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Summary

Introduction: Eczema is a common childhood ailment responsible for a considerable

disease burden. Both timing of introduction to solid food and allergenic food are

believed to be related to childhood eczema. Despite the growing body of evidence, the

relationship between timing of any solid food introduction (allergenic and/or non-aller-

genic) and development of eczema has not previously been systematically reviewed.

Methods: PubMed and EMBASE databases were searched using food and eczema

terms. Two authors selected papers according to the inclusion criteria and extracted

information on study characteristics and measures of association. Meta-analyses

were performed after grouping studies according to the age and type of exposure.

Results: A total of 17 papers met the inclusion criteria, reporting results from 16

study populations. Of these, 11 were cohort studies, 2 case-controls, 1 cross-sec-

tional study and 2 randomized controlled trials. Limited meta-analyses were per-

formed due to heterogeneity between studies. Timing of solid food introduction

was not associated with eczema. One randomized controlled trial provided weak

evidence of an association between early allergenic (around 4 months) food intro-

duction and reduced risk of eczema.

Conclusions: The available evidence is currently insufficient to determine whether

the timing of introduction of any solid food influences the risk of eczema.
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1 | INTRODUCTION

Eczema is the most common skin disease in childhood,1 and it causes

a considerable amount of distress to both children and parents.2 The

prevalence of eczema varies globally but is higher in developed coun-

tries.2 Timing of introduction to complementary food for infants has

recently received increased interest,3 as this may impact on the

child’s immune system4 and risk of developing eczema.

Complementary feeding describes the provision of nutrition

other than breastmilk.5 It may be either in liquid form, typically

formula feeding, or in solid form, with introduction of solid food

to the infant’s diet. Introduction of liquid and solid

complementary foods generally occur at different times, respond-

ing to different needs. Formula or substitute milk feeding is

introduced as a breastmilk substitute until the child can be

weaned onto solid foods. Solid food introduction is the start of

transition to an adult diet and relies also on developmental

readiness.Adrian J. Lowe and Caroline Lodge jointly supervised the work.
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Prolonged exclusive breastfeeding, which is intimately related to

the timing of solid food introduction, is widely advocated as a pre-

ventive measure for childhood allergic disorders, although there is lit-

tle clear evidence to support this claim.6 Guidelines for the timing of

allergenic food introduction also differ, with some authorities recom-

mending introduction between 4 to 6 months, and others before

12 months of age.7,8 Currently, there is no consensus concerning

the timing of introduction to solid foods with the aim of preventing

eczema. The World Health Organization (WHO) guidelines recom-

mend exclusive breastfeeding for 6 months, prior to complementary

food introduction.5 The food introduced at this time may be solid

and/or liquid, but the expectation is that solids will be introduced.

The ASCIA (Australian Society of Clinical Immunology and Allergy)

guidelines recommend complementary feeding around 6 months and

allergenic food within the first year of life.9 All other national and

international organizations recommend timing complementary feed-

ing around the age of 6 months and not before the age of

4 months.10–12

A recently published systematic review, based on 17 trials and 37

observational studies, investigated the association between allergenic

food introduction and eczema, including both liquid and solid aller-

genic foods.13 They found no clear evidence for an association

between timing of introduction of any allergenic food and eczema.

However, they did not report on the associations between (i) timing of

introduction of only solid foods or (ii) the exposure to specific aller-

genic foods (apart from cows’ milk) and the outcome of eczema. Fur-

thermore, the review included multifaceted intervention trials, where

the effect of timing of introduction of individual foods could not be

determined.14 Therefore, the literature concerning timing of introduc-

tion to solid foods not specifically focussing on allergenic food and the

risk of eczema has not yet been systematically synthesized. Under-

standing this relationship may help inform infant feeding guidelines.

The aim of this article was to appraise all available literature on

the association between timing of solid food introduction and the

risk of eczema. For the purpose of this review, we have excluded

exposure to cows’ milk, as it is commonly given as liquid formula

before the introduction of complementary solids.

2 | METHODS

PubMed and EMBASE electronic databases were systematically

searched using both key words and MeSH terms for solid food, com-

plementary and allergenic food introduction and eczema. We also

reviewed the reference lists of included articles. Additionally we

searched trial registries (Australian and New Zealand, European,

Japanese) and created citation alerts to screen for the most current

publications. We included all relevant English-language human stud-

ies. Further details of the search terms are provided in the online

supplement (S1). The review was prospectively registered in the

PROSPERO systematic review registry (CRD42016033473). The final

search was performed on the 18 February 2017. Following the final

search, database alerts were established to keep the authors updated

on new publications.

2.1 | Inclusion and exclusion criteria

• Types of studies - We included all cohort studies, case-control

studies, cross-sectional studies and randomized controlled trials

based on general population or high-risk population groups.

• Published in English.

• Study participants—Human.

• Exposures—The exposure of interest was timing of solid food

introduction to the child (solid food may be allergenic or non-

allergenic). Both the exact age in months and interval cut-offs

were considered as suitable for the analysis.

• Outcomes—Diagnosis of eczema (any definition).

• Peer-reviewed publications (conference papers, abstracts and let-

ters to the editor) that did not contain original data were

excluded from the review.

2.2 | Selection of studies

Two authors independently reviewed the titles and abstracts (NW and

GB). Any disagreements were resolved by consulting a third reviewer

(CL) who made the final decision. The list of excluded studies after the

full-text review is provided in the online supplement (S2).

2.3 | Data extraction

Two authors independently performed the data extraction (NW

and GB). Details of the studies were extracted into a standard

table. The fields included the following: first author, year pub-

lished, exposure and its definition, outcome and its definition,

study design, sample size, confounding and moderating factors

considered, measures taken to control for reverse causation and

effect estimates.

2.4 | Effect estimates

Associations with the dichotomous outcome of eczema vs no

eczema were extracted from each paper. Associations were reported

as odds ratios/risk ratios or hazard ratios.

2.5 | Quality assessment and risk of bias

Two authors were independently involved in assessing the study

quality (NW and GB). Study quality was assessed using Newcastle-

Ottawa scale (NOS) for individual studies. The cohort and case-con-

trol studies were graded as very good (9-10), good (7-8), satisfactory

(5-6) and unsatisfactory (0-4). The Cochrane Review Quality assess-

ment scale was used for quality assessment of randomized con-

trolled trials.
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2.6 | Data analysis

Studies that provided the age of exposure and a numerically mea-

sured outcome as a risk ratio or odds ratio with 95% confidence

interval were included in the meta-analysis. The I2 was used to

assess the heterogeneity of the pooled estimate (>75% was consid-

ered to be high statistical heterogeneity). We performed random

effects meta-analysis and studies were grouped according to expo-

sure time in age and also the food groups the child was exposed to.

Although early introduction of solids was considered to be when a

child was introduced to solids below the age of 4 months, during

the analysis we considered different levels of exposure as provided

by the included studies. Studies that were not included in the meta-

analysis were included in a narrative synthesis.

All analyses were performed using STATA 14 statistical package.

3 | RESULTS

Electronic searches identified 1414 records (Figure 1). Following

removal of duplicates, 1092 articles underwent title and abstract

screening; of these, 987 were excluded. The remaining 105 papers

underwent full-text review, and 89 articles were excluded, leaving

17 articles for inclusion. Two studies were added after screening trial

registries (Australian and New Zealand trial registry).

Of the 17 papers included in the review, 11 were birth cohort

studies.3,4,7,8,14–21 As the LISA birth cohort study generated 2 publi-

cations,17,18 the number of papers exceeds the number of study

populations. There was 1 cross-sectional study,22 2 case-control

studies23,24 and 2 randomized controlled trials.25,26 Among the birth

cohort studies, one was a high-risk birth cohort.8 The exposure dif-

fered considerably among the studies. In some, it was any solid

food7,8,15,17,18,21 while in others, the exact food item was men-

tioned3,4,14,16,20,27 (Table 1). The age of eczema outcome was also

different between studies (1-6 years). Also, the definition used for

diagnosis of eczema differed between studies. Some used question-

naire-based diagnosis (the questionnaire identifies whether child

had eczema or not),15 and in others, a clinician diagnosed the con-

dition.7,17,18 Some studies adjusted for potential confounding fac-

tors such as parental and sibling atopy and type of breastfeeding7,8

while others did not.20 Further details of the selected studies are

given in Tables 1 to 4.

*ITA—Intention-to-treat analysis.

3.1 | Synthesis of study findings

3.1.1 | Overview of the included studies

The 2 randomized controlled trials of egg introduction did not find

evidence that early introduction of egg was protective against

eczema25,26 (ORs: 0.90(0.65, 1.24) and 0.84(0.57, 1.23), respectively).

Both studies performed the intervention on children <1 year of age.

Both trials presented the results of the intention-to-treat analysis

but only 1 study adjusted for baseline disparities.25 The diagnosis of

eczema in both studies was made by a clinician, and the outcome

was assessed during early childhood (1 year).

There were 11 birth cohort studies. Six of these investigated

the association between any solid food introduction and

eczema.3,4,7,8,14–21 All 6 assessed the outcome of eczema in early

childhood (below the age of 6 years). Except for the CAPS

study,12 all were population-based cohorts. Only 1 study found

that delayed introduction of any solids increased the risk of

eczema.7 Seven birth cohort studies investigated the introduction

of specific allergenic foods such as cereal, fish, eggs or

fruits.3,4,8,14,16,19,20 From the 3 studies investigating the association

between only fish introduction (rather than a multifood exposure

including fish20 and eczema, early vs late introduction of fish was

found to have consistent evidence of protection.3,14,20 Early fruit

or cereal introduction did not show evidence of protection for

eczema.3,20

The cross-sectional study did not show any significant associa-

tion.22 The results from the case-control studies were conflicting.23,24

One study found solid introduction before 4 months increased the

risk of eczema23 while the other found a protective effect.24

3.2 | Study quality

The quality of the cohort studies was generally within the range

of satisfactory (a minimum score of 5) to very good (a maximum

score of 10), while the cross-sectional and case-control studies all

achieved a score of more than 6 (tables S1-4). The common area

of weakness was how the researchers assessed the exposure and

dealt with the possibility of reverse causation in terms of early

signs of allergic disease in the children. Most studies did not

account for reverse causation based on family history of allergy

and breastfeeding. However, even among the studies which

accounted for reverse causation, the evidence was inconclusive.

3.3 | Studies that were not included in the meta-
analyses

There were 3 observational studies that we could not include in the

meta-analysis as risk ratios were not provided.3,4,20 Details of these

studies are presented in Table 2.

Hesselmar et al3 found that introduction of many food items

including allergenic as well as non-allergenic food was delayed

among children who had eczema compared to the no-eczema group.

Kull et al4 investigated the association between the timing of intro-

duction of fish and eczema finding that later exposure to fish

increased the risk of eczema at 1 year of age. The other study which

investigated early fish exposure and eczema observed a protective

effect HR:1.73(0.75, 3.99).
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3.4 | Studies included in the meta-analyses

3.4.1 | A. Evidence based on RCTs

Introduction to egg
There were 2 randomized controlled trials which investigated

the effect of timing of introduction of egg and the risk of

eczema (pooled OR: 0.87, 95% CI: 0.68, 1.12, I2 0.0%) (Figure 2).

In 1 trial, the prevalence of eczema among children exposed to

egg from 4 to 8 months was not different from the placebo

group (RR:0.90, 95% CI: 0.65, 1.24).24 The second trial also

found no protective effect in the egg group compared to pla-

cebo (0.84 [0.57-1.23])23; however, when the children with

eczema were stratified by atopic status, there was some evi-

dence for a reduction of atopic eczema in the intervention group

(P = .09).

3.4.2 | B. Evidence from observational studies

Introduction to first solids

Introduction to solids after 7 months of age compared to early

introduction (<4 months)

Pooling 4 birth cohort studies, we found no evidence for an

association between increased risk of eczema for late introduc-

tion to solids (>7 months) compared to early introduction (<3-

4 months) (OR:1.04 95%CI:0.77, 1.44, I2 54.5%) (Figure3) (Fig-

ure 3 I2 = 54.5%).

Introduction to solids after 4 months of age compared to early

introduction (<4 months)
Pooling 2 case-control studies and 1 cross-sectional study,

infants who were exposed to solids after 4 months of age compared

to before 4 months demonstrated no evidence of association with

eczema risk (OR: 1.14 95% CI: 0.37, 3.58) (Figure 4). The reliability

of this estimate is undermined by the high heterogeneity of the

pooled studies (I2 = 88.1%).

Introduction to solids between 4 and 6 months of age compared

to early introduction (<4 months)

Meta-analysing 4 birth cohort studies with introduction of solids

between 4 to 6 months of age showed no association with risk of

eczema (OR: 0.91 95% CI: 0.78, 1.07, I2=0.00) when compared with

those who had solids introduced before 4 months (online repository

Figure 5, I2 = 0.0%).

Introduction to allergenic foods (evidence from birth cohort studies)

Introduction to specific allergenic solids (early vs late) and the risk

of eczema

Pooling results from 3 birth cohorts (1 high-risk) which

had data on earlier (<9 or <6 months) compared to later

Records identified through database 
searching  

(n = 1412 (Medline 704, EMBASE 708   

Sc
re

en
in

g 
In

cl
ud

ed
 

El
ig

ib
ili

ty
 

Id
en

�fi
ca

�o
n Trial registries  

(n = 2) 

Total records iden�fied  
(n = 1414) 

Records screened  
(n = 1092) 

Records excluded  
(n = 987) 

Full-text ar�cles assessed for 
eligibility  
n = 105

Full-text ar�cles excluded, 
with reasons 
Reviews -15 

Conference abstract -23 
Le�ers -6 

Mul�faceted interven�ons- 
4 

No exposure defini�on -11 
Posters -1 

Outcome not men�oned -
28 

Studies included in 
qualita�ve synthesis  

n = 17

Studies included in 
quan�ta�ve synthesis 

(meta-analysis) 
(n = 13) 

Duplicates removed  
(n = 322) 

F IGURE 1 The PRISMA flow diagram
for selection of studies for the review

WAIDYATILLAKE ET AL. | 1003



T
A
B
L
E

1
T
he

as
so
ci
at
io
n
be

tw
ee

n
th
e
ti
m
in
g
o
f
fi
rs
t
fo
o
d
(a
lle
rg
en

ic
)
in
tr
o
du

ct
io
n
an

d
ec
ze
m
a
(r
an

do
m
iz
ed

co
nt
ro
lle
d
tr
ia
ls
in
cl
ud

ed
in

th
e
re
vi
ew

)

A
ut
ho

r,
ye

ar
,
St
ud

y
na

m
e,

co
un

tr
y
an

d
th
e
sa
m
pl
e
si
ze

E
xp

o
su
re

de
fi
ni
ti
o
n

O
ut
co

m
e

de
fi
n
it
io
n

C
o
n
fo
un

di
ng

fa
ct
o
rs

co
n
si
de

re
d
du

ri
ng

th
e
an

al
ys
is

R
es
ul
ts

M
ai
n
fi
n
d
in
gs

T
an

et
al

2
0
1
6
2
6

B
E
A
T

A
us
tr
al
ia

N
=
3
1
9
in
fa
nt
s

w
er
e
ra
nd

o
m
iz
ed

,

1
6
5
to

eg
g
an

d

1
5
4
to

pl
ac
eb

o

In
te
rv
en

ti
o
n
w
it
h
eg

g

po
w
de

r
o
r
ri
ce

po
w
de

r
be

tw
ee

n
4

an
d
8
m
o
o
f
ag
e

3
5
0
m
g
eg

g
pr
o
te
in

da
ily

fr
o
m

4
-8

m
o

M
o
di
fi
ed

H
an

if
in

an
d
R
aj
ka

cr
it
er
ia

1
y

-
T
im

e-
po

in
t
IT
A
*

E
cz
em

a
ev

id
en

t
o
n
ex

am
in
at
io
n

in
P
la
ce

bo
gr
o
up

(n
,
%
)

E
cz
em

a
ev

id
en

t
o
n

ex
am

in
at
io
n
in

E
gg

gr
o
up

(n
,
%
)

R
R
(9
5
%
C
I)

T
h
e
p
re
va
le
n
ce

o
f

ec
ze
m
a
is

th
e
sa
m
e

b
et
w
ee

n
th
e
eg

g

ex
p
o
se
d
an

d

p
la
ce
b
o
gr
o
u
p
s

4
m
o
In
te
rv
en

ti
o
n

st
ar
te
d

4
5
/1

5
4
(2
9
%
)

3
7
/1

6
4
(2
3
%
)

0
.7
7
(0
.5
3
,
1
.1
2
)

8
m
o
In
te
rv
en

ti
o
n

co
m
pl
et
ed

4
1
/1

3
1
(3
1
%
)

4
6
/1

3
3
(3
5
%
)

1
.1
0
(0
.7
8
,
1
.5
6
)

1
2
m
o

4
8
/1

2
4
(3
9
%
)

4
5
/1

2
9
(3
5
%
)

0
.9
0
(0
.6
5
,
1
.2
4
)

P
al
m
er

et
al

2
0
1
6
2
5

ST
E
P

A
us
tr
al
ia

N
=
8
2
0
in
fa
nt
s

w
it
h
at
o
pi
c

m
o
th
er
s
w
er
e

ra
nd

o
m
iz
ed

in
to

2

gr
o
up

s,
eg

g

po
w
de

r
(n

=
4
0
7
)

o
r
a
co

lo
ur
-

m
at
ch

ed
ri
ce

po
w
de

r
(n

=
4
1
3
).

(e
xc
lu
de

d
in
fa
nt
s

w
ho

ha
d
a
hi
st
o
ry

o
f
al
le
rg
ic

di
se
as
e

o
r
an

y
pr
ev

io
us

kn
o
w
n
di
re
ct

in
ge

st
io
n
o
f
eg

g)

T
he

in
te
rv
en

ti
o
n
(e
gg

po
w
de

r
0
.4

g/
d)
,

m
ix
ed

w
it
h
ca
rr
o
t,

pi
ne

ap
pl
e
an

d
ri
ce

po
w
de

rs
;
th
e

co
nt
ro
l
(e
gg

-f
re
e)
,

o
nl
y
ca
rr
o
t,

pi
ne

ap
pl
e
an

d
ri
ce

po
w
de

rs
w
er
e
gi
ve

n

to
in
fa
nt
s
(s
ta
rt
in
g

fr
o
m

ag
e
4
to

6
m
o
)

to
1
0
m
o
.

D
o
ct
o
r

di
ag
no

se
d

1
y

C
it
y,

in
fa
nt

se
x,

br
ea

st
fe
ed

in
g
st
at
us

an
d
pa

te
rn
al

hi
st
o
ry

o
f
al
le
rg
ic

di
se
as
e.

IT
A
*

A
lle

rg
en

ic
fo
o
d

gr
o
up

C
o
nt
ro
l
gr
o
up

aR
R
an

d
9
5
%
C
I

P
va

lu
e

T
h
e
p
re
va
le
n
ce

o
f

ec
ze
m
a
is

th
e
sa
m
e

b
et
w
ee

n
th
e
eg

g

ex
p
o
se
d
an

d
eg

g-
fr
ee

gr
o
u
p
s

E
cz
em

a
4
0
o
f
3
7
4
(1
0
.7
%
)

4
5
o
f
3
7
8
(1
1
.9
%
)

0
.8
4
(0
.5
7
-1
.2
3
)

.3
7

A
to
pi
c
ec
ze
m
a

1
0
o
f
3
7
2
(2
.0
7
%
)

2
0
o
f
3
7
9
(5
.3
%
)

0
.5
3
(0
.2
6
-1
.0
9
)

.0
9

1004 | WAIDYATILLAKE ET AL.



T
A
B
L
E

2
T
he

as
so
ci
at
io
n
be

tw
ee

n
th
e
ti
m
in
g
o
f
fi
rs
t
fo
o
d
in
tr
o
du

ct
io
n
an

d
ec
ze
m
a
(c
o
ho

rt
st
ud

ie
s
in
cl
ud

ed
in

th
e
re
vi
ew

)

A
ut
h
o
r
&

ye
ar
,
St
ud

y

na
m
e,

C
o
un

tr
y,

ty
pe

o
f

po
pu

la
ti
o
n
an

d
sa
m
pl
e

si
ze

n/
N
-(
an

al
ys
ed

sa
m
pl
e/
to
ta
l
sa
m
pl
e)

E
xp

o
su
re

de
fi
ni
ti
o
n

A
ge

H
o
w

m
ea

su
re
d

O
ut
co

m
e
(E
cz
em

a)

de
fi
ni
ti
o
n

A
ge

H
o
w

m
ea

su
re
d

C
o
nf
o
un

de
rs
/s
el
ec

ti
o
n

bi
as
,
st
ra
ti
fi
ca
ti
o
n
an

d

re
ve

rs
e
ca
us
at
io
n

R
es
ul
ts

M
ai
n
fi
nd

in
g

C
o
ho

rt
St
ud

ie
s

C
hu

an
g
et

al
2
0
1
1
1
5

T
ai
w
an

B
ir
th

C
o
ho

rt

St
ud

y

T
ai
w
an

P
o
pu

la
ti
o
n
ba

se
d
n/

N
=
1
8
7
7
3
/2

4
2
0
8

A
ny

so
lid

fo
o
d
an

d
ag
e

fi
rs
t
so
lid

in
tr
o
du

ce
d

M
ea

su
re
d
at

6
an

d

1
8
m
o

In
te
rv
ie
w
er
-

ad
m
in
is
te
re
d

qu
es
ti
o
nn

ai
re

P
ar
en

t
re
po

rt
o
f

D
o
ct
o
r
di
ag
no

si
s
6
-

1
8
m
o

Q
ue

st
io
nn

ai
re
s

A
dj
us
te
d
fo
r
in
fa
nt
s’

ge
nd

er
,b

ir
th

o
rd
er
,

bi
rt
hw

ei
gh

t
an

d

ge
st
at
io
na

l
ag
e,

pa
re
nt
s’
ag
e,

ed
uc

at
io
n,

al
le
rg
ic

hi
st
o
ry
,p

la
ce

o
f

re
si
de

nc
e,

m
at
er
na

l

sm
o
ki
ng

o
r
pa

ss
iv
e

sm
o
ki
ng

du
ri
ng

pr
eg

na
nc

y,
m
o
ul
d

sp
o
ts
,c

ar
pe

t
an

d
pe

ts
.

C
o
ns
id
er
in
g
re
ve

rs
e

ca
us
al
it
y,

2
3
9
9
ch

ild
re
n

w
it
h
ec
ze
m
a
in

th
e
fi
rs
t

6
m
o
w
er
e
ex

cl
ud

ed

fr
o
m

th
e
an

al
ys
is

In
tr
o
du

ct
io
n
o
f
so

lid
s
an

d
ec

ze
m
a
fr
o
m

6
to

1
8
m
o

N
o
as
so
ci
at
io
n

be
tw

ee
n
ea

rl
y/
la
te

in
tr
o
du

ct
io
n
o
f
so
lid

fo
o
d
an

d
ec
ze
m
a
fr
o
m

6
-1
8
m
o

T
im

e
o
f
so

lid

in
tr
o
du

ct
io
n

Y
es

N
o

aO
R
(9
5
%
C
I)

P
va

lu
e

<
4
m
o

4
1

8
0
6

1

4
-6

m
o

9
0
6

1
5
1
3
9

1
.1
1
(0
.8
0
,
1
.5
3
)

.5
9
3

>
6
m
o

1
0
3

1
7
7
8

1
.0
8
(0
.7
4
,
1
.5
7
)

.6
9
8

Sn
ijd

er
s
et

al
2
0
0
8
7

K
O
A
LA

bi
rt
h
co

ho
rt

N
et
he

rl
an

ds

P
o
pu

la
ti
o
n
ba

se
d
n/

N
=
2
4
3
4
/2

5
5
8

F
ir
st

fo
o
d
pr
o
du

ct
s

in
ge

st
ed

,m
ea

su
re
d
at

3
,
7
,1

2
an

d
2
4
m
o
by

se
lf
-a
dm

in
is
te
re
d

qu
es
ti
o
nn

ai
re

1
.
P
ar
en

t-
re
po

rt
ed

ec
ze
m
a
at

3
,7

,
1
2

an
d
2
4
m
o

2
.
E
cz
em

a
de

fi
ne

d

at
th
e
ag
e
o
f
2
y

us
in
g
U
K
w
o
rk
in
g

pa
rt
y
cr
it
er
ia

2
4
m
o

A
dj
us
te
d
fo
r
du

ra
ti
o
n
o
f

br
ea

st
fe
ed

in
g,

ge
nd

er

o
f
in
fa
nt
,r
ec
ru
it
m
en

t

gr
o
up

(c
o
nv

en
ti
o
na

l,

al
te
rn
at
iv
e
lif
es
ty
le
),

m
at
er
na

l
sm

o
ki
ng

du
ri
ng

pr
eg

na
nc

y,

in
fa
nt
’s
ex

po
su
re

to

en
vi
ro
nm

en
ta
l
to
ba

cc
o

sm
o
ke

,m
at
er
na

l
ag
e
at

de
liv
er
y
(in

ye
ar
s)
,

m
at
er
na

l
ed

uc
at
io
n,

pr
es
en

ce
o
f
pa

re
nt
al

al
le
rg
ic

di
se
as
e
an

d

(o
ld
er
)
si
bl
in
gs
’a

to
pi
c

hi
st
o
ry
.

E
xc
lu
si
o
n
o
f
in
fa
nt
s

w
it
h
ea

rl
y
sy
m
pt
o
m
s
o
f

ec
ze
m
a
(t
o
av
o
id

re
ve

rs
e
ca
us
at
io
n)

di
d

no
t
es
se
nt
ia
lly

ch
an

ge

re
su
lt
s.

In
tr
o
du

ct
io
n
o
f
so

lid
fo
o
d
an

d
in
fa
nt
s’
E
cz
em

a
D
el
ay
ed

in
tr
o
du

ct
io
n
o
f

so
lid

s
as
so
ci
at
ed

w
it
h

in
cr
ea

se
d
ri
sk

o
f

ec
ze
m
a

A
ge

at
so

lid

in
tr
o
du

ct
io
n

P
ar
en

t-
re
po

rt
ed

ec
ze
m
a
(b
ir
th
-2
4
m
o
)

E
cz
em

a
at

2
4
m
o
de

fi
ne

d
us
in
g

U
K

w
o
rk
in
g
pa

rt
y
cr
it
er
ia

aO
R
(9
5
%
C
I)

aO
R
(9
5
%
C
I)

3
1
.0
0

1
.0
0

4
-6

1
.2
8
(0
.9
1
-1
.8
1
)

2
.6
7
(0
.8
0
-8
.9
7
)

>
7

2
.1
0
(1
.1
7
-3
.7
6
)

9
.4
6
(2
.0
5
-4
3
.6
1
)

P
fo
r
tr
en

d
.0
2

<
.0
0
1

(C
o
n
ti
n
u
es
)

WAIDYATILLAKE ET AL. | 1005



T
A
B
L
E

2
(C
o
nt
in
u
ed

)

A
ut
h
o
r
&

ye
ar
,
St
ud

y

na
m
e,

C
o
un

tr
y,

ty
pe

o
f

po
pu

la
ti
o
n
an

d
sa
m
pl
e

si
ze

n/
N
-(
an

al
ys
ed

sa
m
pl
e/
to
ta
l
sa
m
pl
e)

E
xp

o
su
re

de
fi
ni
ti
o
n

A
ge

H
o
w

m
ea

su
re
d

O
ut
co

m
e
(E
cz
em

a)

de
fi
ni
ti
o
n

A
ge

H
o
w

m
ea

su
re
d

C
o
nf
o
un

de
rs
/s
el
ec

ti
o
n

bi
as
,
st
ra
ti
fi
ca
ti
o
n
an

d

re
ve

rs
e
ca
us
at
io
n

R
es
ul
ts

M
ai
n
fi
nd

in
g

Z
ut
av
er
n
et

al
2
0
0
8
1
8

LI
SA

bi
rt
h
co

ho
rt

G
er
m
an

y

P
o
pu

la
ti
o
n
ba

se
d
n/

N
=
2
0
7
3
/3

0
9
7

6
m
o
,p

ar
en

ts
re
po

rt
ed

ag
e
o
f
fi
rs
t
so
lid

in
tr
o
du

ct
io
n
fr
o
m

1
st

to
th
e
6
th

m
o
nt
hs

o
f

ag
e
(1
st
/2

nd
m
o
nt
h,

3
rd
/4

th
m
o
nt
h,

5
th
/

6
th

m
o
nt
h)

re
po

rt
ed

by

m
o
th
er

P
ar
en

t-
re
po

rt
ed

D
o
ct
o
r-
di
ag
no

se
d

ec
ze
m
a

6
y

A
dj
us
te
d
fo
r
st
ud

y

ce
nt
re
,p

ar
en

ta
l
al
le
rg
y,

ge
nd

er
,p

ar
en

ta
l

ed
uc

at
io
n
an

d

br
ea

st
fe
ed

in
g
ty
pe

.

E
ar
ly

lif
e
at
o
pi
c
st
at
us

o
r
pa

re
nt
al

hi
st
o
ry

o
f

al
le
rg
y
di
d
no

t
al
te
r
th
e

as
so
ci
at
io
n
be

tw
ee

n

ag
e
o
f
so
lid

fo
o
d

in
tr
o
du

ct
io
n
an

d

ec
ze
m
a
at

6
y

In
tr
o
du

ct
io
n
o
f
so

lid
s
an

d
ec

ze
m
a
at

6
y
o
f
ag

e
N
o
as
so
ci
at
io
n

be
tw

ee
n
in
tr
o
du

ct
io
n

o
f
so
lid

s
be

yo
nd

4
o
r

6
m
o
an

d
ec
ze
m
a
at

th
e
ag
e
o
f
6
y

T
im

in
g
o
f
so

lid
in
tr
o
du

ct
io
n

O
R
(9
5
%
C
I)

R
ef

(0
-4

m
o
)

1

5
-6

m
o

0
.9
2
(0
.6
1
,
1
.3
9
)

>
6
m
o

0
.8
2
(0
.4
9
,
1
.4
0

M
ih
rs
ha

hi
et

al
2
0
0
7
8

C
A
P
S
bi
rt
h
co

ho
rt

A
us
tr
al
ia

H
ig
h-
ri
sk

po
pu

la
ti
o
n

n/
N

=
5
1
6
/6

1
6

So
lid

s
gi
ve

n
re
gu

la
rl
y
by

th
e
ag
e
o
f
3
m
o
by

in
te
rv
ie
w
er
-

ad
m
in
is
te
re
d

qu
es
ti
o
nn

ai
re

at
3
m
o

B
y
o
bs
er
va
ti
o
n

ec
ze
m
a
at

ag
e
5
y

by
a
re
se
ar
ch

nu
rs
e/
pa

re
nt
-

re
po

rt
ed

co
m
bi
ne

d

w
it
h
se
ek

in
g

m
ed

ic
al

ca
re
/u
se

o
f

st
er
o
id

cr
ea

m
fo
r

ec
ze
m
a

5
y

A
dj
us
te
d
fo
r

in
te
rv
en

ti
o
n
o
r
co

nt
ro
l

gr
o
up

al
lo
ca
ti
o
n,

m
o
th
er
s
an

d
fa
th
er
s

hi
st
o
ry

o
f
as
th
m
a,

m
at
er
na

l
sm

o
ki
ng

du
ri
ng

pr
eg

na
nc

y
an

d

th
e
ge

nd
er

o
f
th
e

ch
ild

.-

A
ss
o
ci
at
io
n
be

tw
ee

n
in
tr
o
du

ct
io
n
o
f
so

lid
s
an

d
ec

ze
m
a
at

ag
e
5
y

N
o
as
so
ci
at
io
n

be
tw

ee
n
th
e
ti
m
in
g
o
f

so
lid

in
tr
o
du

ct
io
n
an

d

ec
ze
m
a.

A
ge

at
so

lid
fo
o
d
in
tr
o
du

ct
io
n

aO
R
(9
5
%
C
I)

B
y
3
m
o

Y
es

co
m
pa

re
d
to

no
0
.5
9
(0
.3
3
,
1
.0
4
)

Z
ut
av
er
n
et

al
2
0
0
6
1
7

LI
SA

bi
rt
h
co

ho
rt

G
er
m
an

y

P
o
pu

la
ti
o
n
ba

se
d
n/

N
=
2
6
1
2
/3

0
9
7

So
lid

s
in
tr
o
du

ce
d
ag
e

o
bt
ai
ne

d
by

a
se
lf
-

ad
m
in
is
te
re
d

qu
es
ti
o
nn

ai
re

at
6
,1

2
,

1
8
an

d
2
4
m
o

P
ar
en

t-
re
po

rt
ed

do
ct
o
r-
di
ag
no

se
d

ec
ze
m
a

2
y

A
dj
us
te
d
fo
r
st
ud

y

ce
nt
re
,p

ar
en

ta
l
at
o
py

,

ch
ild

’s
ge

nd
er
,
pa

re
nt
al

ed
uc

at
io
n,

bi
rt
hw

ei
gh

t

an
d
br
ea

st
fe
ed

in
g
ty
pe

.

In
fa
nt
s
w
it
h
ea

rl
y
sk
in

o
r
al
le
rg
ic

sy
m
pt
o
m
s

ha
d
in
cr
ea

se
d
ri
sk

o
f

sy
m
pt
o
m
at
ic

ec
ze
m
a

(n
o
t
do

ct
o
r
di
ag
no

se
d)

w
he

n
ex

po
se
d
to

de
la
ye

d
in
tr
o
du

ct
io
n
o
f

so
lid

s

A
ss
o
ci
at
io
n
be

tw
ee

n
th
e
in
tr
o
du

ct
io
n
o
f
so

lid
s
an

d
ec

ze
m
a
fr
o
m

0
to

2
4
m
o

N
o
as
so
ci
at
io
n

be
tw

ee
n
de

la
ye

d

in
tr
o
du

ct
io
n
o
f
so
lid

s

be
yo

nd
th
e
6
m
o
an

d

pr
ev

en
ti
o
n
o
f
ec
ze
m
a

by
2
y
o
f
ag
e

T
im

in
g
o
f
so

lid
in
tr
o
du

ct
io
n

O
R
(9
5
%
C
I)

R
ef
(0
-4

m
o
)

1

5
-6

m
o

1
.0
2
(0
.6
4
,
1
.6
2
)

>
6
m
o

0
.9
6
(0
.5
3
,
1
.7
4
)

(C
o
n
ti
n
u
es
)

1006 | WAIDYATILLAKE ET AL.



T
A
B
L
E

2
(C
o
nt
in
u
ed

)

A
ut
h
o
r
&

ye
ar
,
St
ud

y

na
m
e,

C
o
un

tr
y,

ty
pe

o
f

po
pu

la
ti
o
n
an

d
sa
m
pl
e

si
ze

n/
N
-(
an

al
ys
ed

sa
m
pl
e/
to
ta
l
sa
m
pl
e)

E
xp

o
su
re

de
fi
ni
ti
o
n

A
ge

H
o
w

m
ea

su
re
d

O
ut
co

m
e
(E
cz
em

a)

de
fi
ni
ti
o
n

A
ge

H
o
w

m
ea

su
re
d

C
o
nf
o
un

de
rs
/s
el
ec

ti
o
n

bi
as
,
st
ra
ti
fi
ca
ti
o
n
an

d

re
ve

rs
e
ca
us
at
io
n

R
es
ul
ts

M
ai
n
fi
nd

in
g

F
ili
pa

k
et

al
2
0
0
7
2
1

B
ir
th

co
ho

rt
st
ud

y

G
er
m
an

y

B
eg

an
as

R
C
T

in
ve

st
ig
at
in
g

hy
dr
o
ly
se
d
vs

co
w
’s

m
ilk

fo
rm

ul
ae

A
n
in
te
rv
en

ti
o
n
gr
o
up

n
=
2
2
5
2
an

d
a
no

n-

in
te
rv
en

ti
o
n
gr
o
up

n
=
3
7
3
9

So
lid

s
in
tr
o
du

ce
d
ag
e

o
bt
ai
ne

d
by

a
se
lf
-

ad
m
in
is
te
re
d

qu
es
ti
o
nn

ai
re

at
th
e

ag
e
o
f
1
2
m
o

D
o
ct
o
r-
di
ag
no

se
d

ec
ze
m
a

4
y

A
dj
us
te
d
fo
r
fa
m
ily

hi
st
o
ry

o
f
ec
ze
m
a
an

d

at
o
py

,
ty
pe

o
f
m
ilk

fe
ed

in
g
su
ch

as

br
ea

st
fe
ed

in
g
o
r

fo
rm

ul
a
fe
ed

in
g,

T
im

in
g
o
f
so

lid

in
tr
o
du

ct
io
n

N
o
n-
in
te
rv
en

ti
o
n
gr
o
up

(a
ny

so
lid

)
In
te
rv
en

ti
o
n
gr
o
up

(a
ny

so
lid

)
N
o
as
so
ci
at
io
n

be
tw

ee
n
de

la
y
in

an
y

so
lid

fo
o
d

in
tr
o
du

ct
io
n
an

d

ec
ze
m
a.

D
o
ct
o
r-

di
ag

no
se
d

ec
ze
m
a
aO

R

(9
5
%
C
I)

Sy
m
pt
o
m
at
ic

ec
ze
m
a
aO

R
(9
5
%

C
I)

D
o
ct
o
r-

di
ag

no
se
d

ec
ze
m
a
aO

R

(9
5
%
C
I)

Sy
m
pt
o
m
at
ic

ec
ze
m
a
aO

R

(9
5
%
C
I)

0
-4

m
o

1
1

1
1

5
-6

m
o

0
.8
6
(0
.6
6
-1
.1
2
)

0
.9
5
(0
.7
3
-1
.2
3
)

0
.9
5
(0
.6
9
-1
.3
1
)

1
.1
4
(0
.8
1
-1
.5
9
)

>
6
m
o

1
(0
.7
2
-1
.4
0
)

1
.0
7
(0
.7
7
,
1
.5
0
)

1
.0
0
(0
.7
2
,
1
.3
9
)

1
.2
8
(0
.9
1
,

1
.8
1
)

N
iin

iv
ir
ta

et
al

2
0
1
4
2
0

P
ro
bi
o
ti
c
in
te
rv
en

ti
o
n

bi
rt
h
co

ho
rt

F
in
la
nd

hi
gh

-r
is
k

co
ho

rt
n/
N

=
2
5
6
/

2
5
6

D
et
ai
ls
o
f
so
lid

s
gi
ve

n
to

th
e
ch

ild
un

ti
l
th
e
ag
e

o
f
1
y
by

a
se
lf
-

ad
m
in
is
te
re
d
fo
o
d
di
ar
y

D
o
ct
o
r-
di
ag
no

se
d

at
o
pi
c
ec
ze
m
a

4
y

C
hi
ld
’s
ge

nd
er
,p

ar
en

ta
l

pe
rc
ep

ti
o
n
o
f
ch

ild
’s

po
ss
ib
le

re
ac
ti
o
ns

an
d

st
ud

y
gr
o
up

T
im

in
g
in
tr
o
du

ct
io
n

H
R
(9
5
%
C
I)

N
o
as
so
ci
at
io
n

be
tw

ee
n
de

la
ye

d

in
tr
o
du

ct
io
n
an

d

ec
ze
m
a.

F
is
h
≥7

m
o

1
.7
3
(0
.7
5
,
3
.9
9
)

C
er
ea

l
≥7

m
o

1
.4
3
(0
.7
3
,
2
.8
0
)

N
w
ar
u
et

al
2
0
1
3
1
9

D
IP
P
bi
rt
h
co

ho
rt

F
in
la
nd

hi
gh

-r
is
k

co
ho

rt
n/
N

=
3
1
0
9
/

3
7
8
9

Se
lf
-a
dm

in
is
te
re
d

qu
es
ti
o
nn

ai
re

at
3
,6

an
d
1
2
m
o
o
f
ag
e

P
ar
en

t-
re
po

rt
ed

do
ct
o
r-
di
ag
no

se
d

ev
er

ec
ze
m
a

5
y

A
dj
us
te
d
fo
r
se
x
o
f
ch

ild
,

si
bl
in
gs
,p

ar
en

ta
l

as
th
m
a,

pa
re
nt
al

rh
in
it
is
,h

o
sp
it
al

o
f

bi
rt
h,

m
at
er
na

l
sm

o
ki
ng

du
ri
ng

pr
eg

na
nc

y,

se
as
o
n
o
f
bi
rt
h,

du
ra
ti
o
n
o
f
ge

st
at
io
n,

m
at
er
na

l
ag
e,

m
at
er
na

l

ba
si
c
ed

uc
at
io
n,

pe
ts

at

ho
m
e
by

1
y
o
f
ag
e,

m
o
de

o
f
de

liv
er
y
an

d

bi
rt
hw

ei
gh

t

In
te
ra
ct
io
n
te
st
s
fo
r

ec
ze
m
a
by

6
m
o
an

d

pa
re
nt
al

al
le
rg
ic

hi
st
o
ry

w
er
e
pe

rf
o
rm

ed
to

ev
al
ua

te
th
e
po

te
nt
ia
l

fo
r
re
ve

rs
e
ca
us
al
it
y.

T
im

in
g
o
f
C
er
ea

l
In
tr
o
du

ct
io
n

O
R
(9
5
%
C
I)

In
tr
o
du

ct
io
n
o
f
ce
re
al

<
4
.5

m
o
as
so
ci
at
ed

w
it
h
in
cr
ea

se
d
ri
sk

o
f

ec
ze
m
a

<
4
.5

m
o

1
.4
7
(1
.1
0
,
1
.9
7
)

4
.5
-5
.5

m
o

1
.1
7
(0
.8
8
,
1
.5
6
)

5
.5

m
o

re
f

(C
o
n
ti
n
u
es
)

WAIDYATILLAKE ET AL. | 1007



T
A
B
L
E

2
(C
o
nt
in
u
ed

)

A
ut
h
o
r
&

ye
ar
,
St
ud

y

na
m
e,

C
o
un

tr
y,

ty
pe

o
f

po
pu

la
ti
o
n
an

d
sa
m
pl
e

si
ze

n/
N
-(
an

al
ys
ed

sa
m
pl
e/
to
ta
l
sa
m
pl
e)

E
xp

o
su
re

de
fi
ni
ti
o
n

A
ge

H
o
w

m
ea

su
re
d

O
ut
co

m
e
(E
cz
em

a)

de
fi
ni
ti
o
n

A
ge

H
o
w

m
ea

su
re
d

C
o
nf
o
un

de
rs
/s
el
ec

ti
o
n

bi
as
,
st
ra
ti
fi
ca
ti
o
n
an

d

re
ve

rs
e
ca
us
at
io
n

R
es
ul
ts

M
ai
n
fi
nd

in
g

T
ro
m
p
et

al
2
0
1
1
3

G
en

er
at
io
n
R
co

ho
rt

st
ud

y

N
et
he

rl
an

ds

P
o
pu

la
ti
o
n
ba

se
d
n/

N
=
6
3
0
0
/6

9
0
5

F
o
o
d
fr
eq

ue
nc

y

qu
es
ti
o
nn

ai
re

ad
m
in
is
te
re
d
at

6
an

d

1
2
m
o

P
ar
en

t
re
po

rt
ed

ph
ys
ic
ia
n-

di
ag
no

se
d
ec
ze
m
a

(IS
A
A
C

de
fi
ni
ti
o
n)

A
t
th
e
ag
es

o
f
2
,3

an
d
4
y

A
dj
us
te
d
fo
r
se
x,

m
o
th
er
’s
so
ci
o
-

ec
o
no

m
ic

st
at
us
,r
ac
e/

et
hn

ic
it
y,

sm
o
ki
ng

du
ri
ng

pr
eg

na
nc

y,

ge
st
at
io
na

l
ag
e,

bi
rt
hw

ei
gh

t,
pa

ri
ty
,

br
ea

st
fe
ed

in
g,

pa
re
nt
al

hi
st
o
ry

o
f
at
o
py

an
d

an
y
o
f
th
e
fo
llo

w
in
g

fr
o
m

1
2
to

2
4
m
o
:

an
ti
bi
o
ti
cs

da
y
ca
re

at
te
nd

an
ce
,

ga
st
ro
en

te
ri
ti
s,

re
sp
ir
at
o
ry

tr
ac
t

in
fe
ct
io
ns
,o

ve
r
w
ei
gh

t

A
hi
st
o
ry

o
f
co

w
’s
m
ilk

al
le
rg
y
in

th
e
fi
rs
t
ye

ar

o
f
lif
e
in
cr
ea

se
d
th
e

ri
sk

o
f
ec
ze
m
a

P
ar
en

ta
l
hi
st
o
ry

o
f

al
le
rg
y
in
cr
ea

se
d
th
e

ri
sk

o
f
ec
ze
m
a

In
tr
o
du

ct
io
n
o
f
al
le
rg
en

ic
fo
o
ds

an
d
ec

ze
m
a
at

ag
es

2
,3

an
d
4
y

N
o
as
so
ci
at
io
n

be
tw

ee
n
de

la
ye

d

in
tr
o
du

ct
io
n
o
f

al
le
rg
en

ic
fo
o
ds

af
te
r

6
m
o
an

d
pr
ev

en
ti
o
n

o
f
ec
ze
m
a

Fo
o
d
gr
o
up

in
tr
o
du

ce
d
≤
6
m
o

O
R
(9
5
%
C
I)

O
R
(9
5
%
C
I)

O
R
(9
5
%
C
I)

H
en

’s
eg

g
1
.1
0
(0
.5
1
-2
.3
2
)

0
.8
7
(0
.6
9
-1
.1
0
)

1
.0
5
(0
.8
1
,
1
.3
5
)

P
ea

nu
t

1
.1
1
(0
.3
4
-3
.6
1
)

0
.9
9
(0
.7
2
-1
.3
6
)

0
.8
7
(0
.6
5
,
1
.1
6
)

T
re
e
nu

ts
1
.5
4
(0
.3
5
-6
.6
9
)

1
.1
6
(0
.7
6
-1
.7
6
)

1
.0
6
(0
.7
2
,
1
.5
6
)

So
y

1
.3
3
(0
.7
2
-2
.4
4
)

0
.9
5
(0
.7
5
-1
.1
9
)

0
.9
7
(0
.8
0
,
1
.1
7
)

G
lu
te
n

0
.9
0
(0
.7
1
-1
.1
4
)

0
.9
0
(0
.7
6
-1
.0
6
)

1
.0
2
(0
.8
1
,
1
.2
7
)

H
es
se
lm

ar
et

al
2
0
1
0
3

A
lle
rg
y
F
lo
ra

bi
rt
h

co
ho

rt

Sw
ed

en

P
o
pu

la
ti
o
n
ba

se
d
n/

N
=
1
8
4
/2

5
6

F
o
o
d
di
ar
ie
s
m
ai
nt
ai
ne

d

by
th
e
m
o
th
er

at
th
e

ag
es

o
f
0
-6

an
d
6
-

1
2
m
o

A
dj
us
te
d
fo
r:
m
at
er
na

l

an
d
pa

te
rn
al

hi
st
o
ry

o
f

al
le
rg
y,

as
w
el
l
as

o
ng

o
in
g
br
ea

st
fe
ed

in
g

at
6
m
o
o
f
ag
e

A
ft
er

co
nt
ro
lli
ng

fo
r

re
ve

rs
e
ca
us
at
io
n

(e
cz
em

a
ev

er
in

th
e

fi
rs
t
6
m
o
),
th
er
e
w
as

no
ch

an
ge

in
re
su
lt
s

In
tr
o
du

ct
io
n
o
f
di
ff
er
en

t
fo
o
d
it
em

s,
in

re
la
ti
o
n
to

a
d
ia
gn

o
si
s
o
f
‘e
cz
em

a
at

1
8
m
o
o
f
ag

e
E
ar
ly

fi
sh

in
tr
o
du

ct
io
n

pr
o
te
ct
iv
e
ag
ai
ns
t

ec
ze
m
a

Fo
o
d
ty
pe

M
ed

ia
n
ag

e
an

d
th
e
IQ

R
at

w
hi
ch

th
e
fo
o
d
it
em

s
w
er
e

in
tr
o
du

ce
d

E
cz
em

a
P

Y
es

N
o

F
ru
it

5
(4
,5

)
5
(4
,5

)
.8
5
9

So
lid

sa
4
(4
,5

)
4
(4
,4

.6
)

.9
7
1

F
is
h

1
1
(8
,1

3
)

8
(6
,1

1
)

.0
0
4

E
gg

1
3
(1
0
,1

3
)

1
1
(9
,1

3
)

.0
7
0

a S
o
lid

s—
po

ta
to
es
,r
o
o
t
ve

ge
ta
bl
es

an
d
m
ea

t

D
el
ay
ed

in
tr
o
du

ct
io
n
o
f
fi
sh

fo
r
ev

er
y
2
m
o
th
s
as
so
ci
at
ed

w
it
h
1
6
%

in
cr
ea

se
d
pr
ev

al
en

ce
o
f

ec
ze
m
a
(O

R
1
.1
6
(9
5
%

C
I
1
.0
2
-1
.3
3
),

A
lm

et
al

2
0
0
9
1
4

B
ir
th

co
ho

rt

W
es
te
rn

Sw
ed

en

P
o
pu

la
ti
o
n
ba

se
d
n/

N
=
4
9
4
1
/8

1
7
6

F
o
o
d
in
tr
o
du

ct
io
n
by

a

se
lf
-
ad

m
in
is
te
re
d

qu
es
ti
o
nn

ai
re

bi
an

nu
al
ly

P
ar
en

t-
re
po

rt
ed

ev
er

ec
ze
m
a

1
y

M
at
er
na

l
ec
ze
m
a,

si
bl
in
g

w
it
h
ec
ze
m
a,

bi
rd

in

th
e
ho

m
e
an

d
co

w
’s

m
ilk

al
le
rg
y

A
lle

rg
en

ic
fo
o
d
in
tr
o
du

ct
io
n

aO
R
(9
5
%
C
I)

E
ar
ly

in
tr
o
du

ct
io
n
o
f

fi
sh

ha
s
a
pr
o
te
ct
iv
e

ef
fe
ct

o
n
ec
ze
m
a

B
y
9
m
o

Y
es

co
m
pa

re
d
to

no
0
.9
6
(0
.6
0
,
1
.5
4
)

(C
o
n
ti
n
u
es
)

1008 | WAIDYATILLAKE ET AL.



T
A
B
L
E

2
(C
o
nt
in
u
ed

)

A
ut
h
o
r
&

ye
ar
,
St
ud

y

na
m
e,

C
o
un

tr
y,

ty
pe

o
f

po
pu

la
ti
o
n
an

d
sa
m
pl
e

si
ze

n/
N
-(
an

al
ys
ed

sa
m
pl
e/
to
ta
l
sa
m
pl
e)

E
xp

o
su
re

de
fi
ni
ti
o
n

A
ge

H
o
w

m
ea

su
re
d

O
ut
co

m
e
(E
cz
em

a)

de
fi
ni
ti
o
n

A
ge

H
o
w

m
ea

su
re
d

C
o
nf
o
un

de
rs
/s
el
ec

ti
o
n

bi
as
,
st
ra
ti
fi
ca
ti
o
n
an

d

re
ve

rs
e
ca
us
at
io
n

R
es
ul
ts

M
ai
n
fi
nd

in
g

M
ih
rs
ha

hi
et

al
2
0
0
7
8

C
A
P
S
bi
rt
h
co

ho
rt

A
us
tr
al
ia

H
ig
h
ri
sk

n/
N

=
5
1
6
/

6
1
6

A
lle
rg
en

ic
fo
o
d(
ar
bi
tr
ar
ily

de
fi
ne

d
as

co
w
’s
m
ilk
,

eg
gs
,
nu

ts
o
r
fi
sh
)

in
tr
o
du

ct
io
n

B
y
9
m
o
by

a
by

in
te
rv
ie
w
er

ad
m
in
is
te
re
d

qu
es
ti
o
nn

ai
re

at
1
,3

,
6
,

9
an

d
1
2
m
o

D
r
di
ag
no

se
d
5
y

In
te
rv
en

ti
o
n
o
r
co

nt
ro
l

gr
o
up

al
lo
ca
ti
o
n,

m
o
th
er
s
an

d
fa
th
er
s

hi
st
o
ry

o
f
as
th
m
a,

m
at
er
na

l
sm

o
ki
ng

du
ri
ng

pr
eg

na
nc

y
an

d

th
e
ge

nd
er

o
f
th
e
ch

ild

In
tr
o
du

ct
io
n
o
f
so

lid
s
an

d
ec

ze
m
a
at

1
y
o
f
ag

e
La
te

in
tr
o
du

ct
io
n
o
f

A
lle
rg
en

ic
so
lid

s
no

t

as
so
ci
at
ed

w
it
h
ri
sk

o
f

ec
ze
m
a

A
ge

at
in
tr
o
du

ct
io
n
o
f
fi
sh

O
R
(9
5
%
C
I)

P
va

lu
e

B
ef
o
re

9
m
o

0
.7
6
(0
.6
2
,
0
.9
4
)
.0
0
9

A
ft
er

ex
cl
ud

in
g
ch

ild
re
n
w
it
h
ec
ze
m
a
du

ri
ng

th
e
fi
rs
t
ye

ar
o
f
lif
e,

th
e
as
so
ci
at
io
n
o
f
fi
sh

co
ns
um

pt
io
n

≥2
-3
/m

o
co

m
pa

re
d
to

≤1
/m

o
du

ri
ng

th
e
fi
rs
t
1
2
m
o
as
so
ci
at
ed

w
it
h
in
cr
ea

se
d
ri
sk

o
f
ec
ze
m
a
at

4
y

aO
R
0
.7
6
(9
5
%

C
I
0
.6
0
-0
.9
8
)

K
ul
l
et

al
2
0
0
6
4

B
A
M
SE

bi
rt
h
co

ho
rt

Sw
ed

en

P
o
pu

la
ti
o
n
ba

se
d
n/

N
=
2
6
1
4
/4

0
8
9

P
ar
en

t-
re
po

rt
ed

ti
m
in
g

o
f
fi
sh

in
tr
o
du

ct
io
n
to

th
e
ch

ild
at

1
,2

an
d

4
y

D
o
ct
o
r-
di
ag
no

se
d

ec
ze
m
a
at

4
y

4
y

A
dj
us
te
d
fo
r
pa

re
nt
al

al
le
rg
ic

di
se
as
e,

m
at
er
na

l
ag
e,

m
at
er
na

l

sm
o
ki
ng

an
d

br
ea

st
fe
ed

in
g.

A
ft
er

ex
cl
ud

in
g
in
fa
nt
s

ha
d
ec
ze
m
a
du

ri
ng

th
e

1
st

ye
ar

o
f
lif
e
sh
o
w
ed

si
gn

if
ic
an

t
as
so
ci
at
io
n

w
it
h
fi
sh

in
di
et

du
ri
ng

fi
rs
t
1
2
m
o
an

d
ec
ze
m
a

at
4
y.

A
ss
o
ci
at
io
n
in
tr
o
du

ct
io
n
o
f
fi
sh

du
ri
ng

th
e
fi
rs
t
1
2
m
o
o
f
ag

e
an

d
ec

ze
m
a
at

ag
e
4
y

F
is
h
in

di
et

du
ri
ng

th
e

fi
rs
t
ye

ar
o
f
lif
e
is

as
so
ci
at
ed

w
it
h

re
du

ce
d
ri
sk

o
f

ec
ze
m
a

R
ep

o
rt
ed

fi
sh

in
di
et

(f
ir
st

1
2
m
o
)

aO
R
an

d
9
5
%
C
I

N
ev

er

O
nc

e
a
m
o
nt
h

0
.7
2
0
.5
1
-1
.0
0

2
-3

ti
m
es

a
m
o
nt
h

0
.7
1
0
.5
3
-0
.9
5

O
nc

e
a
w
ee

k
0
.5
4
0
.4
1
-0
.7
0

≥O
nc

e
a
w
ee

k
0
.5
7
0
.4
3
-0
.7
6

P
tr
en

d
<
.0
0
1

C
ro
ss
-s
ec
ti
o
na

l
st
ud

ie
s

H
o
rw

it
z
et

al
2
0
0
9
2
2

U
ni
te
d
St
at
es

C
hi
ld
re
n
cu

rr
en

t
ag
e

o
f
5
to

1
8
y
an

d
a

di
ag
no

si
s
o
f
ec
ze
m
a

N
=
1
7
7

So
lid

fo
o
d
in
tr
o
du

ct
io
n

by
bo

th
m
ed

ic
al

re
co

rd

re
vi
ew

in
g
an

d
pa

re
nt
al

qu
es
ti
o
ni
ng

du
ri
ng

th
e

he
al
th

ca
re

vi
si
t

D
o
ct
o
r
di
ag
no

se
d

A
t
th
e
5
y,

ch
ild

re
n

w
er
e
di
vi
de

d
in
to

2

gr
o
up

s;
pe

rs
is
te
nt

ec
ze
m
a
an

d
no

n-

pe
rs
is
te
nt

ec
ze
m
a

(in
re
m
is
si
o
n)

A
ge

at
so

lid
fo
o
d

in
tr
o
du

ct
io
n

T
yp

e
o
f
at
o
pi
c
de

rm
at
it
is

at
th
e
ag

e
o
f

5
y

O
R
(9
5
%
C
I)

N
o
as
so
ci
at
io
n

be
tw

ee
n
ti
m
in
g
o
f

so
lid

fo
o
d

in
tr
o
du

ct
io
n
an

d

pe
rs
is
te
nc

e
o
f
ec
ze
m
a

P
er
si
st
en

t
(n
o
t

in
re
m
is
si
o
n)

N
o
n-
pe

rs
is
te
nt

(in

re
m
is
si
o
n

<
6
m
o

3
4

1
4

re
f

≥6
m
o

4
0

1
5

1
.1
0
(0
.4
7
,
2
.6
0
)

R
ef
er
en

ce
gr
o
up

—
ch

ild
re
n
w
it
ho

ut
pe

rs
is
te
nt

ec
ze
m
a
at

th
e
ag
e
o
f
5
y

C
as
e-
co

nt
ro
l
st
ud

ie
s

(C
o
n
ti
n
u
es
)

WAIDYATILLAKE ET AL. | 1009



T
A
B
L
E

2
(C
o
nt
in
u
ed

)

A
ut
h
o
r
&

ye
ar
,
St
ud

y

na
m
e,

C
o
un

tr
y,

ty
pe

o
f

po
pu

la
ti
o
n
an

d
sa
m
pl
e

si
ze

n/
N
-(
an

al
ys
ed

sa
m
pl
e/
to
ta
l
sa
m
pl
e)

E
xp

o
su
re

de
fi
ni
ti
o
n

A
ge

H
o
w

m
ea

su
re
d

O
ut
co

m
e
(E
cz
em

a)

de
fi
ni
ti
o
n

A
ge

H
o
w

m
ea

su
re
d

C
o
nf
o
un

de
rs
/s
el
ec

ti
o
n

bi
as
,
st
ra
ti
fi
ca
ti
o
n
an

d

re
ve

rs
e
ca
us
at
io
n

R
es
ul
ts

M
ai
n
fi
nd

in
g

Sa
ha

ky
an

et
al

2
0
0
6
2
3

A
rm

an
ia

N
=
8
5
ca
se
s
an

d
1
5
5

co
nt
ro
ls

C
as
es
:
ch

ild
re
n
ag
ed

1
-

7
y
an

d
di
ag
no

se
d
w
it
h

ec
ze
m
a
by

a

pa
ed

ia
tr
ic
ia
n

C
o
nt
ro
ls
:
ch

ild
re
n
ag
ed

1
-7

y
w
ho

ha
ve

ne
ve

r

be
en

di
ag
no

se
d
w
it
h

ec
ze
m
a

In
fo
rm

at
io
n
re
ga
rd
in
g

ag
e
o
f
fi
rs
t
so
lid

fo
o
d

in
tr
o
du

ct
io
n
co

lle
ct
ed

us
in
g
te
le
ph

o
ne

in
te
rv
ie
w
s
w
it
h
m
o
th
er

o
f
th
e
ch

ild

U
K
w
o
rk
in
g
pa

rt
y’
s

cr
it
er
ia

1
y

A
dj
us
te
d
fo
r:

bi
rt
hw

ei
gh

t,
ge

st
at
io
na

l

ag
e,

pr
es
en

ce
o
f
at
o
pi
c

di
se
as
es

(e
cz
em

a,

as
th
m
a,

w
he

ez
e,

ur
ti
ca
ri
a,

al
le
rg
ic

re
ac
ti
o
ns

to
fo
o
d,

co
nt
ac
t
ra
sh
es

an
d

ha
yf
ev

er
)
in

th
e

pa
re
nt
s,
su
rr
o
un

di
ng

s

o
f
ch

ild
’s
ho

m
e
an

d

an
ti
bi
o
ti
c
us
e
in

th
e

fi
rs
t
ye

ar
o
f
lif
e

A
ge

o
f
so

lid
in
tr
o
du

ct
io
n

aO
R
(9
5
%
C
I)

P
va

lu
e

So
lid

fo
o
d
in
tr
o
du

ct
io
n

be
fo
re

4
m
o

in
cr
ea

se
d
ec
ze
m
a
ri
sk

So
lid

fo
o
d
in
tr
o
du

ct
io
n
be

fo
re

4
m
o
vs

af
te
r
4
m
o

3
.1

(1
.4
,6

.9
)

.0
0
6

Sa
ri
ac
hv

ili
et

al
2
0
1
0
2
4

P
IP
O

co
ho

rt

B
el
gi
um

N
=
2
5
2
ca
se
s
an

d

3
0
5
co

nt
ro
ls

C
as
es
:
ch

ild
re
n
w
it
h
1
o
r

m
o
re

ep
is
o
de

s
o
f

pa
re
nt
-r
ep

o
rt
ed

ec
ze
m
a
du

ri
ng

th
e
fi
rs
t

4
y
o
f
lif
e

C
o
nt
ro
ls
:
ch

ild
re
n

w
it
ho

ut
pa

re
nt
-

re
po

rt
ed

ec
ze
m
a
up

to

4
y
o
f
ag
e

P
ar
en

ts
pr
o
vi
de

d

in
fo
rm

at
io
n
ab

o
ut

in
tr
o
du

ct
io
n
o
f
so
lid

fo
o
ds

w
he

n
th
e
ch

ild

w
as

1
2
m
o
o
ld

P
ar
en

t-
re
po

rt
ed

ec
ze
m
a
us
in
g

IS
A
A
C
de

fi
ni
ti
o
n

E
ve

r
ec
ze
m
a
up

to

4
y

A
dj
us
te
d
fo
r:
ch

ild
’s

ge
nd

er
,b

ir
th
w
ei
gh

t
an

d

bi
rt
h
o
rd
er
,m

at
er
na

l

ag
e,

pa
re
nt
al

al
le
rg
y

an
d
ed

uc
at
io
na

l
le
ve

l,

sm
o
ki
ng

in
pr
eg

na
nc

y,

pa
ss
iv
e
sm

o
ki
ng

up
to

4
y
an

d
br
ea

st
fe
ed

in
g.

E
ar
ly

in
tr
o
du

ct
io
n
o
f

so
lid

s
re
du

ce
d
ec
ze
m
a

si
gn

if
ic
an

tl
y
am

o
ng

ch
ild

re
n
w
it
h
pa

re
nt
s

w
it
h
al
le
rg
y

A
ge

o
f
so

lid
in
tr
o
du

ct
io
n

aO
R
(9
5
%
C
I)

E
ar
ly

so
lid

in
tr
o
du

ct
io
n

ha
s
a
pr
o
te
ct
iv
e
ef
fe
ct

to
w
ar
ds

ec
ze
m
a

So
lid

fo
o
d
in
tr
o
du

ct
io
n
be

fo
re

4
m
o
vs

af
te
r
4
m
o

0
.4
9
(0
.3
2
,
0
.7
4
)

1010 | WAIDYATILLAKE ET AL.



(>6- >9 months) introduction of specific allergenic food

(fish and egg) showed a non-significant trend towards

increased risk of eczema when allergenic food was introduced

later (OR: 1.13 95% CI: 0.91, 1.42) (figure S1), with an I2 of

45.04%.

Introduction to allergenic food (plant-based) other than fish (early

vs late) and the risk of eczema

We confined the meta-analysis to age of exposure to plant-

based allergens and, using 2 birth cohort studies, found no

NOTE: Weights are from random-effects analysis

Overall  (I-squared = 0.0%, P = .788)

Author

RCT

Tan 2016

Palmer 2016

Food
type

Egg

Egg

Age
exposed

4–8 mo

4–10 mo

Age
comparison

8 mo

10 mo

Age
outcome

1 y

1 y

0.87 (0.68, 1.12)

OR (95% CI)

0.90 (0.65, 1.24)

0.84 (0.57, 1.23)

100.00

%

Weight

58.64

41.36

.05 1 15

F IGURE 2 Meta-analysis: The association between introduction to egg and eczema

Filipak 2007 I

Filipak 2007 NI

Zutavern 2008

Author

Overall  (I-squared = 54.5%, P = .067)

NOTE: Weights are from random-effects analysis

Chuang 2011

Snijders 2008

Birth Cohort

Any solid

Any solid

Any solid

Food type

Any solid

Any solid

>6 mo

Age

>6 mo

>7 mo

exposed

4-6 mo

>7 mo

< 4 mo

Age

< 4 mo

< 4 mo

comparison

< 4 mo

< 3 mo

4 y

Age

4 y

2 y

outcome

1.5 y

2 y

1.04 (0.77, 1.41)

OR (95% CI)

0.88 (0.61, 1.27)

9.46 (2.05, 43.63)

0.96 (0.53, 1.74)

1.00 (0.72, 1.39)

1.00 (0.72, 1.39)

100.00

27.55

%

27.36

15.93

Weight

25.55

3.61

.05 1 15
NI–Non intervention group  I–Intervention group

F IGURE 3 Meta-analysis: The association between introduction to solids after 7 mo of age and the risk of eczema
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.

Subtotal  (I-squared = 93.8%, P = .000)

Case Control

Author

Sahakyan 2006 

Sariachvili 2010

.

Overall  (I-squared = 88.1%, P = .000)

NOTE: Weights are from random-effects analysis

Cross sectional

Horwitz et al

Any solid

Food type

Any solid

Any solid

> 5 mo

exposed

> 5 mo

Age

> 6 mo

< 4 mo

comparison

< 4 mo

Age

< 6 mo

1 y

outcome

4 y

Age

5 y

1.14 (0.37, 3.58)

3.10 (1.40, 6.88)

1.19 (0.20, 7.27)

OR (95% CI)

0.49 (0.32, 0.75)

1.10 (0.47, 2.59)

100.00

32.20

68.55

Weight

36.35

%

31.45

.05 1 15

F IGURE 4 Meta-analysis: The association between introduction to solids after 4 mo of age and eczema

NOTE: Weights are from random-effects analysis

.

Overall  (I-squared = 0.0%, P = .449)

Author

Chuang 2011

Snijders 2008

Birth Cohort

Food type

Any solid

Any solid

Filipak 2007 I Any solid 5-6 mo

Age

Filipak 2007 NI Any solid 5-6 mo

Zutavern 2006 Any solid 5-6 mo

exposed

4-6 mo

4-6 mo

< 4 mo

Age

< 4 mo

< 4 mo

comparison

< 4 mo

< 3 mo

4 y

Age

4 y

2 y

outcome

1.5 y

2 y

0.91 (0.78, 1.07)

0.95 (0.69, 1.31)

0.86 (0.66, 1.12)

1.02 (0.64, 1.62)

OR (95% CI)

0.85 (0.62, 1.17)

2.67 (0.80, 8.94)

100.00

24.78

%

36.41

11.81

Weight

25.25

1.74

.05 1 15
NI–non intervention group I–Intervention group

F IGURE 5 Meta-analysis: The association between introduction to solids between 4 to 6 mo of age compared with earlier introduction and
eczema
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association (OR: 0.82 95%CI: 0.58,1.18) (figure S2), with an I2 of

74.2%.

4 | DISCUSSION

Overall, we found no strong evidence that early introduction of solid

food was associated with less risk of childhood eczema. There was

limited evidence of an association for introduction to specific aller-

genic foods. The evidence from RCTs of egg introduction was lim-

ited to 2 trials, 1 of which reported failure to achieve their desired

sample size (pooled OR; 0.87, 95%CI; 0.68, 1.12). The observational

studies (3 studies) which investigated the association between fish

introduction and eczema suggested a protective effect with early

introduction. We found no evidence that early introduction of cereal

or fruit reduced the risk of eczema.

Although our review focussed on the timing of introduction of

any solid food as opposed to allergenic food introduction as in

the published systematic review by Ierodiakonou et al,13 our

results are similar to their findings, despite a different research

question and the inclusion of several different studies.13 Our

review addresses primarily the association between first solids

(both allergenic and non-allergenic) and the risk of eczema. Our

findings suggest that the associations are similar between timing

of introduction of non-allergenic and allergenic foods to infants

and eczema.

In 2008, Prescott et al28 described a critical window for develop-

ment of maximum immune tolerance, which could have an impact

on overall allergic disease outcomes of the child. It has been sug-

gested that this critical window may span from 4 to 6 months of

age, but this is controversial. This critical window is important as

introduction of solids during this period and onset of eczema and

persistent eczema may predict other allergic outcomes such as

asthma and allergic rhinitis in later childhood.29 With the increasing

global prevalence of food allergy, introduction of allergenic food to

infants has recently received much interest.17 Allergenic food intro-

duction may have an impact on the child’s immune system and this

may be modified by other predisposing factors such as pre-existing

allergic disease of the child and family history of allergy.17,18

Part of the difficulty in assessing the relationship between solid

food introduction and eczema is that there may be multiple forms of

eczema or phenotypes, with common physical appearances, but dif-

ferent aetiological risk factors. In support of this concept was the

stronger relationship between age of introduction to egg for atopic

eczema, as opposed to non-atopic eczema. Additionally, there are

many other factors that may be related to introduction of food that

could also influence the risk of eczema,17,25 which may be poten-

tially confounding or modifying the associations seen. Duration of

exclusive breastfeeding, duration of total breastfeeding, formula

introduction and the type of formula introduced prior to solid food

introduction are some of the factors which are intimately related to

solid food introduction and could also have an impact on the

immune system and the risk of eczema.30 Not all the studies have

commented on these factors. Other factors, such as family history of

allergic disease and cultural beliefs are important, as these could

have an impact on the feeding behaviour of the parents and influ-

ence risk of allergic disease in the child.31 Moreover, early symptoms

of allergic disorders during infancy may influence the timing of solid

food introduction 32 as there is a belief in some communities that

extended duration of exclusive breastfeeding (thus delaying the

introduction of solid foods) is protective against childhood allergic

disorders. As this belief may influence allergic families to delay solid

introduction, it could lead to an association through reverse causa-

tion. Failure to account for this reverse causation will bias the asso-

ciation between later solid introduction and eczema. Therefore, the

methodological quality of the studies in assessment of potentially

confounding and modifying factors and reverse causality will be

important in interpreting the study findings. Among the studies

included in this review, only a few have looked at reverse causation

with respect to duration of breastfeeding and allergic diseases (fam-

ily history and childhood allergies)7,15,17,18 and these studies did not

find evidence for reverse causation. All these factors have con-

tributed to a significant amount of heterogeneity. Furthermore, we

could not comment about the quantity of food introduced or any

allergic reaction which occurred following food introduction as these

data were not available.

We have limited evidence to comment on early life egg exposure

and the risk of eczema. There was weak evidence from 1 RCT that

early introduction of egg may reduce the risk of atopic eczema.25

Two studies14,20 based in Scandinavian countries identified that ear-

lier introduction of fish might be associated with reduced risk of

eczema. Unfortunately, we do not have adequate details on the type

of fish and the quantity introduced. Therefore, we are unable to

comment in terms of n-3 fatty acids which have been postulated to

reduce the risk of allergic disease. It is possible that n�3 fatty acids,

which are rich in some fish, might cause such an effect. Despite the

biologic plausibility that n�3 fatty acids may modulate the immune

response, there is currently no consistent evidence that they reduce

the risk of allergic disease. A number of observational studies have

investigated breastmilk PUFA (poly unsaturated fatty acids) and their

association with eczema in infants, but findings have not been con-

sistent. Some studies showed a protective effect33 associated with

increased n�3 fatty acid levels in breastmilk while others did not.34

In terms of “best evidence,” if you had to choose between 1

RCT and a meta-analysis of birth cohort studies, the guidelines per-

taining to hierarchy of evidence would suggest that the RCT carries

more weight. Evaluation of this conundrum is not always straightfor-

ward. It would depend upon objective measures of the individual

studies contributing evidence, including size, quality and risk of bias.

The RCT involved may be small, non-representative of the target

population and have extensive loss to follow-up introducing bias and

lack of external validity, whereas the birth cohort studies may be rel-

atively free from bias except from unknown confounders. The con-

clusion of this paper was based on evidence from both RCTs and

birth cohort studies. An overall assessment of the “quality of evi-

dence” for any meta-analysis could be estimated in a more objective
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manner using the GRADE criteria;35 however, it is difficult to know

how you would then compare this to the quality of evidence con-

tributed by 1 RCT.

Based on this review, we do not have adequate statistical evi-

dence to say that solid food introduction at 4 months is better com-

pared to introduction at 6 months or whether the timing of

allergenic food introduction protects against development of eczema.

Also, there is no consistency of results among the studies suggesting

an unaccounted source of heterogeneity between the studies/study

populations. As eczema is a disease which is closely related to other

allergic diseases, there might be a strong genetic component36 which

could mask the true association with solid food introduction.

4.1 | Strengths and limitations of this review

This review contains all available peer-reviewed papers up to the final

search date on food introduction and its association with eczema.

Mostly, the evidence in this paper comes from birth cohort studies

which are the strongest observational study design in which to assess

potential causation as these studies use prospectively collected data

and are therefore not affected by recall bias. Although different out-

come definitions were used by the included studies, all of them were

standard definitions developed by the researcher or clinicians. Creat-

ing different forest plots according to different age exposure cate-

gories has enabled us to get an overview of the available studies on

timing of solid food introduction and allergic disease outcomes. All

the studies in the review are of reasonably good quality according to

the Newcastle-Ottawa scale. The disadvantage of different defini-

tions was that we could not combine the outcome of atopic eczema

with the other outcomes. Furthermore, multifaceted intervention

studies were not included in the review as there were multiple expo-

sures. Not all studies adjusted for important confounding factors,

such as family history of allergic disease, gender and allergic disease

of the child or looked for reverse causation. Also, we were unable to

comment on the quantity of the food introduced to the child or any

adverse reactions to that food. Furthermore, we have not included

studies which investigated infant foods and exacerbations of existing

eczema. The majority of the evidence we found was based on obser-

vational studies. Therefore, we are unable to comment on inherent

biases and unknown confounding factors which may have influenced

outcomes. While the evidence from well-conducted randomized con-

trolled trials is robust, there is currently limited evidence.

4.2 | Future directions based on our findings

The available evidence is currently insufficient to determine whether

the timing of solid food introduction influences the risk of eczema.

Our review indicates that findings from RCTs and well-conducted

observational studies are similar. Large observational cohorts can

complement the evidence from RCTs as they are more likely to be

representative of the target population for a universal population

exposure such as introduction of solids. Future directions for individ-

ual studies may include better characterization of exposures in terms

of quantities, better characterization of outcomes in terms of pheno-

typing eczema, and a way to measure the cultural and familial rea-

sons for the individual differences in timing of solid food

introduction.

5 | CONCLUSION

The available evidence is inconclusive regarding the association

between timing of any solid food introduction and the risk of

eczema. There is currently no clear evidence to determine whether

weaning at 4 months, between 4-6 months or after 6 months of age

is better in terms of eczema risk. There is no impetus to alter current

guidelines. All of which support the introduction of complementary

food around or at 6 months of age with a spectrum of food items

and the introduction of allergenic foods by 1 year with the aim of

prevention of allergic diseases.
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