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Table 1 describes the main characteristics of the studies that assessed total breastfeeding duration (TBF) in relation to food and aero-allergen allergic sensitisation (AS) risk. A total of 1 cluster randomised controlled trial and 35 observational studies, reported the association between TBF and AS. Of these, 30 were prospective cohort studies, 2 retrospective cohort studies and 3 cross-sectional studies. The majority of studies (n=23) are from Europe – others are from North America (n=4) and Australasia (n=5), Africa (n=1), South America (n=1) and unclear (n=1). Overall, valid data on TBF duration in the first 2 years of life and AS risk were available from over 31,000 subjects. Information on AS was obtained from skin prick testing using standard techniques in 19 studies, and by blood specific IgE testing in 16 studies. With regards to time of outcome diagnosis, 16 studies explored the association between TBF duration and AS at age 0-4, 16 at ages 5-14, and 3 at age 15 years and over. For assessment of TBF duration, 11 studies used an interview, one parent diaries, and 2 a medical records review; in 3 studies the method of exposure assessment was unclear and in all others a questionnaire method was used.

Risk of bias was assessed using the NICE Methodological checklists for cohort and case-control studies. Figure 1 illustrates the distribution of bias across the five main methodological areas of the studies. Over 40% of studies had a high risk of bias, most commonly due to lack of adjustment for confounding bias i.e. no adjusted data presented, and a similar number of studies had unclear risk of assessment bias, usually due to unclear method for determining TBF duration. Risk of conflict of interest was generally assessed as low (over 70% of studies) or unclear.

Where data were available, five levels of comparison were used to assess the risk of sensitization to allergen (food and aero-allergens) according to TBF duration, namely ‘any (including ever) vs. never’, ‘≥1-2 months vs. <1-2 months’, ‘≥3-4 months vs. <3-4 months’, ‘≥5-7 months vs. <5-7 months’, and ‘≥8-12 months vs. <8-12 months’. 

Main Findings
In the single intervention trial there was no evidence of a relationship between breastfeeding promotion and risk of allergic sensitisation. For observational studies, across all cut-offs where data were available, there was no consistent evidence of a relationship between risk of AS and initiation or prolongation of TBF. One study found food sensitisation to be increased in children who were breastfed ever, but other studies did not find a relationship between longer TBF and food sensitisation, or initiation/duration of TBF and sensitisation to specific foods cow’s milk (CM), Egg and Peanut (PN). In general there were only small numbers of studies with data available for food sensitisation. The studies of aeroallergen sensitisation, or ‘any’ sensitisation, consistently showed no evidence of a relationship with initiation of breastfeeding. Studies of Total IgE showed no consistent relationship with TBF initiation or duration.

Studies which could not be included in meta-analysis generally found no evidence of a relationship between TBF duration and AS. Certainly there was no support for a protective effect of TBF duration against AS. In one study (Wright 1999 [1]) the authors’ analysis suggested that increased TBF duration may be associated with increased Total IgE in the child when mother is atopic, but with reduced Total IgE in the child where mother is non-atopic.
BF, SF and Allergic Sensitisation	V1.5	31st October 2017

2-AS

[bookmark: _Ref419641311][bookmark: _Toc416358862]Table 1 Characteristics of included studies evaluating TBF duration and allergic sensitisation

	Study
	N/n cases
	Design
	Country
	Exposure assessment
	Outcome
	Age at outcome (years)
	Population characteristics/ Intervention

	Kramer, 2001 [2]; Kramer, 2007 [3]
	8865/8181
	Cluster RCT
	Belarus
	-
	SPT-Aero
	6.5
	Breastfeeding promotion program based on the WHO/UNICEF baby friendly hospital initiative, versus standard local breastfeeding policies

	Hesselmar, 2010 [2]
	169/25
	PC
	Sweden
	I
	sIgE - FOOD
	1.5
	ALLERGYFLORA study. Population based study of babies  selected from antenatal clinics between 1998 and 2003

	Elliott, 2008 [3]
	5779/ 1235
	PC
	UK
	Q
	SPT-ANY
	7
	ALSPAC study. Population based cohort of children born 1991-1992

	Juto, 1980 [4]
	56/NA
	PC
	Sweden
	Q
	Total IgE
	0.25
	 Population based birth cohort of infants born in 1977

	Hong, 2011 [5]
	970/ 361
	PC
	USA
	Q/I
	sIgE-FOOD
	2.5
	Boston Birth Cohort. Predominantly African-American mother-infant pairs.

	Burr, 1997 [6]
	437/ 109
	PC
	UK
	Unclear
	sIgE-AERO/ANY
	7
	Infants with family history of allergic diseases in South Wales

	Bruno, 1995 [7]
	174
	PC
	Italy 
	I
	sIgE-ANY, Total IgE
	0-2, 2
	Infants of atopic parents recruited from hospital and born in 1985-1988

	Mihrshahi, 2007 [8]
	516/ 217
	PC
	Australia
	I
	SPT-ANY
	5
	CAPS study. Infants born in 1997-1999 with family history of asthma or wheezing

	Wegienka, 2006 [9]
	403/ 127
	PC
	USA
	I
	SPT-AERO
	7
	CAS study. Middle class mother-infant pairs enrolled in a health maintenance organisation in 1987-89

	Devereux, 2006 [10]
	700/ 54
	PC
	UK
	Q
	SPT-AERO
	5
	Population based birth cohort of infants born in 1998

	Nwaru, 2010 [11]
	994/ 200
	PC
	Finland
	D
	sIgE-AERO/CM/EGG/FOOD
	5
	DIPP study. Infants at high risk (HLA) for TIDM born between 1996-2004  invited to the allergy study between 1998 and 2000

	Rowntree, 1985 [12]
	80/ 20
	PC
	UK
	I
	sIgE-CM/EGG
	5
	Recruited from hospital and family history of atopy

	Saarinen, 1979 [13]
	95/NA
	PC
	Finland
	R
	sIgE-CM; Total IgE
	0-1, 1
	Recruited from hospital and born in 1975

	Sicherer, 2010 [14]
	503/ 140
	PC
	USA
	I
	sIgE-PN
	1
	The Consortium of Food Allergy Research: atopic children  recruited from clinical services

	Wright, 1999 [1] 
	982/ NA
	PC
	USA
	Q/I
	 Total IgE
	1, 6
	Tuscon Children's Respiratory Study: Healthy newborn infants recruited from local health maintenance organisation born in 1980-1984

	Venter, 2009 [15]
	891/27
	PC
	UK
	Q
	SPT-FOOD
	1, 3
	Recruited from antenatal clinics and born in 2001-2002

	Oddy, 1999 [16]
	1595/ 651
	PC
	Australia
	D/Q
	SPT-AERO
	6
	Western Australia Pregnancy Cohort: Recruited from  antenatal clinics born in 1989-1992

	Zutavern 2004 [17]
	623/ 103
	PC
	UK
	I
	SPT-AERO
	5.5
	Cohort recruited from general
practices and born in 1993-1995

	Shaheen, 1996 [18]
	395/44
	PC
	Guinea-Bissau
	I
	SPT-AERO
	21
	Young adults part of a cohort recruited for a survey of aged 0-6 year children in 1978-80 and living in a semi-rural district of Bissau

	Gustafsson, 1999 [19]
	94/57
	PC
	Sweden
	Q
	SPT-ANY
	8
	Children with atopic dermatitis attending allergic clinic or referred by child welfare clinics 

	Allen, 2009 [20]
	310/50
	PC
	Australia
	Q
	SPT-FOOD
	1
	Part of the HealthNUTS study. Representative cohort of infants recruited from routine immunisation clinics 2008-2010

	Hoppu, 2002 [21]
	114/27
	PC
	Finland
	I
	SPT-ANY
	1
	Birth cohort of infants  with a family history of atopy

	Huurre, 2008 [22]
	98/29
	PC
	Finland
	I
	SPT-ANY
	1
	Cohort of infants whose mother participated in a nutritional intervention trial during pregnancy

	Kemeny, 1991 [23]
	189/11
	PC
	UK
	Unclear
	SPT and sIgE-CM/EGG; Total IgE
	1
	Population based birth cohort of infants born  at Dulwich and King’s College Hospitals in London

	Snijders, 2007; Snijders, 2008
[24, 25]
	776/ 218
	PC
	Netherlands
	Q
	sIgE-ANY/AERO/CM/EGG/PN; Total IgE.
	2
	KOALA study. Population based birth cohort of infants born between 2000-2002

	Kusel, 2005 [26]
	 263/ 107
	PC
	Australia
	Unclear
	SPT-ANY
	5
	Birth cohort of children at high risk of developing atopic disease born 1996-8

	Wetzig, 2000 [27]
	 475/ 43
	PC
	Germany
	Q
	sIgE-CM/EGG
	1
	LARS study. High allergy risk or low birth weight children born within one year
in Leipzig

	Strachan, 1997 (BCS58 and BCS70) [28]
	1369/ 730
	PC
	UK
	I
	SPT-AERO
	35
	British Cohort Study: infants born in England, Wales, and Scotland in 1958 and 1970

	Silvers, 2009 [29]
	889/ 249
	PC
	New Zealand
	Q
	SPT-ANY
	1
	New Zealand Asthma and Allergy Cohort Study. Population based birth cohort of infants born 1997-2001

	 Sears, 2002
	714/ 319
	PC
	New Zealand
	R/I
	SPT-AEROALLERGEN
	13
	Dunedin Multidisciplinary Health and Development Research Study. Population based cohort of infants  born between 1972-1973

	Scholtens, 2009 [30]
	1553/ 427
	PC
	Netherlands
	Q
	sIgE-AERO
	8
	PIAMA. Population-based cohort born in 1996-1997

	Hagendorens, 2005 [31]
	810/ 107
	PC
	Belgium
	Q
	sIgE-ANY
	1
	PIPO study. Recruited from university service, born 1997-2001

	Friday, 2000 [32]
	94/18
	RC
	Unclear
	Unclear
	sIgE-CM
	~10
	Unclear

	Rona, 2005 [33]
	1213/ 345
	RC
	Chile
	R
	SPT-AERO
	27
	Infants born in a hospital in 1974-1978

	Kuyucu, 2004
[34]
	2774/ 570
	CS
	Turkey
	Q
	SPT-AERO
	11
	ISAAC Phase 2. Schoolchildren aged 8–12 years

	Kucukosmanoglu, 2008 [35]
	1015/ 20
	CS
	Turkey
	Q/I
	SPT-EGG
	1
	Hospital based selection of  8-18 months old Infants born in 2001-2002

	Kuehr, 1992 [36]
	1470/ 201
	CS
	Germany
	Q
	SPT-AERO
	8
	 Schoolchildren between 6 and 8 years of age


Q: questionnaire, I: interview, R: medical records, D: diary, PC: prospective cohort, RC: retrospective cohort, CS: Cross-sectional, SPT: allergen skin prick test, sIgE: allergen-specific IgE; ANY: a panel of aero and food allergens; CM: cow’s milk, PN: peanut, AERO: aeroallergen.
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[bookmark: _Toc414814840][bookmark: _Toc414875677][bookmark: _Toc416357170]Total breastfeeding duration and allergic sensitisation to food or aero-allergens
The single intervention trial of a breastfeeding promotion intervention was rated as having a low risk of bias on all domains, and a low risk of conflict of interest. Kramer found no significant difference in odds of allergic sensitisation to at least one aeroallergen at the age of 6.5 years – cluster adjusted odds ratio 1.2 (95% CI 0.5, 2.6). A sensitivity analysis excluding sites with unusually high rates of allergic sensitisation showed increased odds of allergic sensitisation in the breastfeeding promotion group – cluster adjusted odds ratio 2.0 (95% CI 1.1, 3.4). All other evidence was derived from observational studies. For assessment of TBF and AS using our pre-defined analysis strategy, most exposure/outcome meta-analyses contained either one or zero eligible studies. We therefore pooled data for studies reporting sIgE and SPT together, and pooled data from different age groups 0-4 years, 5-14 years and 15+ years. We did however take into consideration differences between study populations and AS assessment methods when interpreting the outputs from individual meta-analyses.
[bookmark: _Toc416357171]Allergic Sensitisation to Any Allergen
TBF Ever vs. Never 
[bookmark: _Toc414786571][bookmark: _Toc414802824]Figure 2 shows the outcomes of 3 eligible observational studies evaluating TBF any vs never and risk of AS to any allergen. The data show no significant relationship, with no statistical heterogeneity (I2=0%). All three studies are prospective cohort studies at low or unclear risk of bias, reporting  prospectively collected breastfeeding information and adjusted data. Elliott in a normal risk population at aged 7 years using SPT; Mihrshahi in a high risk population at age 5 using SPT; Snijders in a normal risk population at age 2 using sIgE. The Snijders study included a population within the cohort, with an anthroposophic lifestyle. There were insufficient data for a meaningful dose-response analysis.
[bookmark: _Toc416357946]Figure 2 TBF Ever vs. Never and risk of any allergic sensitisation
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TBF ≥5-7 months vs <5-7 months 
Figure 3 shows the outcomes of 2 eligible observational studies evaluating TBF duration of ≥5-7 months vs <5-7 months and risk of AS to any allergen. The data show no significant relationship, with high statistical heterogeneity (I2=70%). Mihrshahi reported adjusted data in a high risk population at age 5 years using SPT; Huurre reported adjusted data in a high risk population at age 1 using SPT. Both studies had a low risk of bias on all parameters, and the reason for the high statistical heterogeneity is not clear.

[bookmark: _Ref419641424][bookmark: _Toc416357947]Figure 3 TBF ≥5-7 months vs. <5-7 months and risk of allergic sensitisation to any allergens
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[bookmark: _Toc416357172]Allergic sensitisation to Food 
Ever vs. Never  
Figure 4 shows the outcome of 1 eligible observational study evaluating TBF duration of any vs never and risk of AS to any food allergen. The data show increased food sensitisation in breastfed infants. Hong reported adjusted data in a high risk population at age 5 years using SPT. The authors did not find this effect varied by family history of allergy, but it was significantly modified by certain genetic polymorphisms related to cytokines. No data were available for dose response analysis.

[bookmark: _Ref419641438][bookmark: _Toc416357948]Figure 4 TBF Ever vs. Never and risk of allergic sensitisation to food
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TBF ≥5-7 months vs <5-7 months 
Figure 5 shows the outcome of 1 eligible observational study evaluating TBF duration of ≥5-7 months vs. <5-7 months and risk of AS to any food allergen. The data show no association between TBF and AS to any food allergen. Nwaru reported adjusted data in a normal risk population at age 5 using sIgE. The authors also reported no significant association between TBF duration and CM-AS (P=0.15) or Egg-AD (P=0.83) using sIgE at age 5 years.
[bookmark: _Ref419641454][bookmark: _Toc416357949]Figure 5 TBF  ≥5-7 months vs. <5-7 months and risk of allergic sensitisation to any food
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[bookmark: _Toc416357173]Allergic sensitisation to Cow’s Milk  (CM-AS)
TBF Ever vs. Never 
Figure 6 shows the outcome of 2 eligible observational studies evaluating TBF duration of any vs never and risk of CM-AS. The data show no significant relationship, with no statistical heterogeneity. Snijders reported adjusted data in a prospective cohort study of a normal risk population at age 2 years using sIgE. The population included a population with anthroposophic lifestyle. Friday reported unadjusted data in a retrospective cohort study of a high risk population at age 10, with a consequent high risk of bias. Data from the Kemeny and Rowntree studies for CM-AS could not be meta-analysed, but show no significant association with TBF duration using different cutoffs for SPT or sIgE to CM. No data were available for meaningful dose response analysis.

[bookmark: _Ref419641465][bookmark: _Toc416357950]Figure 6 TBF Ever vs. Never and risk of allergic sensitisation to cow’s milk
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CM-AS and longer TBF durations
Friday also reported CM-AS risk with TBF ≥3 months vs. <3 months (Figure 7) where there was no evidence of an association; and the same study showed data for CM-AS risk and TBF ≥6 months vs. <6 months (Figure 8) where they reported an association between prolonged TBF and increased CM-AS risk. However these unadjusted data were judged to have a high risk of confounding bias.
[bookmark: _Ref419641490][bookmark: _Toc416357951]

Figure 7 TBF ≥3-4 months vs. <3-4 months and risk of allergic sensitisation to cow’s milk
[image: ]

[bookmark: _Ref419641498][bookmark: _Toc416357952]Figure 8 TBF ≥5-7 months vs. <5-7 months and risk of allergic sensitisation to cow’s milk
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[bookmark: _Toc416357174]Allergic Sensitisation to Egg (EGG-AS)
TBF Ever vs. Never  
Figure 9 shows the outcome of 3 eligible observational studies evaluating TBF duration of ever vs never and risk of EGG-AS. The data show no significant relationship, with no statistical heterogeneity. Snijders reported adjusted data in a prospective cohort study of a normal risk population at age 2 years using sIgE. The population included a population with anthroposophic lifestyle. Kemeny and Rowntree reported unadjusted data in prospective cohort studies of normal and high risk populations, at ages 1 year and 5 years,respectively, and used both SPT and sIgE to assess AS. Both studies were judged as at high risk of confounding bias. Kemeny and Rowntree also found no difference when EGG-AS was measured as skin prick test rather than sIgE (sIgE in Figure). Dose response analysis did not show evidence of a dose response relationship (Figures 10-11).
[bookmark: _Ref419641508][bookmark: _Toc416357953]

Figure 9 TBF Ever vs. Never and risk of allergic sensitisation to Egg
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[bookmark: _Toc416357954]Figure 10 TBF medium duration (4-6months) vs. Never and risk of allergic sensitisation to egg
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[bookmark: _Toc416357955]
Figure 11 TBF long duration (7-12months) vs. Never and risk of allergic sensitisation to egg
[image: ]
[bookmark: _Toc416357175]Allergic Sensitisation to Peanut (PN-AS)
Ever vs. Never  
Figure 12 shows the outcome of 2 eligible observational studies evaluating TBF duration of any vs never and risk of PN-AS. The data show no significant relationship, with no statistical heterogeneity. Snijders reported adjusted data in a prospective cohort study of a normal risk population at age 2 using sIgE. The study included a population with anthroposophic lifestyle. Sicherer reported unadjusted data in a prospective cohort study of a high risk population at age 5 using sIgE. Adjusted analyses in the same study showed no evidence of a relationship between BF any vs never and PN-AS. There were insufficient data for meaningful dose response analysis.
[bookmark: _Ref419641556][bookmark: _Toc416357956]Figure 12 TBF Ever vs. Never and risk of allergic sensitisation to PN
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[bookmark: _Toc416357176]Allergic Sensitisation to any Aeroallergen (AERO-AS)
Ever vs. Never  
Figure 13 shows the outcome of 5 eligible observational studies evaluating TBF duration of any vs never and risk of AERO-AS. The data show no significant relationship, with low statistical heterogeneity. All studies reported adjusted data in a prospective cohort study of a normal risk population - Snijders at age 2 years using sIgE. The study included a population with anthroposophic lifestyle. Scholtens at age 8 years using sIgE; Wegienka, Strachan and Zutavern using SPT at age 7, 35 and 5.5 years respectively. These studies were generally judged to be at low risk of bias on most parameters. Dose response analysis (Figure 14 and Figure 15) did not show clear evidence of a dose response relationship between increasing duration of TBF and risk of AERO-AS when compared with never TBF.


[bookmark: _Ref419641568][bookmark: _Toc416357957]Figure 13 TBF Ever vs. Never and risk of allergic sensitisation to aeroallergen
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[bookmark: _Ref419641618][bookmark: _Toc416357958]Figure 14 TBF medium duration (4-6months) vs. Never and risk of allergic sensitisation to aeroallergen
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[bookmark: _Ref419641628][bookmark: _Toc416357959]Figure 15 TBF long duration (7-12months) vs. Never and risk of allergic sensitisation to aeroallergen
[image: ]
TBF ≥1-2 months vs. <1-2 months 1-2 months  
Figure 16 shows the outcome of 3 eligible observational studies evaluating TBF duration of ≥1-2 months vs. <1-2 months and risk of AERO-AS. The data show no significant relationship, with extreme statistical heterogeneity (I2 = 75.6%). The study of Kuehr was a cross sectional study which reported unadjusted data in normal risk population at age 8 using SPT. The study of Rona was a retrospective cohort study which reported adjusted data in a normal risk population at age 27 years using SPT. The study of Sears is a prospective cohort with SPT assessed at 13 years reporting adjusted estimates.  Given the nature of the cross-sectional and retrospective cohort studies, it is possible that some recall bias occurred, which might partly explain the statistical heterogeneity observed.
[bookmark: _Ref419641643][bookmark: _Toc416357960]Figure 16 TBF ≥1-2 months vs. <1-2 months and risk of allergic sensitisation to aeroallergen
[image: ]

TBF ≥3-4 months vs. <3-4 months  
Figure 17 shows the outcome of 1 eligible observational study evaluating TBF duration of ≥3-4 months vs. <3-4 months and risk of AERO-AS. The data show no significant relationship. The study of Oddy was a prospective cohort study which reported adjusted data in a normal risk population at age 6 years using SPT.
[bookmark: _Ref419641668][bookmark: _Toc416357961]Figure 17 TBF ≥3-4 months vs. <3-4 months and risk of allergic sensitisation to aeroallergen
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TBF ≥5-7 months vs. <5-7 months  
Figure 18 shows the outcome of 3 eligible observational studies evaluating TBF duration of ≥5-7 months vs. <5-7 months and risk of AERO-AS. The data show reduced risk of sensitisation with prolonged TBF duration, with moderate statistical heterogeneity and borderline statistical significance. The study of Oddy was a prospective cohort study which reported adjusted data in a normal risk population at age 6 years using SPT. Nwaru reported adjusted data in a normal risk population at age 5 using sIgE. Kuyucu reported adjusted data in a normal risk population at age 11 years in a cross-sectional study using SPT. Kuyucu also reported an interaction with maternal atopic status, such that children of atopic mothers with TBF ≥6 months vs. <6 months had reduced risk of a positive SPT to aeroallergen, whereas this was not the case for children of non-atopic mothers.
[bookmark: _Ref419641683][bookmark: _Toc416357962]Figure 18 TBF ≥5-7 months vs. <5-7 months and risk of allergic sensitisation to aeroallergen
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TBF ≥8-12 months vs. <8-12 months  

Figure 19 shows the outcome of 1 eligible observational study evaluating TBF duration of ≥8-12 months vs. <8-12 months and risk of AERO-AS. The data show no significant relationship. The study of Shaheen was a prospective cohort study which reported adjusted data in a normal risk population in Guinea-Bissau at age 21 years  using SPT.
[bookmark: _Ref419641712][bookmark: _Toc416357963]Figure 19 TBF ≥8-12 months vs. <8-12 months and risk of allergic sensitisation to aeroallergen
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[bookmark: _Toc416357177]Total IgE
TBF any vs never and Total IgE
One study reported OR for raised total IgE (>10IU/mL) in breastfed versus not breastfed infants, and found increased total IgE in breastfed infants at the age of 2 years, with borderline statistical significance. The sample population in this study was not representative of the general population as it only included children from families who had an anthroposofic lifestyle (Figure 20).
[bookmark: _Ref419641760][bookmark: _Toc416357964]Figure 20 TBF Ever vs. Never and risk of raised Total IgE
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1.1 [bookmark: _Toc416215292][bookmark: _Toc416209946][bookmark: _Toc416357178]Data for TBF duration and AS that were not suitable for meta-analysis

Almost half of all included studies (17 of 35) did not report data that could be included in a meta-analysis, and are summarised below in Table 2. In 2 studies there was a significant positive association between TBF initiation or duration and specific AS risk; in 2 further studies there was evidence of such a relationship in some analyses, but not in the most complete analyses; in 1 study there was evidence of reduced specific AS risk associated with TBF; in 8 other studies there was no relationship between specific AS and TBF. Total IgE was reported by 5 of the narrative studies in relation to TBF. Here 4 studies (~950 participants) found no relationship between TBF initiation or duration and Total IgE; 1 study (95 participants) found increased Total IgE with TBF initiation or prolongation. In one of these studies the authors found a possible interaction between TBF and Total IgE, in relation to maternal atopic status.



[bookmark: _Ref419641775][bookmark: _Toc416358863]Table 2 Studies investigating the association between TBF duration and allergic sensitisation which were not eligible for meta-analysis
	Study
	Design 
	Outcome
	Age
	N/n cases
	Data
	Measure
	TBF in AS
	TBF in No AS
	P

	Hoppu, 2002 [21]
	PC
	SPT-ANY
	1
	114/27
	Continuous
	Mean (95%CI)
	7.5 (6.9, 8.2)
	8.1 (6.4, 9.8)
	NS

	Hesselmar 2010 [2]
	PC
	sIgE-FOOD
	1.5
	169/25
	Continuous
	Median (IQR)
	7 (4.7, 10)
	7 (4, 9)
	NS

	Silvers, 2009 [29]
	PC
	SPT-ANY
	1
	889/249
	Continuous
	Average
	Adjusted OR for AS, for each month increase in TBF duration was 1.03 (1, 1.06) (P=0.051)

	Hagendorens, 2005 [31]
	PC
	sIgE-ANY
	1
	810/107
	Categorical
	Odds ratio
	Unadjusted OR for AS in ever versus never breastfed, is >1 and not statistically significant

	Bruno, 1995 [7]
	PC
	sIgE-ANY, Total IgE
	2
	174
	Categorical/ Continuous
	
	No significant difference in Total IgE according to feeding type. sIgE-ANY was significantly less common in ever versus never breastfed.

	Kemeny, 1991 [23]
	PC
	Total IgE
	1
	189/NA
	Continuous
	
	No significant difference in Total IgE according to TBF≥3 months versus <3 months versus never

	Saarinen, 1979 [13]
	PC
	Total IgE; sIgE-CM 
	1
	95/NA
	Continuous/Categorical
	Adjusted geometric mean Total IgE significantly higher in ever vs. never breastfed at up to 4 months; CM-IgE not detected in never BF, rarely detected in ever BF up to 1 year

	Juto, 1980 [4]
	PC
	Total IgE 
	1
	56/NA
	Continuous
	No significant difference

	Wetzig, 2000 [27]
	PC
	sIgE-CM, sIgE-Egg
	1
	475/43
	Categorical
	Infants TBF >5 months had more Egg-AS than <5 months (significant in a subgroup with high cord IgE), but no significant difference for CM-AS

	Kucukosmanoglu 2008 [35]
	CS
	SPT-EGG
	1
	1015/20
	Categorical
	No significant difference in Egg-AS between ever and never BF. P=0.32

	Allen, 2009 [20]
	PC
	SPT-FOOD
	1
	310/50
	Categorical
	Sensitised infants significantly more frequently BF at 12 months; no significant difference in ever BF (2.5% AS, 10.5% Not AS)

	Venter, 2009 [15]
	PC
	SPT-FOOD
	1, 3
	891/27
	Categorical
	No significant relationship between Food-AS and TBF ever/never, >/<6 months or >/<9 months at age 1 or 3

	Burr, 1997 [6]
	PC
	sIgE-AERO/ SPT-AERO
	7
	338
	Categorical
	
	AS to AEROs by SPT or sIgE not associated with TBF duration in adjusted analysis

	Devereux 2006 [10]
	PC
	SPT-AERO
	5
	700/54
	Categorical
	
	No significant relationship between BF ever and AS

	Kusel, 2005 [26]
	PC
	SPT-ANY
	5
	263/107
	Continuous
	
	Analysis of children with eczema – those with AS had longer TBF than no AS, but this was not statistically significant in adjusted analyses

	Gustafsson, 1999 [19]
	PC
	SPT-ANY
	8
	94/57
	Categorical
	
	No association between TBF >6 months, or any other duration and AS

	Wright, 1999 (All) [1]
	PC
	Total IgE 
	6
	534/NA
	Categorical
	
	No association overall between TBF Never, <4 months or ≥4 months and Total IgE at 0.75, 6 or 11 years

	Wright, 1999 (low maternal IgE) [1]
	PC
	Total IgE 
	6
	534/NA
	Continuous
	
	Significantly reduced Total IgE in children of mothers with low Total IgE for ever versus never. P<0.02

	Wright, 1999 (high maternal IgE) [1]
	PC
	Total IgE 
	6
	534/NA
	Continuous
	
	Significantly increased Total IgE in children of mothers with high Total IgE for ≥4 vs. <4 months. P<0.005





[bookmark: _Toc416357179]Exclusive breastfeeding duration and Allergic Sensitisation
[bookmark: _Toc416357180]Overall characteristics of studies, risk of bias and summary of results


Table 3 describes the main characteristics of the studies analysed in this report. A total of 1 systematic review which included 1 RCT analysed as a cohort study, and 1 other prospective cohort study; and 25 prospective cohort studies, reported the association between duration of exclusive breastfeeding (EBF) and risk of AS. The majority of studies were undertaken in Europe – others in Australasia (n=4), North America (n=1) and South America (n=1). Overall, valid data on EBF duration and AS risk were available from over 31,000 subjects. Information on AS was obtained using skin prick testing in 16 studies, and by blood IgE testing in 12 studies. With regards to time of outcome diagnosis, 15 studies explored the association between EBF duration and AS at age 0-4 years, and 12 at age 5-14 years. Eight studies used a questionnaire to assess the exposure (EBF), 10 used an interview, three studies used a diary, in three the method was unclear, one used medical records.

Risk of bias in both the studies included in the systematic review was assessed as ‘low’ on all parameters. Risk of bias for the observational studies is shown in Figure 21. Over half of studies had a high risk of bias, due to lack of adjustment for confounding bias i.e. no adjusted data presented. A similar number of studies had unclear risk of assessment bias, due to inadequate information about the method for classifying EBF duration. Risk of conflict of interest was generally assessed as low.

Where data were available, three levels of comparison were used to assess the risk of AS according to EBF duration, namely ≥0-2 months vs. <0-2 months; ≥3-4 months vs. <3-4 months; ≥5-9 months vs. <5-9 months. Across most cut-offs there was no consistent evidence of a lower risk of AS if EBF was prolonged. In general there were only small numbers of studies with available data, and several analyses were restricted to single studies with high risk of bias. We did find some evidence from one meta-analysis of 3 observational studies (Figure 25) that EBF ≥0-2 months may be associated with increased risk of AS to food OR 1.61 (1.17, 2.22) with no statistical heterogeneity (I2=0%). This was not reflected in data for AS to specific foods, to aeroallergens or any allergen, or at different EBF cut-offs. The studies included in this analysis did not take measures to account for the possibility that mothers of infants with symptoms associated with food sensitisation might extend the duration of EBF due to concern about symptoms. In general there was significant unexplained statistical heterogeneity in several analyses, even when restricted to studies with low risk of bias reporting adjusted data. We found evidence from one study of a gene-environment interaction affecting the relationship between EBF and Food AS, which may be relevant to some of the unexplained statistical heterogeneity between individual studies [5].

We found no evidence of a relationship between EBF duration and total IgE levels.
[bookmark: _Ref419641792][bookmark: _Toc416358864]Table 3 Characteristics of included studies evaluating EBF duration and allergic sensitisation


	Study
	N/n cases
	Design
	Country
	Exposure assessment
	Outcome
	Age at outcome (years)
	Population characteristics

	Kramer [37]
	2651
	SR of PC
	Finland/Belarus
	-
	SPT-ANY
	5-7
	Study #1: Population based cohort study

	Hesselmar, 2010 [2]
	169/
25
	PC
	Sweden
	I
	sIgE-FOOD
	1.5
	ALLERGYFLORA study. Population based study of babies  selected from antenatal clinics between 1998 and 2003 - mainly high risk of allergic disease

	Elliott, 2008 [3]
	5095/1235
	PC
	UK
	Q
	SPT-ANY
	7
	ALSPAC study. Population based cohort of children born 1991-1992.

	Kull, 2004; Kull, 2010  [38, 39]
	2370/654
	PC
	Sweden
	Q
	sIgE-AERO/ANY/CM/EGG/FOOD/PN
	4, 8
	BAMSE study. Population based cohort of children born between 1994-1996

	Hong, 2011 [5]
	970/
361
	PC
	USA
	Q/I
	sIgE-FOOD
	2.5
	Boston Birth Cohort. Predominantly African-American mother-infant pairs.

	Bruno, 1995 [40]
	107
	PC
	Italy
	Unclear
	Total IgE
	5
	Infants of atopic parents recruited from hospital and born in 1985-1988

	Mihrshahi, 2007 [8]
	516/
217
	PC
	Australia
	I
	SPT-ANY
	5
	CAPS study. Infants born in 1997-1999 with family history of asthma or wheezing

	Cogswell, 1987 [41]
	73/32
	PC
	UK
	D
	SPT-ANY
	5
	Birth cohort of infants with family history of  hay fever or asthma

	Nwaru, 2010 [11]
	994/
200
	PC
	Finland
	D
	sIgE-AERO/CM/EGG/FOOD
	5
	DIPP study. Infants at high risk (HLA) for TIDM born between 1996-2004  invited to the allergy study between 1998 and 2000

	Schoetzau, 2002 [42]
	829/92
	PC
	Germany
	D
	sIgE-CM
	1
	GINI study. Term newborn infants born 
1995-8 from 2 regions of Germany who participated in an intervention program according to risk of allergy

	Hoppu, 2000 [21]
	114/27
	PC
	Finland
	I
	SPT-ANY
	1
	Birth cohort of infants  with a family history of atopy

	Huurre, 2008 [22]
	98/29
	PC
	Finland
	I
	SPT-ANY
	1
	Infants born to mothers who participated in a nutritional intervention trial during pregnancy

	Arshad, 1992[43]
	344/123
	PC
	UK
	D/Q
	SPT-ANY/CM/EGG
	1
	Isle of Wight Study. Population based birth cohort of infants born in semi-rural areas between 1989 and 1990

	Kemeny, 1991 [23]
	189/11
	PC
	UK
	Unclear
	SPT and sIgE-CM/EGG; SPT-CM; Total IgE
	1
	Population based birth cohort of infants born  at Dulwich and King’s College Hospitals in London

	Gruber 2010 [44]
	167/15
	PC
	Central Europe
	Q
	sIgE-CM/EGG; Total IgE
	1
	MIPS-1 study.  Infants born in 2006 without family history of allergy, randomised to a prebiotic formula intervention if fully formula fed < 8 weeks

	Silvers, 2009 [29]
	889/249
	PC
	New Zealand
	Q
	SPT-ANY
	1
	New Zealand Asthma and Allergy Cohort Study. Population based birth cohort of infants born between 1997 and 2001

	Odelram, 1996 [45]
	70/23
	PC
	Sweden and Finland
	D
	sIgE-CM; SPT-ANY; Total IgE
	1.5
	Birth cohort of infant with family history and high cord blood IgE born in 1989-1990

	Poysa, 1990; Poysa, 1992
[46, 47]
	120/41
	PC
	Finland
	I
	Total IgE; SPT-AERO
	5,10
	High risk of disease, born 1979-1980

	Kramer, 2009 [48]
	138889/3135
	PC
	Belarus
	I
	SPT-AERO
	6.5
	PROBIT study: recruited in hospitals , born 1996-1997

	Siltanen,2003 [49]
	285/75
	PC
	Finland
	Q
	sIgE-ANY; SPT-ANY; Total IgE
	4
	Infants recruited from maternal hospital born in 1994-5

	Strassburger, 2010 [50]
	325/94
	PC
	Brazil
	I
	SPT-AERO
	3.5
	Recruited from hospital, born 2001-2002

	Van Asperen, 1983 [51]
	79/13
	PC
	Australia
	I
	SPT-FOOD
	1
	Cohort recruited from medical service, born in 1980-1981 with family history of atopy

	Vandenplas, 1988 [52]
	75/9
	PC
	Belgium
	Unclear
	sIgE-CM; SPT-CM; Total IgE
	0.33
	Infants with family history of atopy

	Venter, 2009 [15]
	891/27
	PC
	UK
	Q
	SPT-FOOD
	3
	Recruited from antenatal clinics and born in 2001-2002

	Oddy, 2004; Oddy, 1999 [16, 53]
	1595/651
	PC
	Australia
	D/Q
	SPT-AERO
	6
	Western Australia Pregnancy Cohort: Recruited from  antenatal clinics born in 1989-1992

	Zutavern, 2004 [17]
	623/103
	PC
	UK
	I
	SPT-AERO
	5.5
	Cohort recruited from general
practices and born in 1993-1995


Q: questionnaire, I: interview, R: medical records, D: diary, PC: prospective cohort, SPT: allergen skin prick test, sIgE: allergen-specific IgE; ANY: a panel of aero and food allergens; CM: cow’s milk.


[bookmark: _Ref419641853][bookmark: _Toc416357965]Figure 21 Risk of bias in studies of EBF duration and allergic sensitisation 



[bookmark: _Toc416357181]Exclusive breastfeeding and allergic sensitisation
For assessment of EBF and AS most exposure/outcome meta-analyses contained either one or zero eligible studies. We therefore pooled data for studies reporting sIgE and SPT together, and pooled data from different age groups 0-4 years, 5-14 years and 15+ years. We did however take into consideration differences between study populations and AS assessment methods when interpreting the outputs from individual meta-analyses.
[bookmark: _Toc416357182]Allergic sensitisation to any allergen 
EBF ≥0-2 months vs. <0-2 months
Three prospective cohort studies reported data that could be pooled to calculate OR for any AS, in infants with EBF for ≥0-2 months vs. <0-2 months duration and are shown in Figure 22. They show no association between EBF duration and AS risk, with high statistical heterogeneity. All three studies used skin prick testing as an outcome measure. The studies of Elliott and Huurre reported adjusted data, and the study of Cogswell reported unadjusted data. We were not able to confidently explain the heterogeneity between Huurre and Elliott results, but the data of Huurre are based on a subgroup of infants born to allergic mothers whereas Elliott reported on a large representative population-based cohort and it is possible that EBF duration has different effects depending on the allergic status of the mother. 

[bookmark: _Ref419641890][bookmark: _Toc416357966]Figure 22 EBF ≥0-2 months vs. <0-2 months and risk of allergic sensitisation in children 
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EBF ≥3-4 vs. <3-4 Months
0. [bookmark: _Toc415772208]Systematic reviews and intervention trials
[bookmark: _Toc415772209]As shown in Table 4, the single systematic review found no evidence that longer exclusive/predominant breastfeeding (for 6 months vs 3 months in the systematic review) influenced risk of AS at 6-7 years. Kramer’s intervention trial of breastfeeding promotion, which we have included under TBF which aimed to increase EBF duration, also found no effect on AS.
[bookmark: _Ref419641906][bookmark: _Toc416358865]Table 4 Promotion of increased EBF duration and risk of AS
	Study
	Outcome measure
	No. participants (studies)
	Outcome (95% CI)

	Kramer 2012 [37]
Oddy, 1999 [16, 53]
	Positive skin prick test at 6 years
	331 (1)
	RR 0.99 (0.73, 1.35)



0. Observational studies
Four prospective cohort studies reported data that could be pooled to calculate OR for any AS, in infants with EBF for ≥3-4 months vs. <3-4 months duration and are shown in Figure 23. They show no association between AS and EBF duration, with high statistical heterogeneity. The data from Arshad and Siltanen are unadjusted data using skin prick testing, with high risk of confounding bias. The data from Kull and Mihrshahi are adjusted data using specific IgE and skin prick testing respectively. The studies of Siltanen and Kull included normal risk infants, the studies of Arshad and Mihrshahi included high risk infants.

[bookmark: _Toc416357967]Figure 23 EBF ≥3-4 months vs. <3-4 months and risk of allergic sensitisation
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EBF ≥5 months vs. <5 months

A single study reported unadjusted data regarding risk of any AS in infants EBF for at least 9 months compared with less than 9 months, and found no significant association (Figure 24). 

[bookmark: _Toc416357968]Figure 24 EBF ≥5-9 months vs. <5-9 months and risk of allergic sensitisation 
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[bookmark: _Toc416357183]EBF and allergic sensitisation to Food 
EBF ≥0-2 months vs. <0-2 months

Three prospective cohort studies reported data that could be pooled to calculate OR for Food AS, in infants with EBF for ≥0-2 months vs. <0-2 months duration and are shown in Figure 25. They show an association between increased EBF duration and increased risk of food sensitisation OR1.61 (1.17, 2.22), with no statistical heterogeneity. The study of Van Asperen reported unadjusted data using skin prick testing at 1 year as an outcome measure in a high risk population, the other studies reported adjusted data used specific IgE at 2.5 and 5 years in normal risk populations. The study of Nwaru separately reported no association between EBF duration and Egg allergy (P=0.30) or CMA (P=0.71). The study of Hong also excluded the occurrence of allergic symptoms during the first 4 months of infancy, and found this did not alter the study findings suggesting that reverse causality was not relevant.
[bookmark: _Toc416357969]Figure 25 EBF ≥0-2 months vs. <0-2 months and risk of allergic sensitisation to food
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EBF ≥3-4 months vs. <3-4 months
Two prospective cohort studies reported data that could be pooled to calculate OR for Food AS, in infants with EBF for ≥3-4 months vs. <3-4 months duration and are shown in Figure 26. They show no association between EBF duration and risk of food sensitisation, with no statistical heterogeneity. The study of Van Asperen reported unadjusted data using skin prick testing at 1 year as an outcome measure in a high risk population, the study of Kull reported adjusted data using specific IgE in a normal risk population at age 8.

[bookmark: _Toc416357970]Figure 26 EBF ≥3-4 months vs. <3-4 months and risk of allergic sensitisation to food in children 
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[bookmark: _Toc416357184]EBF and allergic sensitisation Cow’s Milk
EBF ≥0-2 months vs. <0-2 months 0-2

One prospective cohort study reported OR for CM AS, in infants with EBF for ≥0-2 months vs. <0-2 months duration and is shown in Figure 27. There was no association found, with wide confidence intervals due to low study power, and data were unadjusted so carry a high risk of confounding bias.




[bookmark: _Ref419641925][bookmark: _Toc416357971]Figure 27 EBF ≥0-2 months vs. <0-2 months and risk of allergic sensitisation in children to cow’s milk
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EBF ≥3-4 months vs. <3-4 months 3-4

Four prospective cohort studies reported OR for CM AS, in infants with EBF for ≥3-4 months vs. <3-4 months duration and are shown in Figure 28. There was no association found, moderate statistical heterogeneity. All studies other than that of Arshad used specific IgE for assessment; all studies other than Kull assessed at 1 year age; Kull and Schoetzau reported adjusted data, Kemeny and Arshad unadjusted data. In the study of Kemeny there were no participants with positive SPT to cow’s milk (sIgE data presented in Figure 28).

[bookmark: _Ref419641937][bookmark: _Toc416357972]Figure 28 EBF ≥3-4 months vs. <3-4 months and risk of allergic sensitisation to cow’s milk
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EBF for ≥5-9 months vs. <5-9 months
One prospective cohort study reported OR for CM AS, in infants with EBF for ≥5-9 months vs. <5-9 months duration and is shown in Figure 29. There was no association found, with wide confidence intervals due to low study power, and data were unadjusted so carry a high risk of confounding bias.

[bookmark: _Ref419641976][bookmark: _Toc416357973]Figure 29 EBF ≥5-9 months vs. <5-9 months and risk of allergic sensitisation to cow’s milk

[image: ]

[bookmark: _Toc416357185]EBF and allergic sensitisation to Egg
EBF ≥0-2 months vs. <0-2 months

One prospective cohort study reported OR for Egg AS, in infants with EBF for ≥0-2 months vs. <0-2 months duration and is shown in Figure 30. There was no association found, with wide confidence intervals due to low study power, and data were unadjusted so carry a high risk of confounding bias

[bookmark: _Ref419641993][bookmark: _Toc416357974]Figure 30 EBF ≥0-2 months vs. <0-2 months and risk of allergic sensitisation to Egg 
[image: ]


EBF ≥3-4 months vs. <3-4 months
Three prospective cohort studies reported OR for Egg AS, in infants with EBF for ≥3-4 months vs. <3-4 months duration and are shown in Figure 31. There was no association found, with no statistical heterogeneity. All studies other than that of Arshad used specific IgE for assessment; all studies other than Kull assessed at 1 year age; Kull reported adjusted data, Kemeny and Arshad unadjusted data. In the study of Kemeny skin prick testing data showed very similar findings (sIgE data presented in Figure 31).

[bookmark: _Ref419642012][bookmark: _Toc416357975]Figure 31 EBF ≥3-4 months vs. <3-4 months and risk of allergic sensitisation to Egg
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[bookmark: _Toc416357186]EBF and allergic sensitisation to Peanut

EBF ≥3-4 months vs. <3-4 months
One prospective cohort study reported OR for PN AS, in infants with EBF for ≥3-4 months vs. <3-4 months duration and is shown in Figure 32. There was no association found. This was a study with low risk of bias on all parameters, which reported adjusted data for PN sensitisation at age 8, measured using specific IgE.
[bookmark: _Ref419642038][bookmark: _Toc416357976]Figure 32 Exclusive breastfeeding ≥3-4 months vs. <3-4 months and risk of allergic sensitisation to PN
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[bookmark: _Toc416357187]EBF and allergic sensitisation to aeroallergen

EBF ≥0-2 months vs. <0-2 months
Two prospective cohort studies reported OR for Aeroallergen AS, in infants with EBF for ≥0-2 months vs. <0-2 months duration and are shown in Figure 33. There was no association found, with moderate statistical heterogeneity (I2=40%). Both studies reported adjusted data on sIgE in normal risk populations, and were considered at low risk of bias. 

[bookmark: _Ref419642049][bookmark: _Toc416357977]Figure 33 EBF ≥0-2 months vs. <0-2 months and risk of allergic sensitisation to aeroallergen
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EBF ≥3-4 months vs. <3-4 months
Five prospective cohort studies reported OR for Aeroallergen AS, in infants with EBF for ≥3-4 months vs. <3-4 months duration and are shown in Figure 34. Data were not pooled due to extreme statistical heterogeneity (I2=83%), largely driven by the study of Sears. Two of the studies (Oddy and Kramer) were reported in the included systematic review. All studies are prospective cohorts reporting adjusted data in normal risk populations, other than Poysa which reports unadjusted data in a high risk population. All studies used SPT other than Kull. Ages at outcome assessment ranged from 6 to 21 years.

[bookmark: _Ref419642066][bookmark: _Toc416357978]Figure 34 EBF ≥3-4 months vs. <3-4 months and risk of allergic sensitisation to aeroallergen
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EBF ≥5-9 months vs. <5-9 months
Two prospective cohort studies reported OR for Aeroallergen AS, in infants with EBF for ≥5-7 months vs. <5-7 months duration and are shown in Figure 35. There was no association found, with moderate statistical heterogeneity. Both studies reported adjusted data in normal risk populations, and were considered at low risk of bias on all parameters and used SPT for assessment of AS at 3.5-6 years.  We were unable to explain the statistical heterogeneity.


[bookmark: _Ref419642084][bookmark: _Toc416357979]Figure 35 EBF ≥5-7 months vs. <5-7 months and risk of allergic sensitisation to aeroallergen
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[bookmark: _Toc416357188]Total IgE
EBF ≥3-4 months vs. <3-4 months and elevated Total IgE

Two studies reported the relationship between EBF duration ≥3-4 months and risk of raised Total IgE, and are shown in Figure 36. Pooled data show no evidence of association, with high statistical heterogeneity for unexplained reasons.




[bookmark: _Ref419642103][bookmark: _Toc416357980]Figure 36 EBF ≥3-4 months vs. <3-4 months and risk of raised Total IgE
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EBF ≥5-9 months vs. <5-9 months and elevated Total IgE

One study reported the relationship between EBF duration ≥5-9 months and risk of raised Total IgE, and is shown in Figure 37. There was no evidence of association.



[bookmark: _Ref419642113][bookmark: _Toc416357981]Figure 37 EBF ≥5-9 months vs. <5-9 months and risk of raised Total IgE
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1.2 [bookmark: _Toc416357189]Data for EBF duration and AS that were not suitable for meta-analysis
Nine of the 25 included studies did not report data that could be included in a meta-analysis, and are summarised below in Table 4. In 6 studies reporting EBF duration and specific AS risk there was evidence of a positive relationship in just one small study reporting unadjusted data. In all others there was no evidence of association. In 3 studies reporting EBF duration and Total IgE there was no evidence of association. 
[bookmark: _Ref419642144][bookmark: _Toc416358866]Table 5 Studies investigating the association between EBF and allergic sensitisation which were not eligible for meta-analysis

	Study
	Design 
	Outcome
	Age
	N/n
	Data
	Measure
	EBF in no AS
 
	EBF in AS
	P-value

	Vandenplas 1988 [52]
	PC
	sIgE-CM, SPT-CM, Total IgE
	0.33
	75/9
	Categorical
	
	Increased AS in those with longer EBF. 3/60 vs 0/15 (sIgE-CM), 7/60 vs 0/15 (SPT-CM). Unadjusted data.

	Venter, 2009 [15]
	PC
	SPT-FOOD
	3
	891/27
	Categorical
	
	No relationship between EBF duration of >3 or <3 months, and food sensitisation at 1 or 3 years

	Silvers, 2009 [29]
	PC
	SPT-ANY
	1
	889/249
	Continuous
	
	Adjusted OR for AS, for each month increase in EBF duration was 
1.03 (0.96, 1.1) P=0.40

	Hoppu, 2000 [21]
	PC
	SPT-ANY
	1
	114/27
	Continuous
	Mean (95%C)
	3.3 (3, 3.7)
	3.2 (2.6, 3.8)
	NS

	Hesselmar 2010 [2]
	PC
	sIgE-FOOD
	1.5
	169/25
	Continuous
	Median (IQR)
	4 (4, 4.5)
	4 (2.5, 4.5)
	0.58

	Zutavern 2004 [17]
	PC
	SPT-AERO
	5.5
	623/103
	Categorical
	No significant relationship between EBF duration of >8 or <8 weeks, and food sensitisation

	Bruno, 1995 [40]
	PC
	Total IgE
	5
	107
	Continuous
	
	Geometric mean Total IgE was 8.5 in those EBF for 6 months, and 14 for shorter EBF duration. The difference was no statistically significant

	Gruber 2010 [44]
	PC
	Total IgE
	1
	167/15
	Continuous
	
	Least squares mean (kU/L) for those EBF for >2 months 10.9 (8.2, 14.5) versus <2 months 11.9 (10.2, 13.8). Not statistically significant

	Poysa, 1990 [46]
	PC
	Total IgE 
	5
	 91
	Continuous
	 
	Total IgE not significantly different between those EBF for ≥3 versus <3 months




[bookmark: _Toc416357190]Age at solid food introduction and allergic sensitisation
[bookmark: _Toc416357191]Overall characteristics of studies, risk of bias and summary of results


Table 5 describes the main characteristics of the studies analysed in this report. A total of 9 prospective cohort studies and one cross-sectional study, reported the association between timing of solid food introduction (SF) and risk of AS. The studies were from Europe (n=6), USA (n=2) and Australia (n=2). Overall, valid data on SF and AS risk were available from over 7000 subjects. Information on AS was obtained from a skin prick test in 5 studies, and blood IgE measurement in 5 studies. With regards to time of outcome diagnosis, 7 studies explored the association between SF and AS in the first 4 years of life, 3 studies assessed at age 5-14 years. Four studies used a questionnaire and/or interview to assess the exposure (SF), 6 used an interview alone.

Risk of bias is summarised in Figure 38. Just under half of studies had a high risk of bias, due to lack of adjustment for confounding bias i.e. no adjusted data presented. One third of studies had unclear risk of assessment bias. Risk of conflict of interest was generally assessed as low.

The risk of AS according to SF was categorised as ≥3-4 months vs. <3-4 months. Overall the evidence base was limited due to small numbers of included studies. We found no evidence that the timing of solid food introduction is associated with risk of AS.














[bookmark: _Ref419642287][bookmark: _Toc416358867]Table 6 Characteristics of included studies evaluating SF introduction and allergic sensitisation

	First Author & Publication Year
	N/n cases
	Design
	Country
	Exposure assessment
	Method of outcome assessment
	Age at outcome (years)
	Population characteristics

	Hesselmar, 2010 [2]
	169/25
	PC
	Sweden
	I
	sIgE-FOOD
	1.5
	ALLERGYFLORA study. Population based study of babies  selected from antenatal clinics between 1998 and 2003 - mainly high risk of allergic disease

	Mihrshahi, 2007 [8]
	516/217
	PC
	Australia
	I
	SPT-ANY
	5
	CAPS study. Infants born in 1997-1999 with family history of asthma or wheezing

	Snijders, 2008 [24]
	776/218
	PC
	Netherlands
	Q
	sIgE-AERO/ANY/CM/EGG/PN
	2
	KOALA study. Population based birth cohort of infants born between 2000-2002 (consisting of cohorts with conventional and alternative lifestyle)

	Zutavern, 2006; Zutavern, 2008
[55, 56]
	2612/258; 1123/301
	PC
	Germany
	Q/I
	sIgE-ANY/FOOD/AERO/CM/EGG/PN
	2, 6
	LISA study. Population based birth cohort of infants born 1997-9 at selected maternity hospitals in 4 German cities 

	Sicherer, 2010 [14]
	503/140
	PC
	USA
	I
	sIgE-PN
	1
	The Consortium of Food Allergy Research: atopic children  recruited from services

	Van Asperen, 1983 [51]
	79/13
	PC
	Australia
	I
	SPT-FOOD
	1.3
	Cohort recruited from medical service, born in 1980-1981 with family history of atopy

	Venter, 2009 [15]
	757/27
	PC
	UK
	Q
	SPT-FOOD
	1, 3
	Recruited from antenatal clinics and born in 2001-2002

	Joseph, 2011 [57]
	594/178
	PC
	USA
	I
	sIgE-CM/EGG/PN
	3
	WHEALS STUDY: Recruited from hospital prenatal care and born in 2005

	Zutavern, 2004 [17]
	623/103
	PC
	UK
	I
	SPT-AERO
	5.5
	Cohort recruited from general
practices and born in 1993-5

	Kucukosmanoglu, 2008 [35]
	1015/20
	CS
	Turkey
	Q/I
	SPT-EGG
	1
	Hospital based selection of  8-18 months old Infants born in 2001-2002
















[bookmark: _Toc416357982]Figure 38 Risk of bias in studies of SF introduction and allergic sensitisation 


[bookmark: _Toc416357192]Solid food introduction and allergic sensitisation
[bookmark: _Toc416357193]SF and allergic sensitisation to any allergen 
Three prospective cohort studies reported OR for AS to any allergen, in infants with SF ≥3-4 months vs. <3-4 months and are shown in Figure 39. There was no significant association found, with extreme statistical heterogeneity. All studies reported adjusted data, and were considered at low risk of bias on all domains. The study of Mihrshahi used skin prick testing for assessment at age 5, and the other studies used blood specific IgE testing for similar combined food/aeroallergen profiles at age 2 years. We were unable to confidently explain the heterogeneity between the findings of Snijders and Zutavern, however the study of Snijders included very few participants with SF introduction prior to 4 months (n=50), and included participants with an anthroposophic lifestyle (~20% of participants).
[bookmark: _Ref419642177][bookmark: _Toc416357983]Figure 39 SF ≥3-4 months vs. <3-4 months and risk of allergic sensitisation to any allergen
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[bookmark: _Toc416357194]SF and allergic sensitisation to Food 
Two prospective cohort studies reported OR for AS to any food allergen at age 0-4 years, in infants with SF ≥3-4 months vs. <3-4 months and are shown in Figure 40. There was no significant association found, with extreme statistical heterogeneity. The study of Zutavern reported adjusted data using specific IgE blood testing at aged 2, and was considered at low risk of bias on all domains. The study of Venter reported unadjusted data using skin prick testing at age 1, and was therefore considered at high risk of bias. This difference in adjustment for potential confounding variables may explain the statistical heterogeneity.

[bookmark: _Ref419642217][bookmark: _Toc416357984]Figure 40 SF ≥3-4 months vs. <3-4 months and risk of allergic sensitisation to food 
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[bookmark: _Toc416357195]SF and allergic sensitisation to Cow’s Milk 
Two prospective cohort studies reported OR for AS to CM at age 0-4 years, in infants with SF ≥3-4 months vs. <3-4 months and are shown in Figure 41. There was no significant association found, with no statistical heterogeneity. Both studies assessed sensitisation using specific IgE blood testing at aged 2 years. The study of Snijders reported adjusted data and was considered at low risk of bias on all domains. The study of Joseph reported unadjusted data, and was therefore considered at high risk of bias.


[bookmark: _Ref419642200][bookmark: _Toc416357985]

Figure 41 SF ≥3-4 months vs. <3-4 months and risk of allergic sensitisation to cow’s milk 
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[bookmark: _Toc416357196]SF and allergic sensitisation to Egg
Two prospective cohort studies reported OR for AS to Egg at age 0-4, in infants with SF ≥3-4 months vs. <3-4 months and are shown in Figure 42. There was no significant association found, with moderate statistical heterogeneity. Both studies assessed sensitisation using specific IgE blood testing at aged 2 years. The study of Snijders reported adjusted data and was considered at low risk of bias on all domains. The study of Joseph reported unadjusted data, and was therefore considered at high risk of bias.


[bookmark: _Ref419642237][bookmark: _Toc416357986]Figure 42 SF ≥3-4 months vs. <3-4 months and risk of allergic sensitisation to Egg 
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[bookmark: _Toc416357197]SF and allergic sensitisation to Peanut 
Two prospective cohort studies reported OR for AS to PN at age 0-4 years, in infants with SF ≥3-4 months vs. <3-4 months and are shown in Figure 43. There was no significant association found, with low statistical heterogeneity. Both studies assessed sensitisation using specific IgE blood testing at aged 2 years. The study of Snijders reported adjusted data and was considered at low risk of bias on all domains. The study of Joseph reported unadjusted data, and was therefore considered at high risk of bias. A third study Zutavern 2008 could only be reported in narrative form, and found increased PN sensitisation associated with later SF. A fourth study Sicherer 2010 could only be reported in narrative form, and found no association between SF and PN sensitisation.

[bookmark: _Ref419642254][bookmark: _Toc416357987]Figure 43 SF ≥3-4 months vs. <3-4 months and risk of allergic sensitisation to Peanut
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[bookmark: _Toc416357198]SF and allergic sensitisation to Aeroallergen
Two prospective cohort studies reported OR for AS to any aerollergen at age 0-4 years, in infants with SF ≥3-4 months vs. <3-4 months and are shown in Figure 44. The data were not pooled due to extreme statistical heterogeneity. Both studies reported adjusted data using specific IgE testing at age 2 years, and were considered at low risk of bias on all domains. The study of Zutavern found no association; the study of Snijders found increased odds of aeroallergen sensitisation with later SF introduction.  We were unable to confidently explain the heterogeneity between the findings of Snijders and Zutavern, however the study of Snijders included very few participants with SF introduction prior to 4 months (n=50), and included participants with an anthroposophic lifestyle (~20% of participants).

[bookmark: _Ref419642324][bookmark: _Toc416357988]

Figure 44 SF ≥3-4 months vs. <3-4 months and risk of allergic sensitisation to aeroallegen 
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[bookmark: _Toc416357199]Data for SF and AS that were not suitable for meta-analysis
No studies were identified for SF and Total IgE.
Six of the 10 included studies did not report data that could be included in a meta-analysis, and are summarised below in Table 6. In one study there was a significant association between delayed SF introduction and increase PN-AS (but not CM or Egg AS). In all other studies there was no association seen.

[bookmark: _Toc416358868]Table 7 Studies investigating the association between SF introduction and allergic sensitisation which were not eligible for meta-analysis
	Study
	Design 
	Outcome
	Age
	N/n
	Data
	Measure
	SF in no AS
	SF in AS
	P

	Hesselmar 2010
[2]
	PC
	sIgE-FOOD
	1.5
	169/25
	Continuous
	Median (IQR)
	4 (4, 5)
	4 (4, 5)
	0.84

	Kucukosmanoglu 2008
[35]
	CS
	SPT-EGG
	1
	1015/20
	Continuous
	Mean (SD)
	4.11 (1.91)
	4.26 (1.91)
	0.77

	Van Asperen, 1983
[51]
	PC
	SPT-FOOD
	1.3
	79/13
	Categorical
	No significant difference in food sensitisation in those with SF before and after 6 months

	Sicherer, 2010
[14]
	PC
	sIgE-PN
	1
	503/140
	Categorical
	No significant association between SF timing and PN sensitisation. One analysis gave OR 1.03 (0.89, 1.18) P=0.71.

	Zutavern, 2008
[56]
	PC
	sIgE-CM/EGG/PN
	6
	1123/301
	Categorical
	Significant association between SF >4 months and increased PN sensitisation (P<0.05), but not milk or Egg sensitisation

	Zutavern 2004 [17]
	PC
	SPT-AERO
	5.5
	623/103
	Categorical
	No significant relationship between SF timing and AERO sensitisation



2 [bookmark: _Toc416215306][bookmark: _Toc416357200]Conclusion

This report summarises the results of over 40 studies investigation the association between total and exclusive breastfeeding duration, timing of solid food introduction and risk of allergic sensitisation. The majority of studies were prospective cohort studies. We identified one systematic review and one intervention trial which found no evidence for an association between EBF duration or TBF duration respectively, and risk of AS. From the observational studies, we overall  found no clear evidence to support an association between TBF or EBF duration, or SF introduction and AS. One meta-analysis found increased risk of food AS associated with EBF ≥0-2 months vs <0-2 months with no statistical heterogeneity, and one study from that meta-analysis also reported increased risk of food AS with TBF ever vs never. However there was no association seen in analysis of other cut-offs for TBF or EBF duration and food AS, no association between these exposures and other forms of allergic sensitisation (i.e. AS to milk, egg or peanut individually, AS to aeroallergens or to any allergen), or in studies which could not be included in meta-analysis. The possibility of reverse causality in those 3 studies should be considered, and was adjusted for in some studies, where they did not find evidence that early symptoms associated with food sensitisation is associated with extension of TBF or EBF duration in infancy. Overall this report has not identified evidence of a relationship between TBF, EBF, SF introduction and AS, and we did not identify any other detailed systematic review of these outcomes with which to compare our findings.
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