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Abstract

Introduction

Eczema is a.ecommon childhood ailment responsibla fmnsiderable diseabarden. Both
timing of introduction to solid food and allergenic foadbelieved to beelated to
childhoodeczemaDespitethe growing body of evidence, thelationship betweetiming of
any solid food introductiofallergenicand/ornon-allergenic)and development of eczema has

not previously been systematically reviewed.

Methods

PubMed and EMBASE databases were searabed) foodand eczemé&rms. Two authors
selectegpapers according to the inclusion criteria and extractedmation on study
characteristics and measures of associalitetaanalyses werperformed aftegrouping

studiesaccording to the agand type of exposure.

Results
A total of 17 papers met the inclusion criteria, reporting results fiénstudy population©f
these, 11 werecohort studiestwo case contrgl, onecross sectional stydand, 2randomised

controlled trials Limited metaanalyse wereperformeddue toheterogeneitypetween
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studies.Timing of solid food introductiomas not associated with eczer@merandomized
controlled trialprovidedweak evidence addnassociation betweesarly allergeni¢around 4

months) food introduction and reduced risleozema

Conclusions
The available.evidence @irrentlyinsufficient todetermine whethahetiming of

introduction of any solid food influencése risk of eczema

(Word count=198)
Key Words

Solid foodgallergenic foodiming/introduction,eczema, dermatitis.

1. Introduction

Eczema ighe mostommonskin disease ighildhood [1]and itcauses a considerable
amount ofrdistress to bottildrenand parents [2]The prevalence of eczema vargsbally
butis higherin developed countries [2]. Timing of introduction to complementary food
infants has recently received increasadrest3], as this may impact on the child’s immune
system[4], and risk of developing eczema.

Complementary feeding describes the provision of nutrition other than bridaf]mt may
be either in liquid form, typically formula feeding, or in solid form, with introductiorotifls
food to the infant’s diet. Introduction of liquid and solid complementary foods generally
occur atdifferent times, responding to different needs. Formula or substilkifeediing is
introduced as a‘breast milk substitute until the child can be weaned onto solid fumbs. S
food introduction is the start of transiido an adult diet and relies also on developmental

readiness
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Prolonged exclusive breastfeeding, which is intimately related to the timindjcbfcod
introduction, is widely advocated as a preventive measure for childhood alleagiteds,
althoughthere is little clear evidence to support this clfin Guidelines for the timing of
allergenic food introduction also differ, with some authorities recommending intraeluc
betweenfourto'six months, and others before 12 months of age [1€ut@ntly, there is

no consensus concerning the timing of introduction to solid foods with the aim of preventing
eczema. Th&Vorld Health Organization (WHO) guidelines recommend exclusive
breastfeeding for six mams, prior to complementary food introduction [5]. The food
introduced at this time may be solid and/or liquid but the expectation is that wdlite
introduced. . The 'ASCIA (Australian Society of Clinical Immunology and Alleggydlelines
recommend complementary feeding around six months and allergenic itbadtiwe first

year of life[7]. "All other national and international organizations recommend timing
complementary feeding around the age of six months and not before the age of four months
[8-10].

A recently"published systematic reviglmased on 17 trials and 37 observational studies,
investigated the associatitbetween allergenic food introduction and eczema, including both
liquid and solid allergenic foods.[11] They found no clear evidence for an association
between timing,of introduction of any allergenic food and eczema. However, they did not
report ontthe associations between a) timing of introduction of only solid foods, or b) the
exposure to specific allergenic foods (apart from cows' milk) and the outcorcecoha
Furthermare, the review included multifaceted intervention trials, where the effect of timing
of introduction'ef individual foods could not be determined (14). Therefore, the literature
concerning:timing of introduction to solid foods not specifically focussing on allerfgdc

and the risk of eczema has not yet been systematically synthesised. Undersgnding

relationship may help inform infant feeding guidelines.

The aim oftthisspaper is to appraise all available literature on the association bi#tviegn

of solid foed-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 begore th
introduction‘of,complementary solids

This article is protected by copyright. All rights reserved
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2. Methods

PubMed and EMBASE electronic data bases were systematically searched using both key
words andvieSHtermsfor both solid food, complementaayd allergenid¢ood introduction
andeczemaWe also reviewed theeference lists odll includedarticles. Additionally we
searchedrial registriesAustralian and New Zealand, European, Japarsskyreated

citation alerts to screen for the most current publicatfesincluded all relevarEnglish

language human studid=urther details of the search terms @r@vided in the online
supplement,(S). The review was prospectively registered in the PROSPERO systematic
review registry (CRD42016033473)he final search was performed on ft8thof February
2017.Following thefinal search data base alerts were established to keep the authors updated

on new publications.

2.1 Inclusion and exclusion criteria

Inclusion criteria

. Types of studies We included all cohort studies, case control studies, cross sectional
studies and randomised controlled trials based on general population or high risk

populatien 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 natiergenic) Both the exact age in months and
intervalcut-offs were considered as suitable for the analysis.

. Outeomes- Diagnosis of eczem@ny definition).

. Peer reviewed publicatiofsonference papers, abstracts and letters to the )eithiabr
did.not contain original dataere excluded from the review.

2.2 Selection of studies
Two authors independently reviewed the titles and abstid¢tsandGB). Any

disagreements were resolved by consulting a third reviglgrwho madehe final
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decision. The list of excluded studf$er the full text review iprovided in theonline
supplement{S2).

2.3 Data extraction

Two authars independently performed the data extradiv éndGB). Details of the
studieswere.extracted into a standard table. The fields incluttetiauthor,yearpublished,
exposure and its definition, outcorard its definitionstudy design, sample size,
confounding-and moderatirfigctorsconsideredmeasures taken tmntrol for reverse
causationandeffect estimates.

2.4 Effect estimates
Associations Wwith the dichotomous outcoaf@czema versus no eczemere extracted

from each paper. Associations weeported as odds ratioisk ratiosor hazardratios

2.5Quality.assessment and risk of bias

Two authars were independently involved in assessing the study qdntyagdGB). Study
guality was assessed by using NewcaSiawa scale (NOS) for individual studies. The
cohort and case control studies were graded as very good (9-10), gd)oddiisfactory (5
6) and unsatisfactory (0-4fhe Cochrane Review Quality assessnmsrdle was used for

quality assessment 8fandomised Controlled Trials.

2.6 Data analysis

Studies thaprovidedtheage of exposure andnaimerically measured outcome as a risk ratio
or odds ratio'With 95% confidence interval were included inmib&analysis. The’lwas

used to assess the heterogeneity of the pooled es{imai8o was considered to be high
statistical heterogeneity)\We performed random effect metaalysis andtudies were

grouped according to exposumme in ageand also the food groups the child vexposedo.
Although early imtroduction of solids was considered to be when a child was introduced to
solids below:thesage of four months, during the analysis we considered different levels of
exposuressprevided byhe included studiestudies that were not included in the reta

analysis were includeid a narrative synthesis.

All analyses wereperformed using STATA 1ldtatistical package.
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159 3. Results
160
161  Electronic searchadentified 1414 record¢figure 1) Following removal of duplicates, 1092
162  articles underwertitle and abstract screeningf these 987 wereexcluded. The remaining
163  105paperauinderwenfull text review and 8%articles were excluded, leaviigd articles for
164  inclusion. ™o studies were added after screening trial registfiastralian and New
165 Zealand trial registry)
166  Figure X The PRISMA flow diagram for selection of studies for the review.
167
)
Records identified through database Trial registries
c searching (n=2)
% (n =1412 (Medline 70ZEMBASE 708)
O
9 \ 4 \ 4
— Total records identified L,
172 =
(n=1414) Duplicates removeo
) (n=322)
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o) Records screened R Records excluded
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Full-text articles assesse( Reviews-15
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w introduction and food Interventions- 4
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182 preparation Studiae Foludad ia Posters1
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(metaanalysis)
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Of the 17 papers included in the review,vidre birth cohort studig8, 4, 12-21].As the
LISA birthicohort study generated two publications [17, t8,number of papers exceeds
the number of study populatiornEhere was one cross sectiosldy P2], two case control
studieq23;24] andwo randomised controlled trigl25, 26]. Among the birth cohort
studies, one asyahigh-isk birth cohort [13]. The exposudiffered considerablamong the
studies. In‘'seme it was any solid food [12, 13, 15, 17, 18w&ilst in othersthe exact food
item was mentioned [3, 4, 14, 16, 20, 27] (Table 1).adeof eczemautcome was also
differentbetweerstudies(1- 6 years) Also, the definition used fadiagnosis of eczema
differedbetweerstudies. Some used questionnaire based diagnosis (the questionnaire
identifies whether child had eczema or r{@§] and in others cliniciandiagnosed the
condition [22,,17, 18]. Some studies adjustedfitentialconfounding factorsuch as
parental and sibling atopy and type of breastfeeding [12, 13] while others did not [20].

Further detail®f'the selected studiese given in Tables 1 to 4.

This article is protected by copyright. All rights reserved



Table 1- The Association between the Timing of First Foollergenic)introduction and Eczema (Randomised Controlled Trials included in the review)

Author, year, Study name,  Exposure definition Outcome Confounding factors Results Main findings
country and the sample size definition considered during the
analysis

Tan et al 201626 Intervention with egg Modified Hanifin - Time point Eczema evident on Eczema evidenton RR(95%CI) The prevalence of
BEAT powder or rice powder and Raijka criteria ITA* examination in examination in Egg eczema is the same
Australia between 48 months of age Placebo group group between the egg
N=319 infants were 350mg egg protein daily 1 year (n, %) (n, %) exposed and placebo
randomized, 165 to egg.and from 4-8 months 4 months 45/154(29%) 37/164(23%) 0.77(0.53,1.12) groups
154 to placebo Intervention

started

8 months 41/131(31%) 46/133(35%) 1.10(0.78,1.56)

Intervention

completed

12 months 48/124(39%) 45/129(35%) 0.90(0.65,1.24)
Palmer et al 201R25] The intervention (egg Doctordiagnosed City, infant sex, breast ITA* Allergenic food Control group aRR and P value The prevalence of
STEP powder 0.4g per day), feeding status, and group 95%ClI eczema is the same
Australia mixed with carrot, paternal history of Eczema 40 of 374 45 of 378 0.84 (0.57 0.37 between the egg
N=820 infantswith pineapple, and rice 1 year allergic disease. (10.7%) (11.9%) 1.23) exposed andgg-free
atopic mothersvere powders the control égg- Atopic eczema 10 of 372 20 of 379 0.53 (0.26 0.09 groups
randomisednto two groups, free), only carrot, (2.07%) (5.3%) 1.09)

egg powder (n =407).0kra
color-matched rice powder (n
=413) (excluded infants

pineapple, and rice
powders were given to

infants (starting from age 4

who had a history of allergic to 6 months) to 10 months.

disease or angrevious

known direct ingestion of

egg)

*ITA -Intentionsto treat aalysis

This article is protected by copyright. All rights reserved
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Table 2—-The Association between the Timing of First food introduction and eczema (Cohort Studies included in the review)

Author & year,
Study name,
Country, type of
population and
sample size n/N

(analysed

sample/total sample)

Exposure
definition
Age

How measured

Outcome
(Eczema)
definition

Age

How measured

Confounders /selection bias, stratification and reverse Results

causation

Main finding

Cohort Studies
Chuang et al 2011 Any/solid food Parent report of Adjusted for: infants’ gender, birth order, birth weight, Introduction of solids and eczema from 6 to 18 months No association
[15] and age first solid Doctor diagnosis  and gestational age, parents’ age, education, allergic Time of solid Yes No aOR (95%Cl) P value between early
Taiwan Birth Cohort  introduced history,place of residence, maternal smoking or passive introduction late
Study 6-18 months smoking during pregnancy, mould spots, carpet, and pets 4 months 41 806 1 introduction of
Measured at six 6 4-6 months 906 15139 1.11 (0.80, 1.53) 0.593 solid food and
Taiwan & 18 months Questionnaires Considering reverse causality, 2399 children with eczema>6 months 103 1778 1.08 (0.74, 1.57) 0.698 eczema from 6
in the first 6 months were excluded from the analysis 18 months
Population based Interviewer
administered
n/N=18773/24208 questionnaire
Snijders et al 2008 First food 1. Parent reported Adjusted for: duration of breastfeeding, gender of infan  Introduction of solid food and infants’ Eczema Delayed

(12

KOALA birth cohort

Netherlands

Population based

n/N=2434/2558

predugts ingested,
measured at 3, 7,
12pand 24nonths
by self
administered

guestionnaire

eczemaat 3, 7, 12
and 24 months

2. Eczema defined
at the age of 2
years using UK
working party

criteria

24 months

recruitment groupdonventional, alternative lifestyle), Age at solid
maternal smoking during pregnancy, infant's exposure to introduction

environmental tobacco smoke, maternal age at delivery

(in years), maternal education, presence of parental 3
allergic disease, and (older) siblings’ atopic history. 4-6
>7

Exclusion of infants with early symptoms of eczema (to P for trend

avoid reverse causation) did not essentially change results

Parent reported eczema (birth

24 months)
aOR(95%CI)
1.00

1.28 (0.911.81)
2.10 (1.173.76)
0.02

Eczema at 24 monttuefined using introduction of

UK working party criteria

aOR(95%Cl)
1.00

2.67 (0.868.97)
9.46 (2.0543.61)
<0.001

solids
associated with
increased risk of

eczema

Zutavern et al 2008

Six months,

Parent reported

Adjusted for: study centre, parental allergy, gender,

Introduction of solids and eczema at 6 years of age

No association

This article is protected by copyright. All rights reserved
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(18]

LISA birth cohort

Germany

Population based

n/N=2073/3097

parents reported
age of first solid
introduction from
1% to the &
months of age
(1572 month,
394"

month, 376"
month) reported

by'm6ther

Doctordiagnosed

eczema

6 years

parental education and breastfeeding type.

Early life atopic status or parental history of allergy did
not alter the association between age of solid food

introduction and eczema at 6 years

Timing of solid introduction
Ref(0-4 months)
5-6 months

>6 months

OR(95%CI)
1

0.92(0.61,1.39)
0.82(0.49,1.40

between
introduction of
solids

beyond 4 or 6
months and
eczema at the

age of 6 years

Mihrshahi et al
2007[13

CAPS birth cohort

Australia

High risk population

n/N=516/616

Solids given
regularly by the
age of three
months by
interviewer
administered
guestionnaire at

three months

By Observation
eczema at age 5
years by a
research nurse/
parent
reportedcombined
with seeking
medical care/use
of steroid cream

for eczema

5 years

Adjusted for: intervention or control group allocation,
mothers and fathers history of asthma, matesmaiking

during pregnancy and the gender of the child.

Association between introduction of solids and eczema at age 5 years

Age at solid food introduction

By 3 months

Yes compared to no

aOR(95%CI)

0.59(0.33,1.04)

No association
between the
timing of solid
introduction and

eczema.

Zutavern et al 2006
[17]

LISA birth cohort

Germany

Solidssintroduced
ageobtained by a
self-administered
questionnaire at
Sixpl2, 18 and 24
months

Parent reported
doctor diagnosed

eczema

2 years

Adjusted for: study centre, parengbpy, child’s gender,

Association between the introduction of solids and eczema fi

parental education, birth weight, and breastfeeding type. 0 to 24 months

Timing of solid introduction

Infants with early skin or allergic symptoms had increasedRef(0-4 months)

risk of symptomatic eczema (not doctor diagnosed) when 5-6 months

exposed to delayed introduction of solids

>6 months

OR(95%CI)
1

1.02(0.64,1.62)
0.96(0.53,1.74)

No association
between
delayed
introduction of
solids beyond
the 6 monttand

prevention of

This article is protected by copyright. All rights reserved
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Population based

n/N=2612/3097

eczema by 2

years of age

Filipak et al 2007[21]

Birth cohort study

Germany

Began as RCT

investigating

hydrolyzed vs cows

milk formulae

An intervention group
n=2252 and a nen

intervention group

n=3739

Solids introduced Doctor diagnosed Adjusted for:family history of eczema ahatopy, type of

age obtained by a eczema

self-administered
guestionnaire at
the age of 12
menths

4 years

Timing of
milk feeding such as breast feeding or formula feeding, solid
introducti

on

0-4
months
5-6
months
>6

months

Non-intervention grougany solid)

Doctor
diagnosed
eczema
aOR(95%Cl)
1

0.86(0.661.12)

1(0.721.40)

Symptomatic

eczema

aOR(95%Cl)
1

0.95(0.731.23)

1.07(0.77,1.50)

Intervention grouany solid)

Doctor
diagnosed
eczema
aOR(95%Cl)
1

0.95(0.691.31)

1.00(0.72,1.39)

Symptomatic

eczema

aOR(95%ClI
1

1.14(0.811.59)

1.28(0.91,1.81)

No association
between delay
in any solid
food
introduction and

eczema.

Niinivirta et al 2014

(20

Probiotic intervention

birth cohort

Finland

high-risk cohort
n/N=256/256

Details,of solids
given to the child

until the age of

one year by a self

Doctor diagnosed Child’s gender, parental perception of child’s

atopic eczema

administered food 4 years

diary

possible reactions and study group

Timing introduction
Fish> 7 months

Cereal > 7 months

HR (95%Cl)
1.73(0.75,3.99)
1.43(0.73,2.80)

No association
between
delayed
introduction and

eczema.

Nwaru et al 2013[19]

DIPP birth cohort

Self<administered Parent reported

guestionnaire at 3, doctor diagnosed parental rhinitis, hospital of birth, maternal smoking

6 and 12 months

of age

ever eczema

Adjusted for: sex o€hild, siblings, parental asthma,

Timing of Cereal Introduction

< 4.5 months

during pregnancy, season of birth, duration of gestation, 4.5-5.5 months

maternal age, maternal basic education, pets at home by $.5 months

OR(95%ClI)
1.47(1.10,1.97)
1.17(0.88,1.56)

ref

Introduction of
cereal <4.5
months

associated with

This article is protected by copyright. All rights reserved
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Finland
high-risk cohort
n/N=3109/3789

year of age, mode of delivery, and birth weight

Interaction tests for eczema by 6 months and parental
allergic history were performed to evaluate the potential

for reverse causality

increased risk of

eczema

Tromp et al 2011 (3)

Generation R cohort

study

Netherlands

Population based

n/N=6300/6905

Food frequency
questionnaire
administered at 6
and 12\month

Parent reported

diagnosed eczema

At the ages of 2, 3

Adjusted for: sex, mother's socioeconomic status,

race/ethnicity, smoking during pregnancy, gestational age,

birth weight, parity, breastfeeding, parental history of Food group
atopy and any of the following from 12 to 24 months: introduced<
antibiotics day care attendance, gastroenteritis, 6 months
respiratory tract infections, over weight Hen's egg
Peanut
A history of cow’s milk allergy in the first year of life Tree nuts
increased the risk of eczema Soy
Gluten

Parental history of allergy increased the risk of eczema

OR(95%Cl)

1.10 (0.512.32)
1.11(0.343.61)
1.54 (0.356.69)
1.33 (0.722.44)
0.90 (0.711.14)

OR(95%Cl)

0.87 (0.691.10)
0.99 (0.721.36)
1.16 (0.761.76)
0.95 (0.751.19)
0.90 (0.761.06)

Introduction of allergenic foods and eczema at ages 2, 3, and 4 years

OR(95%Cl)

1.05(0.81,1.35)
0.87(0.65,1.16)
1.06(0.72,1.56)
0.97(0.80,1.17)
1.02(0.81,1.27)

No association
between
delayed
introduction of
allergenic foods
after 6 months
and prevention

of eczema

Hesselmar et al 2010

(3]

Allergy Flora birth
cohort

Sweden

Population based

n/N=184/256

Food diaries
maintained by the
mother/at the ages
of;0-6-and 612
months

Adjusted for: maternal

Introduction of different food items, in relation to a diagnosis of ‘eczema at 18 mdnt

and paternal history of allergy, as well as ongoing age

breastfeeding at 6 months of age Food
type Eczema

After controlling for reverse causation (eczema ever in the yes

first 6 months) there was no change in results Fruit 5(4,5)

- Solidst  4(4,5)
Fish 11(8,13)
Egg 13(10,13)

no
5(4,5)
4(4,4.6)
8(6,11)
11(9,13)

tSolids-potatoes, root vegetables and meat

Median age and the IQR at which the food items were introduced

0.859
0.971
0.004
0.070

Early fish
introduction
protective

against eczema

Delayed introduction of fish for every 2 moths associated with 16% increased prevalence

This article is protected by copyright. All rights reserved
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of eczema (OR 1.16 (95% €102-1.33),

Alm et al 2009[14]

Birth cohort

Western Sweden

Population based

n/N=4941/8176

Food introduction  Parent reported
by a self ever eczema
administered

guestionnaire bi

annually

1 year

Maternal eczema, sibling with eczema, bird in the horr

and cow’s milk allergy

Introduction of solids and eczema at 1 year of age

Age atintroduction of fish

Before 9 months

OR(95%CI) P value
0.76(0.62,0.94) 0.009

Early
introduction of
fish has a
protective effect

on eczema

Mihrshahi et al
2007[13

CAPS birth cohort

Australia

High risk

n/N=516/616

Allergenic Dr diagnosed
food(arbitrarily

defined.as cow’s

milk, eggs, nuts or 5 years
fish) introduction

By 9umonths by a

by interviewer
administered

guestionnaire at
onegthree, six,

nine and 12

months

Intervention or control group allocation, mothers and

fathers history of asthma, maternal smoking during

pregnancy and the gender of the child

Allergenic food introduction
By 9 months
Yes comparetb no

aOR(95%CI)

0.96(0.60,1.54)

Late
introduction of
Allergenic
solids not
associated with

risk of eczema
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Kull et al 2006[4]

BAMSE birth cohort

Sweden

Population based

n/N=2614/4089

Parent reported

timing of fish

introduction to the
childat1,2and 4

years

Doctor diagnosed

Adjusted for: parental allergic disease, maternal age,

eczema at 4 years maternal smoking and breastfeeding.

4 years

After excluding infants had eczema during tRe/dar of
life showed significant association with fish in diet during

first 12 months and eczema at 4 years.

Assocation introduction of fish during the first 12 months of age and ecze

at age 4 years

Reported fish in diet (first 12

months)
Never

Once a month

Two to three times a month

Once a week
>0Once a week

P trend

aOR and 95%ClI

0.72 0.5%1.00
0.71 0.530.95
0.54 0.410.70
0.57 0.430.76
<0.001

Fish in diet
during the first
year of life is
associated with
reduced risk of

eczema

After excluding children with eczema during the first year of life , the association of fish

consumptior>2—-3 per month compared $01 per month during the first 12 months
associated with increased risk of esm at 4 years aOR 0.76 (95% Cl 6&08)

Cross sectional studies

Horwitz et al 2009
[22

United States
Children current age
of 5to 18 years and a

diagnosis of eczema

N=177

Solid food
introduction by
bothrmedical
record reviewing
and parental
guestioning
during.the health

care visit

Doctor diagnosed

At the 5 years
children were
divided into 2

groups; persistent

eczema and nen

persistent eczema

(in remission)

Age at solid food
introduction
< 6 months

> 6 months

Type of atopic dermatitis at the age of 5 year:

Persistent

(not in remission)

34
40

Non-persistent

14
15

(in remission

OR(95%Cl)

ref

No association
between timing
of solid food

introduction and

1.10(0.47,2.60)persistence of

Reference group children without persistent eczema at the age of 5 years

eczema

Case control studies
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Sahakyan et al 2006
[23

Armania
N=85 cases and

155 controls

Cases: children UK working
aged 17 years party’s criteria
and diagnosed

with eczema by a 1year

paediatrician

Controls: children
aged 17 years
who have never
beenrdiagased
with’ eczema

Information
regarding age of
first solid food
introduction
collected using a
telephone
interviews with
mother of the
child

Adjusted for: birth weight, gestational age, presence of

atopic diseases (eczema, asthma, wheeze, urticaria,

Age of solid introduction

Solid food introductiorbefore

allergic reactions to food, contact rashes, and hay fever) id months vs after 4 months

the parents, surroundings

of child’s home and antibiotic use in the first year of life

aOR(95%Cl)
3.1(1.4,6.9)

P value
0.006

Solid food
introduction
before 4 months
increased

eczema risk
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Sariachvili et al 2010
[24]

PIPO cohort

Belgium
N=252

Cases: children
with

one or more
episodes of
parent-reported
eczema

during the first 4

years;of life

cases and 305 controlsCentrols: children

withottparent
reported eczema
up to 4yyears of

age

Parents provided
information about
introduction of
solidifoods when
the child was 12
months old

Parent reported
eczema using
ISAAC definition

Ever eczema up to

4 years

Adjusted for: child’s gender, birth weight and birth orde  Age of solid introduction aOR(95%Cl)
Solid food introduction before 0.49(0.32,0.74)

and educational level, smoking in pregnancy, passive 4 months vs after 4 months

maternal age, parental allergy

smoking up to 4 years and breastfeeding.

Early introduction of solids reduced eczema significantly

among children with pants with allergy

Early solid
introduction has
a protective
effect towards

eczema
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Synthesis of study findings

Overview of the included studies

Thetwo randomised controlled triglof egg introduction did not find evideniteatearly
introduction,of egg.\&s protectiveagainst eczemg5, 26](ORs: 0.90(0.65,1.24) and,
0.84(0.57,1.23j)espectively. Both studies performed the interventmmchildrenless than
oneyearof-age'Both trialspresented the results of the intention to treat anabysisnly one
studyadjusted for baseline disparitigb]. The diagnosis of eczema in both studves
made by a clinicialmand the outcome was assessed during early childhood (1 year).

There were 11 birth cohort studi&ix of these investigated the association between any
solid food introduction and eczema [3, 4, 12-2l|.six assessed the outcome of eczéma
earlychildheed.(below the age of spearg. Exceptfor the CAPS study (1Q3ll were
population-based cohorts. Only one study found that delayed introduction of any solids
increasedherisk of eczemfl2]. Seven birth cohort studies/estigatedheintroduction of
specific allergenic foaslsuch as cereal, fish, eggs or fruits [3, 4, 13, 14, 16, 19-20h the
threestudiesnvestigating the association taetenonly fish introduction ather than a muki
food exposure‘including fish (2@nd eczemeearly versus late introduction fish was

found to have consistent evidencepoftecton [3, 14, 20]Early fruit or cereal introduction
did not shew evidence of protectifor eczemd3, 20].

Thecrosssectionalkstudydid not show any sigficant associatiof22]. The results from the
case controlkstudiesere conflicting[23, 24]. One study found solid introduction before four

months increadthe risk of eczemf23] while the other found protective effedi24].

Study quality

The quality of the cohort studies was generally within the range of satisfaataipimum

score of five)/to very good (a maximum scoreenf), while the cross sectional and case

control studies all achieved a score of more than six (Online repository tableste

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
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breastfeeding. However, even among the studies which accounted for reverse causation the

evidence was inconclusive.

Studies that'were not included in the matelyses
There were threebservationastudies that we could not includetire metaanalysis as risk

ratios were noprovided [3, 4, 2Q]Details of these studies are presented in Table

Hesselmaetalfound that introduction of many food items including allergeniecedisas
non-allergenic food waslelayed among children who had eczema compared to the no-
eczema groufB]. Kull et al investigated the association between the timing of introduction
of fish and eczema findintpat laterexposure to fish increased the risk of eczema at 1 year of
age [4].Thewother study which investigategrly fish exposure and eczema observed a
protective effectHR:1.73(0.75,3.99).

Studies Included in the &daanalyes

A. Evidence.based on RCTs

Introduction to egg

There were,two randomised controlled trials which investigated the effticting of
introductionefegg and the risk of eczema (pooled OR:0.87, 95%CI:0.68,£.00% )

(figure 2). Inyone trial the prevalence of eczema among children exposed to egg from 4-8
months was not different from the placebo group (RR:0.90,95%CI:0.65,1.24) (24). The
second triaklsofound no protective effect in the egg group compared to pha@84 (0.57
1.23)) (23yhowevemwhen thechildren witheczemawerestratified by atopic status, there
was somevidence for a reduction of atopic eczema in the intervention group (p=0.09).

Figure 2- Meta-analysis: The association between introduction teggand eczema

B. Evidence from observational studies
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262 Introduction to first solids
263

264 Introductionto solids after seven months of agempared to early introductidiess than
265  four months)

266  Pooling fourbirth cohortstudies we found no evidence for association betweeancreased
267  risk of eczema fotate introductiorto solids(>7months)compared to early introductiqr3-
268 4 monthsYOR: 1.04 95%Cl: 0.77, 1.41) (figure 3454.5%).

269  Figure 3- Meta=analysis: The association between introduction to solids afteeven

270  months of age and the risk oeczema.
271

272 Introductionto'salids afteffour months of age compared to early introduction (less than four
273 months)

274  Pooling 2 case-control studies amtkcrosssectionalstudy,infantswho were exposed to

275  solids afteffour months of age comparedheforefour monthsdemonstrated nevidenceof

276  association withieczema righR:1.14 95%CI:0.37,3.59 Figure4). The reliability of this

277  estimate.is.undermined by the high heterogeneity of the pooled stutiE’8(1%).

278  Figure 4- Meta-analysis: The association between introductiono solids afterfour

279 months of age and eczema
280

281  Introduction to solids between four to six months of age compared to early introduction
282  (less than fourimonths)

283  Metaanalysing.four birth cohort studies with introduction of solids between faix to

284  months of agesshowed no association wigh of eczemgOR:0.91 95%CI:0.78,1.07) when
285 compared with'those who had solids introduced before four mamthsd repositoryigure
286 5, I°=0.0%):

287  Figure 5=lMeta-analysis: The association between introductiorto solids between four to

288  six months of agecompared with earlier introduction and eczema
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Introductionto allergenic food (evidence fom birth cohort studies)

Introduction to specific allergenic solids (early versus late) and the risk of eczema

Pooling resultgram threebirth cohorts (one highisk) which had data oearlier (<9 or <6
months) compared to later (>89 months) introduction afpecificallergenic food (fish and
egg) showed a nosignificant trend towardmcreased risk of eczema when allergenic food
wasintroducedater (OR:113 95% C1:0.91,1.42(online repository figure YL with an F of
45.0%%.

Online repeositary figure 1- Meta-analysis: The association between introduction of
allergenic foodand risk of eczema

Introduction toallergenic foodplant baseddther than fisi{early versus late) and the risk of
eczema

We confined the metanalysis to age of exposure to plant based allergiethsusingwo

birth cohortstudies, found no association (OR: 09246CI: 058,1.1§ (Online repository
figure 2)yWwith.and of 74.2%6.

Online repository figure 2- Meta-analysis: The association between introductiorto

plant based allergenggluten or cereal)and the risk of eczema
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4. Discussion

Overall, we foundno strongevidence that early introduction sélid foodwas associated
with less risk othildhood eczema.here was limited evidence of an associat@mn
introductionstospecific allergenic food9 he evidencérom RCTsof egg introductionwas
limited to two.trials,oneof which reported failure to achieve their desired sample size
(pooled OR;0.87,95%CI;0.68,1.12). The observational stuthiese(studiesyvhich
investigated the association between fish introduction and eczema suggestectiagrote
effect with early introductionWe found no evidence that early introductiorcefeal oifruit

reduced the.risk. of eczema.

Although, our review focussed dimetiming of introduction of any solid foocasopposed to
allergenic foad introduction as in tpeblished systematic review bigrodiakonou et al
[11]our resultsare similar to theifindings,despite a different research question and the
inclusion of sewveral different studies [1Qurreview addressgximarily the association
betweenfirst solisl (bothallergenicand nonallergenic)andtherisk of eczema.Our findings
suggest that the associations are similar between timing of introduction afleaenic and

allergenic foods.to infants amtzema

In 2008, Prescott ell describedh critical window fordevelopment ofmaximum immune
tolerance, which, could have an impactawerallallergic disease outcorm@f the child. It

has been suggested that this critical window s@an from four to six months of age, but this
is controversiaf28]. This critical window is important as introduction of stsliduring this

period andnset of eczema and persistent eczema may predict the other allergic outcomes
such as asthma and allergic rhinitidater childhood [29].With the increasinglobal
prevalenceofood allergy, introduction of allergenic fooditdantshas recently received

much interest{d7]. Allergenic food introduction may have an impact on the child’s immune
systemand this may be modified by other predisposing factors supte@&xistingallergic
disease of the child aridmily history of allergy{17, 18].
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Part of the difficultyin assessing the relationptetweersolid food introduction anéczema
is thatthere may be multiple forms of eczeoraphenotypeswith commonphysical
appearances, but different aetiological risk factors. In support of this conceptheva
stronger relationship between age of introduction to egg for atopic eczema, as opposed to
non-atopic eczemaAdditionally there are many oth&actors thatmay berelated to
introduction of foodhatcould also influence the risk eczemdg17, 25],whichmay be
potentialy ‘confounding or modyfing the associations sedburation of exclusive
breastfeeding, duration of total breastfeediogmula introduction and the type of formula
introduced prior to solid food introducti@me some of théactorswhichare intimately

related to solid food introduction and could also havergracton theimmune systerand

the risk of @czem{B0]. Not all the studies have commented on these facuher factors
such as family "history of allergic diseas®d cultural beliefareimportant as theseould

have an impact on the feeding behaviour of the pasgrtsnfluence risk of allergic disease
in the child[31]. Moreover, earlysymptoms otllergic disorders during infancy may
influencethetiming of solid food introduction [32&sthereis a belief in some communities
that extended.duration ekclusive breastfeedinghus delaying the introduction of solid
foods) is pretective against childhoalliergic disordersAs this belief may influence allergic
families'to delay solid introduction, it could lead to an association thnawghse causation
Failureto acceuntor this reverse causation will bias thesociation between later solid
introduction and eczema. Therefore, the methodological quality of the studesemment

of potentially confounding and modifyirfgctorsand reverse causality will be important in
interpreting the study findings. Among the studies includetis review, only afew have
looked at reverse causatiauith respect taluration of breastfeeding and allergic diseases
(family history and childhoodllergies)[12, 15, 17, 18] anthese studiedid not find

evidence for reverse causatidxil these factors have contributed to a significant amount of
heterogeneityEurthermorewe could not comment about the quantity of food introduced or
any allergiereactiowhich 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.
Therewas weak evidence from one RCT that early introduction of egg may reduce the risk of
atopic eczemf25].Two studieq14, 20] based in Scandinavian countries identified that

earlier introduction of fish might be associated with reduced risk of eczdnfartunately,

we do not have adequate details on the type of fish and the quantity introduced. Theeefore,
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are unable to comment in terms eBHatty acids which have been postulated to reduce the
risk of allergic diseasét is possible that+3 fatty acids, which are rich in some fish, might
cause such an effecDespite the biologic plausibility that®fatty acids may modulate the
immune response, there is currently no consistent evidence tfattyn&cids reduce the risk
of allergic'disease. Aumber of observational studies have investigated breast milk PUFA
(poly unsaturated fatty acids) and their association with eczema in infanfisdings have

not been consistent. Some studies shaavprbtective effect33] associated with increased

n-3 fatty aeid levelsn breast milk while others did n{g4].

In terms of “best evidence”, if you had to choose between one RCT or anadyais of

birth cohort studies, the guidelines pertaining to hierarchy of evideogkl suggest that the
RCT carries more weight. Evaluation of this conundrum is not always straightfioitva
would dependwupon objective measures of the individual studies contributing evidence,
including sizexquality, and risk of bias. The RCT involvealy be small nonrepresentative

of the target population and have extensive loss to follow-up introducingrmdack of
external validity,' whereas the birth cohort studies may be relatively free from begst ex
from unknown confounders. The conclusion of this paper was based on evidence from both
RCTs and birth cohort studies. An overall assessment of the “quality of evidence” for any
metaanalysissecould be estimated in a more objective manner using the GRADE criteria;
[35]however it is difficult to know how you would then compare this to the quality of
evidence contributed by one RCT.

Based on this reviewe do not have adequattatistical evidence to say that solid food
introduction at four months is better compared to introduction at 6 months or whether the
timing of allergenic food introduction prote@gainst develapentof eczemaAlso, there is

no consistencyf resultsanong the studies suggesting an unaccounted source of
heterogeneity between the studies/study populatdmeczema isadisease which is closely
related to otherallergic diseases there might be a strong genetic corfgginehich could

mask the truesassociation with solid food introduction.
Strengths and limitations of this review

This review contains allvailable peer reviewguhperaup to the final search date on food
introduction andts associatiorwith eczemaMostly, the evidence in this paper comes from
birth cohort studies which are the strongest observational study design intavagtess
potential causationsahese studiasseprospectively collected data aacethereforenot
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affected byrecall bias Although different outcome definitions were used by the included
studiesall of themwere standard definitiedeveloped by theesearcher aclinicians

Creating different forest plots accordingdifferentage exposure categories has enabled us
to get an overview of the available studies on tinmhigolid food introduction and allergic
disease outcomes. All the studies in the reviewareasonably good quality according to
the Newastle Ottawa scal@ he disadvantage of different definitions waatwe could not
combine the outcome of atomczema with the other outcomé&sirthermore, multifaceted
intervention studies were not included in the reviestheravere multipleexposuresNot all
studies adjusted for important confounding facteush as family history of allergic disease
gencer, and,allergic disease of the chddlooked for reverse causatioAlso, we were

unable to gemment on the quantity of the food introduced to the child or any adverse
reactions to tat'food. Furthermore, we have not included studies whiastigated infant
foods ancexacerbatiosof existingeczema. Thenajority of theevidence we foundias

based on observational studies. Therefore, we are unable to comment on inhereahtiases
unknown confounding factors which may have influenced outcoikse theevidence

from well-conducted randomised controlled trials is robilmgre is currently limited

evidence.

Future directions based on our findings-

The available evidence is currently insufficient to determine whethénhey of solid food
introductionsinfluences the risk of eczen@ur review indicates that findings from RCTs and
well-conduetedbservational studies are similar. Large observational cohorts can
complement the evidence from RCTs as they are more likely to be representative of the target
populationfora“universal population exposure such as introduction of solids. Future
directions for individual studies may include better characterization of exposures in terms of
guantities, better characterization of outcomes in terms of phenotyping eczemayantba
measure the dwral and familial reasons for the individual differences in timing of Jold

introduction.
Conclusion

The available evidence is inconclusive regarding the association between timmygsofie

food introduction and the risk of eczema. There isendly no clear evidence to determine
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whether weaning at 4 months, between 4-6 months or after 6 months of age is bettes in

of eczema risk. There i® impetus to alter current guidelinedl & which support tle
introduction of complementary food around or at six months of age with a spectrum of food
items andhe introduction of allergenic foods by one year with the aim of prevention of

allergic diseases.
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Figure 2- Meta-analysis: The association between
introduction to eggs and eczema.

%

food Age Age Age
Author type exposed comparison  outcome OR (95% CI) Weight
1
1
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1
1
|
Tan 2016 Egg 4-8 months 8 momths 1 year —O-I — 0.90 (0.65, 1.24) 58.64
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|
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Palmer 2016 Egg 4-10 months 10 months 1 year —_—— 0.84 (0.57,1.23) 41.36
1
|
|
b
1
|
1
1
1
1
Overall (l-squared = 0.0%;sp = 0.788) 1 > 0.87 (0.68, 1.12)  100.00
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NOTE: Weights are from random effects analysis 1
1
1
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Figure 3-Meta-analysis: The association between introduction of solids after seven months of age and %
eczema Age Age Age
Author food type exposed comparison outcome OR (95% ClI) Weight
I
|
Birth Cohort :
|
I
Chuang 2011 Any solid /4-6 months <4 months 1.5 years —_—— 0.88 (0.61,1.27) 25.55

L 4

9.46 (2.05, 43.63) 3.61

|
|
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Snijders 2008 Any solid...>7 months < 3 months 2 years :
|
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Zutavern 2008 Any solid >7 months <4 months 2 years —— 0.96 (0.53, 1.74) 15.93
|:
Filipak 2007 NI Any solid=>6 months <4 months 4 years —_—— 1.00 (0.72, 1.39) 27.36
I:
Filipak 2007 | Any solid _>6 months <4 months 4 years —_—— 1.00 (0.72, 1.39) 27.55
|
<>
|
|
Overall (l-squared =5475%, p = 0.067) :
|
<: 1.04 (0.77, 1.41) 100.00
NOTE: Weights are fromw:random effects analysis |
|
|
|
|
1
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Figure 4- Meta-analysis: The association between introduction of solids after five months of age and eczema
%
Age Age Age
Author food type exposed comparison outcome OR (95% CI)  Weight

Case Control

L 4

Sahakyan 2006 Any solidy, > 5 months < 4 months 1 year 3.10 (1.40, 6.88)32.20

Sariachvili 2010 Any solid ) > 5 months <4 months 4 years _— 0.49 (0.32, 0.75)36.35

Subtotal (I-squared =98:8%, p = 0.000)  1> 1.19 (0.20, 7.27)68.55

Cross sectional

Horwitz et al Any solid_ > 6 months < 6 months 5 years ¢ 1.10 (0.47, 2.59)31.45

Overall (I-squared.=88.1%, p = 0.000) <> 1.14 (0.37, 3.58)100.00

NOTE: Weights are from random effects analysis
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Figure 5- Meta-analysis: The association between introduction of solids between 4-6 of age and eczema
%
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