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IMPORTANCE Earlier egg and peanut introduction probably reduces risk of egg and peanut
allergy, respectively, but it is uncertain whether food allergy as a whole can be prevented
using earlier allergenic food introduction.

OBJECTIVE To investigate associations between timing of allergenic food introduction to the
infant diet and risk of food allergy.

DATA SOURCES In this systematic review and meta-analysis, Medline, Embase, and CENTRAL
databases were searched for articles from database inception to December 29, 2022. Search
terms included infant, randomized controlled trial, and terms for common allergenic foods
and allergic outcomes.

STUDY SELECTION Randomized clinical trials evaluating age at allergenic food introduction
(milk, egg, fish, shellfish, tree nuts, wheat, peanuts, and soya) during infancy and
immunoglobulin E (IgE)–mediated food allergy from 1 to 5 years of age were included.
Screening was conducted independently by multiple authors.

DATA EXTRACTION AND SYNTHESIS The Preferred Reporting Items for Systematic Reviews and
Meta-analyses guideline was used. Data were extracted in duplicate and synthesized using a
random-effects model. The Grading of Recommendations, Assessment, Development, and
Evaluation framework was used to assess certainty of evidence.

MAIN OUTCOMES AND MEASURES Primary outcomes were risk of IgE-mediated allergy to any
food from 1 to 5 years of age and withdrawal from the intervention. Secondary outcomes
included allergy to specific foods.

RESULTS Of 9283 titles screened, data were extracted from 23 eligible trials (56 articles, 13 794
randomized participants). There was moderate-certainty evidence from 4 trials (3295
participants) that introduction of multiple allergenic foods from 2 to 12 months of age (median
age, 3-4 months) was associated with reduced risk of food allergy (risk ratio [RR], 0.49; 95% CI,
0.33-0.74; I2 = 49%). Absolute risk difference for a population with 5% incidence of food allergy
was −26 cases (95% CI, −34 to −13 cases) per 1000 population. There was moderate-certainty
evidence from 5 trials (4703 participants) that introduction of multiple allergenic foods from 2 to
12 months of age was associated with increased withdrawal from the intervention (RR, 2.29;
95% CI, 1.45-3.63; I2 = 89%). Absolute risk difference for a population with 20% withdrawal
from the intervention was 258 cases (95% CI, 90-526 cases) per 1000 population. There was
high-certainty evidence from 9 trials (4811 participants) that introduction of egg from 3 to 6
months of age was associated with reduced risk of egg allergy (RR, 0.60; 95% CI, 0.46-0.77;
I2 = 0%) and high-certainty evidence from 4 trials (3796 participants) that introduction of
peanut from 3 to 10 months of age was associated with reduced risk of peanut allergy (RR, 0.31;
95% CI, 0.19-0.51; I2 = 21%). Evidence for timing of introduction of cow’s milk and risk of cow’s
milk allergy was very low certainty.

CONCLUSIONS AND RELEVANCE In this systematic review and meta-analysis, earlier
introduction of multiple allergenic foods in the first year of life was associated with lower risk
of developing food allergy but a high rate of withdrawal from the intervention. Further work is
needed to develop allergenic food interventions that are safe and acceptable for infants and
their families.
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F ood allergy is an important public health concern due
to significant quality-of-life and economic impact.1 Food
allergy incidence varies between populations, and the

discovery that earlier introduction of egg and peanut to the in-
fant diet probably reduces risk of egg and peanut allergy, re-
spectively, has galvanized primary prevention efforts.2-4 Clini-
cal practice guidelines now recommend earlier introduction
of allergenic foods, and infant feeding practice has changed
substantially in some regions.5-7 It is unknown whether ear-
lier introduction of allergenic foods will reduce overall food
allergy prevalence in populations.8 Prevention of 1 or 2 spe-
cific food allergies without preventing food allergy as a whole
may have limited public health impact. One trial evaluating the
effect of earlier multiple allergenic food introduction on risk
of any food allergy reported inconclusive findings and a high
rate of withdrawal from the intervention.9 A more recent trial
reported reduced food allergy following earlier introduction
of multiple allergenic foods, largely attributable to a reduc-
tion in peanut allergy.10

Herein, we report outcomes from a targeted update of a pre-
vious systematic review conducted by some of us of the timing
of allergenic food introduction and atopic or autoimmune
disease.2 We evaluated the association between earlier aller-
genic food introduction and risk of any food allergy and evalu-
ated rates of withdrawal from the intervention as a marker of
safety and acceptability of earlier allergenic food introduction.

Methods
The methods of this systematic review and meta-analysis
are described in detail in the eMethods in Supplement 1. Pro-
tocol and search strategies were registered in PROSPERO
(CRD42013004239).11 This study was reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) reporting guideline.12,13 We searched the
Medline, Embase, and CENTRAL databases for articles published
from database inception to December 29, 2022. Search terms
included infant, randomized controlled trial, and terms for
common allergenic foods and allergic outcomes (eAppendix in
Supplement 1). Screening was conducted independently by 2
of us (R.S. and P.K.). Reference lists of relevant included studies
were reviewed to identify additional potentially eligible studies.
We included randomized clinical trials evaluating age at
allergenic food introduction (milk, egg, fish, shellfish, tree nuts,
wheat, peanuts, and soya) during the first year of life and
immunoglobulin E (IgE)–mediated food allergy at age 1 to 5 years.
The study populations were infants enrolled from birth to 12
months of age. Studies that compared earlier and later allergenic
food introduction and different doses and types of exposure
were included, as were trials using breastfeeding or breastmilk,
amino acid formula, other low-allergen exposures, or standard
care as the comparator. We excluded nonrandomized trials, trials
of timing of solid food introduction that did not use allergenic
foods, and trials in specific populations, such as very premature
infants.

Outcomes
The primary efficacy outcome was IgE-mediated allergy to any
food assessed by double-blind, placebo-controlled food chal-

lenge; open food challenge; medical diagnosis; or parental re-
port at the closest reported time point to age 3 years. The pri-
mary safety outcome was withdrawal from study intervention
assessed as the number of randomized study participants in
each group who withdrew from the intervention or were lost
to follow-up during the intervention period for reasons re-
lated to the intervention or reasons that could potentially have
been related to the intervention. Secondary outcomes in-
cluded allergic sensitization to any food assessed by a posi-
tive result of a skin prick test (SPT) and/or allergen-specific IgE
test as well as allergy and allergic sensitization to 1 of the afore-
mentioned specific common allergenic foods.14

Statistical Analysis
Data were extracted in duplicate, and risk of bias was as-
sessed using the Cochrane Risk of Bias 2 tool.15 Publication bias
was assessed using funnel plots and the Egger test when 10 or
more trials were included in a meta-analysis.16 Results are pre-
sented as risk ratios (RRs) with 95% CIs and expressed as risk
differences where possible. Random-effects meta-analyses
used the DerSimonian and Laird method in the metafor ver-
sion 3.4-0 package in R, version 4.2.0 (R Project for Statistical
Computing).17-20 Statistical significance was set at 2-sided
P < .05, and heterogeneity was quantified using the I2 statis-
tic. Data that could not be included in the meta-analysis were
reported narratively. Prespecified subgroup analyses were con-
ducted using study-level variables, comparing single vs mul-
tiple allergenic food introduction, high vs low allergen in-
take, and milk feeding status at enrollment. The prespecified
sensitivity analysis evaluated low-risk-of-bias data only. Post
hoc trial sequential analysis was used to quantify statistical re-
liability of key moderate- or high-certainty efficacy outcomes.21

Control event rates pooled from the largest included studies
(5% for any food allergy, 4% for egg allergy, and 2.5% for pea-
nut allergy) were used to estimate optimal heterogeneity-
adjusted information sizes needed to identify a risk reduc-
tion of 30%, assuming a 2-sided P < .05 significance level and
80% power. The Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) framework was used
to assess certainty of evidence.22,23 The data set and statisti-
cal code are available from the corresponding author.

Key Points
Question Is the timing of introduction of allergenic foods to
infants associated with their risk of developing immunoglobulin
E–mediated food allergy?

Findings This systematic review and meta-analysis of 23
randomized clinical trials with 13 794 participants found
moderate-certainty evidence that introducing multiple allergenic
foods from 2 to 12 months of age was associated with reduced risk
of any food allergy but increased risk of withdrawal from the
intervention. There was high-certainty evidence that earlier
introduction of egg or peanut was associated with reduced risk of
egg or peanut allergy, respectively.

Meaning In this study, earlier introduction of multiple allergenic
foods was associated with a reduced risk of food allergy but with
significant rates of withdrawal from the intervention.
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Results

The results of the search and selection process are presented
in a PRISMA flow diagram (eFigure 1 in Supplement 1). From a
total of 9283 titles, 23 trials reported in 56 articles were in-
cluded in the review.3,4,9,10,24-44 The characteristics of the 23
studies3,4,9,10,24-44 (13 794 randomized participants) and 12 on-
going studies (16 765 intended participants) are given in
eTables 1 and 2 in Supplement 1. Twenty-one studies
(91%)3,4,9,10,24-28,30-41,43,44 were conducted in high-income
countries. Interventions were multiple allergenic foods (4
studies9,10,28,37), egg (9 studies24,27,29,33,36,38,39,42,43), peanut
(1 study3,4), cow’s milk (8 studies25,26,30-32,34,35,41,44), and
a comparison of all these interventions (1 study40).
Twelve3,4,9,10,24,27,28,36-40,43 of 153,4,9,10,24,27-29,33,36-40,42,43

complementary feeding trials (80%) initiated the interven-
tion prior to age 6 months. A summary of key findings, with
GRADE evidence assessments for earlier multiple foods, egg,
peanut, and cow’s milk introduction, is presented in the Table,
with further detailed findings reported in eTables 3 to 6 in
Supplement 1. Results of subgroup and sensitivity analyses for
these comparisons are given in eTables 7 to 11 in Supple-
ment 1, and outcomes for earlier introduction of other foods
are shown in eTable 12 in Supplement 1.

Earlier Introduction of Multiple Allergenic Foods
Meta-analysis of 4 trials9,10,37,40 (3295 participants) showed
moderate-certainty evidence that earlier introduction of mul-
tiple allergenic foods between ages 2 and 12 months (median
age, 3-4 months) was associated with decreased risk of any food
allergy from 1 to 3 years of age (RR, 0.49; 95% CI, 0.33-0.74;
I2 = 49%) (Figure 1A). Statistical heterogeneity was explained
by a less pronounced effect in 1 large study.9 The reason for
the different findings in this study was not clear, and cer-
tainty of evidence was therefore downgraded for inconsis-
tency. Absolute risk difference for a population with 5% inci-
dence of food allergy was −26 cases per 1000 population (95%
CI, −34 to −13 cases per 1000 population). Trial sequential
analysis showed that the heterogeneity-adjusted optimal in-
formation size for detection of a 30% risk reduction had not
been reached (eFigure 2 in Supplement 1). There was low-
certainty evidence for earlier introduction of multiple aller-
genic foods and risk of any food sensitization (3 trials9,10,37

[2827 participants]; RR, 0.77; 95% CI, 0.54-1.10; I2 = 73%) (eFig-
ure 3 in Supplement 1). Certainty of evidence was down-
graded for inconsistency and imprecision. There was moderate-
certainty evidence that earlier introduction of multiple
allergenic foods was associated with risk of withdrawal (5
trials9,10,28,37,40 [4703 participants]; RR, 2.29; 95% CI, 1.45-
3.63; I2 = 89%) (Figure 1B). Statistical heterogeneity was ex-

Table. Summary of Key Review Findings for Earlier vs Later Introduction of Allergenic Foods to the Infant Diet

Intervention,
outcome Participants, No. (studies, No.) RR (95% CI)

Certainty of
evidencea

Control risk,
cases per
1000
populationb

RD (95% CI), cases per
1000 population

NNTB/H
(95% CI)

Earlier introduction of multiple allergenic foods

Allergy to any
food

3295 (49,10,37,40) 0.49 (0.33 to 0.74) Moderate 50 −26 (−34 to −13) 38 (29 to 77)

200c −102 (−134 to −52) 10 (7 to 19)

Withdrawal from
study
intervention

4703 (59,10,28,37,40) 2.29 (1.45 to 3.63) Moderate 200 258 (90 to 526) 4 (2 to 11)

Earlier egg introduction

Allergy to egg 4811 (99,10,24,29,36-39,43) 0.60 (0.46 to 0.77) High 40 −16 (−22 to −9) 63 (45 to 111)

200c −80 (−108 to −46) 13 (9 to 22)

Withdrawal from
study
intervention

7442
(139,10,24,28,29,33,36-40,42,43)

1.58 (1.12 to 2.22) Low 200 116 (24 to 244) 9 (4 to 42)

Earlier peanut introduction

Allergy to peanut 3796 (43,9,10,37) 0.31 (0.19 to 0.51) High 25 −17 (−20 to −12) 59 (50 to 83)

100c −69 (−81 to −49) 14 (12 to 20)

Withdrawal from
study
intervention

5343 (63,9,10,28,37,40) 1.91 (1.19 to 3.05) Very low 200 182 (38 to 410) 5 (2 to 26)

Earlier cow’s milk introduction

Allergy to cow’s
milk

3900 (69,10,31,32,37,44) 0.84 (0.38 to 1.87) Very low 10 −2 (−6 to 9) 500 (110 to �)

50c −8 (−31 to 44) 125 (23 to �)

Withdrawal from
study
intervention

7895
(119,10,25,26,28,31,32,37,40,41,44)

1.05 (0.61 to 1.82) Low 200 10 (−78 to 164) 100 (6 to �)

Abbreviations: NNTB/H, number needed to treat for an additional beneficial or
harmful outcome; RD, risk difference; RR, risk ratio.
a Grading of Recommendations, Assessment, Development, and Evaluation

framework.

b Control event rate was pooled from the largest included studies.
c Population at high risk for developing food allergy.
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plained by high rates of withdrawal from the intervention in
the 2 largest studies,9,10 which both used high allergen intake
for multiple allergenic foods and normal foods rather than pow-
ders (eTable 7 in Supplement 1). The certainty of evidence was
downgraded for risk of bias. Absolute risk difference for a popu-
lation with 20% withdrawal from the intervention was 258
cases per 1000 population (95% CI, 90-526 cases per 1000
population).

Earlier Introduction of Egg
A meta-analysis of 9 trials9,10,24,29,36-39,43 (4811 participants)
showed high-certainty evidence that earlier introduction of egg
between 3 and 6 months of age was associated with de-
creased risk of egg allergy (RR, 0.60; 95% CI, 0.46-0.77; I2 = 0%)
(Figure 2). Absolute risk difference for a population with 4%
incidence of egg allergy was −16 cases per 1000 population
(95% CI, −22 to −9 cases per 1000 population). Trial sequen-
tial analysis showed that the heterogeneity-adjusted optimal
information size for detection of a 30% risk reduction had been
reached (eFigure 2 in Supplement 1). There was no evidence
for a difference in outcome between trials of egg only (6
trials24,29,36,38,39,43 [1646 participants]) and multiple aller-
genic foods including egg (3 trials9,10,37 [3165 participants])
(eTable 8 in Supplement 1). Subgroup analysis found a signifi-
cant interaction related to dose of egg, with evidence for a
greater reduction in risk of egg allergy in the low-dose group
(P = .02 for interaction) (eTable 8 in Supplement 1). There was

moderate-certainty evidence that earlier introduction of egg
was associated with decreased risk of egg sensitization (8
trials9,10,24,33,37-39,43 [4325 participants]; RR, 0.81; 95% CI,
0.69-0.96; I2 = 18%) (eFigure 3 in Supplement 1). There was
low-certainty evidence that earlier introduction of egg
was associated with increased risk of withdrawal (13
trials9,10,24,28,29,33,36-40,42,43 [7442 participants]; RR, 1.58; 95%
CI, 1.12-2.22; I2 = 90%) (eFigure 4 in Supplement 1). There was
an asymmetrical funnel plot (eFigure 5 in Supplement 1), with
increased withdrawal in larger studies. Certainty of evidence
was downgraded for inconsistency and imprecision. There was
very low-certainty evidence about the association of earlier egg
introduction with risk of allergy9,10,37,40 or sensitization9,10,37

to any food, as almost all information for these analyses was
derived from trials of multiple food interventions (eFigure 6
in Supplement 1).

Earlier Introduction of Peanut
Meta-analysis of 4 trials3,9,10,37 (3796 participants) showed high-
certainty evidence that earlier introduction of peanut be-
tween 3 and 10 months of age was associated with decreased
risk of peanut allergy (RR, 0.31; 95% CI, 0.19-0.51; I2 = 21%)
(Figure 3). Absolute risk difference for a population with 2.5%
incidence of peanut allergy was −17 cases per 1000 popula-
tion (95% CI, −20 to −12 cases per 1000 population). Trial
sequential analysis showed that the heterogeneity-adjusted op-
timal information size for detection of a 30% risk reduction had

Figure 1. Earlier vs Later Introduction of Multiple Allergenic Foods and Risk of Any Food Allergy and Withdrawal From Study Intervention
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RR (95% CI)
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Decreased risk 
of food allergy

Increased risk 
of food allergy
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A     B     C     D     E
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69/1662
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Perkin et al9 0.80 (0.51-1.25)
Quake et al40  0.40 (0.24-0.68)
Skjerven et al10 0.42 (0.22-0.79)

Overall 0.49 (0.33-0.74)
Heterogeneity: τ2 = 0.08; χ2 = 5.86; df= 3 (P = .12); I2 = 49%

0.35 (0.16-0.80)
42/595
21/44
31/915

113/1633

19/79

Later introduction
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Decreased risk 
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%
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2.6
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Risk of bias
A     B     C     D     E

Earlier introduction
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1350/2416
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Holl et al28

RR (95% CI)

Nishimura et al37 0.96 (0.06-15.15)
Perkin et al9  3.69 (3.10-4.38)
Quake et al40 0.50 (0.03-7.81)

Overall

1.02 (0.68-1.51)
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409/2287

41/339
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2.29 (1.45-3.63)
Heterogeneity: τ2 = 0.16; χ2 = 37.75; df= 4 (P < .001); I2 = 89%

249/1172 34.1
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    intended intervention
C Missing outcome data
D Measurement of the 
    outcome
E Selection of the 
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Squares indicate risk ratios (RRs), with horizontal lines indicating 95% CIs and size of squares indicating weight; diamonds indicate pooled estimates, with outer
points of the diamonds indicating 95% CIs. Green circles indicate low risk of bias; yellow, some concerns; and red, high risk of bias.
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not been reached (eFigure 2 in Supplement 1). Most of the
events contributing to this effect estimate were from a trial of
single allergenic food introduction,3 in which participants in
the control group were advised to avoid peanut until age 5
years, but trials of multiple allergenic food introduction with-
out such prolonged avoidance advice in the control group9,10,37

also reported reduced peanut allergy (P = .06 for interaction)
(eTable 9 in Supplement 1). There was low-certainty evi-
dence that earlier introduction of peanut was associated with
decreased risk of peanut sensitization (4 trials4,9,10,37 [3434
participants]; RR, 0.74; 95% CI, 0.46-1.20; I2 = 77%) (eFig-
ure 3 in Supplement 1). Certainty of evidence was down-
graded for inconsistency and imprecision, with only 1 study,10

which used an SPT, showing a stronger effect. There was very
low-certainty evidence about earlier introduction of peanut and
risk of withdrawal (6 trials3,9,10,28,37,40 [5343 participants]; RR,
1.91; 95% CI, 1.19-3.05; I2 = 91%) (eFigure 4 in Supplement 1);
however, the single trial of peanut only3 showed no increase
in withdrawal. Certainty of evidence was downgraded for risk

of bias, inconsistency, and indirectness. There was also very
low-certainty evidence about earlier introduction of peanut and
decreased risk of allergy to any food (5 trials4,9,10,37,40 [3927
participants]; RR, 0.60; 95% CI, 0.38-0.94; I2 = 81%) (eFig-
ure 6 in Supplement 1). Subgroup analysis found significant
differences between multiple food intervention trials,9,10,37,40

which showed reduced allergy, and the single peanut-only in-
tervention trial,4 which showed no effect (P = .02 for interac-
tion) (eTable 9 in Supplement 1). There was low-certainty evi-
dence for earlier introduction of peanut and risk of any food
sensitization (4 trials4,9,10,37; 3456 participants; RR, 0.86; 95%
CI, 0.71-1.05; I2 = 61%) (eFigure 3 in Supplement 1). Evidence
was downgraded for inconsistency and imprecision.

Earlier Introduction of Cow’s Milk
For the comparison between earlier and later introduction of
cow’s milk, there was low- to very low-certainty evidence for
all outcomes. Evidence was downgraded for indirectness be-
cause interventions were not representative of typical ways to

Figure 2. Earlier vs Later Introduction of Egg and Risk of Egg Allergy
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Figure 3. Earlier vs Later Introduction of Peanut and Risk of Peanut Allergy
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introduce cow’s milk products to an infant diet and for impre-
cision. Meta-analysis of 6 trials9,10,31,32,37,44 (3900 partici-
pants) showed very low-certainty evidence about earlier in-
troduction of milk between the first day of life and age 4 months
and risk of milk allergy (RR, 0.84; 95% CI, 0.38-1.87; I2 = 36%)
(Figure 4 and eTable 10 in Supplement 1). Most information
was from studies with high risk of bias, with lack of blinding
of outcome assessment as the main limitation. Sensitivity
analyses restricted to low-risk-of-bias data reduced heteroge-
neity (2 trials10,37 [2000 participants]; RR, 0.32; 95% CI, 0.09-
1.18; I2 = 0%) (eTable 11 in Supplement 1). There was very low-
certainty evidence about earlier introduction of milk and risk
of milk sensitization (7 trials9,10,26,31,32,37,44 [4887 partici-
pants]; RR, 1.14; 95% CI, 0.82-1.59; I2, 45%) (eFigure 3 in Supple-
ment 1). Heterogeneity appeared to be partly explained by
the method of outcome measurement, with studies using
SPTs showing no heterogeneity in an exploratory, post hoc
subgroup analysis (SPT: 3 trials9,10,32 [2974 participants]; RR,
0.64; 95% CI, 0.32-1.29; I2 = 0%; specific IgE: 4 trials26,31,37,44

[1913 participants]; RR, 1.29; 95% CI, 0.89-1.89; I2 = 62%;
P = .08 for interaction). There was low-certainty evidence for
earlier introduction of milk and risk of withdrawal (11
trials9,10,25,26,28,31,32,37,40,41,44 [7895 participants]; RR, 1.05; 95%
CI, 0.61-1.82; I2 = 94%) (eFigure 4 in Supplement 1). There was
an asymmetrical funnel plot (eFigure 5 in Supplement 1), with
increased withdrawal in larger studies. Heterogeneity was ex-
plained by high rates of withdrawal in 2 pragmatic trials of mul-
tiple, high-dose interventions9,10 and a trial in which many par-
ticipants withdrew from the delayed cow’s milk (soya formula)
intervention25 due to a preference for earlier cow’s milk for-
mula. There was no statistical heterogeneity with these 3
excluded trials9,10,25 (8 trials26,28,31,32,37,40,41,44 [3816 partici-
pants]; RR, 0.86; 95% CI, 0.70-1.06; I2 = 0%). There was very
low-certainty evidence about earlier introduction of milk and
risk of allergy to any food (6 trials9,10,32,37,40,44 [3981 partici-
pants]; RR, 0.67; 95% CI, 0.39-1.13; I2 = 83%) (eFigure 6 in
Supplement 1). There was no information available about the
effect of milk introduction without other allergenic foods on
allergic sensitization to any food.

Earlier Introduction of Other Foods
Evidence for the timing of introduction of other allergenic foods
and risk of food allergy was limited (eTable 12 in Supple-
ment 1). Wheat (5 trials9,10,28,37,40 [4658 participants]), soya (6
trials25,28,31,32,37,41 [2215 participants]), fish (3 trials9,28,40 [2098
participants]), and crustaceans and tree nuts (2 trials28,40 [795
participants]) were introduced earlier, usually as part of a mul-
tiple allergenic food introduction. Where meta-analysis was
possible, only small numbers of participants with allergy to the
relevant foods were included, and no evidence for a differ-
ence between groups was seen for earlier wheat introduction
and wheat allergy (3 trials9,10,37 [3169 participants]; RR, 0.66;
95% CI, 0.10-4.47; I2 = 2%) or wheat sensitization (3 trials9,10,37

[2818 participants]; RR, 0.62; 95% CI, 0.29-1.34; I2 = 59%) or for
earlier soya introduction and soya sensitization (2 trials31,37 [192
participants]; RR, 1.14; 95% CI, 0.79-1.65; I2 = 0%) (eTable 12 in
Supplement 1).

Discussion
This systematic review and meta-analysis found that earlier
introduction of multiple allergenic foods was associated with
reduced IgE-mediated allergy to any food; that earlier egg and
peanut introduction were associated with lower risk of egg and
peanut allergy, respectively; and that multiple food interven-
tions can be difficult to adhere to. The findings support the con-
cept of using earlier allergenic food introduction to prevent food
allergy but highlight the need for more acceptable forms of mul-
tiple allergenic foods. Notably, most complementary feeding
interventions were initiated before 6 months of age, which is
against World Health Organization infant feeding guidance.45

These findings are consistent with those of the Preventing
Atopic Dermatitis and Allergies in Children (PreventADALL)
trial,10 which is, to our knowledge, the largest trial of mul-
tiple earlier allergenic food introduction. Previous clinical trials
found evidence that earlier introduction of egg and peanut re-
duces risk of egg and peanut allergy, respectively, but to our
knowledge, no trials have been able to confirm whether

Figure 4. Earlier vs Later Introduction of Cow’s Milk and Risk of Cow’s Milk Allergy
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any food allergy can be prevented in this way.2-4,9 The Learn-
ing Early About Peanut Allergy (LEAP) trial3 of earlier peanut
introduction found almost identical rates of sensitization and
allergy to any food between the intervention and control
groups. This lack of effect on overall food allergy risk in the
LEAP trial contrasts with a marked reduction in peanut
allergy.3,4 For infants and their caregivers, prevention of any
food allergy is likely to be a more important goal than pre-
vention of allergy to a single food. The data we report herein
and those of the PreventADALL trial10 support the concept
that earlier introduction of multiple allergenic foods can
affect an infant’s risk for developing food allergy, which is
likely to be an important outcome for families. The findings
of this study suggest that approximately 38 families would
need to be advised to introduce multiple allergenic foods
earlier to their infant’s diet to prevent 1 infant from develop-
ing food allergy, although this number is reduced in families
at higher risk. It is therefore important to establish safety,
cost-effectiveness, and acceptability of earlier multiple aller-
genic food introduction.

Safety data from earlier allergenic food introduction
trials9,38 were generally reassuring, although systemic aller-
gic reactions can occur in infants at higher risk or those who
already have a food allergy. However, we found in this sys-
tematic review and meta-analysis that earlier allergenic food
introduction was associated with high rates of withdrawal from
the intervention in the 2 large, pragmatic multiple allergenic
food introduction trials.9,10 Only 29%10 and 34%9 of partici-
pants in the earlier introduction groups of these trials were able
to fully adhere to the intervention. In 1 trial,46 nonadherence
was associated with reported feeding difficulties and was
more common with parent-reported allergy symptoms,
belonging to a racial or ethnic minority group, increased
maternal age, and lower maternal quality of life. In contrast
to these larger studies, 3 smaller studies28,37,40 of multiple
allergenic food introduction had lower rates of withdrawal,
with similar rates in the earlier and later introduction groups.
These smaller studies used multiple allergenic food protein
powders rather than a stepwise introduction of normal foods.
There is, however, widespread concern about the nutritional
composition, texture, flavor, and marketing of commercial
foods for infants,47 and these wider issues need to be consid-
ered before making recommendations to use commercial

multiple allergenic food protein powders for food allergy pre-
vention. One trial9 reported that earlier multiple allergenic
food introduction did not have any adverse effect on breast-
feeding rates. There was also no detectable adverse effect
on infant growth, gastrointestinal or respiratory health, or
development in this trial’s high-income setting.48 Most of the
world’s infants are born in low- or middle-income countries,
where food allergy is uncommon. The effect of earlier aller-
genic food introduction on general child health and develop-
ment is unclear, and food allergy interventions that shorten
exclusive breastfeeding duration in low- or middle-income
settings may be harmful.49 Another important uncertainty
that remains is whether earlier introduction of cow’s milk
affects risk of cow’s milk allergy. Trials of earlier cow’s milk
introduction identified few cases of milk allergy,9,10,31,32,37,44

and some had a high risk of bias.50

Limitations
This study has limitations. It did not include formal indi-
vidual patient data (IPD) analysis, although some trial IPD were
in the public domain and we extracted those from publicly
available data sets. A recent IPD meta-analysis51 of 2 studies
suggested similar effectiveness of earlier peanut introduc-
tion in infants with and without eczema. Further IPD analy-
sis may be helpful for better understanding adverse effect data
and subgroup analyses but is unlikely to have a significant ef-
fect on the efficacy outcomes.52 Our data represent clinical trial
populations and may therefore lack generalizability. In Aus-
tralia, population-based studies7,8 demonstrated a shift to ear-
lier peanut and egg introduction since 2016 but no reduction
in peanut allergy associated with this shift. Population-based
data on the effect of earlier multiple allergenic food introduc-
tion on the risk of any food allergy are not yet available.

Conclusions
In this systematic review and meta-analysis, earlier introduc-
tion of multiple allergenic foods was associated with reduced
IgE-mediated allergy to any food but high rates of withdrawal
from the intervention. Further work is needed to develop al-
lergenic food interventions that are safe and acceptable for in-
fants and their families.
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