50-0.87]; I statistic = 0.0%) (Table 3). No
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Figure 1. Search results.

association was found between children who attended late
child care and their odds of asthma at 3 to 5 years of age,
compared to children who did not attend child care (OR
=1.12 [95% CI, 0.90-1.38]; I? statistic = 0.0%) (Table 3).

No association was found between asthma diagnosed
at 6 to 18 years of age among children who attended child
care at any age compared to children who did not attend
child care (OR = 1.08 [95% CI, 0.88-1.33]; I? statistic =
57.2%) (Table 3). Additionally, there was no association
between asthma at 6 to 18 years of age and early child care
attendance compared to no child care attendance (OR =
0.98 [95% CI, 0.66-1.47]; I? statistic = 63.4%) (Table 3)
or late child care attendance compared to no child care
attendance (OR = 1.47 [95% CI, 0.73-2.97]; I? statistic =
71.1%) (Table 3).

Pooled results: Child care attendance and wheeze

The pooled analysis showed that there was no associa-
tion between children who attended child care at any age
compared to children who did not attend child care, and
the odds of wheeze between 0 to 18 years of age (OR =
1.07 [95% CI, 0.83-1.39]; I? statistic = 86.8%) (Table 4).
These studies are highly heterogeneous. Stratification of
these studies by the age of entry into child care suggests
that there is no association between the odds of wheez-
ing among children under 18 years of age who attended
early child care (OR = 0.98 [95% CI, 0.55-1.75]; I? statis-
tic = 91.5%) or late child care (OR = 0.91 [95% CI, 0.54—
1.52]; I? statistic = 85.0%) when compared to those chil-
dren who did not attend child care (Table 4).

Table 3. Summary of pooled results: child care attendance and asthma.

Exposure: Child Care Attendance”

Outcome: Asthma diagnosis or

identification age Attendance at any age

Early Attendance Late Attendance
Attendance starting younger than Attendance starting at 12 months of
12 months of age age or older

0-18 years OR =1.17(1.01,1.35)
0-2 years No Data
3-5years OR =1.11(0.92,1.35)
6-18 years OR =1.08 (0.88,1.33)

OR =10.94(0.70,1.27)
No Data

OR = 0.66 (0.50, 0.87)

OR =0.98 (0.66, 1.47)

OR =1.19 (1.01,1.41)
No Data

OR =1.12,(0.90, 1.38)

OR =1.47(0.73,2.97)

When appropriate meta-analysis models were conducted using log scaled odds ratios and random effects.

*Compared to no child care attendance.
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Table 4. Summary of pooled results: child care attendance and wheezing.

Exposure: Child Care Attendance”

Outcome: Wheezing diagnosis or

identification age Attendance at any age

Late Attendance
Attendance starting at 12 months of
age or older

Early attendance
Attendance starting younger than
12 months of age

0-18 years OR =1.07(0.83,1.39)
0-2years OR =1.80(1.38,2.36)
3-5years OR = 0.66 (0.49, 0.90)
6-18 years OR = 0.68 (0.44,1.05)

OR = 0.98 (0.55,1.75) OR =0.91(0.54,1.52)

OR = 1.80 (1.38, 2.36) No Data
OR = 0.59 (0.31,1.12) OR = 0.43(0.24,0.77)"
OR = 0.43 (0.27, 0.68) No Data

When appropriate meta-analysis models were conducted using log scaled odds ratios and random effects.

*Compared to no child care attendance.
**This category includes data from 1 study.

The relationship between child care exposure and risk
of wheeze differs by the age of wheeze diagnosis. There
are increased odds of wheeze among children 2 years of
age or younger who attended early child care compared
to those who did not attend child care (OR = 1.80 [95%
CI, 1.38-2.36]; I? statistic = 63.9%) (Table 4). In contrast,
there was no association between the odds of wheeze for
3 to 5 year olds among children who attended early child
care compared to those who did not attend child care
(OR = 0.59 [95% CI, 0.31-1.12]; 12 statistic = 55.0%)
(Table 4). There are decreased odds of wheeze among
children 6 to 18 years of age who attended early child
care compared to those who did not attend child care
(OR = 0.43 [95% CI, 0.27-0.68]; 12 statistic = 0.0%)
(Table 4).

We were not able to conduct a stratified analysis on the
effect of late child care attendance on wheeze in the dif-
ferent age categories. There was only one study that eval-
uated the effect of late child care attendance on wheeze
between 3 to 5 years of age, which reported reduced
odds of wheeze (OR = 0.43 [95% CI, 0.24-0.77]). There
were no studies that evaluated the effect of late child care
attendance on wheeze among children 6 years of age or
older.

Discussion

This meta-analysis of 32 studies found an overall small
increased risk of childhood asthma among children who
attended child care compared to children who did not
attend child care. However, we found that this outcome
depends on the age of asthma diagnosis and the timing
of child care exposure. When the findings are stratified by
early (before 12 months) and late (after 12 months) child
care attendance, our results suggest that early child care
attendance has a protective effect against asthma in chil-
dren 3 to 5 years of age; however, the effect is not sus-
tained for children with a diagnosis of asthma after 5 years
of age. Additionally, we found that that early child care
attendance increases the risk of wheeze among children
two years of age or younger, but not the risk of wheeze in
children older than 5 years of age.

A protective effect of early child care attendance on
asthma is consistent with the hygiene hypothesis (34)
which suggests that the lack of exposure to infectious
diseases (commonly found in child care settings) may
increase the risk of allergic diseases, such as asthma (35),
in childhood. However, in our analysis, we found that the
protective effect of child care, if any, seems to be transient.
We did not note long term protection after 5 years of age
when the diagnosis of asthma is more conclusive. Specifi-
cally, no association was found between 6 to 18 years of
age, which may be due to the amount of heterogeneity
observed among those studies.

Wheeze is a common presentation of viral infections
frequently observed in infants who attend child care (26).
Therefore, the increased risk of early/transient wheeze
among children two years of age or younger who attend
child care could be driven by the studies that measured
wheeze at 1 year of age. The increase in wheeze is likely
representative of the increased risk of viral infections in
this age group. These results also suggest the importance
of analysis stratified by age of diagnosis. By stratifying
our models, we found that if the diagnosis is at an early
age (two years or younger), there is an increased risk of
wheeze for children who attend child care. However, there
is a protective effect of early child care against wheeze in
the older age group.

The studies included in this meta-analysis vary in
quality and design, include both longitudinal and cross-
sectional designs, and represent heterogeneous data from
several different countries around the world, spanning
more than two decades. This heterogeneity might affect
the internal validity of the findings. Although the use of
a random-effects meta-analysis model produces a more
conservative estimate of the pooled statistic of heteroge-
neous data, it does not fully account for the heterogeneity
observed in our data. Despite the differences in popula-
tion demographics, location and the timing of the studies,
the main source of heterogeneity is likely attributed to the
variation in the amount or type of each child’s exposure
to child care (e.g. duration of time spent in child care per
week, type of child care setting, quality of child care, or
number of other children in attendance).
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Additionally, variations in child care settings (e.g. cen-
ters or family child care homes) can lead to misclassifica-
tion bias when comparing one type of child care arrange-
ment to another. For example, the included studies did not
differentiate between the amount of exposure of a child
who attends a large child care center with 20 other chil-
dren 37 hours per week from that of a child who attends a
small family child care home with 2 other children 6 hours
per week. The measurement of child care attendance in
the reviewed studies was not specific enough to accurately
group the children by exposure. As a result, it is difficult
to identify a dose-response relationship beyond the effect
of the age of child care attendance on asthma or wheeze.
The rate of each child’s exposure to child care (hours per
week), and the number of other children attending child
care would need to be measured to standardize compar-
isons across child care programs.

Other potential variables that may play a role in
increasing the heterogeneity between studies include dif-
ferences in sample-specific potential confounding fac-
tors in each study, such as maternal history of asthma
(22), maternal smoking (36), breastfeeding status dur-
ing the first year of life (37), and the number of siblings
present in the home (21). Our analysis pooled the crude
odds of either asthma or wheeze among children without
accounting for these potential confounding factors.

Additionally, the selected studies had the potential for
selection bias regarding sociodemographic characteris-
tics. For example, most studies had families with “high”
socioeconomic status (SES), which may limit the general-
izability of our findings. Since high SES families tend to
send their children to high quality child care programs
that are more likely to adhere to quality standards for
health and safety (38), children’s rate of exposure to health
and safety hazards (i.e.; infectious diseases) in high quality
child care may differ from children attending lower qual-
ity child care.

The variables of interest in this study (child care atten-
dance, asthma, and/or wheeze) were all identified by
parent report, which introduces potential reporting and
recall bias, especially for the age of entry into child care
and age of asthma diagnosis or wheeze. However, many
of the studies stated that parents were able to recall if
their child attended child care before 12 months of age.
Additionally, the parent’s report of a diagnosis of asthma
among children ages 3-5 years of age can be problematic,
as it can be difficult to confirm a diagnosis of asthma for a
child under 6 years of age (39). To determine if there was
any difference in the results between stratifying the out-
come of asthma diagnosis before or after 6 years of age
compared to asthma diagnosed before or after 5 years of
age, we conducted a sensitivity analysis and found no dif-
ference in our results.

Most studies included in our meta-analysis were
cross-sectional, limiting our ability to establish a causal
relationship between early child care attendance and later
diagnosis of asthma or wheeze in childhood. Of the lon-
gitudinal studies included in our model of the association
between child care attendance and asthma, one found
that early child care attendance was associated with an
approximate two-fold increased risk of asthma at 7 years
of age (17), which is not consistent with our findings.

Our findings of the association between child care
attendance and wheezing were consistent with the lon-
gitudinal studies (22,31,33,40) identified in our search.
Specifically, one longitudinal study (33) found that early
child care attendance increased the risk of wheezing at
1 year of age, but not at 4 or 6 years of age (22,31). Another
longitudinal study (40) found that early child care atten-
dance was protective for wheezing at 6 years of age.

Finally, the studies included in our meta-analysis
were limited to those published in English peer-reviewed
journals entered into three medical journal databases
(EMBASE, MEDLINE, and CINAHL) from the earli-
est entries in these databases (1946) to January 9, 2017.
Therefore, some relevant studies may not have been
included in our final analysis, which could bias our
results. Although our funnel plot analysis demonstrated
no potential publication bias, there is a remaining possi-
bility of missing a study published in non-peer reviewed
journals or outside of the search timeframe.

Conclusion

We found that early child care attendance increases the
risk of wheeze among children 2 years of age or younger,
but decreases the risks of asthma among children 3 to
5 years and wheeze among children 6 years and older.
However, early child care attendance was not significantly
associated with reduced risk of asthma after 6 years of age.
The effect of late child care attendance (after 1 year of age)
on asthma and wheeze remains inconclusive.

Clinically, the results of this analysis are useful for pri-
mary care providers who care for young children. The
most common health concerns for parents of children
less than 5 years of age include acute infections, allergies,
and asthma (41). Parents can be reassured that despite the
increase in respiratory infections observed in the first year
of life among children who attend early child care, child
care attendance before 1 year of age is not significantly
associated with asthma or wheeze later in childhood.

For clinical investigators, the variation among stud-
ies in this review highlights the need for standardized
definitions of child care exposure and asthma diagno-
sis in children. We recommendations that future stud-
ies evaluating potential health risks associated with child



care attendance include standardized measures of child
care environmental quality, such as environmental rating
scales (42) and national health and safety performance
standards (43) to provide a more in depth and compara-
ble description of child care facilities. Additionally, stan-
dardized definitions of children’s time spent in child care
could increase the validity and reliability of the findings to
determine the dose-response relationship between child
care exposure and health outcomes.

Funding

This work is funded by a UCSF-CTSI Grant (Grant TL1
5T420H008429) and Occupational & Environmental Health
Nursing (OEHN) Graduate Training Grant (DHHS CDC-
NIOSH 2T42 OH008429).

ORCID

Alicia Swartz @ http://orcid.org/0000-0002-8184-5210

References

1. Asher I, Pearce N. Global burden of asthma among chil-
dren. Int J Tuberc Lung Dis. 2014;18(11):1269-78. doi:
10.5588/ijtld.14.0170. PMID: 25299857.

2. Mallol J, Crane J, von Mutius E, Odhiambo J, Keil U,
Stewart A. The international study of asthma and aller-
gies in childhood (ISAAC) phase three: a global synthe-
sis. Allergologia Immunopathologia 2013;41(2):73-85. doi:
10.1016/j.aller.2012.03.001. PMID: 22771150.

3. Marks GB. Environmental factors and gene-environment
interactions in the aetiology of asthma. Clin Exp Phar-
macol Physiol. 2006;33(3):285-9. doi: 10.1111/j.1440-
1681.2006.04360.x. PMID: 16487276.

4. Patino CM, Martinez FD. Interactions between genes
and environment in the development of asthma. Allergy
2001;56(4):279-86. doi: 10.1034/j.1398-9995.2001.00135.
x. PMID: 11284793.

5. Nations U. The world’s women 2015: trends and statistics.
New York (NY): United Nations, Department of Economic
and Social Affairs, Statistics Division; 2015.

6. Casper LM. Who's minding our preschoolers?. United
States Census Bureau. U.S. Department of Commerce, Cur-
rent Population Reports, Household Economics Studies;
1996.

7. Laughlin L. Who's Minding the Kids? Child Care Arrange-
ments: Spring 2011. 2013.

8. Alexandrino AS, Santos R, Melo C, Bastos JM. Risk
factors for respiratory infections among children
attending day care centres. Fam Pract. 2016. doi:
10.1093/fampra/cmw002.

9. Brady MT. Infectious disease in pediatric out-of-home
child care. Am J Infect Control 2005;33(5):276-85. doi:
10.1016/j.ajic.2004.11.007. PMID: 15947744.

10. de Hoog ML, Venekamp RP, van der Ent CK, Schilder
A, Sanders EA, Damoiseaux RA, Bogaert D, Uiterwaal
CS, Smit HA, Bruijning-Verhagen P. Impact of early

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

JOURNALOF ASTHMA (&) 9

daycare on healthcare resource use related to upper
respiratory tract infections during childhood: prospec-
tive WHISTLER cohort study. BMC Med. 2014;12(107):
1-8.

Lu N, Samuels ME, Shi L, Baker SL, Glover SH, Sanders JM.
Child day care risks of common infectious diseases revis-
ited. Child: Care, Health Dev. 2004;30(4):361-68.

Jackson DJ, Gangnon RE, Evans MD, Roberg KA, Ander-
son EL, Pappas TE, Printz MC, Lee WM, Shult PA,
Reisdorf E, et al. Wheezing rhinovirus illnesses in early
life predict asthma development in high-risk children.
Am ] Respir Crit Care Med. 2008;178(7):667-72. doi:
10.1164/rccm.200802-3090C. PMID: 18565953.

Stein RT, Sherrill D, Morgan W], Holberg CJ, Halo-
nen M, Taussig LM, Wright AL, Martinez FD. Respira-
tory syncytial virus in early life and risk of wheeze and
allergy by age 13 years ... including commentary by Ever-
ard ML. Lancet (London, England) 1999;354(9178):541.
doi: 10.1016/S0140-6736(98)10321-5. PMID: 10470697.
Nafstad P, Magnus P, Jaakkola J. Early respiratory infec-
tions and childhood asthma. Pediatrics 2000;106:1-6. doi:
10.1542/peds.106.3.e38. PMID: 10878140.

Sun Y, Sundell J. Early daycare attendances increase the
risk for respiratory infections and asthma of children. |
Asthma: Off ] Assoc Care Asthma 2011;48(8):790-6. doi:
10.3109/02770903.2011.604884.

Senthilselvan A, Niruban SJ, King M, Majaesic C, Veugelers
P, Laing L, Rowe BH. Prevalence and risk factors of asthma
in First Nations children living on reserves in Canada. Can
J Publ Health 2015;106(8):e483-€88.

Cheng G, Levin L, Smith AM, Epstein T, Ryan P, LeMasters
GK, Bernstein DI. Year one daycare attendance predicts
asthma at age seven: The cincinnati childhood allergy and
air pollution study (CCAAPS). J Allergy Clin Immunol.
2014;133(2):AB282. doi: 10.1016/j.jaci.2013.12.1000.
Chen YC, Tsai CH, Lee Y. Gestational medication use,
birth conditions, and early postnatal exposures for child-
hood asthma. Clin Dev Immunol. 2012;2012:9. doi:
10.1155/2012/913426.

Salam MT, Li YF, Langholz B, Gilliland FD. Early-
life environmental risk factors for asthma: findings
from the Children’s Health Study. Environ Health Per-
spect 2004;112(6):760-5. doi: 10.1289/ehp.6662. PMID:
15121522.

Infante-Rivard C, Amre D, Gautrin D, Malo JL. Family
size, day-care attendance, and breastfeeding in relation
to the incidence of childhood asthma. Am ] Epidemiol
2001;153(7):653-8. doi: 10.1093/aje/153.7.653. PMID:
11282792.

Ball TM, Castro-Rodriguez JA, Grifith KA, Holberg
CJ, Martinez FD, Wright AL. Siblings, day-care atten-
dance, and the risk of asthma and wheezing during
childhood. New Eng ] Med. 2000;343(8):538-43. doi:
10.1056/NEJM200008243430803. PMID: 10954761.
Celedon JC, Wright RJ, Litonjua AA, Sredl D, Ryan L,
Weiss ST, Gold DR. Day care attendance in early life,
maternal history of asthma, and asthma at the age of
6 years. Am ] Respir Crit Med 2003;167(9):1239-43. doi:
10.1164/rccm.200209-10630C.

Moher D, Liberati A, Tetzlaff J, Altman DG, Group
TP. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med


http://orcid.org/0000-0002-8184-5210
https://doi.org/10.5588/ijtld.14.0170
https://doi.org/10.1016/j.aller.2012.03.001
https://doi.org/10.1111/j.1440-1681.2006.04360.x
https://doi.org/10.1034/j.1398-9995.2001.00135. \ignorespaces x
https://doi.org/10.1093/fampra/cmw002
https://doi.org/10.1016/j.ajic.2004.11.007
https://doi.org/10.1164/rccm.200802-309OC
https://doi.org/10.1016/S0140-6736(98)10321-5
https://doi.org/10.1542/peds.106.3.e38
https://doi.org/10.3109/02770903.2011.604884
https://doi.org/10.1016/j.jaci.2013.12.1000
https://doi.org/10.1155/2012/913426
https://doi.org/10.1289/ehp.6662
https://doi.org/10.1093/aje/153.7.653
https://doi.org/10.1056/NEJM200008243430803
https://doi.org/10.1164/rccm.200209-1063OC

10 (&) A SWARTZETAL.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

2009;6(6):€1000097. doi: 10.1371/journal.pmed.1000097.
PMID: 19621072.

Nafstad P, Magnus P, Jaakkola J]. Early respiratory infec-
tions and childhood asthma. Pediatrics 2000;106(3):E38.
doi: 10.1542/peds.106.3.e38. PMID: 10969122.

Taussig LM, Wright AL, Morgan W], Harrison HR,
Ray CG. The tucson children’s respiratory study. I
Design and implementation of a prospective study
of acute and chronic respiratory illness in chil-
dren. Am ] Epidemiol 1989;129(6):1219-31. doi:
10.1093/oxfordjournals.aje.al15242. PMID: 2729258.
Stein RT, Martinez FD. Asthma phenotypes in childhood:
lessons from an epidemiological approach. Paediatr Respir
Rev. 2004;5(2):155-61. doi: 10.1016/j.prrv.2004.01.007.
PMID: 15135126.

Morgan W], Stern DA, Sherrill DL, Guerra S, Holberg
CJ, Guilbert TW, Taussig LM, Wright AL, Martinez FD.
Outcome of asthma and wheezing in the first 6 years of
life: follow-up through adolescence. Am J Respir Crit Care
Med. 2005;172(10):1253-8. doi: 10.1164/rccm.200504-
5250C. PMID: 16109980.

Egger MSGD, Schneider M, Minder C. Bias in
meta-analysis detected by a simple, graphical test.
Br Med ] (BMJ). 1997;315(7109):629-34. doi:
10.1136/bmj.315.7109.629.

StataCorp. Stata statistical software: release 13. College Sta-
tion, TX: StataCorp LP; 2013.

NICHD ECCRN. Psychosocial and lifestyle factors
associated with early-onset persistent and late-onset
asthma. Children’s Health Care 2010;39:185-98. doi:
10.1080/02739615.2010.493764.

Celedén JC, Litonjua AA, Ryan L, Weiss ST, Gold DR.
Day care attendance, respiratory tract illnesses, wheez-
ing, asthma, and total serum IgE level in early child-
hood. Arch Pediatr Adolesc Med 2002;156(3):241-45. doi:
10.1001/archpedi.156.3.241. PMID: 11876667.

Gurka M]J, Blackman JA, Heymann PW. Risk of child-
hood asthma in relation to the timing of early child
care exposures. J Pediatr. 2009;155(6):781-87.el. doi:
10.1016/j.jpeds.2009.06.035. PMID: 19683726.

Celedon JC, Litonjua AA, Weiss ST, Gold DR. Day care
attendance in the first year of life and illnesses of the upper
and lower respiratory tract in children with a familial his-
tory of atopy. Pediatrics 1999;104(3 Pt 1):495-500. doi:
10.1542/peds.104.3.495. PMID: 10469775.

Strachan DP. Hay fever, hygiene, and household size.
BMJ (Clinical Research ed) 1989;299(6710):1259-60. doi:
10.1136/bmj.299.6710.1259. PMID: 2513902.

Ili S, von Mutius E, Lau S, Bergmann R, Nigge-
mann B, Sommerfeld C, Wahn U. Wahn V, Groeger
M, Zepp F, Bieber I, et al. Early childhood infec-
tious diseases and the development of asthma up to
school age: a birth cohort study. BMJ (Clinical Research
ed) 2001;322(7283):390-5. doi: 10.1136/bmj.322.7283.390.
PMID: 11179155.

Jaakkola JJ, Gissler M. Maternal smoking in pregnancy,
fetal development, and childhood asthma. Am ] Pub-
lic Health 2004;94(1):136-40. doi: 10.2105/AJPH.94.1.136.
PMID: 14713711.

Lodge CJ, Tan DJ, Lau MX, Dai X, Tham R, Lowe AJ,
Bowatte G, Allen KJ, Dharmage SC, Lodge CJ, et al
Breastfeeding and asthma and allergies: a systematic

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

review and meta-analysis. Acta Paediatrica (Oslo, Nor-
way: 1992) 2015;104(467):38-53. doi: 10.1111/apa.13132.
PMID: 26192405.

Dowsett CJ, Huston AC, Imes AE. Structural and Pro-
cess Features in Three Types of Child Care for Children
from High and Low Income Families. Early Child Res Q.
2008;23(1):69-93.

Martinez FD. The origins of asthma and chronic obstruc-
tive pulmonary disease in early life. Proc Am Thorac Soc.
2009;6(3):272-7. doi: 10.1513/pats.200808-092RM. PMID:
19387029.

Morais-Almeida M, Caspar A, Pires G, Prates S, Rosado-
Pinto J. Risk factors for asthma symptoms at school
age: An 8-year prospective study. Allergy Asthma Proc.
2007;28(2):183-89. doi: 10.2500/aap.2007.28.2953. PMID:
17479602.

Garbutt JM, Leege E, Sterkel R, Gentry S, Wallendorf
M, Strunk RC. What are parents worried about? Health
problems and health concerns for children. Clin Pediatr.
2012;51(9):840-7. doi: 10.1177/0009922812455093.
Harms T, Clifford RM, Cryer D. Early childhood environ-
ment rating scale, third edition (ECERS-3). New York, NY:
Teachers College Press; 2014.

Alkon A, Rose R, Wolff M, Kotch JB, Aronson SS. Health
and Safety Checklist for Early Care and Education Pro-
grams to Assess Key National Health and Safety Stan-
dards. Matern Child Health J. 2016;20(1):114-27. doi:
10.1007/510995-015-1809-8. PMID: 26210780.

Chang HJ, Beach J, Senthilselvan A. Prevalence of and risk
factors for asthma in off-reserve Aboriginal children and
adults in Canada. Can Respir J. 2012;19(6):e68-74. doi:
10.1155/2012/753040. PMID: 23248805.

Cheng G, Smith AM, Levin L, Epstein T, Ryan PH, LeMas-
ters GK, Khurana Hershey GK, Reponen T, Villareal M,
Lockey J, et al. Duration of day care attendance during
infancy predicts asthma at the age of seven: the Cincin-
nati Childhood Allergy and Air Pollution Study. Clin Exp
Allergy: ] Br Soc Allergy Clin Immunol. 2014;44(10):1274-
81. doi: 10.1111/cea.12397.

Hillemeier MM, Landale NS, Oropesa RS. Asthma in US
mexican-origin children in early childhood: differences
in risk and protective factors by parental nativity. Acad
Pediatr. 2015;15(4):421-9. doi: 10.1016/j.acap.2014.11.005.
PMID: 25613912.

Lanphear BP, Aligne CA, Auinger P, Weitzman M,
Byrd RS. Residential exposures associated with asthma
in US children. Pediatrics 2001;107(3):505-11. doi:
10.1542/peds.107.3.505. PMID: 11230590.

Martel MJ, Rey E, Malo JL, Perreault S, Beauchesne MF,
Forget A, Blais L. Determinants of the incidence of child-
hood asthma: A two-stage case-control study. Am ] Epi-
demiol. 2009;169(2):195-205. doi: 10.1093/aje/kwn309.
PMID: 19033160.

Midodzi WK, Rowe BH, Majaesic CM, Saunders LD,
Senthilselvan A. Early life factors associated with inci-
dence of physician-diagnosed asthma in preschool chil-
dren: results from the Canadian Early Childhood Devel-
opment cohort study. ] Asthma: Off ] Assoc Care Asthma
2010;47(1):7-13. doi: 10.3109/02770900903380996.
Nafstad P, Hagen JA, Oie L, Magnus P, Jaakkola JJ. Day care
centers and respiratory health. Pediatrics 1999;103(4 Pt
1):753-8. doi: 10.1542/peds.103.4.753. PMID: 10103298.


https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1542/peds.106.3.e38
https://doi.org/10.1093/oxfordjournals.aje.a115242
https://doi.org/10.1016/j.prrv.2004.01.007
https://doi.org/10.1164/rccm.200504-525OC
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1080/02739615.2010.493764
https://doi.org/10.1001/archpedi.156.3.241
https://doi.org/10.1016/j.jpeds.2009.06.035
https://doi.org/10.1542/peds.104.3.495
https://doi.org/10.1136/bmj.299.6710.1259
https://doi.org/10.1136/bmj.322.7283.390
https://doi.org/10.2105/AJPH.94.1.136
https://doi.org/10.1111/apa.13132
https://doi.org/10.1513/pats.200808-092RM
https://doi.org/10.2500/aap.2007.28.2953
https://doi.org/10.1177/0009922812455093
https://doi.org/10.1007/s10995-015-1809-8
https://doi.org/10.1155/2012/753040
https://doi.org/10.1111/cea.12397
https://doi.org/10.1016/j.acap.2014.11.005
https://doi.org/10.1542/peds.107.3.505
https://doi.org/10.1093/aje/kwn309
https://doi.org/10.3109/02770900903380996
https://doi.org/10.1542/peds.103.4.753

51.

52.

53.

54.

55.

56.

57.

Boneberger A, Haider D, Baer ], Kausel L, Von Kries R,
Kabesch M, Radon K, Calvo M. Environmental risk factors
in the first year of life and childhood asthma in the central
south of Chile. ] Asthma. 2011;48(5):464-9.
Hagerhed-Engman L, Bornehag CG, Sundell ], Aberg
N. Day-care attendance and increased risk for respira-
tory and allergic symptoms in preschool age. Allergy.
2006;61(4):447-53.

Pekkanen ], Remes S, Kajosaari M, Husman T, Soininen
L. Infections in early childhood and risk of atopic disease.
Acta Paediatrica, Int ] Pediatr. 1999;88(7):710-4.

Wickens KL, Crane J, Kemp TJ, Lewis SJ, D’Souza WJ,
Sawyer GM, Stone ML, Tohill S], Kennedy JC, Slater TM,
Pearce NE. Family size, infections, and asthma prevalence
in New Zealand children. Epidemiol. 1999;10(6):699-705.
Nicolaou NC, Simpson A, Lowe LA, Murray CS, Woodcock
A, Custovic A. Day-care attendance, position in sibship,
and early childhood wheezing: a population-based birth
cohort study. J allergy Clinical Immunol. 2008;122(3):500—
6.e5.

Nafstad P, Brunekreef B, Skrondal A, Nystad W. Early res-
piratory infections, asthma, and allergy: 10-year follow-up
of the Oslo Birth Cohort. Pediatrics 2005;116(2):e255-62.
doi: 10.1542/peds.2004-2785. PMID: 16061578.
Bercedo-Sanz A, Lastra-Martinez L, Pellegrini-Belinchon
J, Vicente-Galindo E, Lorente-Toledano F, Garcia-
Marcos L. Wheezing and risk factors in the first year
of life in Cantabria, Spain. The EISL study. Aller-
gol Immunopathol (Madr) 2015;43(6):543-52. doi:
10.1016/j.aller.2014.09.001. PMID: 25796305.

58.

59.

60.

61.

62.

63.

JOURNAL OF ASTHMA n

Chong Neto HJ, Rosario NA, Westphal GC, Riedi CA,
dos Santos HL. Rhinitis is also common in infants with
asthma. Iran ] Allergy, Asthma, Immunol. 2010;9(1):
21-5.

Hryhorczuk D, Dardynskaia I, Lukyanova E, Matwyshyn-
Fuoco M, Friedman L, Shkiryak-Nizhnyk Z, Zvinchuk
A, Chislovska N, Antipkin Y. Risk factors for wheez-
ing in Ukrainian children: Ukraine European longitudi-
nal study of pregnancy and childhood group. Paediatr
Perinat Epidemiol. 2009;23(4):346-51. doi: 10.1111/j.1365-
3016.2009.01026.x. PMID: 19523081.

Kahwa EK, Waldron NK, Younger NO, Edwards NC,
Knight-Madden JM, Bailey KA, Wint YB, Lewis-Bell KN.
Asthma and allergies in Jamaican children aged 2-17 years:
a cross-sectional prevalence survey. BMJ Open 2012;2(4).
doi: 10.1136/bmjopen-2012-001132. PMID: 22798254.
Ozmert EN, Kale-Cekinmez E, Yurdakok K, Sekerel
BE. Determinants of allergic signs and symptoms in
24-48-month-old Turkish children. Turk ] Pediatr.
2009;51(2):103-09. PMID: 19480319.

Rusconi F, Galassi C, Corbo GM, Forastiere F, Biggeri A,
Ciccone G, Renzoni E. Risk factors for early, persistent,
and late-onset wheezing in young children. SIDRIA Col-
laborative Group. Am ] Respir Crit Care Med. 1999;160(5
Pt 1):1617-22. doi: 10.1164/ajrccm.160.5.9811002. PMID:
10556130.

Visser CAN, Garcia-Marcos L, Eggink J, Brand PLP. Preva-
lence and risk factors of wheeze in Dutch infants in their
first year of life. Pediatr Pulmonol. 2010;45(2):149-56. doi:
10.1002/ppul.21161. PMID: 20082336.


https://doi.org/10.1542/peds.2004-2785
https://doi.org/10.1016/j.aller.2014.09.001
https://doi.org/10.1111/j.1365-3016.2009.01026.x
https://doi.org/10.1136/bmjopen-2012-001132
https://doi.org/10.1164/ajrccm.160.5.9811002
https://doi.org/10.1002/ppul.21161

	Abstract
	Introduction
	Methods
	Study design
	Definition of child care and child care exposure
	Definition of outcomes
	Study selection
	Data extraction and analysis

	Results
	Descriptive results
	Pooled results: Child care attendance and asthma
	Pooled results: Child care attendance and wheeze

	Discussion
	Conclusion
	Funding
	ORCID
	References



