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Abstract

Objectives: The effect of breastfeeding on atopic dermatitis
(AD) remains controversial. To determine the association
between breastfeeding and AD, we conducted an updated
meta-analysis of prospective cohort studies. Methods: A
comprehensive search of PubMed, EMBASE, MEDLINE and
Cochrane Library was conducted. Studies meeting the pre-
determined criteria were evaluated by 2 authors indepen-
dently. The pooled relative risk (RR) adjusted for confound-
ers with its 95% Cl was calculated by a random-effects mod-
el. Heterogeneity was explored by subgroup analysis and
meta-regression. Results: A total of 27 studies were included
for meta-analysis. The pooled estimates for the effect of total
and exclusive breastfeeding on AD were 1.01 (95% Cl 0.93-
1.10) and 0.99 (95% Cl 0.88-1.11), respectively. Heterogene-
ity was substantial across studies (total: p < 0.01 or > = 65.2%;
exclusive: p < 0.01 or > = 72.3%). There was a weak evidence
for a protective effect of breastfeeding against AD in cohorts
with atopic heredity (total: RR 0.85, 95% Cl 0.74-0.98; exclu-

sive: RR 0.83, 95% Cl 0.70-0.97). In cohorts without atopic
heredity, the effect shifted to the risk side when limited to
exclusive breastfeeding (RR 1.19, 95% Cl 1.02-1.40) while it
dropped towards null when limited to total breastfeeding
(RR 1.11, 95% Cl 0.94-1.31). Conclusions: There is no asso-
ciation between AD and breastfeeding, regardless of total or
exclusive breastfeeding patterns. There is some evidence for
a protective function of exclusive and total breastfeeding in
a cohort with atopic heredity. The effect shifts to the risk side
in cohorts without atopic heredity. However, these findings
should be interpreted with caution because heterogeneity
is evident. ©2019S. Karger AG, Basel

Introduction

Atopic dermatitis (AD) is one of the most common
skin disorders in infants and children, which may persist
in adulthood. It affects approximately 10-20% of infants
and 10% of adults in developed countries, whereas its life-
time prevalence is still increasing, especially in develop-
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ing countries [1, 2]. Although AD is a nonfatal disease, it
remains a profound public health problem with negative
impacts on children’s physical and psychosocial develop-
ment. Children with AD, particularly those with severe
conditions, have an increased risk for insomnia, depres-
sion, anxiety and other mental problems [3]. In the USA,
it is estimated that the direct annual cost for AD is close
to 5 billion USD [4].

AD has a complex pathogenesis involving a dysfunc-
tional epidermal barrier and inappropriate immune re-
sponses [5]. Many environmental and lifestyle factors
are associated with AD development, and one of the
most controversial factors is breastfeeding [6, 7]. Since
tirst reported by Grulee and Sanford [8], many studies
have found a protective effect of breastfeeding on AD
[9-13]. However, several studies showed no association
between breastfeeding and AD [14, 15], and some stud-
ies even supported that breastfeeding might be a risk
factor for AD [16, 17]. In 2001, Gdalevich et al. [18] per-
formed a systematic review of 18 prospective studies and
found a protective effect of breastfeeding on AD. In their
study, the protective effect was more pronounced in
children with an atopic family history. In 2009, an up-
dated systematic review by Yang et al. [19] summarizing
21 prospective studies found no strong evidence of a
protective effect of exclusive breastfeeding for at least 3
months against AD, even among children with an atop-
ic family history. In 2015, a more recent systematic re-
view by Lodge et al. [20] included 42 observational stud-
ies (24 cohort studies, 17 cross-sectional and 1 case-con-
trol) and showed exclusive breastfeeding for 3-4 months
was associated with a reduced risk of eczema <2 years.
Discrepancies between Lodge et al. [20] and previous
studies may be attributed to methodological quality and
design, as the protective effect found in Lodge’s study
was estimated principally from cross-sectional studies
of low methodological quality. Also, many recently pub-
lished studies assessed more deliberate adjustments for
potential confounders; however, most previous system-
atic reviews adopted only unadjusted data for the final
analysis.

Therefore, it is necessary to provide an up-to-date
quantitative estimate of the breastfeeding-AD associa-
tion. In addition, it remains ambiguous whether a breast-
feeding-related effect is linked to different breastfeeding
behaviors, such as exclusive or combined breastfeeding.
To address these issues, we conducted a comprehensive
systematic review and meta-analysis of prospective co-
hort studies to investigate the association between vari-
ous breastfeeding behaviors and the risk of AD.
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Materials and Methods

For further details, see the online supplementary material (see
www.karger.com/doi/10.1159/000503781 for all online suppl. ma-
terial) (Fig. 1) [21-32].

Results

Literature Search

The initial search retrieved 952 articles, among which
350 articles were excluded due to duplication. After read-
ing the titles and abstracts, 447 articles were out of scope.
An additional 20 articles were included after handscreen-
ing of references. Finally, 175 articles were assessed for
further evaluation. In this review, 148 articles were ex-
cluded for the following reasons: 43 articles did not pro-
vide the association data, 40 articles were not prospective
cohort studies, 53 articles did not meet the inclusion cri-
teria, full texts of 9 articles were unavailable and 1 article
was in process for debated results. In total, 27 articles
were included in the final meta-analysis (Fig. 1).

Study Characteristics

Among these 27 articles, 21 were from Europe [10-12,
14, 16, 33-48], 4 were from Asia [17,49-51], and another
2 were from Australia [52, 53]. There were 21 studies set
in a high-income country [10-11, 14, 16, 35-37, 39-50,
52, 53], and the remaining 6 studies were from a middle-/
low-income country [12, 17, 33, 34, 38, 51]. The total
number of included participants was 177,445 (mean
6,572, SD 33,806), ranging from 186 to 38,757. The entire
follow-up period ranged from 1 to 17 years. Regarding the
assessment methods of breastfeeding, most studies used
questionnaires to collect information, while some studies
collected it through clinic follow-up or dietary records.
Among the 27 included studies, 20 focused on exclusive
breastfeeding. As for AD diagnostic criteria, only 6 stud-
ies claimed that they used standard diagnostic criteria to
determine AD, while other studies diagnosed the cases
without uniform criteria. In addition, 4 studies were re-
stricted to populations with a positive family history of
atopy, and 9 studies reported specific relative risks (RRs)
stratified by different atopic family histories. The charac-
teristics and extracted RRs of the included studies are pre-
sented in Tables 1 and 2, separately.

Study Quality
Using the Newcastle-Ottawa Scale (NOS) system, we
found that all included studies were considered as high
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Initial studies identified by database searches through
PubMed, Embase, Medline and Cochrane Library

(n =952)

350 excluded
+ 350 duplicate

y

Y

Studies screened for titles and abstracts

(n =602)

447 excluded

» 222 reviews, letters, case reports or guidelines
« 211 not relevant

* 9 other languages

« 5 not human or clinical study

y

Included after handscreening
for reference (n = 20)

Y

Full-text articles assessed

(n =175)

148 excluded

« 43 do not report relevant association
* 40 not a prospective cohort design

» 53 do not meet the inclusion criteria
« 9 no full text available

* 2 use same data

« 1in process

Y

Y

Studies included in the meta-analysis

(n=27)

Fig. 1. Flowchart of Materials and Meth-
ods.

quality. The detailed information of NOS quality assess-
ment is presented in online supplementary Table S1. The
NOS scores compared with Lodge et al. [20] are listed in
online supplementary Table S2, and no difference was in-
dicated.

Reverse Causation

The issue of reverse causation was investigated by 7 of
27 studies [17, 35, 37, 39, 41, 50, 53] with 5 finding no
evidence of reverse causality in their studies [35, 37, 39,
41, 53]. One showed, when taking account of reverse cau-
sality, no evidence of a protective effect of prolonged
breastfeeding against AD among children at the age of 18
months [17]. However, another study found that breast-
feeding increased the AD risk when considering reverse
causation [50].

Total Breastfeeding and Risk of AD

Two of 27 publications reported RRs stratified by fam-
ily history of atopy. Therefore, a total of 29 records were
entered into final statistics regarding total breastfeeding

Breastfeeding and AD: Meta-Analysis

and AD risk. Using a random-effects model, we found
there was no association between the risk of AD and total
breastfeeding (RR 1.01, 95% CI 0.93-1.10; Fig. 2). Hetero-
geneity was found across studies (p < 0.01 or I = 65.2%;
Fig. 2).

Subgroup Analysis and Meta-Regression

To explore potential sources of heterogeneity, we fur-
ther conducted stratified analysis and meta-regression,
while the heterogeneity remained high across strata (Ta-
ble 3). Total breastfeeding was associated with a signifi-
cantly decreased risk of AD in the subgroup with a posi-
tive family history (RR 0.85,95% CI0.74-0.98). However,
the association changed to the reverse direction when
stratified in a population without an atopic family history
(RR 1.11, 95% CI 0.94-1.31), while no statistically sig-
nificant difference was detected. The result of meta-re-
gression indicated that a family history of atopy explained
15.12% of the variability between studies (p value from
meta-regression <0.05) [54].
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The protective effect of total breastfeeding on AD was
slightly stronger when using partial breastfeeding (RR
0.98, 95% CI 0.88-1.09) as a reference than when using
never breastfeeding (RR 1.06, 95% CI 0.92-1.23) as a
reference. However, no statistically significant differ-
ences were found in both subgroups, and the heteroge-
neity remained high. When stratified by country in-
come, the effect of total breastfeeding was more protec-
tive in cohorts from middle- and low-income countries
(RR 0.74, 95% CI 0.41-1.37) compared with cohorts
from high-income countries (RR 1.02, 95% CI 0.94-
1.10). With respect to different AD stages, total breast-
feeding was associated with decreased risks in the adult
AD subgroup (RR 0.62, 95% CI 0.22-1.73) as well as in
the infantile AD subgroup (RR 0.92, 95% CI 0.79-1.08),
while the heterogeneity of the estimates was too high to
be reliable. In contrast, total breastfeeding was associ-
ated with an increased risk in children’s AD (RR 1.04,
95% CI 0.94-1.16). As for different methods for AD as-
sessment, the effect of total breastfeeding was more
harmful when self-reporting the diagnosis of AD (RR
1.09, 95% CI 1.01-1.18) compared with clinical exami-
nation or physician-ascertained outcome of AD (RR
0.92, 95% CI 0.80-1.07). Different breastfeeding dura-
tion did not affect the pooled result substantially. Breast-
teeding follow-up of up to 1 year was associated with a
lower pooled risk for AD (RR 0.81, 95% CI 0.57-1.14),
whilst increased length of breastfeeding follow-up was
related with increased pooled risks (RR 1.04, 95% CI
0.96-1.14).

In our meta-regression analysis, we also included pub-
lication year and sample size as continuous covariate, dif-
ferences in both did not influence pooled estimates over-
all. Publication year explained 7.61% of the variability be-
tween studies, and the sample size explained 18.07% of
the variability between studies (Table 3).

Sensitivity Analysis

Through recalculating the pooled estimate while omit-
ting one study each time, sensitivity analysis showed that
no single study was an important source of heterogeneity.
That is, the summary estimates were robust to exclude
studies with different assessment criteria (online suppl.
Fig. S1).

Publication Bias

Visual inspection of a funnel plot revealed asymmetry
for total breastfeeding (Fig. 3), and Egger’s test was sig-
nificant (p = 0.036), while the p value for Begg’s test was
0.053. The results indicated a possible small study bias
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Table 2. Extracted data from included studies

Study Exposure (months) Reference Adjusted RR (95% CI) FH
Flohr et al. [44] 2018 Exclusive BF (>3) Partial BF 0.34 (0.16-0.72) Combined
Wang et al. [46], 2017 BF (>6) Never BF 0.98 (0.85-1.14) Combined, to 17 years
BF (4-6) Never BF 0.97 (0.82-1.13) Combined
BF (>6) Never BF 1.06 (0.90-1.26) FH+
BF (>6) Never BF 0.89 (0.69-1.15) FH-
BF (>6) Never BF 1.48 (0.99-2.21) Combined, to 2 years
BF (>6) Never BF 1.24 (0.80-1.93) Combined, to 4 years
BF (>6) Never BF 0.84 (0.53-1.31) Combined, to 6 years
Chiu et al. [51], 2016 BF (>6) Partial BF 1.31 (0.49-3.5) Combined, to 4 years
BF (>6) Partial BF 0.33 (0.07-0.75) Combined, to 1 year
BF (>6) Partial BF 0.36 (0.13-0.94) Combined, to 2 years
BF (>6) Partial BF 0.76 (0.29-1.99) Combined, to 3 years
Taylor-Robinson et al. BF (=6) Never BF 1.17 (1.01-1.36) Combined
[47], 2016 BF (0-6) Never BF 1.03 (0.94-1.13)! Combined
Dogruel et al. [33], 2016 Exclusive BF (=4) Partial BF 0.33 (0.05-1.96) Combined
Jelding-Dannemand Exclusive BF (4) Partial BF 0.99 (0.84-1.17) FH+
et al. [34], 2015
Ito and Fujiwara [49], 2014 Overall BF (6) Never BF 1.16 (1.05-1.29)! Combined
Exclusive BF (6) Never BF 1.26 (1.12-1.41) Combined
BF (3-5) Never BF 1.06 (0.95-1.19) Combined
BF (6+) Never BF 1.24 (1.11-1.38) Combined
Parazzini et al. [35],2014  BF (5+) Never BF 1.39 (0.91-2.12) Combined
Exclusive BF (5+) Never BF 1.46 (0.95-2.25) Combined
Nwaru et al. [48], 2013 Exclusive BF (=3.75) Never BF 1.25 (0.95-1.64) Combined
Exclusive BF (=3.75) Never BF 1.16 (0.83-1.61) Yes
Exclusive BF (=3.75) Never BF 1.46 (0.87-2.46) No
Morales et al. [36], 2012 Exclusive BF (4+) Never BF 0.7 (0.42-1.17)! Combined
Exclusive BF (4-6) Never BF 0.72 (0.42-1.22) Combined
Exclusive BF (6+) Never BF 0.64 (0.28-1.44) Combined
Chuang et al. [17], 2011 BF (6+) Never BF 1.46 (1.17-1.64)! Combined
BF (2-6) Never BF 1.47 (1.17-1.84) Combined
Miyake et al. [50], 2009 Exclusive BF (=4) Partial BF 1.23 (0.84-1.81) Combined
Exclusive BF (>4) Partial BF 1.77 (0.90-3.55) FH+
Exclusive BF (>4) Partial BF 0.96 (0.59-1.55) FH-
Matheson et al. [52],2007  Exclusive BF (=3) Partial BF 1.10 (0.92--1.33) Combined
Exclusive BF (=3) Partial BF 0.67 (0.49-0.92) FH+
Exclusive BF (=3) Partial BF 1.05 (0.83-1.32) FH-
Mihrshahi et al. [53],2007 BF (>6) Partial BF 1.42 (0.94-2.16) FH+
Exclusive BF (=3) Partial BF 1.52 (0.96-2.40) FH+
Sariachvili et al. [37], 2007  BF (>6) Never BF 0.87 (0.61-1.23)! Combined
BF (1-6) Never BF 0.8 (0.4-1.3) Combined
Dunlop et al. [12], 2006 Exclusive BF (>4) Partial BF 0.30 (0.1-0.8) Combined
Linneberg et al. [38],2006  Exclusive BF (>4) Partial BF 1.12 (1-1.25) Combined
Kull et al. [39], 2005 Exclusive BF (>4) Partial BF 0.78 (0.63-0.96) Combined
Exclusive BF (>4) Partial BF 0.74 (0.55-0.99) FH+
Exclusive BF (=4) Partial BF 0.83 (0.62-1.13) FH-
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Table 2 (continued)

Study Exposure (months) Reference Adjusted RR (95% CI) FH
Rothenbacher et al. BF (=3) Partial BF 0.73 (0.35-1.55)! FH+
[10], 2005 BF (=3) Partial BF 0.61 (0.36-1.06)! FH-
BF (3-6) Partial BF 0.91 (0.28-2.97) FH+
BF (3-6) Partial BF 0.74 (0.35-1.56) FH-
BF (6+) Partial BE 0.70 (0.32-1.50)" FH+
BF (6+) Partial BF 0.57 (0.32-0.99)! FH-
Benn et al. [14], 2004 Exclusive BF (4) Partial BF 1.12 (0.98-1.28) Combined
Exclusive BF (4) Partial BF 0.88 (0.67-1.13) FH2+
Exclusive BF (4) Partial BF 1.11 (0.94-1.31) FHI1+
Exclusive BF (4) Partial BF 1.29 (1.06-1.55) FH-
Exclusive BF (3-6) Never BF 1.59 (1.25-2.02)" Combined
Exclusive BF (6+) Never BF 1.60 (0.94-2.72) Combined
Laubereau et al. [41],2004  Exclusive BF (4) Partial BF 0.95 (0.79-1.14) Combined
Exclusive BF (4) Never BF (conventional ~ 0.64 (0.45-0.90) FH+
formula)
Exclusive BF (4) Never BF (conventional 1.19 (0.88-1.60) FH-
formula)
Exclusive BF (4) Never BF (hypoallergenic  0.58 (0.41-0.81) FH+
formula)
Exclusive BF (4) Never BF (hypoallergenic  1.30 (0.85-1.99) FH-
formula)
Kerkhof et al. [42], 2003 Exclusive BF (13 weeks) Partial BF 0.6 (0.3-1.2) FH+
Kramer et al. [45], 2003 Exclusive BF (=6) Partial BF 1.14 (0.65-2.02) Combined
Siltanen et al. [43], 2003 Exclusive BF (>3) Partial BF 0.68 (0.34-1.35) FH+
Exclusive BF (>3) Partial BF 2.37 (1.03-5.48) FH-
Bergmann et al. [16], 2002  BF (23) Partial BF 1.19 (0.90-1.58) Combined
BF (>6) Partial BF 1.18 (0.91-1.54) Combined
Kull et al. [40], 2002 BF (>6) Partial BF 0.88 (0.72-1.05) Combined
Exclusive BF (>4) Partial BF 0.85(0.71-1) Combined
Schoetzau et al. [11], 2002  Exclusive BF (=16 weeks)  Partial BF 0.47 (0.30-0.74) FH+

RR, risk ratio; CI, confidence interval; FH, family history; BF, breastfeeding. ! The RRs are estimated according to Hamling’s method

[24].

with a protective effect. The pooled RR was 1.01 (95% CI
0.93-1.10) after performing the trim-and-fill method,
and no study was filled up into the final analysis.

Exclusive Breastfeeding and Risk of AD

A total of 20 studies reported detailed information of
exclusive breastfeeding, with one study presenting RRs
stratified by different atopic family histories. Consequent-
ly, 21 records were compromised into final statistics re-
garding exclusive breastfeeding and AD risk. Using a ran-
dom-effects model, we found that there was no associa-
tion between the risk of AD and exclusive breastfeeding

8 Dermatology
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(RR 0.99, 95% CI 0.88-1.11; Fig. 4). Also, heterogeneity
was evident across studies (p < 0.01 or I? = 72.3%; Fig. 4).

Subgroup Analysis and Meta-Regression

Details of subgroup analysis and meta-regression are
presented in Table 4. Exclusive breastfeeding was associ-
ated with a decreased risk of AD in cohorts with a positive
family history of atopy (RR 0.83, 95% CI 0.70-0.97). In
contrast, in the population without a family history, ex-
clusive breastfeeding showed a harmful effect (RR 1.19,
95% CI 1.02-1.40). Moreover, statistically significant dif-
ferences were found across the above strata. The result of
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Study
ID RR (95% Cl) Weight, %
Flohr 2018 [44] —_— 0.34 (0.16, 0.72) 1.12
Wang 2017 [46] = 0.98 (0.85, 1.14) 6.10
Chiu 2016 [51] —_—t— 1.31 (0.49, 3.50) 0.70
Taylor-Robinson 2016 [47] aal 1.17 (1.01, 1.36) 6.07
Dogruel 2015 [33] 0.33 (0.05, 1.96) 0.22
Jelding-Dannemand 2015 [34] gl 0.99 (0.84, 1.17) 5.82
Ito 2014 [49] - 1.16 (1.05, 1.29) 6.70
Parazzini 2014 [35] B 1.39(0.91, 2.12) 2.68
Nwaru 2013 [48] e 1.25 (0.95, 1.64) 4.26
Morales 2012 [36] ——r 0.70 (0.42, 1.17) 2.06
Chuang 2011 [17] - 1.46 (1.17, 1.83) 4.95
Miyake 2009 [50] 1+ 1.23 (0.84, 1.81) 3.02
Matheson 2007 [52] - 1.10 (0.92, 1.33) 5.54
Mihrshahi 2007 [53] T 1.42 (0.94, 2.16) 2.73
Sariachvili 2007 [37] —— 0.87 (0.61, 1.23) 334
Dunlop 2006 [12] i d— 0.30 (0.10, 0.80) 0.63
Linneberg 2006 [38] <= 1.12 (1.00, 1.25) 6.59
Kull 2005 [39] - 0.78 (0.63, 0.96) 5.15
Rothenbacher 2005 FH+ [10] —_—— 0.73 (0.35, 1.55) 1.15
Rothenbacher 2005 FH- [10] —— 0.61 (0.36, 1.06) 1.91
Benn 2004 [14] || 1.12 (0.98, 1.28) 6.29
Laubereau 2004 [41] Enas 0.95(0.79, 1.14) 5.56
Kerkhof 2003 [42] —— 0.60 (0.30, 1.20) 1.29
Kramer 2003 [45] — 1.14 (0.65, 2.02) 1.77
Siltanen 2003 FH+ [43] —— 0.68 (0.34, 1.35) 1.30
Siltanen 2003 FH- [43] —— 2.37 (1.03, 5.48) 0.94
Bergmann 2002 [16] e 1.19 (0.90, 1.58) 4.15
Kull 2002 [40] — 0.88 (0.72, 1.05) 5.48
Schoetzau 2002 [11] — 0.47 (0.30, 0.74) 246
Overall (2 = 65.2%, p = 0.000) 1.01(0.93,1.10)  100.00
NOTE: Weights are from random—leffects analysis

0.1 0.5 1

Fig. 2. Meta-analysis of AD and total breastfeeding by reference group. AD, atopic dermatitis; RR, risk ratio; CI,

confidence interval; FH, family history.

meta-regression indicated that a family history of atopy
explained 33.39% of variability between studies and was
a potential source leading to the heterogeneity (p value
from meta-regression <0.05).

The pooled estimates were similar when compared
with partial breastfeeding (RR 0.98, 95% CI 0.87-1.10) or
when compared with never breastfeeding (RR 0.99, 95%
CI 0.71-1.37), while the heterogeneity remained high.
Different levels of country income explained 11% of the
variability between studies, with a lower risk found in co-
horts from middle- and low-income countries (RR 0.49,
95% CI 0.22-1.10) and a higher risk found in cohorts
from high-income countries (RR 1.02,95% CI 0.92-1.14).
With respect to different AD stages, exclusive breastfeed-
ing was associated with a decreased risk in adult AD (RR

Breastfeeding and AD: Meta-Analysis

0.34, 95% CI 0.16-0.72) and infantile AD (RR 0.92, 95%
CI 0.77-1.10). However, exclusive breastfeeding showed
an increased risk in childhood AD (RR 1.08,95% CI1 0.93-
1.25). When stratified by different methods for AD as-
sessment, the effect of exclusive breastfeeding was more
protective when clinically examined or when the physi-
cian ascertained the diagnosis of AD (RR 0.88, 95% CI
0.74-1.06) compared with self-reported ones (RR 1.21,
95% CI 1.01-1.24). Breastfeeding duration longer than 6
months (RR 1.26, 95% CI 0.92-1.74) was associated with
the higher pooled risk for AD, whilst the effect was at-
tenuated towards null when stratified in a cohort breast-
fed up to 6 months (RR 0.99, 95% CI 0.87-1.12). Addi-
tionally, lower pooled estimates for AD risk were seen in
the length of breastfeeding follow-up up to 1 year (RR
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Table 3. Total breastfeeding and the risk of AD: subgroup analysis and meta-regression

Subgroup Number  RR (95% CI) Heterogeneity Metaregression
of records®
P,%  pvalue proportion of between-  estimate of p value
study variance explained between-study
(adj. R?), % variance (12)
Stratified by atopic family history 15.12 0.05 0.04
Yes 15 0.85 (0.74-0.98)* 674  <0.01
No 10 1.11 (0.94-1.31) 56.2  <0.01
Stratified by reference group <0 0.04 0.49
Partial BF 20 0.98 (0.88-1.09) 58.8 <0.01
Never BF 9 1.06 (0.92-1.10) 73.7  <0.01
Stratified by income <0 0.05 0.77
High-income country 23 1.02 (0.94-1.10) 61 <0.01
Middle-/low-income country 6 0.74 (0.41-1.37) 77.8  <0.01
Stratified by AD stage® -<0 0.06 0.85
Infantile AD 18 0.92 (0.79-1.08) 70.4  <0.01
Childhood AD 15 1.04 (0.94-1.16) 48.2 0.019
Adult AD 2 0.62 (0.22-1.73) 86.4 <0.01
Stratified by AD assessment method <0 0.04 0.23
Self-assessment 12 1.09 (1.01-1.18)* 24.8 0.2
Clinical examination or physician 17 0.92 (0.80-1.07) 749  <0.01
diagnosis
Stratified by breastfeeding duration® <0 0.05 0.45
3-6 months 25 1.02 (0.92-1.12) 68.3  <0.01
>6 months 14 1.01 (0.97-1.24) 64.6 <0.01
Stratified by the length of follow-up 3.91 0.04 0.24
>1 year 21 1.04 (0.96-1.14) 63.3 <0.01
<I year 8 0.81 (0.57-1.14) 68.2  <0.01
Continuous variable
Publication year 29 1.01 (0.99-1.04) 64.84 / 7.61 0.04 0.33
Sample size 29 1.00 (0.99-1.00) 61.46 / 18.07 0.03 0.20

AD, atopic dermatitis; RR, relative risk; CI, confidence interval; BF, breastfeeding. * p < 0.05. * If studies reported stratified RRs in accordance with pre-
specified covariates, each RR was included into subgroup analysis and metaregression.
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Fig. 3. The funnel plot of studies on the association between AD
and total breastfeeding. AD, atopic dermatitis; SE, standard error;
InRR, the natural logarithm of risk ratio.
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0.78,95% CI0.50-1.21), while increased lengths of breast-
feeding follow-up were associated with increased pooled
risks (RR 1.02, 95% CI 0.91-1.14).

Also, the continuous covariates of publication year
and sample size did no influence the pooled estimates,
with publication year explaining 5.17% and the sample

size explaining 1.08% of the variability between studies
(Table 4).

Sensitivity Analysis

Also, the result of sensitivity analysis showed that no
single study affected the pooled estimate significantly
with none of the studies accounting for the important
source of heterogeneity. That is, the effect estimate rarely
changed after studies with different assessment criteria
had been excluded (online suppl. Fig. S2).
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Study
ID RR (95% Cl) Weight, %
Flohr 2018 [44] —_—— 0.34 (0.16, 0.72) 1.86
Dogruel 2015 [33] 0.33 (0.05, 1.96) 0.38
Jelding-Dannemand 2015 [34] - 0.99 (0.84, 1.17) 7.75
Ito 2014 [49] - 1.26 (1.12, 1.41) 8.46
Parazzini 2014 [35] —— 1.46 (0.95, 2.25) 4.01
Nwaru 2013 [48] e 1.25 (0.95, 1.64) 6.07
Morales 2012 [36] —— 0.70 (0.42, 1.17) 3.26
Miyake 2009 [50] —t— 1.23 (0.84, 1.81) 4.55
Matheson 2007 [52] e 1.10 (0.92, 1.33) 747
Mihrshahi 2007 [53] — 1.52 (0.96, 2.40) 3.74
Dunlop 2006 [12] —_— 0.30 (0.10, 0.80) 1.08
Linneberg 2006 [38] - 1.12 (1.00, 1.25) 8.50
Kull 2005 [39] —— 0.78 (0.63, 0.96) 7.05
Benn 2004 [14] - 1.12 (0.98, 1.28) 8.22
Laubereau 2004 [41] - 0.95 (0.79, 1.14) 748
Kerkhof 2003 [42] — 0.60 (0.30, 1.20) 2.12
Kramer 2003 [45] — 1.14 (0.65, 2.02) 2.84
Siltanen 2003 FH+ [43] —_—— 0.68 (0.34, 1.35) 2.13
Siltanen 2003 FH- [43] ————— 2.37 (1.03, 5.48) 157
Kull 2002 [40] - 0.85 (0.71, 1.00) 7.67
Schoetzau 2002 [11] — 0.47 (0.30, 0.74) 3.81
Overall (2 = 72.3%, p = 0.000) 0.99 (0.88, 1.11) ~ 100.00
NOTE: Weights are from random-effects analysis

OI.1 0!5 1

Fig. 4. Meta-analysis of AD and exclusive breastfeeding by reference group. AD, atopic dermatitis; RR, risk ratio;

CI, confidence interval; FH, family history.

Publication Bias

There was some evidence of publication bias from vi-
sual inspection of the funnel plot (Fig. 5), which indicated
the possibility of a small study bias. Both Egger’s (p =
0.067) and Begg’s tests (p = 0.194) were not significant.
Therefore, no significant publication bias was observed
for exclusive breastfeeding. The pooled RR was 0.99 (95%
CI 0.88-1.10) after performing the trim-and-fill method,
and no study was filled up into the final analysis.

Discussion

In our meta-analysis, we found there was no risk or
protective association between breastfeeding (neither to-
tal nor exclusive) and AD, whereas providing a weak evi-
dence of protective function of breastfeeding on AD from
the cohort with a positive family history (total breastfeed-

Breastfeeding and AD: Meta-Analysis

ing: RR 0.85, 95% CI 0.74-0.98; exclusive breastfeeding:
RR 0.83, 95% CI 0.70-0.97). In the cohort without an
atopic family history, the effect shifted towards the risk
side when limited to exclusive breastfeeding (RR 1.19,
95% CI 1.02-1.40) while was attenuated towards null
when limited to total breastfeeding (RR 1.11, 95% CI
0.94-1.31). However, these findings should be interpret-
ed with caution because heterogeneity was evident in our
studies.

Our results are not equally consistent with previous
meta-analyses. An early meta-analysis by Gdalevich et al.
[18] estimating the risk of AD and breastfeeding found a
protective effect of exclusive breastfeeding with a pooled
OR of 0.68. The protective effect was strengthened in the
subgroup of children with a family history of atopy (OR
0.58); however, no association was found in children
without a family history (OR 0.84). Yang’s meta-analysis
in 2009 contrasted with the previous meta-analysis, in
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Table 4. Exclusive breastfeeding and the risk of AD: subgroup analysis and metaregression

Subgroup Number of RR (95% CI) Heterogeneity ~ Metaregression
records®
I’,% pvalue  proportion of between-  estimate of p value
study variance explained between-study
(adj. R?), % variance (72)
Stratified by atopic family history 33.39 0.05 0.01
Yes 13 0.83 (0.70-0.97)*  69.9 <0.01
No 8 1.19 (1.02-1.40)*  41.4  0.102
Stratified by reference group <0 0.08 0.82
Partial BF 16 0.98 (0.87-1.10) 65.1 <0.01
Never BF 5 0.99 (0.71-1.37) 82.1 <0.01
Stratified by income 11 0.06 0.06
High-income country 17 1.02 (0.92-1.14) 71.5 <0.01
Middle-/low-income country 4 0.49 (0.22-1.10) 67.4 0.027
Stratified by AD stage® <0 0.07 0.87
Infantile AD 11 0.92 (0.77-1.10) 70.9 <0.01
Childhood AD 9 1.08 (0.93-1.25) 70.8 <0.01
Adult AD 1 0.34 (0.16-0.72) /o
Stratified by AD assessment method 0.03 0.06 0.19
Self-assessment 8 1.12 (1.01-1.24)*  27.1 0.212
Clinical examination or physician diagnosis 13 0.88 (0.74-1.06) 79.2 <0.01
Stratified by breastfeeding duration® 0.18 0.09 0.35
3-6 months 20 0.99 (0.87-1.12) 76.3 <0.01
>6 months 4 1.26 (0.92-1.74) 24 0.267
Stratified by the length of follow-up <0 0.08 0.38
>1 year 14 1.02 (0.91-1.14) 724 <0.01
<I year 7 0.78 (0.50-1.21) 73.6 <0.01
Continuous variable
Publication year 21 1.01 (0.97-1.05)  70.09 / 5.17 0.06 0.55
Sample size 21 1.00 (100-1.00) 67.25 / 1.08 0.06 0.43

AD, atopic dermatitis; RR, relative risk; CI, confidence interval; BF, breastfeeding. * p < 0.05. * If studies reported stratified RRs in accordance with pre-
specified covariates, each RR was included into subgroup analysis and meta-regression.
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Fig. 5. The funnel plot of studies on the association between AD
and exclusive breastfeeding. AD, atopic dermatitis; SE, standard
error; InRR, the natural logarithm of risk ratio.
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which exclusive breastfeeding did not display a signifi-
cant protective effect on AD (OR 0.89), even in children
with a family history of atopy (OR 0.78). A more recent
study by Lodge et al. [20], which included cross-sectional,
case-control and cohort studies, showed a protective ef-
fect of exclusive breastfeeding on eczema below the age of
2 years. All previous meta-analyses intended to focus on
exclusive breastfeeding and AD; nevertheless, they both
included several studies that investigated the influence of
breastfeeding (not exclusive breastfeeding) on AD. Some
of these studies did not describe whether breastfeeding
was exclusive or combined [10], and some studies calcu-
lated any breastfeeding directly [16]. In order to over-
come this problem, our meta-analysis categorized studies
into total breastfeeding and exclusive breastfeeding. Since
multiple confounders and study designs tended to influ-
ence the effect of breastfeeding, our study only adopted
adjusted RRs from prospective cohort studies into the fi-

Lin/Dai/Lu/Fan/Yu

Downloaded by:

UCSF Library & CKM

132.174.255.215 - 11/8/2019 8:41:45 AM



nal meta-analysis, making the results more reasonable.
To the best of our knowledge, this is the first meta-anal-
ysis for the adjusted association between breastfeeding
and AD risk.

In the current meta-analysis, we found the risk of AD
was different in cohorts with distinct atopic heredities al-
though the evidence was low. Both total and exclusive
breastfeeding was associated with a lower incidence rate
of AD in the population with atopic heredity, and the ef-
fect shifted towards the harmful side in the population
without a family history of atopy. Varying concentrations
of IL-4, IL-5 and IL-13 in breast milk from allergic and
nonallergic mothers may attribute to some of the contro-
versial effects in different atopic status [55]. However,
only 3 included studies reported information regarding
maternal allergic condition [10, 39, 47], and we were un-
able to perform a detailed analysis stratified by maternal
atopic status. Another possible reason is that the mother’s
awareness of developing AD in children with atopic he-
redity leads to a more delicate management support (e.g.,
emollient application and avoidance of trigger factors),
which is beneficial for AD prevention [56]. Therefore, the
decreased risk of AD observed in children with a positive
family history may result from primary preventive man-
agements rather than breastfeeding. However, we should
realize that it is only our guess but is far from “on the
bench” theory.

For both total and exclusive breastfeeding, the effects
of breastfeeding on AD were similar when compared with
partial breastfeeding or when compared with never
breastfeeding. There were no associations found in all
groups. Herein, we are against the opinion that “exclusiv-
ity” of breastfeeding plays an important role in the reduc-
tion of AD risk [57]. Up until now, the biological mecha-
nisms of breast milk on AD development are not well
understood, and several mechanisms may attribute to it.
One of the well-recognized explanations is that mother’s
milk contains many immunomodulatory factors that
promote the programming of the infant’s immune system
[58]. A prospective birth cohort study postulated the pro-
tective effect of breastfeeding was synergistic with soluble
CD14 concentration in human breast milk [10]. Also,
breastfeeding reduces the chance for infants to be infect-
ed that may stimulate an inappropriate immune response
[57]. However, the hygiene hypothesis contrasts this
opinion that early infection may be beneficial for matura-
tion of the immune system [59], and breastfeeding is a
risk factor of AD for preventing infants from being ex-
posed to common allergens that is critical to develop a
functional immune system properly [60]. Since both hy-
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potheses can only explain some of the associations ob-
served, they cannot be substantiated comprehensively,
and more data are needed to elucidate the underlying
mechanism.

Different income levels tend to affect estimations of
the association between breastfeeding and AD. Protective
effects of both total and exclusive breastfeeding were ob-
served in studies from middle- and low-income coun-
tries, although the association did not reach statistical sig-
nificance. The result was consistent with an earlier study
conducted by Lodge et al. [20], and one plausible reason
was different early-life exposure to infections. Environ-
mental differences may increase the risk of early infec-
tions in children from middle- and low-income coun-
tries, and breastfeeding is known as an important factor
against early life infections [61].

Generally, AD can be divided into 3 stages: infantile
(birth to 2 years of age), childhood (2-12 years of age) and
adult AD (older than 12 years) [62]. The characteristics
and nature of different AD types are not identified [63].
In the current meta-analysis, we found a reduced risk of
AD in infants while it was increased in children. Breast-
feeding may protect AD development in infants but not
in childhood. Since limited studies were included into the
analysis of adult AD, the pooled estimates on adult AD
were unreliable. We should notice that all results were not
statistically significant and an excessive interpretation is
untenable.

The methods used for the AD assessment may influ-
ence the result. Our study found that there was no asso-
ciation between breastfeeding and AD diagnosed by phy-
sicians or through clinical examination; however, we
showed that breastfeeding could slightly increase the risk
of self-assessed AD (total breastfeeding: RR 1.08 and ex-
clusive breastfeeding: RR 1.12). This contrasted some-
what with the previous meta-analysis conducted by Yang
etal. [19] that a protective effect of breastfeeding was ob-
served when restricted to physician-assessed AD while no
association was detected in self-reported AD. The finding
may arise from misclassification since for physicians or
health personnel the diagnosis of AD is rigidly specified
while the diagnostic criteria for self-reported AD are rel-
atively lax. Therefore, it is impossible for us to evaluate
the influence of the above changes on the final risk esti-
mates, which is likely to be substantial or even brings the
effect to null.

Our meta-analysis also investigated whether the associa-
tion varied with breastfeeding duration. Since the World
Health Organization recommends exclusive breastfeeding
for the first 6 months [64], we evaluated the effect of breast-
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feeding duration before and beyond 6 months on AD inci-
dence. For total breastfeeding, longer breastfeeding dura-
tion would not change the pooled estimate of AD; however,
for exclusive breastfeeding, we found an increased risk in
the cohort breastfed for more than 6 months. Therefore, we
postulate that a longer duration of exclusive breastfeeding
may be a risk factor of AD development. As for different
follow-up durations, we found an increased risk in groups
followed up for <1 year in both total and exclusive breast-
feeding groups while the outcomes were highly heteroge-
neous and were not statistically significant.

Study methodology may contribute substantially to the
heterogeneity; however, no randomized controlled trials
are found in this study for it is not possible to randomize
the breastfeeding practice of mothers. Therefore, our re-
sults were derived only from prospective cohort studies.
Another possible reason is reverse causation [65], mean-
ing that mothers are likely to extend breastfeeding once
their babies present symptoms assumed to be related with
sensitization. In our meta-analysis, only 6 studies assessed
the influence of reverse causation, and of those that did,
the effects considering reverse causation were even vary-
ing. Itis not not clear to us why there are different findings
when taking reverse causation into account.

The 2 funnel plots of publication bias indicate a possible
evidence of small study bias for there are remarkably few
smaller studies that fall into the middle of the cone. It ap-
pears that smaller studies have been published if they show
either a positive or negative association, but not if there was
anullassociation. Also, this may have led to the issue of high
heterogeneity observed within our meta-analyses.

Several limitations of our meta-analysis should be con-
sidered. First, heterogeneity is evident in our meta-anal-
ysis, which may result from differences in study design,
study quality, analysis strategies and baseline characteris-
tics. Although we have tried subgroup analysis and meta-
regression to explore potential sources, the heterogeneity
is still evidenced across most subsets. Several confound-
ers (e.g., reverse causation) not explored in this study may
be the potential sources, and more delicate mathematical
models should be developed to address the issue. Second,
we include only English publications and full-text publi-
cations which may result in publication bias. Moreover,
the presence of a small study effect in our study may affect
the reliability of outcomes founded in this meta-analysis.
Third, the adjusted factors varied with studies while some
unadjusted lifestyle factors, for example, maternal probi-
otic consumption [66] and pets in the household [67],
may relate to AD development. Thus, controlling for crit-
ical factors is essential to explore the real relationship be-
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tween breastfeeding and AD. Finally, because of a rela-
tively small number of studies in subset meta-analyses, we
have only conducted the analyses of publication bias over
all included studies yet not among subgroups. Therefore,
it is likely to have publication bias in subgroup analyses.
In conclusion, we find that breastfeeding, regardless of
total or exclusive patterns, has no association with AD risk.
There is a weak evidence that exclusive breastfeeding has a
protective function on AD from the cohort with a positive
family history of atopy; in contrast, it shows a risk effect on
AD in those without atopic heredity. The protective asso-
ciation is also observed in the cohort with atopic heredity
when total breastfeeding is considered. Therefore, we sug-
gest that breastfeeding recommendations for AD preven-
tion may need to take baseline characteristics into consid-
eration. However, these findings should be interpreted
with caution because heterogeneity is evident in our stud-
ies. The mechanisms underlying the breastfeed-AD asso-
ciation need to be further explored, which can help develop
lifestyle interventions to prevent the occurrence of AD.

Key Message

There is no evidence of an increased or decreased association
between atopic dermatitis and breastfeeding.
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