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Abstract
Background: Breastfeeding has been suggested to influence the risk of asthma and 
asthma severity in children. However, the conclusions from epidemiologic studies are 
inconsistent.
Methods: We used data from 960 children (aged 4- 12 years) using regular asthma 
medication who participated in the PACMAN study. Breastfeeding exposure was 
based	on	questionnaire	data	and	stratified	into	(i)	ever	vs	never,	and	(ii)	≥6	vs	<6	months	
duration of breastfeeding. Asthma severity was based on the occurrence of asthma 
exacerbations in the preceding year and/or poorly controlled asthma symptoms dur-
ing the last week of study visit. Odds ratios (ORs) were derived from univariate and 
multivariable logistic regression analyses.
Results: Breastfeeding was associated with a decreased risk of asthma exacerbations; 
adjusted (adj.) OR: 0.55 (95% confidence interval [CI]: 0.35- 0.87). After stratification 
for duration of breastfeeding, the adj. ORs were 0.48 (95% CI: 0.27- 0.84) for duration 
<6	months	and	0.71	(95%	CI:	0.43-	1.20)	for	duration	≥6	months	breastfeeding.	When	
we stratified the analysis by family history of asthma, the association between breast-
feeding and asthma exacerbations was strong and statistically significant only in chil-
dren with a positive family history of asthma; adj. OR: 0.34 (95% CI: 0.18- 0.66). There 
was no association between breastfeeding and risk of poor asthma control; adj. OR: 
1.04 (95% CI: 0.76- 1.41).
Conclusion: In a pediatric population with asthma, children who had been breastfed 
had a statistically significantly lower risk of asthma exacerbations later in life com-
pared to asthmatic children who had not been breastfed.
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1  | INTRODUCTION

Breastfeeding is associated with prevention of immune- mediated dis-
orders such as asthma and allergic susceptibilities; implying a possible 
positive influence on maturation of the neonatal immune system.1 The 
effect of breastfeeding on development of infants’ immune system 

can be explained by different mechanisms; a direct immunomodula-
tion effect or an effect through changing the composition of the gut 
microbiome. Breastmilk contains high levels of factors that can help 
the development of a healthy immune system in the offspring such 
as immunoglobulins, cytokines, lactoferrin, prebiotic fibers and even 
unique microbes.2 The composition of a healthy gut microbiome is 
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highly diverse, whereas reduced gut microbial diversity has been asso-
ciated with a higher risk of immune- related disorders such as asthma 
and allergies.3-5 Breastmilk can influence the microbiome composition 
and activity in infants because of a presence of unique prebiotic struc-
tures and microbes present in human milk.1

Many epidemiologic studies have studied the association between 
breastfeeding and the risk of asthma development and asthma sever-
ity. However, these studies have yielded conflicting results; various 
studies have found a beneficial effect of breastfeeding on the pre-
vention of asthma 6-12 or reported a reduced risk of asthma severity 
in breastfed children,13 but other studies found that breastfeeding 
did not appear to prevent asthma, delay its onset or reduce its sever-
ity.14-17 These apparent inconsistent findings might be due to differ-
ences in the study designs and study population (general population 
vs high- risk population). The protective effect of breastfeeding on 
asthma development has been shown only in the cross- sectional and 
case- control studies, but not in the cohort studies.8 Breastfeeding has 
been associated with lower incidence rate of atopy in high- risk chil-
dren.18 In addition, the definition of breastfeeding differed in previ-
ous studies; not all studies made the distinction between “exclusive 
breastfeeding” and “any breastfeeding.”

The age at which asthma diagnosis was assessed also varied and 
could influence the association. The protective effect of breastfeeding 
might be strongest in early childhood. Prior epidemiological studies that 
addressed the association between breastfeeding and risk of asthma 
looked at these outcomes at different ages; from 2 months to 18 years. 
With increasing age, the possibility of effects from other exposures influ-
encing this association is increasing. It is also likely that the association 
between breastfeeding and asthma/asthma severity is influenced by 
some other factors, for example, duration of breastfeeding. In a recent 
meta-	analysis,	 longer	duration	of	breastfeeding	(≥3	vs	<3	months)	has	
been statistically significantly associated with a reduced risk of asthma in 
children aged 3- 6 years (odds ratio [OR]: 0.84, 95% confidence interval 
[CI]: 0.76- 0.92).10 Moreover, a very recent study reported that a shorter 
duration	of	breastfeeding	(<2	months)	is	associated	with	increased	risk	
of current asthma at age 6 years (OR: 2.19, 95% CI: 1.29- 3.71).7

Conclusion from previous findings is inconsistent; whether breast-
feeding influences asthma severity later in life is still poorly under-
stood and needs more studies. Therefore, in this study, we aimed to 
study the association between exposure to breastfeeding (ever vs 
never) and duration of breastfeeding on asthma severity categorized 
as asthma exacerbations and poor asthma control.

2  | METHODS

2.1 | Study setting and population

For this analysis, we used data from the PACMAN (pharmacogenetics of 
Asthma medication in Children: Medication with Anti- inflammatory ef-
fects) study which started in April 2009 by means of selecting pediatric 
asthma medication users from Dutch community pharmacies. Details 
of this study protocol have been described elsewhere.19 Children aged 
4- 12 years with at least 2 years of medication history available and at 

least three prescriptions for any asthma drug (Anatomical Therapeutic 
Chemical [ATC] code R03) within the last 2 years and at least one 
prescription in the last 6 months were selected from pharmacies in 
different regions in the Netherlands. The selected children and their 
parents were invited to participate in the PACMAN study. The parents 
were asked to fill in a questionnaire to gather information about gen-
eral health, allergies, asthma and respiratory symptoms, asthma con-
trol, healthcare utilization for respiratory symptoms, medication use 
and compliance, beliefs about medicines, environmental and sociode-
mographic factors. Written informed consent was obtained from all 
participants. The Medical Ethics Committee of the University Medical 
Centre Utrecht has approved the PACMAN study.

2.2 | Exposures and outcomes measurement

Exposure to breastfeeding was based on the following: (i) ever vs 
never breastfed—information on breastfeeding was obtained by ques-
tionnaire and dichotomized as Yes or No, and (ii) duration of breast-
feeding—using questionnaire, we subdivided breastfed children by 
duration	of	breastfeeding	(≥6	vs	<6	months).10

Two outcome parameters were used in this study to assess asthma 
severity: (i) asthma exacerbations defined as either prescribed courses 
of oral corticosteroids (OCS) and/or asthma- related visits to an emer-
gency department (ED) in the past 12 months of study visit; and (ii) 
poor asthma control based on the Asthma Control Questionnaire 
(ACQ)-	6	 ≥0.75	 in	 the	 last	week	 of	 study	visit).20 This questionnaire 
assesses asthma control in the previous week by asking questions re-
garding nightly symptoms, limitation of normal daily activities, waking 
in the morning with symptoms, dyspnea, wheeze, cough, chest dis-
comfort, sputum, colored sputum, and need to clear throat.

2.3 | Statistical analysis

Children with missing values on exposure and outcomes were ex-
cluded from data analyses. The baseline characteristics of children 
with and without missing data were compared. Descriptive statistics 
using distributions, means, and standard deviations (SDs) were used. 
Where possible, variables were dichotomized. Univariate and multivar-
iable logistic regression analyses were used to estimate ORs and 95% 
CIs. Factors that could influence the association of breastfeeding with 
asthma severity including age, gender, ethnicity, mother’s education, 
eczema, hay fever, and family history of asthma/allergy were tested 
as potential confounders in multivariable logistic regression analyses. 
Potential confounders that changed the Beta coefficient of this asso-
ciation	by	≥10%	were	included	in	the	final	models.	Additionally,	 in	a	
subgroup analysis we stratified this association by family history of 
asthma. All analyses show the ORs for ever-  vs never- breastfed chil-
dren (we used the never- breastfed group as the reference group). 
Children with missing values on breastfeeding (ever or never) were 
excluded from the analyses. A P- value of .05 was used to assess the 
significance of main effect associations. All statistical analyses were 
conducted using SPSS version 23 (IBM Corp. Released 2015. IBM 
SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp.).
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3  | RESULTS

Data were available for 960 children (mean age was 8.4 years). The 
majority of children in this study were boys (62%). Almost three- 
quarter of the population was breastfed (74%). Data on duration of 
breastfeeding were available for 684 children. In 366 of 684 (53.5%) 
children, the duration of breastfeeding was 6 months or longer. Less 
than half of the population reported poor asthma control (42%) during 
the past week, and 11% reported asthma exacerbations in the past 
12 months of study visit (Table 1). There were no statistically signifi-
cant differences in baseline characteristics of children with and with-
out missing data (Table 2).

The results of univariate logistic regression analyses are presented 
in Table 3.

3.1 | Breastfeeding and asthma exacerbations

In multivariable logistic regression analyses, asthmatic breastfed chil-
dren had a statistically significantly lower risk of asthma exacerbations; 
adjusted OR (adj. OR): 0.55, 95% CI: 0.35- 0.87; P- value: .01. Age and 
reported eczema were confounders in this association and were in-
cluded in the final model. The percentage of children with asthma ex-
acerbations was 9% in the ever- breastfed and 15% in never- breastfed 
children (Pearson chi- square P- value = .007).

After stratification for duration of breastfeeding, the association 
was strong and statistically significant in breastfed children with up to 
6 months duration of breastfeeding (adj. OR: 0.48, 95% CI: 0.27- 0.84; 
P- value: .01) while no longer statistically significant for longer than 
6 months breastfeeding; adj. OR: 0.71, 95% CI: 0.43- 1.20; P- value: 
.20 (Table 4).

To evaluate the influence of family history of asthma on this asso-
ciation, we further stratified our analyses. Our findings showed that 
the association between breastfeeding and asthma exacerbations was 
stronger in children with a positive family history of asthma (adj. OR: 
0.34, 95% CI: 0.18- 0.66; P- value: .001), while the association was no 
longer statistically significant in children without a family history of 
asthma (adj. OR: 1.08, 95% CI: 0.55- 2.14; P- value: .82).

3.2 | Breastfeeding and poor asthma control

No statistically significant association with poor asthma control was 
observed between ever- breastfed compared with never- breastfed 
children (adj. OR: 1.04, 95% CI: 0.76- 1.41; P- value: .83) with no in-
fluence of different durations of breastfeeding (Table 4). For this as-
sociation, family history of asthma as confounder was included in the 
final model.

4  | DISCUSSION

In this study, we showed that breastfeeding in asthmatic children is 
associated with a lower risk of asthma exacerbations, but not with a 

TABLE  1 Study characteristics

PACMAN (n = 960)

Gender (boys), n (%) 599 (62.4)

Age, mean (SD) 8.4 (2.4)

Breastfeeding, n (%)

Ever exposed 714 (74.4)

Never exposed 246 (25.6)

Duration of breastfeeding, n (%)

<6	mo 318 (46.5)

≥6	mo 366 (53.5)

Exacerbations, n (%) 101 (10.5)

OCS use, n (%) 60 (6.3)

ED visit, n (%) 61 (6.4)

Poor	asthma	control	(ACQ-	6	≥	0.75),	n	(%) 399 (41.6)

Allergic symptoms, n (%)

Eczema 612 (63.7)

Hay fever 404 (42.1)

Family history of asthmaa, n (%) 440 (45.8)

Family history of allergyb, n (%) 752 (78.3)

SD, standard deviation; ACQ, Asthma Control Questionnaire; OCS, oral 
corticosteroids; ED, emergency department visits due to asthma.
Asthma exacerbations: either OCSs use or ED visits.
Poor asthma control: based on the Asthma Control Questionnaire 
(ACQ-	6	≥	0.75)	in	the	past	1	week.
aAt least one asthmatic parent.
bAt least one allergic parent.

Missing data No missing data

P- value(n = 35) (n = 960)

Gender, n (%)

Girls 21 (52.5) 362 (37.7) .06

Boys 19 (47.5) 598 (62.3)

Asthma exacerbations, n (%) 1 (3.7) 101 (10.5) .25

Poor asthma control 
(ACQ-	6	≥	0.75),	n	(%)

10 (41.7) 399 (41.6) .94

Asthma exacerbations: either oral corticosteroids use or emergency department visits due to asthma.
Poor	asthma	control:	based	on	the	Asthma	Control	Questionnaire	(ACQ-	6	≥	0.75)	in	the	past	1	week	of	
study visit.

TABLE  2 Differences in baseline 
characteristics of children with and without 
missing data
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lower risk of poor asthma control. In a stratified analysis, asthmatic 
ever- breastfed children with duration up to 6 months compared to 
those who had not been breastfed had a statistically significantly 
lower risk of asthma exacerbations later in life. However, breastfeed-
ing	 for	 longer	duration	 (≥6	months)	was	not	 significantly	associated	
with asthma exacerbations. Remarkably, stratified analyses showed 
that the reduced risk of breastfeeding on asthma exacerbations was 
even stronger in children with a family history of asthma and no longer 
statistically significant in a subset of children without family history 
of asthma.

Previous inconsistent findings regarding the effect of breastfeed-
ing on asthma severity could be due to differences on how asthma se-
verity is measured, for example, wheezing periods and exacerbations. 
Our finding concerning a decreased risk of asthma exacerbations in 
children exposed to breastfeeding is in line with a study from Kenya 
that reported a lower risk of asthma severity in children up to 10 years 
who had been exclusively exposed to breast milk in early life; OR: 0.4 
(95% CI: 0.14- 0.98).13 However, Rust et al showed that in children 

under 6 years, breastfeeding was not associated with a decreased risk 
of asthma severity. In this study, the number of wheezing episodes in 
the prior 12 months was as an indicator of asthma severity in asth-
matic children and the means of wheezing episodes were not signifi-
cantly different in ever-  and never- breastfed children.15

The reduced risk of breastfeeding on asthma exacerbations in our 
study might be explained among others by the influence of breast-
feeding on the immune system.1,21 Breast milk contains unique micro-
biota that might stimulate a well- balanced composition of the infants’ 
gut and airway microbiome.3,22,23 In asthmatic patients, there seems 
to be a microbial dysbiosis, which could make patients more prone 
to respiratory tract infections triggering exacerbations.3 Biesbroek 
et al24 compared the nasopharyngeal microbial composition in the 
upper respiratory tract of 6- week- old exclusively breastfed and exclu-
sively formula fed infants and showed a strong association between 

TABLE  3 Associations between breastfeeding and asthma 
severity, using univariate logistic regression analyses

Crude OR (95% CIs) P- value

Asthma exacerbations

Breastfeeding (ever vs 
never)

0.56 (0.36-0.86) .008

Age 0.86 (0.79-0.94) .001

Gender 1.00 (0.65- 1.53) .99

Ethnicity 0.41 (0.13- 1.32) .13

Mother’s education 0.62 (0.31- 1.22) .17

Eczema 2.69 (1.60-4.52) <.001

Hay fever 1.19 (0.78- 1.80) .43

Family history of asthma 1.08 (0.71- 1.63) .73

Family history of allergy 1.15 (0.67- 1.99) .61

Poor	asthma	control	(ACQ-	6	≥	0.75)

Breastfeeding (ever vs 
never)

1.06 (0.79- 1.43) .69

Age 0.99 (0.94- 1.04) .63

Gender 0.91 (0.70- 1.19) .51

Ethnicity 1.03 (0.62- 1.71) .92

Mother’s education 0.77 (0.53- 1.11) .15

Eczema 1.21 (0.92- 1.58) .18

Hay fever 1.23 (0.94- 1.60) .13

Family history of asthma 1.55 (1.19-2.02) .001

Family history of allergy 1.42 (1.01-2.02) .05

Reference is never exposed group in all analyses.
Asthma exacerbations: either oral corticosteroids use or emergency de-
partment visits due to asthma.
Poor asthma control: based on the Asthma Control Questionnaire 
(ACQ-	6	≥	0.75)	in	the	past	1	week	of	study	visit.
Bold numbers: statistically significant associations.
OR, odds ratio; CI, confidence interval; ACQ, Asthma Control Questionnaire.

TABLE  4 Associations between breastfeeding and asthma 
severity, using multivariable logistic regression analyses

Adj. ORa (95% CIs) P- value

Asthma exacerbations

Breastfeeding (ever vs never) 
n = 960

Ever exposed 
n = 714

0.55 (0.35-0.87) .01

Never exposed 
n = 246

Reference

Breastfeeding (duration)  
n = 684

<6	mo 
n = 318

0.48 (0.27-0.84) .01

≥6	mo 
n = 366

0.71 (0.43- 1.20) .20

Poor	asthma	control	(ACQ-	6	≥	0.75)

Breastfeeding (ever vs never)  
n = 939

Ever exposed 
n = 695

1.04 (0.76- 1.41) .83

Never exposed 
n = 244

Reference

Breastfeeding (duration)  
n = 669

<6	mo 
n = 310

1.09 (0.77- 1.56) .63

≥6	mo 
n = 359

1.00 (0.70- 1.40) .94

Reference is never exposed group in all analyses.
Asthma exacerbations: either oral corticosteroids use or emergency de-
partment visits due to asthma.
Poor asthma control: based on the Asthma Control Questionnaire 
(ACQ-	6	≥	0.75)	in	the	past	1	week	of	study	visit.
Bold numbers: statistically significant associations.
OR, odds ratio; CI, confidence interval; ACQ, Asthma Control Questionnaire.
aAdjusted for age, gender, ethnicity, mothers’ education, eczema, hay 
fever, and family history of asthma/allergy.
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breastfeeding and the nasopharyngeal microbial composition. This 
study showed an altered microbial pattern in breastfed children, 
and this pattern was associated with a reduced risk of respiratory 
infections.24

In addition, a recent analysis of 4040 children included in the 
Leicester Respiratory Cohort showed that prolonged breastfeeding 
(>6 months) protected against bronchiolitis during the first 2 years of 
life, however not against other respiratory tract infections.25 The role 
of duration of breastfeeding on the functioning of the immune system 
and therefore on risk of asthma and asthma severity is not clear yet. 
In our study, the association between breastfeeding and asthma ex-
acerbations was only statistically significant in children who received 
up to 6 months of breastfeeding. In line with our findings, a recent 
study found a decreased risk of asthma development in children who 
were breastfed for up to 6 months compared to those who were not 
breastfed; OR: 0.7 (0.5- 0.99); P- value: .04. This study also showed 
that breastfeeding for longer duration (>6 months) was not statistically 
significantly associated with asthma; OR: 1.5 (1.0- 2.4); P- value: .06.9 
However, it has been also shown that different categories in duration 
of breastfeeding did not change the effect estimates in this associ-
ation.15 No statistically significant association between breastfeed-
ing and a reduced risk of asthma exacerbations in children without a 
positive family history of asthma might be explained by differences in 
asthma phenotypes and underlying mechanisms. Further studies into 
the role of different immune reactions that might be involved in both 
IgE- dependent or IgE- independent asthma might elucidate potential 
underlying mechanisms.

The lack of a statistically significant association between breast-
feeding and a lower risk of poor asthma control in this study might 
be due to the definition of asthma control that was used in this study. 
Asthma control in this study has been limited to the recall of symp-
toms in the past week of study visit using the ACQ questionnaire 
which does not necessarily translate to long- term asthma control; 
agreement between current and long- term asthma control has been 
reported to be limited.26

When assessing the baseline characteristics of the children 
with and without missing data, the results showed no statistically 
significant differences in asthma severity both asthma exacerba-
tions and poor asthma control; therefore, our study was not prone 
to selection bias. Some potential limitations of the present study 
should be acknowledged. Importantly, our study was limited by the 
use of questionnaire- based data that might be prone to recall bias. 
Previous studies have shown that mothers can remember whether 
they have breastfed very well, even after many years27; however, 
this might be more difficult concerning the duration of breastfeed-
ing. Another important limitation is the cross- sectional nature of 
our study. When exposure and outcome are measured at one mo-
ment (or period) in time, the risk of reverse causality would be a 
major problem; our data do not clearly show whether breastfeed-
ing preceded asthma severity. The optimal design for this study is 
a prospective longitudinal design including pregnant women and 
examines the effect of breastfeeding duration on asthma severity. 
Also, in our study several potential confounders were not available 

such as dietary habits during pregnancy and infancy, socioeconomic 
status, and exposure to infection/siblings. Therefore, the possibility 
remains that some factors which were not measured in the present 
study caused confounding.

In summary, although in our study breastfeeding was shown as a pro-
tective factor for asthma exacerbations, it is still unclear whether there 
is a causal relation between breastfeeding and asthma exacerbations 
during childhood. Therefore, further prospective research is warranted 
to confirm this association and to clarify the underlying mechanisms.

REFERENCES

 1. Turfkruyer M, Verhasselt V. Breast milk and its impact on matura-
tion of the neonatal immune system. Curr Opin Infect Dis. 2015;28: 
199-206.

 2. Ballard O, Morrow AL. Human milk composition: nutrients and bioac-
tive factors. Pediatr Clin North Am. 2013;60:49-74.

 3. Riiser A. The human microbiome, asthma, and allergy. Allergy Asthma 
Clin Immunol. 2015;11:35. eCollection 2015.

 4. Abrahamsson TR, Jakobsson HE, Andersson AF, Bjorksten B, Engstrand 
L, Jenmalm MC. Low gut microbiota diversity in early infancy pre-
cedes asthma at school age. Clin Exp Allergy. 2014;44:842-850.

 5. Azad MB, Becker AB, Guttman DS, et al. Gut microbiota diversity and 
atopic disease: does breast- feeding play a role? J Allergy Clin Immunol. 
2013;131:247-248.

 6. Azad MB, Vehling L, Lu Z, et al. Breastfeeding, maternal asthma and 
wheezing in the first year of life: a longitudinal birth cohort study. Eur 
Respir J. 2017;49:1-9.

 7. den Dekker HT, Sonnenschein-van der Voort AM, Jaddoe VW, Reiss 
IK, de Jongste JC, Duijts L. Breastfeeding and asthma outcomes at 
the age of 6 years: the generation R study. Pediatr Allergy Immunol. 
2016;27:486-492.

 8. Lodge CJ, Tan DJ, Lau MX, et al. Breastfeeding and asthma and al-
lergies: a systematic review and meta- analysis. Acta Paediatr. 
2015;104:38-53.

 9. Rosas-Salazar C, Forno E, Brehm JM, et al. Breastfeeding du-
ration and asthma in Puerto Rican children. Pediatr Pulmonol. 
2015;50:527-534.

 10. Dogaru CM, Nyffenegger D, Pescatore AM, Spycher BD, Kuehni CE. 
Breastfeeding and childhood asthma: systematic review and meta- 
analysis. Am J Epidemiol. 2014;179:1153-1167.

 11. Bener A, Ehlayel MS, Alsowaidi S, Sabbah A. Role of breast feeding 
in primary prevention of asthma and allergic diseases in a traditional 
society. Eur Ann Allergy Clin Immunol. 2007;39:337-343.

 12. Bion V, Lockett GA, Soto-Ramirez N, et al. Evaluating the efficacy of 
breastfeeding guidelines on long- term outcomes for allergic disease. 
Allergy. 2016;71:661-670.

 13. Wafula EM, Limbe MS, Onyango FE, Nduati R. Effects of passive 
smoking and breastfeeding on childhood bronchial asthma. East Afr 
Med J. 1999;76:606-609.

 14. van Meel ER, de Jong M, Elbert NJ, et al. Duration and exclusive-
ness of breastfeeding and school- age lung function and asthma. Ann 
Allergy Asthma Immuno. 2017;119:21-26.

 15. Rust GS, Thompson CJ, Minor P, Davis-Mitchell W, Holloway K, 
Murray V. Does breastfeeding protect children from asthma? Analysis 
of NHANES III survey data. J Natl Med Assoc. 2001;93:139-148.

 16. Burgess SW, Dakin CJ, O’Callaghan MJ. Breastfeeding does 
not increase the risk of asthma at 14 years. Pediatrics. 
2006;117:e787-e792.

 17. Wright AL, Holberg CJ, Taussig LM, Martinez FD. Factors influenc-
ing the relation of infant feeding to asthma and recurrent wheeze in 
childhood. Thorax. 2001;56:192-197.



654  |     AHMADIZAR et Al.

 18. Gdalevich M, Mimouni D, David M, Mimouni M. Breast- feeding 
and the onset of atopic dermatitis in childhood: a systematic re-
view and meta- analysis of prospective studies. J Am Acad Dermatol. 
2001;45:520-527.

 19. Koster ES, Raaijmakers JA, Koppelman GH, et al. Pharmacogenetics of 
anti- inflammatory treatment in children with asthma: rationale and de-
sign of the PACMAN cohort. Pharmacogenomics. 2009;10:1351-1361.

 20. Juniper EF, O’Byrne PM, Guyatt GH, Ferrie PJ, King DR. Development 
and validation of a questionnaire to measure asthma control. Eur 
Respir J. 1999;14:902-907.

 21. Gronlund MM, Gueimonde M, Laitinen K, et al. Maternal breast- milk 
and intestinal bifidobacteria guide the compositional development of 
the Bifidobacterium microbiota in infants at risk of allergic disease. 
Clin Exp Allergy. 2007;37:1764-1772.

 22. Chung KF. Airway microbial dysbiosis in asthmatic patients: a target for 
prevention and treatment? J Allergy Clin Immunol. 2017;139:1071-1081.

 23. Huang YJ, Nelson CE, Brodie EL, et al. Airway microbiota and bron-
chial hyperresponsiveness in patients with suboptimally controlled 
asthma. J Allergy Clin Immunol. 2011;127:372-381.e1-3.

 24. Biesbroek G, Bosch AA, Wang X, et al. The impact of breastfeeding on 
nasopharyngeal microbial communities in infants. Am J Respir Crit Care 
Med. 2014;190:298-308.

 25. Wang J, Ramette A, Jurca M, Goutaki M, Beardsmore CS, Kuehni CE. 
Breastfeeding and respiratory tract infections during the first 2 years 
of life. ERJ Open Res. 2017;3:1-4.

 26. Koster ES, Raaijmakers JA, Vijverberg SJ, et al. Limited agree-
ment between current and long- term asthma control in children: 
the PACMAN cohort study. Pediatr Allergy Immunol. 2011;22: 
776-783.

 27. Natland ST, Andersen LF, Nilsen TI, Forsmo S, Jacobsen GW. Maternal 
recall of breastfeeding duration twenty years after delivery. BMC Med 
Res Methodol. 2012;12:179.

How to cite this article: Ahmadizar F, Vijverberg SJH, 
Arets HGM, et al. Breastfeeding is associated with a 
decreased risk of childhood asthma exacerbations 
later in life. Pediatr Allergy Immunol. 2017;28:649–654.  
https://doi.org/10.1111/pai.12760

https://doi.org/10.1111/pai.12760

