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ABSTRACT

Objective

To investigate the relationship between breastfeeding and the development of pediatric
asthma.

Methods:

A systematic review and meta-analysis was conducted with MEDLINE, EMBASE,
CINAHL and ProQuest Nursing and Allied Health source databases.
Retrospective/prospective cohorts in children <18 years old with breastfeeding exposure
reported were included. The primary outcome was a diagnosis of asthma by a physician
or using a guideline-based criterion. A secondary outcome was asthma severity.

Results

Forty-two studies met inclusion criteria. Thirty-seven studies reported the primary
outcome of physician/guideline-diagnosed asthma, and five studies reported effects on
asthma severity. Children with longer duration/more breastfeeding compared to less
have a lower risk of asthma (OR=0.84; 95% ClI: 0.75-0.93, 1°=62.4%). Similarly, a lower
risk of asthma was found in children who had more exclusive breastfeeding versus less
exclusive breastfeeding (0.81; 0.72-0.91, 1°=44%). Further stratified analysis of different
age groups demonstrated a lower risk of asthma in the 0-2 age group (0.73; 0.63-0.83)
and the 3-6 age group (0.69; 0.55-0.87), there was no statistically significant effect on
the 7+ age group.

Conclusion
The finding suggests that the duration and exclusivity of breastfeeding are associated
with a lower risk of asthma in children less than seven years of age.

REVIEW REGISTRATION
PROSPERO CRD42018099831



INTRODUCTION

The 2018 Global Asthma Report estimates that 339 million people worldwide are
affected by asthma (1). This number continues to rise, particularly in children (2, 3).
Multiple factors contribute to the development of asthma, including genetic
predisposition and environmental factors such as early respiratory infection, antibiotic
use, and smoking exposure (4—6). Despite a multitude of studies on the subject, the
relationship between breastfeeding and asthma continues to be difficult to elucidate.
This is due to a variety of challenges, such as recall bias of breastfeeding exposure,
inconsistent statistical management of confounders, variable definitions of diagnosis
and a general scarcity of randomized control trials (RCT) and high quality cohort studies
(7, 8).

Three previous systematic reviews with meta-analyses related to asthma and
breastfeeding have been published in the last 10 years (Table E-1) (8-10). Two
indicated that any breastfeeding or increased breastfeeding was protective against
asthma. The third review showed no statistically significant association between
breastfeeding and asthma (10). These previous reviews included many case-
control/cross-sectional studies of low quality, used less specific outcomes such as
wheezing and self-reported asthma (8—10), and one of them only looked at children
over the age of 5 (9, 10). All meta-analyses had substantial heterogeneity. The most
recent review was completed by Lodge et al. (9) and included articles up until 2014.

We aimed to provide an updated meta-analysis exploring the relationship between
breastfeeding and asthma in childhood. To increase the quality of the included studies
and reduce heterogeneity relative to prior meta-analyses , the current analysis was
restricted to cohort studies and/or RCTs. Strict definitions of asthma were used to
develop a more specific assessment for how the duration and exclusivity of
breastfeeding impact the development of childhood asthma at different ages.



METHODS

Search strategy

In brief, a comprehensive search of cohort studies published until January 2020 in
MEDLINE, EMBASE, CINAHL and ProQuest Nursing and Allied Health databases were
used. A manual search through references of included studies and review articles for
additional resources was also carried out. Full details of the search can be found in
Table E-2. Further details on the study protocol can be accessed on PROSPERO (ID:
CRD42018099831).

Study selection, inclusion, and exclusion criteria

Studies were eligible for inclusion if 1) they captured breastfeeding data (i.e. presence,
duration, and/or exclusivity), 2) had an outcome of a diagnosis of asthma fitting below
criteria, 3) included data for children <18, and 4) was a cohort study/RCT.

Definitions of breastfeeding
e Exclusive breastfeeding was based on WHO criteria, where infants received only
breast milk with no other liquids or solids. All other types of breastfeeding that did
not meet these criteria were categorised as partial breastfeeding, ie.
breastfeeding with solids/formula.
e Breastfeeding Interventions:

o More exclusive versus less exclusive breastfeeding encompasses
comparisons where exclusive breastfeeding was done relatively longer
than the comparator. For example, exclusive breastfeeding >3 months
compared to exclusive breastfeeding <3 months or partial breastfeeding 1
month or no breastfeeding.

o More versus less breastfeeding encompasses all comparisons where the
intervention was relatively longer in duration than the comparator. For
example, exclusive breastfeeding >3 months versus exclusive feeding <3
months or partial breastfeeding >1 month versus no breastfeeding

o Ever versus never encompasses any breastfeeding duration that was
compared to no breastfeeding at all.

Definition of asthma

Only studies with either physician-diagnosed asthma or appropriate strict guidelines for
asthma definition were included. These guidelines included BTS/SIGN, GINA and
Canadian Pediatric Society (11-13). Alternatively, included studies could use secondary
outcomes of asthma severity such as hospitalisation, medication use, and spirometry.



Data extraction

Two evaluators (M.X. and E.D.) independently assessed all articles through abstract
and title screening. Articles that met the inclusion criteria during the initial screening
underwent full-text screening to determine eligibility for data extraction. Any
disagreements at the level of abstract/title or full-text screening were resolved through
consensus. Where consensus between the two evaluators was not possible, a third
reviewer was consulted (O.K.). Figure 1 shows a flowchart with the article identification
process.

Data were extracted using a standardised form and included author name, study
design, study period, age of assessment, country, sex, risk factors, asthma definition,
reported breastfeeding and method of assessment, study outcomes, and adjustment for
confounders.

The primary outcome of interest was asthma risk. The secondary measures of interest
were asthma severity. The effect sizes reported on the risk of asthma and/severity
outcomes included information on hazard ratios, risk ratios, odds ratios, and prevalence.

Risk of bias assessment

The risk of bias of individual articles was evaluated using a modified Newcastle-Ottawa
Scale (NOS) for cohort studies (Table 1). When assessing the comparability of cohorts,
the confounders of interest were gestational age, family history of asthma/atopy and
pre/post-natal exposure to smoking. This was based on previously identified significant
asthma risk factors (14). In addition, article quality was then translated to ‘good,’ ‘fair,” or
‘low’ based on the number of stars and additional preset criteria (Table 1). This step
was important as certain study features are more relevant to the overall quality than
others but may receive the same weighting in the standard NOS system. The method
for converting the NOS stars was adapted from a previous study published by the
AHRQ and outlined in Table 1 (15).



Table 1. Study quality based on Modified* Newcastle Ottawa Score for cohort studies.

Article
Ajetunmobi et al.
20153
Alm et al. 20083
Bacopoulou et al.
20095
Bion et al. 20162*
Burr et al. 1993%2

Celind et al. 2018*

Chiu et al. 20162

Davidson et al.
2010%7

den Dekker et al.
2016
Elliot et al. 20088

Fredriksson et al.
20074

Karmaus et al.
20083t

Kiechl-Kohlendorfer
et al. 20074

Klingberg et al.
20193

Klopp et al. 20173
Kull et al. 20024

Lee et al. 20173

Leung et al. 201623

Mandhane et al.
2007%

Mcconnochie et al.
19865

Midodzi et al.
2010%

Midwinter et al.
1987%

(1)
Representative
ness of the
exposed cohort

(2)
Selection
of the non-
exposed
cohort

(3)
Ascertainment
of exposure

(4)
Appropriate
temporality

for

breastfeeding
assessment*

(5)
Comparability
of cohorts
based on the
design or
analysis
controlled for
confounders

(/2)

%

k%

K%k

%

* %k

* %k

k%

%

* %

(6)
Assessment
of outcome

(7)
Appropriate
number of
follow-ups
conducted for
detection of
outcome*

(8)
Adequac
y of
follow-up
of
cohorts

Total( /9)

Quality*

fair

fair

low

good

low

fair

good

low

fair

low

fair

good

fair

good

good
fair
good

good

low

low

good

low



Mihrshahi et al.
2007

Milner et al. 200452

Miyake et al. 20084

Nwaru et al. 2013
(1)25

Nwaru et al. 2013
(2)53

Oddy et al. 2002%’
Oddy et al. 200428
Sbihi et al. 2016>*
Silvers et al. 2009%
Silvers et al. 2012%¢
Standl et al. 2012%°
Sunyer et al. 2006

Turner et al. 2008*°

van Meel et al.
20173°

Von Kobyletzki et al.

2012%°

Wickman et al.
20033

Wilson et al. 19983
Wright et al. 2000%°

Wright et al. 2001°¢

Yamakawa et al.
2015%

*NOS Modifications

1.  Selection:

a.

b.

* * * *% * * * 8
* _ - - - * * 3
* - * * - * - 5
* * * k% - * * 8
* - * * %k - * - 5
* - * ET3 ~ * % 7
* - * *% _ * * 7
* * _ * * * * 7
* - * K%k - * * 7
* - * *% _ * * 7
* * * - - * - 5
* * * * - - * 6
* _ * sk - * - 7
* - * *% _ * * 7
* - * * _ * _ 5
* _ * * _ * * 6
* * * * - - * 6
* * * * - * - 6
* * * - - * - 5
* _ * * _ * * 6

Demonstration that outcome of interest was not present at the start of the study - since this is essentially an assessment
of temporality of the exposure but is not particularly applicable to the types of articles we are screening, we will change it
to:

Does the article assess for breastfeeding at an appropriate time to avoid recall bias (i.e. <2 years of age)

2. Comparability: Our 3 adjusted confounders will be: A study will receive 1 star for adjusting for all 3 and an additional 1 star for
adjusting for other confounders

a.
b.
C.

Family history of asthma or atopy
Gestational age
Cigarette exposure pre or post-natal

3.  Outcome: Follow up length

a.
b.

(o8

Follow up length is not relevant for the detection of outcome we are looking for
Instead we will look at the frequency of follow up as this is more sensitive for transient asthma diagnoses that may not be
chronic

This will be rater dependent; however, points that will be considered include the total number of follow-ups as well as

the timing of the follow-ups(i.e. Asthma at 10 years, 4 well-spaced follow-ups vs 3 in the first year and 1 at 10 years)

**Newcastle-Ottawa Score conversion to AHRQ - low, fair and good quality scale:

- Low:
o

<4 NOS stars OR no adjustment for confounders (5) OR non-representative population (1) OR major flaw in methodology
as determined by assessors

fair

low

fair

good

low

good

good

low

good

good

low

fair

fair

good

fair

fair

fair

fair

low

fair



Fair:
o 4-6 NOS stars with adjustment of confounders (5) AND representative sample (1) AND an appropriate number of follow-
ups conducted for detection of outcome (7)
Good:
o >6 NOS stars AND adjustment of confounders with the inclusion of key confounders (5) AND representative sample (1)
AND an appropriate number of follow-ups conducted for detection of outcome (7) AND assessment of breastfeeding at a
temporally appropriate time to reduce recall bias (4)



Data synthesis and statistical analysis

Data are grouped based on type of breastfeeding, duration of breastfeeding, and
asthma outcome variables. The analysis was further stratified by different age groups
(0-2, 3-6 and 7+ years), and study quality. The duration of breastfeeding was analysed
as more versus less breastfeeding, ever versus never breastfeeding, breastfeeding for
>3 months versus <3 months and >6 months versus <6 months. For studies that
collected data at multiple ages in the same participants, only the oldest was used in the
analysis. If a study had a group comparing the duration of feeding 4 months versus one
month, it would be included in the >3 versus <3-month analysis. Studies that compared
multiple different feeding durations to the same reference group could have multiple
groups in the same analysis but no two included groups could have overlapping
intervention groups. Studies could have groups included in multiple different analyses
(i.e.. exclusive more versus less, ever vs never, age stratified analysis, etc.). Studies
that did not have duration-specific comparisons but instead used per month of additional
breastfeeding as outcomes could not be included within the meta-analyses.

Where available, adjusted hazard ratios, odds ratios or relative risks were preferentially
extracted in the data extraction sheet. A very limited number of studies reported hazard
ratios and relative risks; only studies that reported odds ratio were used to estimate
pooled effect size during meta-analysis using a random-effects inverse variance method
(16). We also assessed the publication bias using a funnel plot and Begg’s test for
small-study effect (17, 18). Heterogeneity was assessed by I? statistics and potential
sources of heterogeneity for a number of variables (age, study design, country of study,
birth cohort, and ethnicity) using meta-regression (19). The meta-analyses were
conducted using Stata (version 16) software.

RESULTS

Search findings

The database search resulted in 3069 articles (Figure 1). Following initial title/abstract
screening, 193 full-text articles were reviewed for eligibility based on the criteria
described above. A total of 42 articles met the inclusion criteria, from which data were
extracted; however, data from only 23 articles were suitable for meta-analysis. Thirty-
seven articles analysed breastfeeding's impact on asthma development, and 5 analysed
its impact on asthma severity (Figure 1). Of these 42 studies, 38 were prospective
cohorts, and 4 were retrospective cohorts. No RCTs met inclusion criteria. Thirty-seven
articles from western countries and 5 articles from eastern countries were identified;
however, there was no representation of low income countries as defined by the World
Bank (20). See Table E-3 for individual study information.



Study quality: Risk of bias assessment

Of the 42 articles, 14 (33%) were of good quality (21-34), 16 (38%) were of fair quality
(35-50), and 12 (29%) were of low quality (51-62) based on our modified NOS scoring
system (Table 1). Low-quality articles typically were single-centre studies, tertiary care
settings, or populations selected for specific illnesses. Additionally, they may not have
had an appropriate assessment of breastfeeding to minimise recall bias, lacked
adjustments for major confounders and/or did not assess for asthma within optimal time
frames. Of the 42 included articles, 32 (76%) adjusted for multiple confounders and 18
articles (43%) adjusted for three key confounders (gestational age, family history and
smoking exposure) (31). Overall, a large majority of studies (71%) fell within fair and
good quality for cohort studies.

Diagnosis of asthma

Children who had more exclusive breastfeeding compared to those with less exclusive
breastfeeding had a 19% lower risk of asthma (OR=0.81; 95% CI: 0.72-0.91, 1>=44.0%)
(Figure 2). Similarly, children with more breastfeeding compared to those with less
breastfeeding had a 16% lower risk of asthma (OR= 0.84; 95% CI: 0.75-0.93 I?=
62.4%). For children that were ever breastfed compared to never breastfed the lowered
risk was not statistically significant (OR= 0.87; 95% ClI: 0.72-1.04, 1>= 72.6%) (Figure 2).

For children with more exclusive breastfeeding versus less, when either low quality
studies or both low and fair quality studies were excluded, the protective effect against
asthma remained similar at 18% and 19% respectively (Figure 3). However, for the
more versus less breastfeeding analysis, the 16% protective effect against asthma was
greater when excluding low quality articles (19%) or both low and fair quality articles
(18%). In the case of ever versus never breastfeeding, exclusion of low quality (OR =
0.77; 0.63, 0.95, 12=44.8%) or low and fair quality studies (OR = 0.81; 0.66, 0.998,
1°=47.1%) demonstrated a greater magnitude and developed a statistically significant
difference (Figure 3).

Duration of breastfeeding

Children with exclusive breastfeeding for >6 months compared to <6 months had a 30%
lower risk of asthma (0.70; 0.53-0.92) (Figure 3); however, this data was pooled from
only two articles (37, 49). The article published by Wickman and colleagues in 2003
assessed 4089 children for doctor-diagnosed asthma at two years of age. They found a
statistically significant benefit with >6 months versus <3 months of exclusive
breastfeeding (0.67; 0.5-0.91). The second study, published in 2008 by Turner and
colleagues, included 154 infants recruited from a single antenatal clinic. They found no
statistically significant benefit for doctor-diagnosed asthma diagnosis at 3, 6, and 11



years, although values trended toward a beneficial effect, particularly in the 3-year-old
analysis (0.44; 0.19-1.00). Both studies were assessed as fair-quality. Exclusive
breastfeeding for >3 months versus <3 months had 25% lower risk of asthma (0.75;
0.65-0.87).

Children with any type of breastfeeding for >6 months compared to <6 months had a
24% lower risk (0.76; 0.68-0.85). Any breastfeeding for >3 months versus <3 months
had a 21% lower risk of asthma (0.79; 0.71-0.87).

Age of children

Breastfeeding in the age group 0-2 and 3-6 years old had 27% and 31% lower risk of
asthma respectively, but no statistically significant effect in the 7+ age group (Figure 3).
Articles in the meta-analyses for ages <7 were predominantly good/fair quality, while
age 7+ articles were predominantly of low quality and mainly came from different age
groups from a single study (59).

Asthma severity

Five articles assessed the duration of breastfeeding on the impact of asthma severity
(23, 35, 40, 44, 57). There were no articles that quantified the number of exacerbations,
medication use, frequency, or spirometry. The surrogate marker of severity commonly
seen within these studies was hospitalisation due to asthma. There was little
consistency in the potential trends/effects of breastfeeding. Two articles demonstrated
trends towards protective odds ratios (40, 44), and two articles had trends towards
harmful hazard ratios (23, 35) and the fifth contained only prevalence data (57). We did
not perform a meta-analysis due to inconsistent outcome measures, few articles, and
lower quality studies.

Publication bias and small study effects

Publication bias was assessed by graphical representation of funnel plots, and the
Begg’s test assessed small study effects. We found no publication bias and no small
study effects for exclusive breastfeeding versus less exclusive breastfeeding, more
breastfeeding versus less breastfeeding, and for ever breastfeeding versus never
(Figure 4).

Heterogeneity

The heterogeneity was measured using the I statistics. There was wide variation in
heterogeneity ranging from 44% in the exclusive breastfeeding group to 62% in the
more versus less breastfeeding group and the highest (73%) in the ever versus never
breastfeeding group. We explored the potential sources of heterogeneity (study design,
birth cohort, ethnicity, country, and age) in ever versus never breastfeeding using a



meta-regression command. Only the ethnicity (p<0.03) was found to contribute to
heterogeneity significantly whereas, no statistically significant heterogeneity was
contributed by study design (p=0.729), country of study (p=0.680), and age (p=0.815).
Birth cohort was dropped from the model due to collinearity.

DISCUSSION

This systematic review and meta-analysis demonstrated that both longer duration of any
breastfeeding and exclusive breastfeeding is associated with a decreased likelihood of
developing asthma, particularly in children <7 years old. The results of longer duration
of any breastfeeding demonstrated similar protective effects compared to prior reviews;
however, this review is the first to clearly demonstrate a pooled protective effect of
longer duration of exclusive breastfeeding.

Current WHO guidelines recommend exclusive breastfeeding for six months (63).
Although the findings of our study support this recommendation, only two articles were
included in the meta-analysis for exclusive breastfeeding >6 months versus <6 months
(37, 49). This likely reflects the challenge that many parents experience with meeting
this recommendation. In addition, national breastfeeding guidelines vary in their
recommendations for timing of solid food introduction, with many citing 4 to 6 months
(64). We found a reduced risk for asthma development in children with >3 months of
exclusive breastfeeding when compared with those <3 months. Additionally, any
breastfeeding for more than three months and six months showed a significant benefit
for asthma prevention. Thus, babies who do not meet the six months of exclusive
breastfeeding guidelines may still receive some protection against asthma development
with partial or intermittent breastfeeding.

When stratifying by age, the benefit of breastfeeding was evident for ages 0-2 and 3-6,
but no benefit was seen in those 7+ years of age. This lack of effect may be driven by a
broad representation of low-quality articles within that analysis. It may also be that
breastfeeding protects against earlier-onset asthma rather than late-onset asthma as
has previously been suggested (8). This phenomenon was described in an article by
Shbihi and colleagues (65), which examined a nationally representative Canadian birth
cohort of 11,652 children. They identified three different childhood asthma trajectories:
late-onset non-remitting, early-onset chronic, and transient asthma. A lack of
breastfeeding only led to increased risk of transient and early onset of chronic asthma.
There was no significant impact of breastfeeding in the late-onset cohort, suggesting
that factors other than breastfeeding may be equally or more important to asthma
development in older children.



Strengths and Limitations

With our updated search, 11 new cohort studies were identified since 2014 (21, 22, 26,
28-31, 35, 48-50), when the most recent systematic review search was conducted (8).
Our search was broad and incorporated more databases than other recent systematic
reviews (8-10). Of the recently completed systematic reviews, only Lodge and
colleagues included any allied health databases. Inclusion/exclusion criteria were more
stringent than previous studies, as we included only cohort studies. This improves the
overall quality of the meta-analyses and mitigates recall bias. Similar breastfeeding
cutoffs were used with prior systematic reviews with the addition of a more exclusive vs
less exclusive comparison in our study.

Additionally, we selected studies with clear reporting of physician diagnosis of asthma
or strict guideline-based diagnosis of asthma (8, 66). Prior systematic reviews included
studies with wheeze as an outcome (8-10). This could have confounding effects as
breastfeeding may also reduce viral-induced wheeze. Our approach does not
completely reduce the potential for misdiagnosis of asthma as objective physiological
evidence was not assessed in these studies. However, performing spirometry,
bronchodilator reversibility, or bronchial provocation challenges is often not feasible in
young children. On the flip side, by limiting the diagnosis of asthma, some of the
nuances of a highly heterogeneous disease may be lost. As well, we were unable to
stratify for current asthma and ever asthma which was done by Dogaru et. al.

To assess quality, we adapted the Newcastle Ottawa Scale (NOS) to place more weight
on a study's ability to prevent recall bias, adjust for confounders and assess asthma
within reasonable time frames. These are important factors that would not be directly
accounted for in the standard NOS for cohort studies. Despite a strict scoring system,
37% of studies were considered fair, and 35% of studies were of good quality. It is
difficult to directly compare the quality of analyses within our study to previous
systematic reviews as each used different quality criteria; however, they all report the
majority of studies being of low or very low quality within their analyses (see Table 1).

Heterogeneity in the data depended on the analysis, but the majority were within the
moderate range (Figure 3). For major analyses, our heterogeneity was similar or lower
compared to analyses in previous systematic reviews. This may be explained by our
use of more stringent inclusion criteria, including limitation to cohort studies and
physician/criterion diagnosed asthma, thus reducing methodological heterogeneity.
Despite this, some analyses still showed considerable heterogeneity, with the country
being the major contributor. This could be related to prognostic factors within different
countries.



Although we aimed to improve the quality of our meta-analyses by restricting
observational data to cohort studies, this limited the total number of studies available.
For example, we did not identify any robust cohort studies assessing the relationship
between asthma and breastfeeding in low-income countries, thus leading to less
generalizability in those regions.

There was limited data addressing maternal atopy and its influence on breastfeeding
effects. Similarly, we were unable to stratify by sex, which has been highlighted as a risk
factor in recent literature with evidence that childhood asthma severity and frequency
are differentially affected by the pubertal stage between males and females (67). It
would be interesting to learn if breastfeeding similarly has differential benefits impacted
by sex. The additional restriction of articles to the English language may have also
introduced bias into our results, reducing the generalizability.

Conclusions

This review highlights that breastfeeding has an important role in reducing the risk of
developing asthma in early childhood. Compared to previous systematic reviews, the
relationship is better established due to the higher quality of articles used in the meta-
analyses. This result, along with many other health benefits attributed to breastfeeding,
reinforces breastfeeding recommendations by national and international bodies.

Future studies designed to explore the relationship between breastfeeding and asthma
should utilise prospective cohort design to minimise recall bias in breastfeeding duration
and regularly assess for the diagnosis and current symptoms of asthma. Stringent
criteria for diagnosis should be used to minimise misdiagnosis of wheeze due to other
causes. Studies need to ensure confounders are accounted for and aim to adjust for
key confounders such as gestational age, exposure to cigarette smoking, and atopic
history.
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Figure 2. Pooled effect sizes and quality* of main analyses (a) more exclusive** breastfeeding vs less exclusive breastfeeding, (b) more
breastfeeding vs less breastfeeding, and (c) ever versus never breastfed
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Figure 3. Pooled effect sizes of all meta-analyses including breastfeeding type, duration, age, and study quality
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Figure 4. Funnel plots evaluating for publication bias in the main analyses (a) More exclusive* breastfeeding versus less exclusive breastfeeding, (b)
more breastfeeding versus less breastfeeding, and (c) ever breastfed versus never breastfed
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Table E-1. Summary of recent systematic reviews and meta-analyses

Avrticle

Lodge 2015,
Acta Paediatrica

Dogaru 2014,
American
Journal of
Epidemiology

Brew 2011,
Paediatric and
Perinatal
Epidemiology

Databases Date of

PubMed,
CINAHL
and
EMBASE

PubMed
and
EMBASE

search

July 2015

December
2013

MEDLINE  August

and
EMBASE

2011

Inclusion Criteria

Observational (cohort and non-
cohort) and experimental studies
published in full length in English
with wheeze at any age and/or
asthma >= 5 years of age.
Excluded studies on premature
births. Included outcomes were
spirometric or physician diagnosed
asthma including parental report or
from database and reported
asthma or wheeze.

Fully reported original observational
studies (cohort and non-cohort)
published in English, excluding
studies in special populations (e.g.
atopic history) and those exploring
only asthma severity. Included
outcomes are physician-diagnosed
asthma including parental report,
treatment for asthma/wheezing,
and parental reports of wheezing in
the last 12mo.

Observational (birth cohort and
non-cohort) of children 5-18 years
age at follow-up with breastfeeding
data of 'any’, 'none’, or exclusive for
at least 3-4 months. Included
outcomes were current wheezing
illness (within the last 12mo).

Major Number

Outcomes of Studies

Analysed

Asthma or 29
wheeze

Asthma 113
ever,
current

asthma

Current 31
wheezing
illness

Major Results (Odds
[C195%,

Heterogeneity])*

Ever vs. Never
0.88 (0.82, 0.95)
12=44%

Exclusive

>3-4 vs. <3-4 months
0.89 (0.71, 1.11)
12=72%

More vs. Less 0.90
(0.84, 0.97)

12=63%

More vs. Less

(ever diagnosed with
asthma)

0.79 (0.74, 0.84)
12=71.4%

More vs. Less
(asthma symptoms
within 12mo)

0.76 (0.67, 0.86)
2=91.6%

Ever vs. Never 0.97

(0.90, 1.04)
2= 63%

Exclusive

>3-4 vs. <3-4 months
0.96 (0.86, 1.06)
12=54%

Subgroups Analyzed

age (5-10, >10),
study size, year at
birth, study design,
length of
breastfeeding,
control for
confounding, country
affluence

Age (0-2, 3-6, >=7),
design, country
affluence, study
quality, study year

Age (5-8, 8-18),
Study type,
adjustment for
confounding, feeding
recall, retention rate,
country affluence,
definition of
wheezing illness

*Definitions of Ever vs. Never and More vs. Less breastfeeding were equivalent between studies and consistent with definitions used in the current review

Study Quiality

NOS/Grade
Score
very low to low

Kramer Criteria
low: 56%,
medium: 35%,
high: 14%

Study-specific
criteria

Ever vs. Never -
very low or low:
61%

Exclusive - very
low or low: 54%



Table E-2. Search terms and results of database searches

PubMed

CINAHL

EMBASE

ProQuest Nursing/Allied
Health

Summary

Search Details

Search terms:
(breastfe* OR breast
fe* OR "infant
nutrition" OR "breast
milk" OR "human
milk" OR wean* OR
bottle fe*) AND
(asthma OR wheez*
OR bronchospasm OR
"bronchial
hyperreactivity" OR
"bronchus
hyperreactivity" OR
"bronchial
hypersensitivity")

filters:
human
children 0-18
english

result: 985 articles

Search terms:
(breastfe* OR breast
fe* OR "infant
nutrition" OR "breast
milk" OR "human
milk" OR wean* OR
bottle fe*) AND
(asthma OR wheez*
OR bronchospasm OR
"bronchial
hyperreactivity" OR
"bronchus
hyperreactivity" OR
"bronchial
hypersensitivity")

filters:
english

result: 333

Search terms:
(breastfe* OR breast
fe* OR "infant
nutrition" OR "breast
milk" OR "human
milk" OR wean* OR
bottle fe*) AND
(asthma OR wheez*
OR bronchospasm OR
"bronchial
hyperreactivity" OR
"bronchus
hyperreactivity" OR
"bronchial
hypersensitivity")

filters:

human

English

Child of unspecified
age

result: 973

Search terms:
(breastfe* OR breast
fe* OR "infant
nutrition" OR "breast
milk" OR "human
milk" OR wean* OR
bottle fe*) AND
(asthma OR wheez*
OR bronchospasm OR
"bronchial
hyperreactivity" OR
"bronchus
hyperreactivity" OR
"bronchial
hypersensitivity")

filters:

Adolescent (13-18
years), Child (6-12
years), Infant (1-23
months), Newborn
(birth to 1 month),
Preschool child (2-5
years)

English

result: 305

Search Results June
2018:

Total: 2596 (from 4
databases)

After removal of
Duplicates: 2096

Renewal Search (June
2018-Jan 2020)
Pubmed, CINAHL,
EMBASE and
ProQuest
Nursing/Allied Health
were re-searched for
the above timeframe
a total of 473 articles
(50, 24 and 169 + 230)
— 429 after duplicate
removal




Table E-3. Summary of study characteristics

Article Cohort Design Country Study Cohort |Age Breastfeeding Groups Effect Size |Outcome** Quality
Period Size (years) Type (cut off)+ included in Measure*
analyses
(months)
Ajetunmobi | National Health Service, Retrospective | Scotland 1997-2009 [502948 |0-15 exclusive None HR Hospitalization discharge Fair
et al. 201535 |National Services Scotland (1-2 months) diagnosis
Alm et al. Infants of Western Prospective |Sweden 2003-2004 {4921 |1 partial >9 vs 5-8 OR Criteria: wheezing disorder Fair
200836 Sweden (9 months) >9 vs 0-4 and inhaled corticosteroids
(ICS) use
Bacopoulou |Greek National Perinatal |Prospective |Greece 1983-2001 (6643 |0-7 exclusive >3 vs 0 OR Physician diagnosis and Low
et al. 20095 |Survey (3 months) treatment
Bion et al. Isle of Wight Cohort Prospective |England 1989-2008 (1087 |10, 18 exclusive, partial [>6vs 0 RR Physician diagnosis and Good
20162 (4,6 months) <6 vs 0 wheeze or treatment in past
4vs 0 12 months
The Food Allergy and 2001-2011 |460 |10 <4vs0
Intolerance Research
Cohort
Burr et al. No name Prospective |Wales 1982-1989 (452 0-7 ever None Pr Study pediatrician diagnosis |Low
199352
Celind etal. [No name Prospective |Sweden 2003-2015 {2433 |12 partial >4 vs <4 OR Physician diagnosis and Fair
20184 (4 months) wheeze or treatment in past
12 months
Chiu et al. Prediction of Allergies in Prospective |Taiwan 2007-2010 (138 2,3,4 partial >6 Vs <6 OR GINA guideline and either Good
201622 Taiwanese Children (6 months) recurrent wheeze or current
treatment with confirmation
by study pediatric
pulmonologist
Davidson et | Oxford Record Linkage Retrospective | England 1970-1989 (4017 |2-11+ ever None Pr Hospitalization with ICD Low
al. 2010%7 Study codes
den Dekker |Generation R Study Prospective |Netherlands|2002- 4093 |0-6 exclusive, partial |None OR Physician diagnosis and Fair
et al. 2016%2 ongoing (4,6 months), wheeze in past 12 months
ever, per month
Elliot et al. Avon Longitudinal Study of | Prospective |England 1991- 8131 |7.5 exclusive >4 vs <4 OR Physician diagnosis and Low
20088 Parents and Children ongoing (4 months) either wheeze or treatment
in past 12 months
Fredriksson |No name Prospective |Finland 1984-1997 (385 7-14 partial 4-6 vs 0-3 OR, Pr Physician diagnosis Fair
et al. 200743 (multiple 3-12 7-9 vs 4-6
months) 10-12 vs 4-6
>12 vs 4-6
Karmaus et |lsle of Wight Cohort Prospective |England 1989-2008 1342 |1-10 partial >3 vs <3 RR Physician diagnosis and Good
al. 200831 (3 months) wheeze in past 12 months




Kiechl- Survey of Tyrol, Austria Prospective |Austria 1994-2005 | 33808 |5-11 exclusive, partial [None OR, Pr Hospitalization with ICD Fair
Kohlendorfer (1-2 months) codes and 2 study pediatric
et al. 20074 pulmonologist confirmation
Klingberg et | All Babies In Southeast Prospective |Sweden 1997-2014 {9286 |0-17 partial >9.75vs<7.5 |[OR ICD codes for atopic/non- Good
al. 201932 Sweden Cohort (9-10 months) atopic asthma
Klopp et al. |Canadian Healthy Infant Prospective |Canada 2009-2015 |2534 |3 exclusive >3 vs 0 OR, Pr Possible/probably asthma Good
201733 Longitudinal Development (3 months), diagnosis by medical
Study ever professional
Kull et al. Children, Allergy, Milieu, |Prospective |Sweden 1994-1996 (321 0-2 exclusive >6 vs <6 OR, Pr Criteria: either 3 wheeze Fair
20024 Stockholm Epidemiological (4 months), >4 vs <4 episodes and ICS, or
Cohort partial hyperreactivity without signs
(6 months) of respiratory infection
Lee et al. No name Prospective |Taiwan 1998-2009 (737 3-6 partial >1 vs <1 OR Physician diagnosis with Good
201734 (1 month) exercise induced cough
and/or night cough >2 weeks
in past 6 months
Leung et al. |Children of 1997, Hong Prospective |Hong Kong |1997-2012 |8301 |0.25-12 exclusive, partial |None HR Hospitalization based on ICD |Good
20162 Kong Chinese Birth Cohort (3 months) codes
Mandhane et | Dunedin multidisciplinary |Prospective |New 1972-1998 |418 9 partial >1vs 0 OR, Pr Current wheeze and Low
al. 20075° health and development Zealand (1 month), methacholine challenge
research study ever
Mcconnochie | No name Retrospective | USA 1971-1981 | 224 0-10 ever >0 vs <0 RR, Pr Physician diagnosis and Low
et al. 198660 treatment
Midodzi et Canadian Early Childhood |Prospective |Canada 1996-2003 {8499 (2-5 partial >3 vs 0 HR, Pr Physician diagnosis Good
al. 201024 Development cohort (3 months) <3vs 0
Midwinter et | No name Prospective |England 1979- 367 0-5 exclusive None Pr Physician diagnosis Low
al. 198761 1984 (1 month),
Ever
Mihrshahi et | No name Prospective |Australia 1997-1999 |516 5 partial >6 vs <6 OR, Pr Wheeze in past 12 months Fair
al. 200746 (3,6 months), >3 vs <3 with previous diagnosis,
ever >0 vs <0 hospitalization or positive
bronchodilator test
Milner et al. |National Maternal and Retrospective | USA 1988-1991 |8071 |0-3 ever >0 vs <0 OR, Pr Diagnosis by medical Low
200462 Infant Health Survey professional
Miyake et al. |Osaka Maternal and Child |Prospective |Japan 2001-2005 | 763 0-2 Exclusive >4 vs <4 OR, Pr Physician diagnosis Fair
20084 Health Study (4 months) >6 vs <6
Partial
(6 months)
Nwaru et al. |Study of Eczema and Prospective |Scotland 1997-2008 (879 0-10 exclusive, partial [»>3.75vs 0 OR Physician diagnosis Good
2013 (1)» Asthma to Observe the (2-3, 3-4 months), [<3.75vs 0

influence of Nutrition

ever




Nwaru et al. |Finnish Type 1 Diabetes Prospective |Finland 1994-1999 |2617 |5 partial 9.5 vs <5 HR Physician diagnosis and Low
2013 (2)%3 Prediction and Prevention (9-10 months) 9.5 vs 5.0-9.5 either wheeze or asthma
treatment in past 12 months
Oddy etal. |[Western Australian Prospective |Australia 1989-1996 {1980 |6 exclusive >4 vs <4 OR, Pr Physician diagnosis and Good
20027 Pregnancy Cohort (4 months) wheeze in past 12 months
Oddy etal. |[Western Australian Prospective |Australia 1989-1996 (1485 |6 per month None OR Physician diagnosis and Good
200428 Pregnancy Cohort wheeze in past 12 months
Sbihi et al. The Border Air Quality Retrospective | Canada 1999-2009 {65448 [0-10 ever >0 vs 0 OR Physician billing/discharge Low
20165 Study ICD codes
Silvers et al. [New Zealand Asthma and |Prospective |New 1997-2002 {1011 |[0-1.25 per month None OR Physician diagnosis and Good
2009%° Allergy Cohort Study Zealand wheeze in past 12 months
and inhaler
Silvers et al. |New Zealand Asthma and |Prospective |New 1997-2007 {999 2 per month None OR Physician diagnosis and Good
20122 Allergy Cohort Study Zealand wheeze in 12 months and
inhaler
Standl et al. |GINIplus & LISAplus Prospective |Germany 1995-2008 {1691 |[0.5-10 exclusive None Pr Physician diagnosis with IgE  [Low
201255 1997-2009 (multiple 1-6 for atopic asthma
months)
Sunyer et al. [Menorca, Spain Cohort Prospective |Spain 1997-2004 |332 0-6.5 ever >0 vs 0 OR Physician diagnosis Fair
200648 Study
Turner et al. |No name Prospective |Australia N/A 253 2-11 exclusive >6 vs <6 OR Physician diagnosis Fair
20084 (6 months)
van Meel et |Generation R Study Prospective |Sweden 2002-2016 |4464 |10 exclusive, partial [>6vs 0 OR Physician diagnosis and Good
al. 201730 (6 months), ever, [>6vs <2-4 either wheeze or treatment
per month >6 vs 4-6 in past 12 months
Von Dampness in Building and |Prospective |Sweden 2000-2005 (3017 |1-5 partial >6 vs <6 Pr Physician diagnosis Fair
Kobyletzki et |Health (DBH)
al. 201250
Wickman et |Children, Allergy, Milieu, |Prospective |Sweden 1994-1998 |3692 |0.25-2 exclusive >6 vs <3 OR, Pr Criteria: 3 wheeze episodes | Fair
al. 200337 Stockholm Epidemiological 4-5 vs <3 and either ICS or
Cohort hyperreactivity without signs
of respiratory infection
Wilson et al. |Dundee Infant Feeding Prospective |Scotland 1983-1993 | 545 0-10 exclusive, partial [None Pr Physician diagnosis or current | Fair
199838 Study (3-4 months), asthma treatment
ever
Wright et al. | Tucson Children's Prospective |USA 1980-1995 (792 0-11 exclusive >4 vs <4 OR Physician diagnosis and Fair
20003° Respiratory Study (4 months) wheeze in the past 12
months
Wright et al. |Tucson Children's Prospective |USA 1980- 926 6-13 exclusive None Pr Physician dx + either wheeze |Low
200136 Respiratory Study ongoing (4 months), ever or asthma symptoms




reported on 2+
questionnaires

Yamakawa et | Longitudinal Survey of Prospective
al. 201540 Babies in the 21st Century

Japan

2001-2008

13853

0.5-3.5

exclusive, partial
(multiple 1-7
months),

ever, per month

None

OR

Hospitalization in past 12
months for asthma

Fair

*HR = hazard ratio, OR = odds ratio, Pr = Prevalence

** OQutcome definitions have been paraphrased for simplicity




