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1.  Timing of introduction of allergenic foods and risk of Food Allergy (FA) —

summary of interventions and findings

Key information about each study is shown in the Table of Study Characteristics (Table 1),

and summarised below.

1.1. Studies identified

We identified 15 intervention studies which reported the association between timing of
introduction of allergenic food(s) and risk of FA. Of these, 12 were randomised control
trials, 2 quasi-randomised trials and 1 controlled clinical trials. Three studies used a

multifaceted intervention.

1.2. Populations

The majority of studies (n=8) were carried out in European populations, other studies were
undertaken in North America (n=2) and Asia-Pacific region (n=5). Overall over
5000participants were allocated to intervention arms, and over 5000participants to control

arms.

1.3. Interventions and comparators

Current UK Government advice is for the introduction of allergenic food into the infant
diet to be delayed until 6 months of age or later. In this report we describe intervention
studies of two types:

‘Standard’ intervention trials where comparisons have been made between giving no
advice about introduction of allergenic foods (intervention), with advice to deliberately
delay introduction of allergenic foods (control).

‘Early’ intervention trials in which comparisons have been made between deliberate early
introduction of allergenic food(s) (intervention), with either no advice about introduction,
or advice to delay introduction of allergenic foods (control).

For our purposes in both types of study the early or unrestricted introduction of allergenic
foods is considered as being the ‘intervention’, and the delayed or standard introduction of
allergenic foods as being the ‘control’. The reason for this is so that, where appropriate,

both types of study can be incorporated into the same meta-analysis.
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Cow’s milk was used in the intervention group in 9 studies (as early intervention in 2 and
standard in 7); egg in 9 studies (early intervention in 5 and standard in 4); fish in 4 studies
(early intervention in 1 and standard in 3); soya in 3 studies all as standard; peanut in 3
studies (early intervention in 2 and standard in 1); wheat in 3 studies (early intervention in
1 and standard in 2); other nuts (tree nuts) in 2 studies all as standard; sesame in 1 study as

early intervention.

1.4. Outcome assessment methods used

Food allergy was assessed using parental report of symptoms (n=1) and/or study doctor
assessment (n=3), parent report of doctor diagnosed food allergy (n=3), or most commonly
oral food challenge (n=9) (not mutually exclusive). Twelve studies assessed food allergy at
age 0-4, six studies at ages 5-14 and one at age 15 and over. Four studies assessed food

allergy at more than one timepoint.

1.5. Risk of bias assessment
Overall risk of bias was considered high in 6 studies (40%), due to a combination of
attrition bias (n=2) and selection bias (n=4). Only 2 studies had low overall risk of bias.

Two studies were considered at high risk of bias due to conflict of interest.

1.6. Key findings

i. We found MODERATE evidence (-1 indirectness) that introduction of egg at 4-6
months reduces risk of egg allergy, compared with later introduction of egg.

ii. We found MODERATE (-1 indirectness; -1 imprecision; +1 strong effect size)
evidence that peanut introduction at 4-11 months reduces risk of peanut allergy,

compared with later introduction.

iii. We found no evidence for a general relationship between timing of allergenic food
introduction and FA to the same food across differing interventions and study

populations.
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Table 1 Characteristics of intervention trials evaluating timing of allergenic food introduction in infants and FA

N

Study Design  Int/ Intervention Population Country DIS_eiSG Age OlET
Ctrl ris assessment
Bellach 2016 184/ Pasteurised egg white powder versus  HEAP Study. Infants aged 4-6
(1) ' RCT 199 rice powder 3 times per week from 4-6 months with specific IgE to Germany Normal 1 Oral food challenge
months to 12 months egg <0.35 kU/L
Learning Early About
. 69 peanut protein per week, divided Peanut allergy (LEAP)
Du Toit, 319/ Study. Infants aged 4-11 .
RCT between 3 meals, from 4-11 months to . UK High 5,6  Oral food challenge
2015/16 (2, 3) 321 . months with severe eczema
5 years, versus peanut avoidance.
and/or egg allergy and peanut
SPT <4mm. Mean 7.8 months.
Halmerbauer MULTIFACETED. Standard care Study on the Prevention of
2002/3 ’ 347/ Versuse BF > 3 months, delayed solid Allergy in Children in UK,
(@, 5) RCT 349 (>6 months) and allergenic food (milk, = Europe (SPACE). >1 parent Germany, High 1 DD food allergy
' egg, fish, nuts >1 year), and with a positive allergy history Austria
environmental control. plus aeroallergen sensitisation.
. Caucasian infants seen at birth
~875 E Ik f k .
Halpern, 1973 875 9g yolk given before 3 weeks, versus by one of 11 private USA Normal 5 Oral food challenge
6 RCT /875 after 6 months. N
(6) paediatricians in Dallas.
Hide, 1994/6 MULTIFACETED. Standard care
(7, 8) versus cow’s milk, egg, wheat, nuts, Isle of Wight Study. Infants
Arshad, 1992/ RCT 68/ fish and soya excluded from diet of with a first degree relative UK Hiah 1,8, Parental report +/-
2003/7 (9-11) 71 infant and lactating mother to 9 affected by an allergic disorder g 18  oral food challenge

Scott, 2012
(12)

months, soya hydrolysate if needed,
environmental control.

plus cord blood Ige>0.5kU/L.
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N .
Study Design  Int/ Intervention Population Country Dls_eise Age OlETe
Ctrl ris assessment
Melbourne Atopy Cohort
Cow's milk versus soya formula, as Study (MACS). Infants with a -
Lowe, 2011 RCT 206/ needed from birth. Introduced at first degree relative with Australia High 7 Physician
(13) 208 . assessment
median 4 months. eczema, asthma, AR or food
allergy.
Heated egg powder (50mg daily from
60/ 6-9 months; 250mg daily from 9-12 Infants with atopic dermatitis .
Natsume, 2016
(14) . RCT 61 months) versus placebo from 6 to 12 by 4-5 months. Japan High ' Oral food challenge
months
1 teaspoon per day of pasteurized raw
49/ whole egg powder, versus rice flour Singleton term infants with
Palmer, 2013 RCT 37 p_owgler, given daily from symptoms of moderate-to- Australia High 1 Oral food challenge
(15) randomization at 4 months to 8 months severe eczema.
age.
Sequential introduction of six
allergenic foods - cow’s milk, peanut,  Enquiring About Tolerance
Perkin. 2016 652/ €99 wheat, sesame and fish from age 3 (EAT) Study. Children
(16) : RCT 651 months (median 17 weeks milk, 21 exclusively breastfed at 3 UK Normal 3 Oral food challenge
weeks wheat, 20 weeks other months and gestation over 37
allergens), versus avoidance to >6 weeks.
months.
Pasteurised whole egg powder (350mg g\ Study. Infants with a
165/ ©99 protein) da_lly VETSUS rice powder first degree relative with . .
Tan, 2016 (17) RCT from the time of solid food Lo Australia High 1 Oral food challenge
154 allergic disease, and egg SPT

introduction (median 4 months) until 8
months age.

<2mm at age 4 months.
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N Disease Outcome
Study Design  Int/ Intervention Population Country ik Age
Ctrl ris assessment
MULTIFACETED. Standard care
Zeiger, 185 versus infants cow’s milk/ Infants covered by Kaiser 24
1989/92/94 RCT wheat/soy/egg/peanut/fish avoidance ~ Permanente Health Plan, with USA High U DD food allergy
/103 . X 7
(18-20) to >1 year & maternal allergenic food an allergic parent.
avoidance during pregnancy/ lactation.
. Medically
. . Healthy term infants fully .
's milk Ik f I o ) f
Zhou, 2014 RCT 99/ Cow's milk versus goat milk formula formula fed within 2 weeks of Australia Normal 1 diagnosed food
(21) 101 from <2 weeks age. . allergy - not
birth. ) .
otherwise defined
Juvonen, 1994 ~43/  Cow's milk formula versus breast milk . Physician
(22) gRCT 58 for first 3 days of life. Healthy term infants. Sweden Normal 0.17 assessment
Saarinen, 2000 1789 Cow's milk _formula vgrsus pasteurised ~ Term |nfar_1ts in Helsinki fed . Oral food challenge
gRCT / human milk from birth for mean 4 formula milk before hospital Finland normal 2 .
(23) . (cow’s milk)
1859 days. discharge.
. Cow's milk formula given as first meal . .
Lmdfo.rs’ LIS 112/ and increased to <60 ml every 4 hours, . Healthy_low blrth. weight 1.5, Physician
(24) Lindfors, CCT . ) ; infants with gestational age Sweden Normal
104 until breastfeeding started; versus 5 assessment

1992 (25)

breastfed from birth.

37-42 weeks.

BF breastfeeding; eBF exclusive breastfeeding; RCT randomised clinical trial, gRCT quasi-randomised controlled trial, CCT controlled clinical trial;
SPT skin prick test, BHR bronchial hyperresponsiveness, FEV; forced expiratory volume in one second; Physician assessment refers to assessment
by a study physician , DD refers to community diagnosis
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Figure 1 Risk of bias in intervention studies of timing of allergenic food introduction
and risk of FA

o ]
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2. Timing of cow’s milk introduction and risk of FA

2.1.  Short term early cow’s milk introduction and FA

Figures 2 to 4 show data from studies of short term early cow’s milk introduction (where
the intervention period was limited to the first week of life, and did not extend beyond
this) and risk of FA-CM (Figure 2) or FA-Any (Figures 3 and 4). Data are sparse, and
there is no statistically significant association seen. The gqRCT of Juvonen 1994 reported
FA-CM at age 2 months, assessed as clinical features such as urticaria and intestinal
symptoms following cow’s milk exposure. The authors reported no cases of FA-CM in

either the early cow’s milk or human milk control group.

Figure 2 Short term early cow’s milk introduction and risk of FA-CM at <4 years

Experimental Control Effect Measure
Study Events Total Events Total RR  95%-Cl

Saarinen 2000 43 1758 32 1844 +., 1.41 [0.9; 2.22]

[ T T I T T 1

01 02 05 1 2 5 10
Decreased risk Increased risk

Figure 3 Short term early cow’s milk introduction and risk of FA-Any at age <4
CCT

Experimental Control Effect Measure
Study Events Total Events Total RR 95%-Cl
Lindfors 1988 4 109 6 98 —l—+— 0.6 [0.17; 2.06]

01 02 08 1 2 5 10
Decreased risk Increased risk

Figure 4 Short term early cow’s milk introduction and risk of FA-Any at age 5-14
CCT

Experimental Control Effect Measure
Study Events Total Events Total RR 95%-Cl
Lindfors 1992 2 95 1 88 il 1.85 [0.17; 20.08]

04 02 05 1 2 5 10
Decreased risk Increased risk

11
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2.2.  Studies of longer term early cow’s milk introduction and FA

Figures 5 to 8 show data from studies of longer term early cow’s milk introduction
(where the intervention period was during infancy, but was not restricted to the first week
of life) and risk of FA. We did not find evidence of an association with FA-Any, FA-CM
or FA-Egg at age <4. Perkin 2016 also reported FA-Peanut, with no significant
difference. Two multifaceted intervention trials found increased risk of FA-Any at age 5-
14 in participants who had unrestricted use of cow’s milk in infancy, compared with
participants advised to delay introduction of cow’s milk as part of a multifaceted
intervention (Figure 6). This meta-analysis is also found in the sections on egg (Figure
15), nut (Figure 20), fish (Figure 27), wheat (Figure 32) and any allergenic food (Figure
34) due to the multifaceted nature of the intervention used. The meta-analysis is therefore

not discussed in detail in these other sections, to avoid repetition.

One of the two studies contributing to this meta-analysis (Arshad 1992; Isle of Wight)
separately reported no significant difference in doctor diagnosed food allergy by age 1
(Figure 4) or by age 2 — OR 1.25 (95% CI 0.27, 5.79). The other study (Zeiger (18))
separately reported food allergy in graphical form in 225 participants at age 4, which
could not be included in meta-analysis. They found increased FA to any food in the
standard advice group when using lifetime prevalence, but no significant difference when

using 12-month prevalence at age 4.

Figure 5 Early cow’s milk introduction and risk of FA-Any at age < 4 years

Experimental  Control Effect Measure
Study Events Total Events Total RR 95%-Cl  W(random)
Perkin 2016 32 567 42 595 —.'I- 0.80 [0.51; 1.25] 40.3%
Zhou 2014 1 89 2 92 0.52 [0.05; 5.60] 1.4%
Lowe 2011 26 193 37 191 —- 0.70 [0.44; 1.10] 37.8%
Halmerbauer 2003 14 347 18 349 —— 0.78 [0.40; 1.55] 17.1%
Arshad 1992 7 62 2 58 ——=—> 3.27 [0.71; 15.12] 3.4%

Random effects model 1258 1285
Heterogeneity: I-squared=0%, p=0.4402

0.79 [0.59; 1.05] 100%

I I T T T 1

0102 05 1 2 5 10
Decreased risk Increased risk

12
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Figure 6 Early cow’s milk introduction and

Experimental  Control

Study Events Total Events Total
Arshad 2007 26 62 11 58
Zeiger 1994 24 106 6 59
Random effects model 168 117

Heterogeneity: I-squared=0%, p=0.9895

V1.6

29" March 2016

the risk of FA-Any at age 5-14 years

Effect Measure

RR  95%-Cl W(random)
65.5%

34.5%

2.21 [1.20; 4.06]
2.23 [0.96; 5.14]

2.22 [1.36; 3.62] 100%

I T T
01 02 05

1. 2 5 10

Decreased risk Increased risk

Note — both studies included advice regarding timing of cow’s milk introduction, but

both studies also included other dietary and/or non-dietary interventions.

Figure 7 Early cow’s milk introduction and risk of FA-CM at age <4 years

Experimental  Control Effect Measure
Study Events Total Events Total RR  95%-Cl W(random)
Perkin 2016 3 569 4 597 l 0.79 [0.18;3.50] 32.7%
Lowe 2011 6 193 8 191 —— 0.74 [0.26;2.10] 67.3%
Random effects model 762 788 0.76 [0.32; 1.78] 100%
Heterogeneity: I-squared=0%, p=0.9498 H
I T T I T T 1
0102 05 1 2 5 10
Decreased risk Increased risk
Figure 8 Early cow’s milk introduction and risk of FA-Egg at age <4 years
Experimental  Control Effect Measure
Study Events Total Events Total RR  95%-Cl W(random)
Perkin 2016 21 569 32 596 —'-— 0.69 [0.40;1.18] 90.1%
Lowe 2011 2 193 5 191 T 0.40 [0.08; 2.02] 9.9%
Random effects model 762 787 e 0.65 [0.39; 1.09] 100%
Heterogeneity: I-squared=0%, p=0.5278
I T T T T 1
0.1 02 05 1 2 5 10

Decreased risk Increased risk

2.3.

Conclusions: cow’s milk introduction and FA

Overall 9 studies reported this association. Although 2 multifaceted studies found

evidence for increased FA-Any at age 5-14 with early cow’s milk introduction, this was

not supported by analysis of a larger number of studies and participants reporting FA-

Any, FA-CM or FA-Egg at age 0-4.

Overall we found no evidence that early cow’s milk introduction influences risk of

FA.

13
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3. Timing of soya introduction and risk of FA

Figures 9 to 13 show data from 2 studies of soya milk introduction and risk of FA. In
general data are relatively sparse and do not show evidence of an association. One study
of cow’s milk versus soya milk formula during infancy found no significant difference in
risk of FA-Any, FA-CM, FA-Egg or FA-Peanut (Lowe 2011). One multifaceted
intervention study found no significant difference in risk of FA-Any at age 5-14 in the
standard advice group, compared with the group advised to avoid soya for the first year
(Zeiger). Zeiger separately reported food allergy in graphical form in 225 participants at
age 4, which could not be included in meta-analysis. They found increased food allergy
to any food in the standard advice group when using lifetime prevalence, but no
significant difference when using 12-month prevalence at age 4.

Figure 9 Early soya milk introduction and risk of FA-Any at age < 4 years

Experimental Control Effect Measure
Study Events Total Events Total RR 95%-ClI
Lowe 2011 37 191 26 193 1.44 [0.91; 2.28]

01 02 05 1 2 5 10
Decreased risk Increased risk

Figure 10 Early soya milk introduction and risk of FA-Any at age 5-14 years

Experimental Control Effect Measure
Study Events Total Events Total RR 95%-ClI

Zeiger 1994 24 106 6 59 '—F 2.23 [0.96; 5.14]

[ T I I T I 1

0102 05 1 2 5 10
Decreased risk Increased risk

Note — this study included advice regarding timing of cow’s milk introduction, but also
included other dietary interventions.

Figure 11 Early soya milk introduction and risk of FA-CM at age <4 years

Experimental Control Effect Measure
Study Events Total Events Total RR 95%-Cl
Lowe 2011 8 191 6 193 —i— 1.35 [0.48; 3.81]

01 02 05 1 2 5 10
Decreased risk Increased risk

14
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Figure 12 Early soya milk introduction and risk of FA-Egg at age <4 years

Experimental Control Effect Measure
Study Events Total Events Total RR 95%-Cl
Lowe 2011 5 191 2 193 ——H—2.53 [0.5; 12.86]

01 02 05 1 2 5 10
Decreased risk Increased risk

Figure 13 Early soya milk introduction and risk of FA-Peanut at age <4 years

Experimental Control Effect Measure
Study Events Total Events Total RR 95%-Cl
Lowe 2011 0 191 1 193 L 0.34 [0.01; 8.22]

04 02 08 1 2 5 10
Decreased risk Increased risk

3.1.  Conclusions: soya introduction and FA

Overall 2 studies evaluated this association, and found no evidence that timing of soya

introduction influences risk of FA.

Overall we found no evidence that early soya introduction influences risk of FA.

15
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4.  Timing of egg introduction and risk of FA

Figures 14 to 18 show data from studies of egg introduction and risk of FA. Data are
derived from 3 studies of multifaceted interventions which included a component of
delayed egg introduction; a study of early introduction of multiple foods (Perkin 2016),
and 4 studies of early introduction of egg only. We found evidence that early egg
introduction reduces risk of FA-Egg (Figure 17) but no evidence that early egg
introduction influences risk of FA-Any (Figures 14/15) or FA-CM (Figure 16). Perkin

2016 also reported FA-Peanut, with no significant difference.

Two multifaceted intervention trials found increased risk of FA-Any at age 5-14 in
participants who had unrestricted use of egg in infancy, compared with participants
advised to delay introduction of egg (Figure 15). These studies have been discussed in

detail in the cow’s milk allergy section (Figure 6).

Halpern reported no significant difference in FA-Egg between infants randomised to
early (9 cases) versus late (4 cases) egg introduction, but the denominators were not

reported, so that we were unable to include these findings in meta-analysis.
4.1. Conclusions: egg introduction and FA

Overall 8 studies reported this outcome. We found evidence from a meta-analysis of 5
studies that early egg introduction reduces risk of egg allergy, although a sixth study
which was poorly reported did not find reduced egg allergy. The level of evidence was
downgraded -1 for indirectness. The reason for this is that out of the 5 studies included in
meta-analysis of egg allergy, 3 studies only recruited infants without egg sensitisation ie
they undertook allergy tests on infants prior to enrolment, and only included those
without evidence of sensitisation to egg; 1 study only recruited infants with eczema; 1
study used multiple allergenic foods, including egg. Hence the study populations are
indirect when considering a population-based intervention. We found no evidence for a

relationship between timing of egg introduction and other forms of FA.

Overall we found MODERATE evidence (-1 indirectness) that egg introduction at

4-6 months reduces risk of egg allergy compared to later introduction.

16
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Figure 14 Early egg introduction and risk of FA-Any at age < 4 years

Experimental  Control Effect Measure
Study Events Total Events Total RR 95%-Cl  W(random)
Perkin 2016 32 567 42 595 0.80 [0.51; 1.25] 54.2%
Halmerbauer 2003 14 347 18 349 0.78 [0.40; 1.55] 35.5%
Arshad 1992 7 62 2 58 3.27 [0.71;15.12] 10.3%
Random effects model 976 1002 0.92 [0.54; 1.55] 100%

Heterogeneity: I-squared=35.9%, p=0.2099

01 02 05 1 2 5 10
Decreased risk Increased risk

Note — studies included advice regarding timing of egg introduction, but all 3 studies also

included other dietary and/or non-dietary interventions.

Figure 15 Early egg introduction and risk of FA-Any at age 5-14 years

Experimental  Control Effect Measure
Study Events Total Events Total RR  95%-Cl W(random)
Arshad 2007 26 62 11 58 2.21 [1.20;4.06] 65.5%
Zeiger 1994 24 106 6 59 2.23 [0.96;5.14] 34.5%
Random effects model 168 117 2.22 [1.36; 3.62] 100%

Heterogeneity: I-squared=0%, p=0.9895

[ T T 1

01 02 05 1 2 5 10
Decreased risk Increased risk

Note — both studies included advice regarding timing of egg introduction, but both

studies also included other dietary and/or non-dietary interventions.

Figure 16 Early egg introduction and risk of FA-CM at age < 4 years

Experimental Control Effect Measure
Study Events Total Events Total RR  95%-Cl
Perkin 2016 3 569 4 597 L 0.79 [0.18; 3.5]

01 02 05 1 2 5 10
Decreased risk Increased risk

Note — the included advice regarding timing of egg introduction, but also included other

dietary interventions.

17



Review B intervention #FA V1.6 29" March 2016
FSA Systematic Review FS305005

Figure 17 Early egg introduction and risk of FA-Egg at age < 4 years

Experimental  Control Effect Measure
Study Events Total Events Total RR 95%-Cl  W(random)
Natsume 2016 5 60 23 61 + 0.22 [0.09; 0.54] 16.7%
Perkin 2016 21 569 32 596 —il 0.69 [0.40; 1.18] 30.9%
Tan 2016 8 130 13 124 ——T 0.59 [0.25; 1.37] 18.2%
Bellach 2015 2 142 1 156 T 2.20 [0.20; 23.97] 3.1%
Palmer 2013 14 42 18 35 —+ 0.65 [0.38; 1.11] 31.1%
Random effects model 943 972 > 0.56 [0.36; 0.87] 100%
Heterogeneity: I-squared=35.8%, p=0.1829
[ T T T T 1

01 02 05 1 2 5 10
Decreased risk Increased risk
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5.  Timing of nut introduction and risk of FA

Figures 18 to 25 show data from studies of nut (peanut and/or tree nut) introduction and
risk of FA. Data are derived from studies of multifaceted interventions which included a
component of delayed peanut introduction; a study of early introduction of multiple
foods (Perkin 2016), and a study of early introduction of peanut only (du Toit). We found
evidence that early peanut introduction reduces risk of FA-Peanut (Figure 24) at age 5-
14, but no evidence from 5 separate studies that early peanut introduction influences risk
of FA-Any, FA-CM or FA-Egg. When data were combined for early peanut introduction
and risk of FA-Peanut at different ages, there was evidence for an overall reduction in
risk, with high statistical heterogeneity (Figure 25). This high heterogeneity may be due
to differences in compliance between the intervention groups in the two studies. The
study of du Toit 2015 recruited a population with established allergic disease, but without
high-level sensitisation to peanut. The study of Perkin recruited infants exclusively
breastfed to at least 3 months, who were otherwise broadly representative of the UK
population. There was a very high level of compliance with the early peanut feeding
regimen in the study of du Toit, and a more variable level of compliance in the study of
Perkin 2016, where a dose response relationship between compliance and outcome (FA-

Peanut) was documented.

Two multifaceted intervention trials found increased risk of FA-Any at age 5-14 in
participants who had unrestricted intake of nuts in infancy, compared with participants
advised to delay introduction of nuts (Figure 20). These studies have been discussed in

detail in the cow’s milk allergy section (Figure 6).

Figure 18 Early nut introduction and risk of FA-Any at age < 4 years

Experimental  Control Effect Measure
Study Events Total Events Total RR 95%-Cl  W(random)
Perkin 2016 32 567 42 595 0.80 [0.51; 1.25] 54 2%
Halmerbauer 2003 14 347 18 349 0.78 [0.40; 1.55] 35.5%
Arshad 1992 7 62 2 58 3.27 [0.71; 15.12] 10.3%
Random effects model 976 1002 0.92 [0.54; 1.55] 100%

Heterogeneity: I-squared=35.9%, p=0.2099

01 02 05 1 2 5 10
Decreased risk Increased risk
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Note — all studies included advice regarding timing of nut introduction, but also included
other dietary and/or non-dietary interventions.

Figure 19 Early nut introduction and risk of FA-Any at age 5-14 years

Experimental  Control Effect Measure
Study Events Total Events Total RR  95%-Cl W(random)
Arshad 2007 26 62 11 58 2.21 [1.20;4.06] 65.5%
Zeiger 1994 24 106 6 59 2.23 [0.96;5.14] 34.5%
Random effects model 168 117 2.22 [1.36; 3.62] 100%

Heterogeneity: I-squared=0%, p=0.9895

01 02 05 1 2 5 10
Decreased risk Increased risk

Note — both studies included advice regarding timing of nut introduction, but both studies

also included other dietary and/or non-dietary interventions.

Figure 20 Early nut introduction and risk of FA-CM at age < 4 years

Experimental Control Effect Measure
Study Events Total Events Total RR  95%-CI
Perkin 2016 3 569 4 597 L] 0.79 [0.18; 3.5]

0102 05 1 2 5 10
Decreased risk Increased risk

Figure 21 Early nut introduction and risk of FA-CM at age 5-14 years

Experimental Control Effect Measure
Study Events Total Events Total RR 95%-CI

Du Toit 2016 4 274 5 282 4.‘7 0.82 [0.22; 3.03]

01 02 05 1 2 5 10
Decreased risk Increased risk
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Figure 22 Early nut introduction and risk of FA-Egg at age < 4 years

Experimental Control Effect Measure
Study Events Total Events Total RR  95%-Cl

Perkin 2016 21 569 32 596 4.—\‘ 0.69 [0.4; 1.18]

01 02 05 1 2 5 10
Decreased risk Increased risk

Figure 23 Early nut introduction and risk of FA-Peanut at age < 4 years

Experimental Control Effect Measure
Study Events Total Events Total RR  95%-Cl

Perkin 2016 7 571 15 597 —I—- 0.49 [0.2; 1.19]

[ I T | I I 1

01 02 05 1 2 5 10
Decreased risk Increased risk

Figure 24 Early nut introduction and risk of FA-Peanut at age 5-14 years

Experimental Control Effect Measure
Study Events Total Events Total RR  95%-Cl
Du Toit 2015 10 312 54 313—l— 0.19 [0.1; 0.36]

04 02 05 1 2 5 10
Decreased risk Increased risk

Figure 25 Early nut introduction and risk of FA-Peanut at any age

Experimental  Control Effect Measure
Study Events Total Events Total RR  95%-Cl W(random)

Perkin 2016 7 571 15 597 : 0.49 [0.20;1.19]  45%
Du Toit 2015 10 312 54 313 <+ 0.19 [0.10;0.36]  55%
Random effects model 883 910 —-.—— 0.29 [0.11; 0.74] 100%

Heterogeneity: I-squared=66.1%, p=0.0857

01 02 05 1 2 5 10
Decreased risk Increased risk
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5.1. Conclusions: nut introduction and FA

Overall 5 studies reported this association. Meta-analysis of 2 studies showed reduced
FA-Peanut with early peanut introduction. Evidence was downgraded -1 for imprecision
due to the wide confidence intervals; and -1 for indirectness due to the specific
population studied in the trial of du Toit 2015, who had established allergic disease but
no peanut sensitisation; and to the multiple interventions in the trial of Perkin 2016.
Evidence was not downgraded for inconsistency, because the statistical heterogeneity is
likely to be explained by differences in treatment compliance. Evidence was upgraded +1

for the strong effect size in du Toit 2015, and in pooled analysis.

Overall we found MODERATE evidence (-1 indirectness of population; -1
imprecision; +1 strong effect size) that early peanut introduction at 4-11 months
reduces risk of peanut allergy compared with later peanut introduction.
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6. Timing of wheat and fish introduction and risk of FA

Figures 26 to 27 show data from studies of wheat and fish introduction and risk of FA.
Data are derived from studies of multifaceted interventions which included a component
of delayed wheat/fish introduction; and a study of early introduction of multiple foods
(Perkin 2016). Two multifaceted intervention trials found increased risk of FA-Any at
age 5-14 in participants who had unrestricted intake of wheat/fish in infancy, compared
with participants advised to delay introduction of wheat/fish (Figure 27). These studies
have been discussed in detail in the cow’s milk allergy section (Figure 6). In the study of
Perkin, food allergy to milk, egg and peanut did not differ significantly between early
and late introduction groups, and allergy to fish was reported in just one case in the
experimental arm, and one case in the control arm, between one and three years of age
(P=0.97).

Figure 26 Early fish and wheat introduction and risk of FA-Any at age < 4 years

Experimental  Control Effect Measure
Study Events Total Events Total RR 95%-Cl  W(random)
Perkin 2016 32 567 42 595 0.80 [0.51; 1.25] 54.2%
Halmerbauer 2003 14 347 18 349 0.78 [0.40; 1.55] 35.5%
Arshad 1992 7 62 2 58 3.27 [0.71; 15.12] 10.3%
Random effects model 976 1002 0.92 [0.54; 1.55] 100%

Heterogeneity: I-squared=35.9%, p=0.2099

0102 05 1 2 5 10
Decreased risk Increased risk

Note — the studies included advice regarding fish introduction (all 3) and advice
regarding wheat introduction (Perkin and Arshad) as well as studies of other dietary

and/or non-dietary interventions.

Figure 27 Early fish and wheat introduction and risk of FA-Any at age 5-14 years

Experimental  Control Effect Measure
Study Events Total Events Total RR  95%-Cl W(random)
Arshad 2007 26 62 11 58 2.21 [1.20;4.06] 65.5%
Zeiger 1994 24 106 6 59 2.23 [0.96;5.14] 34.5%
Random effects model 168 117 2.22 [1.36; 3.62] 100%

Heterogeneity: I-squared=0%, p=0.9895

[ T T 1

0102 05 1 2 5 10
Decreased risk Increased risk
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Note — both studies included advice regarding timing of fish and wheat introduction, but
both studies also included other dietary and/or non-dietary interventions.

6.1. Conclusions: wheat and fish introduction and FA

Overall 4 studies reported this association. All studies assessed multiple interventions, so
there were no direct data. There was no evidence that timing of wheat and fish

introduction to the infant diet influences risk of FA.

Overall we found no evidence that timing of wheat and fish introduction influences
risk of FA.
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7.  Timing of ‘any allergenic food’ introduction and risk of FA

It is possible that any effect of early allergenic food introduction is not allergen-specific.
To assess evidence for this, we also undertook analysis of RCT/gqRCT evidence that
timing of ‘any allergenic food’ (AF) introduction in relation to risk of FA. These analyses
were stratified by the intervention, and studies which compared early introduction of one
allergenic food with another (eg cow’s milk versus soya milk) were not included in these
analyses (Brown 1969, Johnstone 1966, Kjellman 1979, Lowe 2011, Merrett 1988, Zhou
2014, Gruskay 1982). Figures 28 to 34 show data from studies of AF introduction and
risk of FA. Findings are similar to those of previous analyses in this report, and do not
contribute significant added information.

Figure 28 Early AF introduction and risk of FA-Any at age < 4 years

Experimental  Control Effect Measure
Study Events Total Events Total RR 95%-Cl  W(random)
Intervention = earlyAF '
Perkin 2016 32 567 42 595 —- 0.80 [0.51; 1.25] 54.2%
Random effects model 567 595 - 0.80 [0.51; 1.25] 54.2%

Heterogeneity: not applicable for a single study

Intervention = earlyAF_multif '
Halmerbauer 2003 14 347 18 349 —i— 0.78 [0.40; 1.55] 35.5%

Arshad 1992 7 62 2 58 —T——&—> 3.27 [0.71; 15.12]  10.3%

Random effects model 409 407 e —— 1.35 [0.34; 5.31] 45.8%
Heterogeneity: I-squared=64.6%, p=0.0927 .

Random effects model 976 1002 0.92 [0.54; 1.55] 100%
Heterogeneity: I-squared=35.9%, p=0.2099 1

0102 05 1 2 5 10
Decreased risk Increased risk

Figure 29 Early AF introduction and risk of FA-Any at age 5-14 years

Experimental  Control Effect Measure
Study Events Total Events Total RR  95%-ClI W(random)

Intervention = earlyAF_multif

Arshad 2007 26 62 1" 58 —.— 2.21 [1.20; 4.06] 65.5%
Zeiger 1994 24 106 6 59 — 2.23 [0.96; 5.14] 34.5%
Random effects model 168 117 e 2.22 [1.36; 3.62] 100.0%
Heterogeneity: I-squared=0%, p=0.9895

Random effects model 168 117 i 2.22 [1.36; 3.62] 100%

Heterogeneity: I-squared=0%, p=0.9895 1
[ T I T I 1

0102 05 1 2 5 10
Decreased risk Increased risk
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Figure 30 Early AF introduction and risk of FA-CM at age <4 years

Experimental

Control

Effect Measure

Study Events Total Events Total RR  95%-Cl W(random)
Intervention = CMbirth E

Saarinen 2000 43 1758 32 1844 --— 1.41 [0.90; 2.22] 91.6%
Random effects model 1758 1844 T 1.41 [0.90; 2.22] 91.6%
Heterogeneity: not applicable for a single study

Intervention = earlyAF

Perkin 2016 3 569 4 597 0.79 [0.18; 3.50] 8.4%
Random effects model 569 597 e —— 0.79 [0.18; 3.50] 8.4%
Heterogeneity: not applicable for a single study H

Random effects model 2327 2441 -+— 1.34 [0.87; 2.07] 100%
Heterogeneity: I-squared=0%, p=0.4639 '

! | I | I 1
01 02 05 1 2 5 10

Decreased risk

Increased risk

Figure 31 Early AF introduction and risk of FA-CM at age 5-14 years

Experimental
Study

Intervention = earlyPN

Du Toit 2016 274

Control

Events Total Events Total

282

Effect Measure

RR  95%-Cl

0.82 [0.22; 3.03]

! I I
01 02 05

Decreased risk

1 2 5 10
Increased risk

Figure 32 Early AF introduction and risk of FA-Egg at age <4 years

Experimental  Control Effect Measure

Study Events Total Events Total RR 95%-Cl  W(random)
Intervention = earlyAF

Perkin 2016 21 569 32 596 —i.—- 0.69 [0.40; 1.18] 30.9%
Random effects model 569 596 i 0.69 [0.40; 1.18] 30.9%
Heterogeneity: not applicable for a single study

Intervention = earlyEGG

Natsume 2016 5 60 23 61 «—l—— 0.22 [0.09; 0.54] 16.7%
Tan 2016 8 130 13 124 —— 0.59 [0.25; 1.37] 18.2%
Bellach 2015 2 142 1 156 T - 2.20 [0.20; 23.97] 3.1%
Palmer 2013 14 42 18 35 —.—— 0.65 [0.38; 1.11] 31.1%
Random effects model 374 376 e 0.51 [0.27; 0.97] 69.1%
Heterogeneity: I-squared=48%, p=0.1235 .

Random effects model 943 972 -‘- 0.56 [0.36; 0.87] 100%
Heterogeneity: I-squared=35.8%, p=0.1829 .

T T | T I ]
01 02 05 1 2 5 10

Decreased risk
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Figure 33 Early AF introduction and risk of FA-Peanut at age <4 years

Experimental  Control Effect Measure
Study Events Total Events Total RR 95%-ClI
Intervention = earlyAF
Perkin 2016 7 571 15 597 —— 0.49 [0.2; 1.19]
| | | | I |

01 02 05 1 2 5 10
Decreased risk Increased risk

Figure 34 Early AF introduction and risk of FA-Peanut at age 5-14 years

Experimental Control Effect Measure
Study Events Total Events Total RR  95%-Cl
Du Toit 2015 10 312 54 313—l— 0.19 [0.1; 0.36]

01 02 05 1 2 5 10
Decreased risk Increased risk

8.1.  Conclusions: any allergenic food introduction and FA

Overall 7 studies reported this outcome. There was evidence in one meta-analysis that
early allergenic food introduction reduces risk of FA-Egg (Figure 36). Both trials
included in this meta-analysis used early egg introduction as part or all of the study
intervention. Similarly early allergenic food reduced risk of FA-Peanut at age 5-14 years,
but the single study used just peanut as the intervention (Figure 34). Thus these analyses

do not demonstrate non allergen-specific effects of early allergenic food introduction.

Overall we did not find evidence that early allergenic food introduction influences

risk of FA in a non-allergen specific manner.
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8.  Timing of allergenic food introduction and risk of FA to the same food

In order to fully evaluate the possibility that timing of allergenic food introduction
influences risk of FA to the same food, we meta-analysed studies where timing of
allergenic food introduction was modified as part of the intervention, and the outcome
FA to the intervention food(s) was reported. If the phenomenon of oral tolerance, first
described in guinea pigs over 100 years ago, is relevant to humans — then one might
expect a similar, allergen-specific effect across all common food allergens.

Figure 35 shows data from studies of AF introduction and risk of FA to the same food;
Pooled analysis shows extreme statistical heterogeneity, largely attributable to the study
of du Toit which reported more positive findings than other studies. Meta-analysis with
this study excluded showed reduced, but still high, heterogeneity (RR 1.03; 95%CI 0.72,
1.49; 1°=52%).

Figure 36 shows the same data, but restricted to analysis of single foods only. There is
high statistical heterogeneity, driven by the study of du Toit. Analysis of milk allergy
data with the gRCT of Saarinen excluded showed no significant effect (RR 0.76; 95%ClI
0.32, 1.77; 1°=0%).

The statistical heterogeneity attributable to the study of du Toit may be due to the very
high rate of compliance with the treatment regimen in the study of du Toit; or to the
nature of their study population who had egg allergy and/or moderate/severe eczema, and
skin prick test reactivity to peanut within a predefined range.
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Figure 35 Early AF introduction and risk of FA to the same food

Experimental  Control Effect Measure

Study Events Total Events Total RR 95%-CI
Outcome = Any Food Allergy

Perkin 2016 32 567 42 595 —- 0.80 [0.51; 1.25]
Halmerbauer 2003 14 347 18 349 —i— 0.78 [0.40; 1.55]
Zeiger 1994 24 106 6 59 —— 2.23 [0.96; 5.14]
Arshad 1992 7 62 2 58 —1——®—> 3.27 [0.71; 15.12]
Random effects model 1082 1061 —— 1.19 [0.66; 2.17]

Heterogeneity: I-squared=59.1%, p=0.0622

Outcome = Egg Allergy

Perkin 2016 21 568 32 595 —+ 0.69 [0.40; 1.18]
Natsume 2016 5 60 23 61 «—il— 0.22 [0.09; 0.54]
Tan 2016 8 130 13 124 —— 0.59 [0.25; 1.37]
Bellach 2015 2 142 1 156 = 2.20 [0.20; 23.97]
Palmer 2013 14 42 18 35 — 0.65 [0.38; 1.11]
Random effects model 942 971 ~a— 0.56 [0.36; 0.87]
Heterogeneity: I-squared=35.8%, p=0.1829

Outcome = Milk Allergy

Perkin 2016 3 569 4 596 i 0.79 [0.18; 3.49]
Lowe 2011 6 193 8 191 —— 0.74 [0.26; 2.10]
Saarinen 2000 43 1758 32 1844 i 1.41 [0.90; 2.22]
Random effects model 2520 2631 ~“ 1.23 [0.82; 1.83]
Heterogeneity: I-squared=0%, p=0.449

Qutcome = Peanut Allergy

Perkin 2016 7 570 15 596 —— 0.49 [0.20; 1.19]
Du Toit 2015 10 312 54 313 —l— 0.19 [0.10; 0.36]
Random effects model 882 909 ——————— 0.29 [0.11; 0.74]

Heterogeneity: I-squared=66.2%, p=0.0856

[ I I I I 1

0102 05 1 2 5 10
Decreased risk Increased risk
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Figure 36 Early AF introduction and risk of FA to the same food (single foods only)

Experimental  Control Effect Measure
Study Events Total Events Total RR 95%-Cl
Outcome = Egg Allergy
Perkin 2016 21 569 32 596 — 0.69 [0.40; 1.18]
Natsume 2016 5 60 23 61 «—il—— 0.22 [0.09; 0.54]
Tan 2016 8 130 13 124 —— 0.59 [0.25; 1.37]
Bellach 2015 2 142 1 156 = 2.20 [0.20; 23.97]
Palmer 2013 14 42 18 35 —+ 0.65 [0.38; 1.11]
Random effects model 943 972 - 0.56 [0.36; 0.87]
Heterogeneity: I-squared=35.8%, p=0.1829
Outcome = Milk Allergy
Perkin 2016 3 569 4 597 L 0.79 [0.18; 3.50]
Lowe 2011 6 193 8 191 —— 0.74 [0.26; 2.10]
Saarinen 2000 43 1758 32 1844 +Hil— 1.41 [0.90; 2.22]
Random effects model 2520 2632 - 1.23 [0.82; 1.83]
Heterogeneity: I-squared=0%, p=0.4496
Outcome = Peanut Allergy
Perkin 2016 7 571 15 597 —— 0.49 [0.20; 1.19]
Du Toit 2015 10 312 54 313 —l— 0.19 [0.10; 0.36]
Random effects model 883 910 0.29 [0.11; 0.74]
Heterogeneity: I-squared=66.1%, p=0.0857

I T T T T 1

01 02 05 1 2 5 10
Decreased risk Increased risk

9.1. Conclusions: allergenic food introduction and FA to the same food

Overall 11 studies reported this association. Statistical heterogeneity was extreme or
high, suggesting that the relationship between timing of allergenic food introduction and
FA to the same food may not be the same for all allergenic food introduction treatment
regimes or study populations.

Overall we did not find evidence that early allergenic food introduction influences
risk of FA for all food allergens — in this analysis we found reduced risk of peanut
allergy with early peanut introduction, reduced egg allergy with early egg
introduction, but no reduced risk for milk allergy or ‘any food allergy’ with early
introduction of the relevant food(s).

30



Review B intervention #FA V1.6 29" March 2016
FSA Systematic Review FS305005

References

1. Bellach J, Schwarz V, Ahrens B, Trendelenburg V, Keil T, Niggemann B, et al.
Early introduction of hen's egg during weaning results in frequent allergic reactions: First
results from a randomized placebo-controlled trial on hen's egg allergy prevention:
Blackwell Publishing Ltd; 2015 [cited 70 (Bellach, Schwarz, Ahrens, Trendelenburg,
Niggemann, Beyer) Charite-Universitatsmedizin Berlin, Pediatric Pneumology and
Immunology, Berlin, Germany]. 111]. Available from:
http://ovidsp.ovid.com/ovidweb.cgi? T=JS&PAGE=reference&D=emed13&NEWS=N&
AN=72028833.

2. Du Toit G, Roberts G, Sayre PH, Bahnson HT, Radulovic S, Santos AF, et al.

Randomized trial of peanut consumption in infants at risk for peanut allergy. New
England Journal of Medicine. 2015;372(9):803-13.

3. Du Toit G, Sayre PH, Roberts G, Sever ML, Lawson K, Bahnson HT, et al. Effect
of Avoidance on Peanut Allergy after Early Peanut Consumption. N Engl J Med. 2016.
4. Halmerbauer G, Gartner C, Schierl M, Arshad H, Dean T, Koller DY, et al. Study
on the Prevention of Allergy in Children in Europe (SPACE): Allergic sensitization at 1
year of age in a controlled trial of allergen avoidance from birth. Pediatric Allergy and
Immunology. 2003;14(1):10-7.

5. Halmerbauer G, Gartner C, Schierl M, Arshad H, Dean T, Koller DY, et al. Study
on the Prevention of Allergy in Children in Europe (SPACE): Allergic sensitization in
children at 1 year of age in a controlled trial of allergen avoidance from birth. Pediatric
Allergy and Immunology, Supplement. 2002;13(15):47-54.

6. Halpern SR, Sellars WA, Johnson RB, Anderson DW, Saperstein S, Reisch JS.
Development of childhood allergy in infants fed breast, soy, or cow milk. Journal of
Allergy & Clinical Immunology. 1973;51(3):139-51.

7. Hide DW. The Isle of Wight study, an approach to allergy prevention. Pediatric
Allergy & Immunology. 1994;5(6 Suppl):61-4.

8. Hide DW, Matthews S, Tariq S, Arshad SH. Allergen avoidance in infancy and
allergy at 4 years of age. Allergy. 1996;51(2):89-93.

9. Arshad SH, Matthews S, Gant C, Hide DW. Effect of allergen avoidance on
development of allergic disorders in infancy. Lancet. 1992;339(8808):1493-7.

31


http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed13&NEWS=N&AN=72028833
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed13&NEWS=N&AN=72028833

Review B intervention #FA V1.6 29" March 2016

FSA Systematic Review FS305005

10. Arshad SH, Bateman B, Matthews SM. Primary prevention of asthma and atopy
during childhood by allergen avoidance in infancy: a randomised controlled study.
Thorax. 2003;58(6):489-93.

11.  Arshad SH, Bateman B, Sadeghnejad A, Gant C, Matthews SM. Prevention of
allergic disease during childhood by allergen avoidance: the Isle of Wight prevention
study. Journal of Allergy & Clinical Immunology. 2007;119(2):307-13.

12.  Scott M, Roberts G, Kurukulaaratchy RJ, Matthews S, Nove A, Arshad SH.
Multifaceted allergen avoidance during infancy reduces asthma during childhood with
the effect persisting until age 18 years. Thorax. 2012;67(12):1046-51.

13. Lowe AJ, Hosking CS, Bennett CM, Allen KJ, Axelrad C, Carlin JB, et al. Effect
of a partially hydrolyzed whey infant formula at weaning on risk of allergic disease in
high-risk children: a randomized controlled trial. Journal of Allergy & Clinical
Immunology. 2011;128(2):360-5.e4.

14.  Natsume O, Kabashima S, Nakasato J, Yamamoto-Hanada K, Narita M, Kondo
M, et al. Early introduction of egg for infants with atopic dermatitis to prevent egg
allergy: A double-blind placebo-controlled randomized clinical trial. Journal of Allergy
and Clinical Immunology. 2016;137(2 SUPPL. 1):AB98.

15.  Palmer DJ, Metcalfe J, Makrides M, Gold MS, Quinn P, West CE, et al. Early
regular egg exposure in infants with eczema: A randomized controlled trial. J Allergy
Clin Immunol. 2013;132(2):387-92.¢1.

16.  Perkin M, Logan K, Marrs T, Radulovic S, Craven J, Flohr C et al. Randomized
trial of introduction of allergenic foods in breast-fed infants. N Engl J Med (in press).
17.  Tan JWL, Valerio C, Barnes EH, Van Asperen PP, Kakakios AM, Campbell DE.
Early introduction of dietary egg reduces egg sensitization at 12 months of age in infants
at risk of allergic disease. Journal of Allergy and Clinical Immunology. 2016;137(2
SUPPL. 1):AB398.

18. Zeiger RS, Heller S, Mellon MH, Halsey JF, Hamburger RN, Sampson HA.
Genetic and environmental factors affecting the development of atopy through age 4 in
children of atopic parents: A prospective randomized study of food allergen avoidance.
Pediatric Allergy and Immunology. 1992;3(3):110-27.

19. Zeiger RS, Heller S, Mellon MH, Forsythe AB, O'Connor RD, Hamburger RN, et

al. Effect of combined maternal and infant food-allergen avoidance on development of

32



Review B intervention #FA V1.6 29" March 2016

FSA Systematic Review FS305005

atopy in early infancy: A randomized study. Journal of Allergy and Clinical
Immunology. 1989;84(1):72-89.

20.  Zeiger RS. Dietary manipulations in infants and their mothers and the natural
course of atopic disease. Pediatric Allergy & Immunology. 1994;5(6 Suppl):33-43.
21. Zhou SJ, Sullivan T, Gibson RA, Lonnerdal B, Prosser CG, Lowry DJ, et al.
Nutritional adequacy of goat milk infant formulas for term infants: A double-blind
randomised controlled trial. British Journal of Nutrition. 2014;111(9):1641-51.

22.  Juvonen P, Mansson M, Jakobsson I. Does early diet have an effect on
subsequent macromolecular absorption and serum IgE? Journal of Pediatric
Gastroenterology & Nutrition. 1994;18(3):344-9.

23.  Saarinen KM, Juntunen-Backman K, Jarvenpaa AL, Klemetti P, Kuitunen P,
Lope L, et al. Breast-feeding and the development of cows' milk protein allergy.
Advances in Experimental Medicine & Biology. 2000;478:121-30.

24, Lindfors A, Enocksson E. Development of atopic disease after early
administration of cow milk formula. Allergy. 1988;43(1):11-6.

25. Lindfors AT, Danielsson L, Enocksson E, Johansson SG, Westin S. Allergic
symptoms up to 4-6 years of age in children given cow milk neonatally. A prospective
study. Allergy. 1992;47(3):207-11.

33



