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Background Breastfeeding is undisputedly preferable to formula feeding for infant
nutrition because of its nutritional, immunological and psychological benefits.
However, studies on the association between breastfeeding and development of
atopic dermatitis (AD) have shown inconsistent results.

Objectives To examine the association between exclusive breastfeeding for at least
3 months after birth and the development of AD in childhood.

Methods An electronic literature search of MEDLINE (January 1966—May 2008)
and EMBASE (1980-May 2008) was conducted. Prospective cohort studies that
met the predetermined criteria were independently assessed by three reviewers.
The pooled effect estimate was calculated by random effects model. Hetero-
geneity across the studies was investigated by meta-regression analysis.

Results Twenty-one studies with 27 study populations were included for meta-
analysis. The summary odds ratio (OR) for the effect of exclusive breastfeeding
on the risk of AD was 0:89 (95% confidence interval, CI 0-76—1-04). Hetero-
geneity was found across the studies (y* = 83-6, d.f. = 26; P < 0-001). Breast-
feeding was associated with a decreased risk of AD (OR 0:70; 95% CI
0:50—0-99) when analysis was restricted to the studies comparing breastfeeding
with conventional formula feeding. The pooled OR for study populations with
atopic heredity was 0:78 (95% CI 0-58-1-05).

Conclusions There is no strong evidence of a protective effect of exclusive breast-
feeding for at least 3 months against AD, even among children with a positive
family history.

Breastfeeding is undisputedly a preferable method for infant
nutrition because of its nutritional, immunological and
psychological benefits.' The protective effect of exclusive
breastfeeding against the onset of atopic dermatitis (AD)
was first reported by Grulee and Sanford” in 1936. There-
after, there has been widespread support for the protective
effect of breastfeeding against infantile eczema or atopic dis-
eases.” ' In 2001, Gdalevich et al” published a systematic
review with a meta-analysis of prospective studies between
January 1966 and May 2000 on the association between
exclusive breastfeeding in the first 3 months after birth and
the onset of AD in childhood. They concluded that breast-
feeding is protective against incident AD in childhood. This
protective effect was more pronounced in children with a
family history of atopy. Since then, however, several large
prospective birth cohort studies have reported conflicting

© 2009 The Authors

results on the effect of breastfeeding. Some of them even
suggested that breastfeeding might be a risk factor for
AD.''™'* Most of them have a much larger sample size and
more thorough adjustments for potential confounders than
earlier studies.

We conducted an updated systematic review and meta-
analysis to determine the association between breastfeeding
and AD after adding the information from recent prospective
cohort studies.

Materials and methods

Literature search

An electronic literature search of MEDLINE (January 1966—
May 2008) and EMBASE (1980-May 2008) for English
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language publications was conducted using the text keywords
‘(breastfeeding OR infant formula OR milk, human) AND
(atopic dermatitis OR eczema)’, as well as medical subject
headings. The search was limited to those studies carried out
in humans. In addition, a manual search of references of
retrieved articles was examined to ensure that all relevant
English language articles up to May 2008 were identified.

Inclusion/exclusion criteria

Articles were included in the meta-analysis if they met the fol-
lowing criteria: (i) prospective cohort studies; (ii) reporting
original data; (iii) maternal recall of the child’s feeding history
up to the age of 12 months; (iv) duration of breastfeeding for
at least 3 months; (v) exclusive breastfeeding: no other milk
products, substitutes or solid food added to the infant’s diet in
the first 3 months; (vi) never breastfeeding or breastfeeding
< 3 months as the comparison group; (vii) specifically
assessed outcome including the diagnosis of AD, atopic
childhood;

(viii) studies in which odds ratios (ORs) of the association

eczema, infantile eczema and eczema of

MEDLINE, EMBASE, Manual search of references
1294 publications identified and abstracts read

Excluded:

between breastfeeding and AD were reported or could be cal-
culated from the data provided.

Publication selection process

This search strategy identified 1294 publications. Of these,
1204 articles were excluded after reading the titles and
abstracts as being clearly not relevant to the association of
breastfeeding and manifestations of AD. Ten articles were fur-
ther excluded because they were non-English publications.
The remaining 80 potentially relevant publications were
retrieved for full-text review. Disagreements were resolved by
discussion. Of the 80 publications retrieved for more detailed
evaluation, three publications of clinical trials were excluded,
seven publications were excluded because of nonprospective
study design, 30 publications were excluded because of dura-
tion of exclusive breastfeeding < 3 months or not specified,
four publications were excluded because of prolonged recall,
two publications were excluded because the comparison group
did not fulfil the predefined criteria and one publication was
excluded because AD was not specifically assessed (Fig. 1). As

1204 publications — no relevance to the association
between breastfeeding and AD

10 publications — non-English

80 potentially relevant publications retrieved for
evaluation

[1 Excluded:

inclusion criteria

3 publications — clinical trials (1: not randomized on
breastfeeding, 1: randomization
failure, 1: pragmatic trial)

7 publications — nonprospective study design

30 publications — breastfeeding duration < 3 months

or not specified

4 publications — prolonged maternal recall

\/ 2 publications — comparison group not fulfil the

1 publication — AD not assessed specifically

33 publications underwent data extraction
by 3 independent reviewers

8 publications — duplicated publications

4 publications — insufficient data provided to obtain
the association between
breastfeeding and AD

| 21 publications were identified |

!

| 27 study populations were extracted for meta-analysis |

Fig 1. Flow diagram of publication selection

process. AD, atopic dermatitis.
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a result, 33 of the 80 publications underwent data extraction.
Each publication was reviewed by three independent reviewers
for data extraction.

Afterwards, eight publications were excluded because of
duplicate publication. A further four articles were excluded
because they did not report the data or statistical estimates
allowing us to compute the association of exclusive breast-
feeding and AD. Twenty-one publications were therefore iden-
tified for the final meta-analysis.

Data extraction

Twenty-one articles were evaluated by each independent
investigator for complete data extraction using structured
forms. Recorded data included source, publication year, loca-
tion, number of participants, exposure assessment, duration of
breastfeeding, type of comparison group, outcomes assess-
ment, duration of follow-up, crude numbers of the exposed/
nonexposed with regard to outcome, confounding variables
being controlled, crude or adjusted ORs. The information
was entered into a STATA spreadsheet for further analysis
(StataCorp, College Station, TX, U.S.A.).

Statistical analysis

To achieve a normal distribution, we transformed ORs by
means of a natural log scale. The standard errors of the trans-
formed ORs were calculated from reported 95% confidence
intervals (CIs). We used random effects models to calculate
summary ORs to allow each of the studies in the meta-analysis
to estimate a different effect size. Heterogeneity was tested
using the Q statistic.'®> Method of moment analysis was used
to estimate between-study variance.'®

To examine sources of heterogeneity, we conducted meta-
regression analysis with study-level covariates including type
of comparison group (partial breastfeeding/conventional for-
mula feeding), adjustment for potential confounders (yes/no),
family history of atopy (yes/no) and outcome assessment
(self-report/physician diagnosis).'® The conventional formula
feeding group included those fed with conventional infant
formula, cow’s milk or soy milk. Studies with outcome
assessed by health visitors were regarded as a subgroup of
physician diagnosis. To be considered as adjusted for AD risk
factors, studies must have adjusted for two or more confound-
ers. Meta-regression analysis was also performed with continu-
ous variables encoding breastfeeding duration, the length of
follow-up and publication year to examine the effect modifi-
cation on the risk of AD per one unit increase. All meta-
regression analyses were performed first in a univariate model
then in a bivariate model. As the results did not materially
change in a bivariate model, we presented the results in a uni-
variate model to preserve maximal power.

Sensitivity analysis was performed by recalculating the risk
estimate while omitting each study one at a time to determine
the individual effect of each study on the pooled estimate and
to identify the heavily weighted outliers. We also conducted a

© 2009 The Authors

cumulative meta-analysis to explore the time trend of sum-
mary estimates.'”

Finally, we used funnel plots, plots of study results against
precision, to assess potential publication bias as suggested by
Egger et al.'® All calculations were performed using STATA

version 8 software.

Results

Qualitative results

Six of 21 studies reported ORs stratified by family history of
atopy. As a result, the final data set of the 21 publications
included a total of 27 study populations, consisting of 34 227
participants. All the 21 publications included in the final
meta-analysis were prospective cohort studies (Table 1). Ten
of them were restricted to study populations with a positive

19-28

family history of atopy. The remaining 11 studies were
conducted in the general population. Of these, six studies
reported stratum-specific ORs stratified by the presence of

4,14,29-32

family history of atopy. Most of these studies were

conducted in the developed countries. Only one of them was

) 33
conducted in Belarus.

Breastfeeding assessment

Methods used to assess breastfeeding varied across studies. The
most commonly used method was questionnaires at delivery
and the information was regularly updated by either mailed
questionnaires, home visit, telephone interview or clinic fol-
low-ups. Some studies used nutrition diary or diet record for

19,22,31

breastfeeding assessment. Duration of breastfeeding also

varied, from 3 months to 6 months. As for the comparison
group, exclusive breastfeeding < 3 months or breastfeeding
combined with formula feeding were defined as partial
breastfeeding. Fifteen studies compared with partial breast-
4,10,12,14,19-25,28,29,33,34

feeding, and six studies compared

breastfeeding with infant formula,

6,26,27,30-32
k.

, )
cow’s milk or soy
mil

Outcome assessment

The assessment of onset of AD was determined using a variety
of methods across studies. In 14 studies, AD was diagnosed
by physicians, including paediatricians, dermatologists or fam-

4,6,10,12,19-27,30

ily doctors. Five studies used self-reported

symptoms of infantile eczema or a history of physician-

14,29,32-34

diagnosed AD as outcome assessment. Outcome was

ascertained by health visitors in two studies.”®**!

No uniform diagnostic criteria were used across studies to
assess AD. Most studies used lax criteria such as pruritus,
recurrent eczematous lesions and typical distributions of
lesions to identify cases of AD.

The duration of follow-up to ascertain cases of AD was at
least 1 year since birth. The longest was 7 years.'” The mean

duration of follow-up was 2-2 years.
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Adjustment for confounders

Ten studies adjusted for two or more potential confound-

10,12,14,19,25,28,29,32-34

ers While family history of atopy was

adjusted in all of these studies, other confounders being
adjusted varied across the publications, including parental edu-
cation, pet-keeping in the house, parental smoking and gesta-
tional age.

Eleven studies did not adjust for any confounders or

adjusted for fewer than two confounders.*¢>072%:26:27:30:31 of

these, seven publications were restricted to children with a

positive family history of atopy.®**>3:>+26:27:30.31

Quantitative results

Using a random effects model, we found that breastfeeding
was associated with a slightly decreased risk of AD (OR 0-89;
95% CI 0-76—1-04) (Fig. 2). Heterogeneity was found across
studies (x> = 836, d.f. = 26; P < 0-001).

Assessment of heterogeneity

Exclusive breastfeeding was more protective against AD when
compared with formula feeding than when compared with
partial breastfeeding (Table 2). Restricting the analysis to the
nine study populations that used conventional formula feeding
as a comparison group reached a significantly protective
pooled OR (OR 0:70; 95% CI 0:50-0-99). Breastfeeding was
associated with a slightly decreased risk of AD in cohorts
with a positive family history of atopy than in cohorts with
negative family history. The pooled OR was 0:78 (95% CI
0-58—-1:05) for study populations with a positive family his-
tory, and 093 (95% CI 0-60—1-45) for those with a negative
family history.

In contrast, the protective effect of breastfeeding was
attenuated toward the null when adjusting for potential
confounders (OR 0-96; 95% CI 0-78-1-20). With respect to

Matthew FH(+) (1977)
Matthew FH(-) (1977)
Hide FH(+) (1981)

Hide FH(-) (1981)
Gruskay (1982)

Businco (1983)

Pratt FH(+) (1984)

Pratt FH(-) (1984)

van Asperen (1984)
Chandra (1986)

Poysa (1989)

Marini (1996)

Herrmann (1996)
Wetzig (2000)
Bergmann (2002)

Kull (2002)

Schoetzau (2002)
Kerkhof (2003)

Kramer (2003)

Benn FH(+) (2004)
Benn FH(-) (2004)
Laubereau FH(+) (2004)
Laubereau FH(-) (2004)
Ludvigsson (2005)
Rothenbacher FH(+) (2005)
Rothenbacher FH(-) (2005)

Fig 2. Forest plot for risk of atopic dermatitis er FH(-)
Mihrshahi (2007)

associated with breastfeeding using the

Combined —

different methods of AD assessment, the effect of breast-
feeding was more protective when physicians ascertained
the diagnosis of AD (OR 0:78; 95% CI 0-61-0-99) com-
pared with self-report.

In our meta-regression analysis that included breastfeeding
duration as a continuous covariate, differences in breastfeeding
duration did not affect pooled estimates substantially. With
respect to follow-up duration, a 1-year increase of follow-up
duration was associated with a 1-08-fold increased risk for
AD. A 1-year increase of publication year was associated with
a 1-02-fold increased risk for AD.

Sensitivity analyses

By recalculating the risk estimate while omitting each study
one at a time, we found that two studies by Chandra et al.?®
and Schoetzau et al.'"® were moderately weighted outliers.
Removing these two studies shifted the overall pooled OR
towards the null (OR 0-98; 95% CI 0-85-1-12).

As there were some controversies®® surrounding the study
by Chandra et al.,*® additional sensitivity analysis omitting only
this study was performed. By omitting the study of Chandra
et da., the overall pooled OR was 0-94 (95% CI 0-81-1-08).
The protective effect of breastfeeding against AD was no
longer statistically significant (OR 0-84; 95% CI 0:64—1-09)
when compared with conventional formula.

In the plots of the cumulative meta-analysis by year of pub-
lication, we observed an unstable trend in the beginning but
the summary effect estimate stabilized by 2003.

Assessment of publication bias

A funnel plot showed slightly more data points from small
studies below the horizontal line of summary estimate, indi-
cating a possible publication bias favouring studies with pro-
tective effects. Egger’s test indicated a marginally significant
publication bias (P for bias = 0-05).
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random effects model. FH(+) and FH(-)
refer to study populations with a positive and

negative family history, respectively.
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Table 2 Pooled odds ratios (ORs) according

Number
Pooled OR of study
Group (95% CI) populations®

Between-group to study characteristics

heterogeneity,
P-value

Categorical variable
Comparison group

Partial breastfeeding 0-95 (0-76—-1-18) 18

Conventional formula 0-70 (0-50-0-99) 9
Adjusted for AD risk factors

Yes 096 (0:78-120) 13

No 070 (0:51-0:96) 14
Presence of family history®

Yes 078 (0:58-1:05) 16

No 0-93 (0:60—-1-45)
Outcome assessment

Self-reported 1:01 (0:76-1-35) 8

Physician-diagnosed 0-78 (0:61-0-99) 19

Continuous variable

Breastfeeding duration, per 0-98 (0-80-1-20) 27
I-month increase

Follow-up, per 1-year increase 108 (0-97-1-21) 27

Publication year, per 1-year 102 (1:00-1-04) 27

increase

015

016
0-03

CI, confidence interval; AD, atopic dermatitis. “Twenty-seven study populations extracted

from 21 studies. "Includes only studies with family history-specific ORs.

Discussion

This meta-analysis found no strong evidence suggesting that
exclusive breastfeeding for at least 3 months was associated
with a decreased risk of AD. Unlike the previous meta-analysis
in 2001,” our meta-analysis did not find a significant protec-
tive effect of breastfeeding in children with a family history of
atopy.

Heterogeneity was evident in our meta-analysis of observa-
tional studies. While confounding may still be a concern in
explaining the heterogeneity, the effect modifications of study
characteristics on the risk of AD were investigated and
potential sources of heterogeneity were identified in Table 2.
Compared with formula feeding, exclusive breastfeeding
showed a protective effect against AD. This finding should be
interpreted with caution because the protective effect was no
longer statistically significant when the study of Chandra
et al.”® was excluded. There are several plausible biological
mechanisms. Breast milk contains many immunomodulatory
factors (IgA, cytokines and fatty acids) that promote the devel-

36742 Also, breast milk

opment of an infant’s immune system.
provides protection against infections that might stimulate the
development of allergy.*® Furthermore, by promoting the
establishment of the intestinal flora predominantly by bifido-
bacteria, breastfeeding may be protecting against allergy by

44,45 .
‘Exclusiv-

stimulating a Th1 response in breastfed infants.
ity’ of breastfeeding plays an important role in protection
against the onset of AD in that it can also decrease the expos-
ure to external allergens.

This meta-analysis also found that adjustment for multiple

confounders tended to attenuate the protective effect. As it has

been reported that breastfeeding is more commonly observed
in nonsmoking mothers and mothers with higher social status
and higher education,**™ it is reasonable that mothers who
choose breastfeeding will take other measures to prevent AD
in their infants, such as using mite-proof bedding, keeping
pets or taking probiotics pre-partum and during lactation. This
unadjusted residual confounding might also explain that
breastfeeding was associated with a much decreased risk
for AD among children with atopic heredity found in the
previous meta-analysis. After adjustment for these potential
confounders, several recent studies showed less protective'®**
or even harmful effects of breastfeeding on the onset of
AD. 211121428

Different methods for AD assessment may have significant
impact on estimating the association between breastfeeding
and AD. The protective effect of breastfeeding was observed
only when we restricted analysis to the subgroup of studies in
which outcomes were assessed by physicians or health visitors.
It is possible that nondifferential misclassification of outcome
may exist in studies using self-report questionnaires and bias
the effect towards the null. Differential misclassification of
outcome might exist in studies in which physicians diagnosed
AD without blinding; unfortunately, blinding with respect to
outcome assessment could not be clarified in some studies,
limiting us to estimate the extent of bias.

We did not find a significant protective effect of breastfeed-
ing in the study population with a positive family history of
atopy. This contrasts somewhat with the previous meta-analy-
sis,” in which breastfeeding was associated with a significantly
lower incidence rate of AD in children with atopic heredity.
However, the point estimate did shift towards the protective

© 2009 The Authors
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side when we restricted the meta-analysis to the study popula-
tion with atopic heredity. This suggests that the effect of
breastfeeding depends on the atopic status of the parents.”**">>
Maternal allergic status has recently been considered an impor-
tant effect modifier on the association between breastfeeding
and atopic manifestations because of the differences in the fatty
acid and cytokine composition of breast milk between atopic

40,53-56 . )
However, due to insufficient

and nonatopic mothers.
information about the maternal atopic status from the studies
included, we were not able to perform subgroup analysis by
maternal allergic status.

There was a significant trend that the more recently the
study was published, the less the protective effect became. This
finding may be partly attributable to the fact of more deliberate
adjustments for confounding in recent studies. Although the
direction and magnitude of the trend remained unchanged
after controlling this covariate in the meta-regression model, it
became statistically insignificant. Another possible explanation
is the influence of reverse causation,’’ meaning that mothers
are likely to continue exclusive breastfeeding once their infants
develop early signs of eczema due to the increased public
awareness of the benefits of breastfeeding.

As the follow-up duration increased, the protective effect
tended to decrease. Breastfeeding may have a protective effect
in early childhood but not in late childhood. In a population-
based cohort study from childhood to middle age, Matheson

et al.*®

showed that in babies of atopic mothers, breastfeeding
protected infants from early asthma and eczema, but did not
appear to protect against the development of asthma and flex-
ural eczema after the age of 7 years. Therefore, the duration
of follow-up and age at which outcomes are assessed may
have an impact on the assessed effects of breastfeeding.

The strengths of the present meta-analysis are that we
adhered to the predefined standards for assessing study meth-
odology, and restricted the recall period of the feeding history
to 12 months or less to limit recall bias. Furthermore, our
study included only prospective research to minimize selection
bias, as randomized controlled trials on this topic are not
practical on ethical grounds.

However, there were still limitations in our study. The
exclusion of non-English literature may result in language
bias. Of the 10 non-English publications excluded, four were

. . 59-62
original studies,

and all suggested no protective effects of
breastfeeding on AD. If these four articles were included into
the meta-analysis, the overall effect estimate would be further
attenuated toward the null, which would not alter our conclu-
sions. However, the possibility of bias from unpublished stud-
ies could not be totally ruled out.

Our meta-analysis disclosed significant variability between
observational studies addressing the association between
breastfeeding and AD. To explore the real relationship
between breastfeeding and AD, further studies require a more
thorough control for potential confounding, such as environ-
mental risk factors, standardized measurements of house dust
and mites, day care attendance, administration of probiotics,

maternal-specific diet habits and number of siblings. More

© 2009 The Authors

detailed information about maternal, paternal and siblings
allergic status instead of combining them as ‘family history of
atopy’ is also required for future study design.*? Besides, stan-
dardized outcome assessments such as AD diagnosis with strict
criteria by well-qualified assessors help avoid nondifferential
and differential misclassifications. Future studies should also
take into account the influence of reverse causation.®”**"®
Controlling for reverse causation could be accomplished by
survival analysis or risk period-specific analysis.®® Further-
more, an extended follow-up duration is necessary to evaluate
the long-term effect of breastfeeding.

In conclusion, we did not observe strong evidence of a pro-
tective effect of exclusive breastfeeding for at least 3 months
against AD onset in childhood. Although the protective effect
was enhanced in the subgroup of children with atopic hered-
ity, this association was still not statistically significant.

It is widely accepted that breast milk is highly nutritious and
that breastfeeding has advantages over formula feeding. It
prevents early-life disorders and enhances the psychological
benefits of mother—infant bonding through nursing. Although
we did not observe a strong protective effect of breastfeeding
against AD, it is an over-interpretation that we do not recom-
mend breastfeeding as one would lose many benefits of breast-
feeding by doing so. Another important message is that due to
substantial heterogeneity across studies, our results should be
interpreted with caution. More studies with standardized and
deliberate methodology or a pooling project might be required
for further systematic review.

References

—_

Goldman AS. The immune system of human milk: antimicrobial,
anti-inflammatory and immunomodulating properties. Pediatr Infect
Dis ] 1993; 12:664—71.

Grulee CG, Sanford HN. The influence of breast and artificial feed-
ing on infantile eczema. J Pediatr 1936; 9:223-5.

[N}

w

Saarinen UM, Kajosaari B, Backman A, Siimes MA. Prolonged
breast-feeding as prophylaxis for atopic disease. Lancet 1979;
2:163-6.

4 Matthew DJ, Taylor B, Norman AP, Turner MW. Prevention of

eczema. Lancet 1977; 1:321—4.

5 Johnstone DE, Dutton AM. Dietary prophylaxis of allergic disease
in children. N Engl ] Med 1966; 274:715-19.

Gruskay FL. Comparison of breast, cow, and soy feedings in the

o)}

prevention of onset of allergic disease: a 15-year prospective study.
Clin Pediatr 1982; 21:486-91.

Gdalevich M, Mimouni D, David M, Mimouni M. Breast-feeding
and the onset of atopic dermatitis in childhood: a systematic

~

review and meta-analysis of prospective studies. ] Am Acad Dermatol
2001; 45:520-7.
Saarinen UM, Kajosaari M. Breastfeeding as prophylaxis against ato-

<)

pic disease: prospective follow-up study until 17 years old. Lancet
1995; 346:1065-9.

Kramer MS, Chalmers B, Hodnett ED et al. Promotion of Breastfeed-
ing Intervention Trial (PROBIT): a randomized trial in the Republic
of Belarus. JAMA 2001; 285:413-20.

10 Kull I, Wickman M, Lilja G et al. Breast feeding and allergic diseases

O

in infants — a prospective birth cohort study. Arch Dis Child 2002;
87:478-81.

Journal Compilation © 2009 British Association of Dermatologists ® British Journal of Dermatology 2009 161, pp373—-383




382 Meta-analysis of breastfeeding on atopic dermatitis, Y.W. Yang et al.

11

20

2

—

22

23

24

25

2

[e)}

27

2

[o2]

29

30

31
32

Sears MR, Greene JM, Willan AR et al. Long-term relation between
breastfeeding and development of atopy and asthma in children
and young adults: a longitudinal study. Lancet 2002; 360:901-7.
Bergmann RL, Diepgen TL, Kuss O et d. Breast-feeding duration is
a risk factor for atopic eczema. Clin Exp Allergy 2002; 32:205-9.
Purvis DJ, Thompson JM, Clark PM et d. Risk factors for atopic
dermatitis in New Zealand children at 3.5 years of age. Br J Dermatol
2005; 152:742-9.

Benn CS, Wohlfahrt J, Aaby P et al. Breastfeeding and risk of atopic
dermatitis, by parental history of allergy, during the first
18 months of life. Am ] Epidemiol 2004; 160:217-23.

Egger M, Smith GD, Altman DG. Systematic Reviews in Health Care: Meta-
Analysis in Context, 2nd edn. London: BMJ Publishing Group, 2001.
van Houwelingen HC, Arends LR, Stijnen T. Advanced methods in
meta-analysis: multivariate approach and meta-regression. Stat Med
2002; 21:589-624.

Lau J, Antman EM, Jimenez-Silva J et al. Cumulative meta-analysis
of therapeutic trials for myocardial infarction. N Engl ] Med 1992;
327:248-54.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-anal-
ysis detected by a simple, graphical test. BMJ 1997; 315:629-34.
Schoetzau A, Filipiak-Pittroff B, Franke K et al. Effect of exclusive
breast-feeding and early solid food avoidance on the incidence of
atopic dermatitis in high-risk infants at 1 year of age. Pediatr Allergy
Immunol 2002; 13:234—42.

Wetzig H, Schulz R, Diez U et al. Associations between duration of
breast-feeding, sensitization to hens’ eggs and eczema infantum in
one and two year old children at high risk of atopy. Int ] Hyg Environ
Health 2000; 203:17-21.

Poysa L, Remes K, Korppi M, Juntunen-Backman K. Atopy in chil-
dren with and without a family history of atopy. I. Clinical mani-
festations, with special reference to diet in infancy. Acta Paediatr
Scand 1989; 78:896-901.

van Asperen PP, Kemp AS, Mellis CM. Relationship of diet in the
development of atopy in infancy. Clin Allergy 1984; 14:525-32.
Herrmann ME, Dannemann A, Gruters A. Prospective study on the
atopy preventive effect of maternal avoidance of milk and eggs
during pregnancy and lactation. Eur J Pediatr 1996; 155:770—4.
Marini A, Agosti M, Motta G et d. Effects of a dietary and environ-
mental prevention programme on the incidence of allergic symp-
toms in high atopic risk infants: three years follow-up. Acta Paediatr
Suppl 1996; 414:1-21.

Kerkhof M, Koopman LP, van Strien RT et al. Risk factors for atopic
dermatitis in infants at high risk of allergy: the PIAMA study. Clin
Exp Allergy 2003; 33:1336—41.

Chandra RK, Puri S, Suraiya C, Cheema PS. Influence of maternal
food antigen avoidance during pregnancy and lactation on inci-
dence of atopic eczema in infants. Clin Allergy 1986; 16:563-9.
Businco L, Marchetti F, Pellegrini G et al. Prevention of atopic dis-
ease in ‘at-risk newborns’ by prolonged breast-feeding. Ann Allergy
1983; 51:296-9.

Mihrshahi S, Ampon R, Webb K et al. The association between
infant feeding practices and subsequent atopy among children with
a family history of asthma. Clin Exp Allergy 2007; 37:671-9.
Rothenbacher D, Weyermann M, Beermann C et al. Breastfeeding,
soluble CD14 concentration in breast milk and risk of atopic
dermatitis and asthma in early childhood: birth cohort study. Clin
Exp Allergy 2005; 35:1014-21.

Hide DW, Guyer BM. Clinical manifestations of allergy related to
breast and cows’ milk feeding. Arch Dis Child 1981; 56:172-5.

Pratt HF. Breastfeeding and eczema. Early Hum Dev 1984; 9:283-90.
Laubereau B, Brockow I, Zirngibl A et dl. Effect of breast-feeding
on the development of atopic dermatitis during the first 3 years of

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

5

5

3

4

5

o

7

8

9

0

—

2

3

4

1%l

6

7

8

9

(=}

—

life — results from the GINI-birth cohort study. ] Pediatr 2004;
144:602—7.

Kramer MS, Guo T, Platt RW et dl. Infant growth and health out-
comes associated with 3 compared with 6 mo of exclusive breast-
feeding. Am J Clin Nutr 2003; 78:291-5.

Ludvigsson JF, Mostrom M, Ludvigsson J et al. Exclusive breastfeed-
ing and risk of atopic dermatitis in some 8300 infants. Pediatr Allergy
Immunol 2005; 16:201-8.

Host A, Halken S, Muraro A et al. Dietary prevention of allergic dis-
eases in infants and small children: amendment to previous pub-
lished articles in Pediatric Allergy and Immunology 2004, by an expert
group set up by the Section on Pediatrics, European Academy of
Allergology and Clinical Immunology. Pediatr Allergy Immunol 2008;
19:1-4.

Bjorksten B. Breast feeding and atopic dermatitis. Allergy 1989;
44 (Suppl. 9):129-34.

Rodriguez-Palmero M, Koletzko B, Kunz C, Jensen R. Nutritional
and biochemical properties of human milk: II. Lipids, micronutri-
ents, and bioactive factors. Clin Perinatol 1999; 26:335-59.

Casas R, Bottcher MF, Duchen K, Bjorksten B. Detection of IgA
antibodies to cat, beta-lactoglobulin, and ovalbumin allergens in
human milk. J Allergy Clin Immunol 2000; 105:1236-40.

Duchen K, Casas R, Fageras-Bottcher M et al. Human milk poly-
unsaturated long chain fatty acids and secretary immunoglobulin A
antibodies and early childhood allergy. Pediatr Allergy Immunol 2000;
11:29-39.

Bottcher MF, Malin F, Jenmalm M et al. Cytokines in breast milk
from allergic and nonallergic mothers. Pediatr Res 2000; 47:157—
62.

Kalliomaki M, Ouwehand A, Arvilommi H et a. Transforming
growth factor-beta in breast milk: a potential regulator of atopic
disease at an early age. J Allergy Clin Immunol 1999; 104:1251-7.
Labeta MO, Vidal K, Nores JER et al. Innate recognition of bacteria
in human milk is mediated by a milk-derived highly expressed
pattern recognition receptor, soluble CD14. J Exp Med 2000;
191:1807-12.

Frick OL, German DF, Mills J. Development of allergy in children:
I. Association with viral infections. ] Allergy Clin Immunol 1979;
63:228-41.

Harmsen HJ, Wildeboer-Veloo AC, Raangs GC et al. Analysis of
intestinal flora in breast-fed and formula-fed infants by using
molecular identification and detection methods. J Pediatr Gastroenterol
Nutr 2000; 30:61-7.

Friedman NJ, Zeiger RS. The role of breast-feeding in the develop-
ment of allergies and asthma. ] Allergy Clin Immunol 2005;
115:1238-48.

Forste R, Weiss J, Lippincott E. The decision to breastfeed in the
United States: does race matter? Pediatrics 2001; 108:291-6.

Timbo B, Altekruse S, Headrick M, Klontz K. Breastfeeding among
black mothers: evidence supporting the need for prenatal interven-
tion. J Soc Pediatr Nurs 1996; 1:35—40.

Humphreys AS, Thompson NJ, Miner KR. Intention to breastfeed
in low-income pregnant women: the role of social support and
previous experience. Birth 1998; 25:169-74.

Riva E, Banderali G, Agostoni C et al. Factors associated with initia-
tion and duration of breastfeeding in Italy. Acta Paediatr 1999;
88:411-15.

Siltanen M, Kajosaari M, Poussa T et al. A dual long-term effect of
breastfeeding on atopy in relation to heredity in children at 4 years
of age. Allergy 2003; 58:524-30.

Wright AL, Sherrill D, Holberg CJ et al. Breast-feeding, maternal
IgE, and total serum IgE in childhood. J Allergy Clin Immunol 1999;
104:589-94.

© 2009 The Authors

Journal Compilation © 2009 British Association of Dermatologists  British Journal of Dermatology 2009 161, pp373—-383



52

53

54

55

56

57

58

59

Meta-analysis of breastfeeding on atopic dermatitis, Y.W. Yang et al. 383

Sariachvili M, Droste J, Dom S et dl. Is breast feeding a risk factor
for eczema during the first year of life? Pediatr Allergy Immunol 2007;
18:410-17.

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—7.

Thijs C, Houwelingen A, Poorterman I et al. Essential fatty acids in
breast milk of atopic mothers: comparison with non-atopic moth-
ers, and effect of borage oil supplementation. Eur J Clin Nutr 2000;
54:234-8.

Duchen K, Yu G, Bjorksten B. Atopic sensitization during the first
year of life in relation to long-chain polyunsaturated fatty acid
levels in human milk. Pediatr Res 1998; 44:478—84.

Snijders BE, Thijs C, Dagnelie PC et al. Breast-feeding duration and
infant atopic manifestations, by maternal allergic status, in the first
2 years of life (KOALA study). J Pediatr 2007; 151:347-51.

Lowe AJ, Carlin JB, Bennett CM et al. Atopic disease and breast-feed-
ing: cause or consequence? J Allergy Clin Immunol 2006; 117:682—7.
Matheson MC, Erbas B, Balasuriya A et al. Breast-feeding and atopic
disease: a cohort study from childhood to middle age. J Allergy Clin
Immunol 2007; 120:1051—7.

Nakamura Y, Oki I, Tanihara S et al. Relationship between breast
milk and atopic dermatitis in children. Nippon Koshu Eisei Zasshi 1999;
46:298-303.

© 2009 The Authors
Journal Compilation © 2009 British Association of Dermatologists ® British Journal of Dermatology 2009 161, pp373—-383

60

6

—

62

63

64

65

66

Monego A, Infortuna M, Santisi G et al. Can breast feeding prevent
atopic dermatitis? Epidemiologic study of 144 cases. Minerva Pediatr
1989; 41:223-7.

Masmoudi A, Maalej A, Marrekchi S et al. Epidemiologic, clinic and
allergologic profile of atopic dermatitis in south Tunisia. Tunis Med
2007; 85:679-83.

Wijst M, Dold S, Reitmeier P et al. Does breast feeding prevent
asthma and allergies? Results of the Munich asthma and allergy
study. Monatsschr Kinderheilkd 1992; 140:769-74.

Heine RG, Hill DJ, Hosking CS. Primary prevention of atopic
dermatitis in breast-fed infants: what is the evidence? ] Pediatr
2004; 144:564—7.

Muraro A, Dregorg S, Halken S et al. Dietary prevention of allergic
diseases in infants and small children. Part III: Critical review of
published peer-reviewed observational and interventional studies
and final recommendations. Pediatr Allergy Immunol 2004; 15:291—
307.

Benn CS, Michaelsen KF. Does the effect of breast-feeding on ato-
pic dermatitis depend on family history or allergy? J Pediatr 2005;
147:128-9.

Snijders BE, Thijs C, Kummeling I et al. Breastfeeding and infant
eczema in the first year of life in the KOALA birth cohort
study: a risk period-specific analysis. Pediatrics 2007; 119:e137—
41.




