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1. Executive summary of findings on infant and maternal intake of fruits and vegetables 

and risk of allergic and autoimmune diseases 

 

1.1. Context of this report 

This report is one of a series of systematic review reports included in Review C Part II, 

which focusses on evidence on dietary exposures during pregnancy, lactation and or 

infancy for reducing risk of allergic or autoimmune outcomes. It describes the current 

evidence from observational studies on infant or maternal intake of fruits and vegetables 

and risk of allergic or autoimmune diseases. There was a high degree of variation in the 

type of dietary exposures studied, which limited the possibilities for meta-analyses. Within 

each outcome section, a narrative table is provided, which describes the main findings and 

effect sizes (when available) for each study.  

 

1.2. Studies identified  

A total of 35 observational studies reported the association between infant and/or maternal 

intake of fruit and vegetable and allergic (n=28) or autoimmune (n=7) diseases. Of these 

studies, 27 were prospective cohort studies, 6 case-controls, and 2 nested case control 

studies. The majority of studies (n=24) are from Europe – others are from North America 

(n=5), Asia Pacific (n=5), and Latin America (n=1). 

 

1.3. Outcomes evaluated  

Nineteen studies investigated the association between risk of atopic dermatitis (AD) and 

fruit or vegetable intake, nine studies investigated food allergy (FA), 1 study investigated 

lung function (LF), 19 studied wheeze, seven studied rhino-conjunctivitis (RC), 15 studied 

allergic sensitisation, nine studied type 1 diabetes mellitus (T1DM) and one investigated 

inflammatory bowel disease (IBD). 

 

1.4. Dietary exposures studied 

Dietary exposures for fruits and vegetables varied greatly across studies. In some studies, 

only a single question was used to ascertain habit of consumption, often as part of other 

risk factors investigated in the study. In others, there was a specific questionnaire used to 
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ascertain intake of several individual and/or grouped fruits and vegetables. Our approach 

to meta-analysis considered the classification of foods of the same family if possible (e.g. 

‘apples’, ‘any fruit’). If studies used only a generic question to ascertain fruit or vegetable 

intake (e.g. ‘does your baby eat any fruit’) this variable was included in the meta-analysis 

along with other studies where only a single fruit was assessed, provided that the outcomes 

were comparable. 

 

1.5. Presentation of results 

We created a summary Table of Study Characteristics with key study features, presented 

separately for allergic (Table 1) and autoimmune outcomes (Table 2). There are seven 

main sections in this report that summarise the main findings for each of the following 

outcomes: atopic dermatitis (AD), food allergy (FA), lung function (LF), wheeze, rhino-

conjunctivitis (RC), allergic sensitisation (AS), type I diabetes mellitus (T1DM), and 

inflammatory bowel disease (IBD).We examined each of the studies for their eligibility to 

be meta-analysed. If two or more studies had data that could be combined, a meta-analysis 

was included in the corresponding section. If the heterogeneity across studies ≥ 80% then 

the overall effect of the studies is not included but that of each individual study is 

presented. As most of the studies included in this report had data that could not be 

combined in a meta-analysis, a table of main characteristics and main findings is provided 

at the end of each section. The tables provide specific details on the intakes compared for 

each dietary exposure as these varied between, and sometimes within study. 

 

1.6. Risk of bias assessment   

The risk of bias in included cohort and case control studies was assessed using a modified 

version of the National Institute for Clinical Excellence (NICE) methodological checklist 

for cohort and case-control studies, respectively (1). Key domains were:  

•   Selection Bias (low if cases and controls were selected from similar populations, if the 

participation rate was ≥80%, or <80% but investigators explored and adjusted for 

characteristic differences between participants and non-participants); 

•   Assessment Bias (low if validated and reliable tools were used to assess exposure 

and/or outcome), and;  

•   Confounding Bias (low if most likely confounders are identified and taken into account 

in study design and analysis).  
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Observational studies were considered at low overall risk of bias where the risk of bias was 

judged to be low for all 3 key domains for selection, assessment and confounding bias. For 

assessment of Confounding Bias, factors that we expected to be adjusted for within studies 

of allergic outcomes were: siblings (parity or birth order or family size); gender; age at 

outcome assessment; disease risk based on family history; maternal or household smoking 

(asthma/wheeze outcomes); maternal age; maternal education or socioeconomic status; 

mode of delivery. For studies on autoimmune outcomes we expected matching and/or 

adjusting for gender, age, address, socioeconomic status, smoking and disease risk. We also 

assessed possible Conflict of Interest, this being judged as low where there was no evidence 

of industry involvement in study design, analysis, interpretation or publication, and no 

evidence that study authors received remuneration from relevant industry partners for other 

activities. Given the nature of the studies included in this report (observational studies on 

reported dietary intake of foods or food groups), the conflict of interest was low in all cases. 

Therefore, we only included the first three domains, and the overall bias. These domains 

were assessed for all studies and included in the Risk of Bias Figure regardless of whether 

the studies were eligible for meta-analysis or for narrative. A Risk of Bias Figure is 

presented in each outcome section. 

 

1.7. Key findings 

i.  Overall risk of bias was low or unclear for the majority of the outcomes assessed 

The overall risk of bias was considered to be low in the majority of included studies. In 

several studies it was unclear whether adjustment for potential confounders had been 

made, leading to an ‘unclear’ risk of bias. 

 

ii. Classification of dietary exposures and varying comparison levels of intake reduced 

the possibilities of meta-analyses 

Very few studies had comparable information which could be meta-analysed. The main 

reason for this was the large variations in the ways of reporting associations between the 

relevant dietary exposures and risk of allergic or autoimmune diseases. In general, the few 

available meta-analyses showed low statistical heterogeneity.  
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iii. There was no evidence of an effect of fruits or vegetables on studied outcomes   

Overall, we found no consistent evidence to suggest that intake of fruits and vegetables 

early in life influences risk of other allergic or autoimmune diseases. 
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Table 1 Characteristics of included studies evaluating fruit and vegetable supplementation and allergic outcomes 

Study Design N/n Country 
Type of fruit and 

vegetable studied 

Exposure 

assessment Outcomes 

Age at 

outcome 

(years) 

Population 

characteristics 

Martindale, 2005; 

(2) Willers, 

2007(3) 

PC 1300 
UK, 

Netherlands 

Fruits; citrus 

fruits; fruit juice; 

vegetables; green 

leafy vegetables; 

apples 

Q 

AD: Parent reported and/or 

UK Working Party Criteria; 

LF: Spirometry; RC and 

wheeze: Parent reported 

(ISAAC Q); SPT any; rec 

wheeze: DD asthma 

2, 5 

Aberdeen birth 

cohort: Population 

based birth cohort with 

pregnant women 

recruited 1997-99 while 

attending a hospital 

antenatal clinic at 

~12weeks gestation 

Hesselmar, 2010 

(4) PC 184 Sweden Fruits I/Q 

AD: Physician assessment, 

and full-filling Williams’ 

criteria; FA cm: Physician 

assessment plus Open Food 

Challenge; sIgE any 

0.5; 1.5 

ALLERGYFLORA: 

Birth cohort in Sweden 

enriched with children 

with family history of 

allergies 
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Study Design N/n Country 
Type of fruit and 

vegetable studied 

Exposure 

assessment Outcomes 

Age at 

outcome 

(years) 

Population 

characteristics 

Lack, 2003 (5) 

PC; 

NCC 

11352 

 UK 

Allergenic food 

avoidance 

(peanuts/nuts); 

allergenic food 

avoidance 

(soybean meat); 

peanut Q 

FA peanut: History of reaction 

to peanut (without food 

challenge), DBPCFC alone or 

plus DD 

5.5, 6 

ALSPAC: The study 

enrolled pregnant women 

living in the Avon Health 

Authority are, UK, 

expected to delivery 

between 1991-92. Cases 

and controls, who did and 

did not develop food 

allergy respectively, were 

not matched. 

Binkley, 2011 (6) CC 

1413/13

00 Canada 

Allergenic food 

avoidance 

(peanut) Q FA peanut DD 

5to14, 

<18 

Cases & controls were 

anaphylaxis registry's 

previous survey 

respondents, all having 

had previous 

anaphylactic food allergy 

reactions, although only 

cases to peanuts: Canada. 
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Study Design N/n Country 
Type of fruit and 

vegetable studied 

Exposure 

assessment Outcomes 

Age at 

outcome 

(years) 

Population 

characteristics 

Fergusson, 1990 

(7) PC 1067 

New 

Zealand 

Fruits; 

vegetables R/D AD Physician assessment 

10 

CHRISTCHURCH 

CHILD 

DEVELOPMENT 

STUDY: A cohort of 

children born in the 

Christchurch urban 

region New Zealand 

during mid1977 

Maslova, 2012 

(8) PC 4501 Denmark 

Peanut and 

pistachio; nuts 

(tree nuts) Q 

RC:DD plus medication 

records; wheeze: DD; Rec 

wheeze: parent reported >3 

episodes of wheeze; Rec 

wheeze: DD asthma plus 

medication records 

1.5, 7 

DNBC: Population based 

birth cohort with 

pregnant women 

recruited  between 1996 

and 2002 at ~12weeks 

gestation in Denmark 

DesRoches, 2010 

(9) CC 401/202 Canada 

Allergenic food 

avoidance (nut); 

allergenic food 

avoidance 

(soya); allergenic 

food avoidance 

(peanut) Q 

FA peanut :History of a 

clinical reaction within 60 

minutes of exposure to 

peanuts, combined with  

positive IgE and/or SPT to 

peanut 

<1.5 

Cases and controls were 

recruited from the 

Paediatric University 

Centre between 1998-

2004: Canada 
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Study Design N/n Country 
Type of fruit and 

vegetable studied 

Exposure 

assessment Outcomes 

Age at 

outcome 

(years) 

Population 

characteristics 

Maijaliisa, 2011; 

(10) Nwaru, 

2010; (11) 

Nwaru, 2011; 

(12) Nwaru, 

2013; (13) 

Erkkola, 2012; 

(14) Nwaru, 

2010b; (15) PC 

5619/23

7 Finland 

malaceous fruits; 

green leafy 

vegetables; 

berries; citrus 

fruits; fruit juice; 

fruits; vegetables 

and roots; nuts 

and pulses; 

potatoes; fruits 

and berries; root 

vegetables; fruits 

and vegetables; 

vegetables; 

cabbage; carrots Q 

AD, wheeze, rec wheeze, and 

RC: Parent reported (ISAAC 

Q); sIgE-aero; sIgE cm; sIgE 

to egg; sIgE to food; wheeze; 

rec wheeze (atopic): DD 

asthma plus positive sIgE; rec 

wheeze: DD asthma plus 

medication and/or current 

symptoms 

0.5, 5, 

<10 

DIPP: Prospective birth 

cohort of children at high 

risk of TIDM (HLA 

genotype conferred 

susceptibility)  born 

between 1997 and 2004 

in Oulu and Tampere 

University Hospital 

Finland 

Fox, 2009 (16) CC 293/133 UK peanut Q FA to peanut: DD DBPCFC 

<4 

Cases and controls from 

specialist food allergy 

clinics, with cases 

sensitised to peanut and 

controls sensitised to egg 

but not peanut: UK. 
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Study Design N/n Country 
Type of fruit and 

vegetable studied 

Exposure 

assessment Outcomes 

Age at 

outcome 

(years) 

Population 

characteristics 

Venter, 2009; 

(17) Dean, 2007 

(18) PC 937 UK 

allergenic food 

avoidance 

(peanut) Q SPT peanut 

2 

The Isle of Wight 

cohort: Population based 

birth cohort recruited 

through antenatal clinics 

and included all babies 

born on the Isle of Wight 

UK between 2001 and 

2002 

Fitzsimon, 2007 

(19) PC 631 Ireland 

fruits and 

vegetables Q 

Rec wheeze: Physician 

assessment asthma 

3 

LIFE-WAYS: cohort of 

children born in 2002 

whose mother had 

completed FFQ during 

pregnancy were followed 

up from birth through 

general practice records 
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Study Design N/n Country 
Type of fruit and 

vegetable studied 

Exposure 

assessment Outcomes 

Age at 

outcome 

(years) 

Population 

characteristics 

Zutavern, 2006; 

(20) Zutavern, 

2008; (21) 

Sausenthaler, 

2007 (22) PC 2540 Germany 

fruits; 

vegetables; 

apples; bananas; 

strawberries; 

citrus fruits; fruit 

juice; cabbage; 

salad; celery; 

sweet peppers; 

spinach; nuts; 

carrots; seeds; 

tomatoes Q 

AD:DD; Parent reported; sIgE 

to food; sIgE aero; sIgE any 

2, 6 LISA: Population based 

cohort study of newborns 

recruited between 1997 

and1999 from 4 German 

cities: Munich, Leipzig, 

Wesel, and Bad Honnef.  

Marini, 1996 (23) PC 68 Italy citrus fruits Q 

AD: Physician assessment 

plus parent reported; RC: 

Physician assessment plus 

parent reported; Recurrent 

wheeze: Physician assessment 

> 3 episodes of wheeze 

1, 3 

Infants with family 

history of allergy born in 

maternity wards of 3 

hospitals from 1989 

whose mothers were 

refused to participate in 

an allergy prevention 

intervention program 
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Study Design N/n Country 
Type of fruit and 

vegetable studied 

Exposure 

assessment Outcomes 

Age at 

outcome 

(years) 

Population 

characteristics 

Chatzi, 2008 (24) PC 468 Spain 

fruits; legumes; 

nuts; vegetables Q 

SPT-aero; Atopic wheeze: 

Parent reported wheeze plus 

positive SPT; rec wheeze: 

parent reported ≥1 episodes of 

wheeze 

6.5 

Menorca birth cohort: 

Population based birth 

cohort with women 

recruited from antenatal 

care at all general 

practices in Menorca 

between 1997-1998 

Miskelly, 1988 

(25) PC 482 UK fruits D 

AD: Physician assessment and 

parent reported; wheeze 

:Parent reported wheeze 

1 

Infant recruited through 

two antenatal clinics in 

South Wales born to 

mothers with positive 

allergy history in at least 

one member of family, 

whose mothers were 

asked to participate in 

allergy preventive 

program 

Morgan, 2004 

(26) PC 257 UK fruits; vegetables I 

AD: Physician assessment and 

parent reported 

1 

Healthy preterm births 

(<37 weeks gestational) 

from 3 hospitals in 

southeast England 
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Study Design N/n Country 
Type of fruit and 

vegetable studied 

Exposure 

assessment Outcomes 

Age at 

outcome 

(years) 

Population 

characteristics 

Miyake, 2010 

(27) PC 763 Japan 

fruits; apples; 

citus fruits; 

vegetables; green 

and yellow 

vegetables;veget

ables other Q 

AD and wheeze: Parent 

reported (ISAAC Q) 

2 

OMCHS: Population 

birth cohort recruited 

during pregnancy from a 

university hospital and 

three obstetric hospitals 

in municipalities of 

Osaka 2001 - 2003 

Oien, 2009 (28) PC 3050 Norway vegetables Q 

AD: Parent reported (ISAAC 

Q); rec wheeze: DD asthma 

2 

PACT: Trondheim, 

Norway. Inclusion in the 

control cohort began in 

September 2000, and the 

interventional 

programme started in a 

separate cohort in July 

2002 
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Study Design N/n Country 
Type of fruit and 

vegetable studied 

Exposure 

assessment Outcomes 

Age at 

outcome 

(years) 

Population 

characteristics 

Roduit, 2012 (29) PC 1041 

Austria, 

Finland, 

France, 

Germany, 

and 

Switzerland 

fruits and 

vegetables D AD:DD 

1, 4 

PASTURE: Population 

based birth cohort 

recruited in third 

trimester of pregnancy 

from rural areas in 5 

European countries from 

farming and non-farming 

families 

Willers, 2008 

(30) PC 2828 

The 

Netherlands 

nuts; fruits; 

vegetables Q 

Total IgE; sIgE-aero; sIgE to 

food; wheeze: Parent reported 

(ISAAC Q) wheeze; Rec 

wheeze: DD asthma plus 

medication and/or current 

symptoms 

8 

PIAMA: Population 

based birth cohort 

recruited prenatally 

Netherlands. The 

children were allocated to 

an intervention study or 

to a natural history study 

depending on their family 

risk for allergy 
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Study Design N/n Country 
Type of fruit and 

vegetable studied 

Exposure 

assessment Outcomes 

Age at 

outcome 

(years) 

Population 

characteristics 

Sariachvili, 2010 

(31) NCC 557/252 Belgium 

fruits; fruit juice; 

vegetables Q 

AD: Parent reported  

(ISAAC Q) 

4 

PIPO Cohort: cases and 

controls with data 

regarding development of 

eczema and timing of 

introduction of solid 

foods were identified 

from this PC: Belgium. 

Litonjua, 2006 

(32) PC 1290 USA  Q 

AD:DD; wheeze: parent 

reported wheeze; rec wheeze: 

parent reported wheeze in at 

least one questionnaire (1,2,3 

years old) 

2 

Project Viva: Population 

based birth cohort with 

pregnant women  at <22 

weeks of gestation 

recruited from 8 obstetric 

offices of a large 

multispecialty 

suburban/urban group 

practice in eastern 

Massachusetts US 

between 1999 and 2002 
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Study Design N/n Country 
Type of fruit and 

vegetable studied 

Exposure 

assessment Outcomes 

Age at 

outcome 

(years) 

Population 

characteristics 

Dunlop, 2006 

(33) PC 1326 Slovakia citrus fruits Q AD: Physician assessment 

1 

Slovak birth cohort: 

The 1st 250 pregnant 

women delivering at 

maternity hospitals in the 

selected study sites were 

recruited between 1997 

and 1999,  

Strassburger, 

2010 (34) PC 338 Brazil 

salty pureed 

food; fruit juice R 

SPT aero; Wheeze: Parent 

reported wheeze 

3.5 

Birth cohort study nested 

in a dietary intervention 

randomized field trial  in 

the city of São Leopoldo, 

southern Brazil in 2002 

Kemp, 2011 (35) PC 310 Tasmania 

allergenic food 

avoidance 

(peanut) Q sIgE to peanut 

16 

THIS: cohort of infants 

at high risk for sudden 

infant death syndrome 

born in 1988-1989 were 

identified in the northern 

region of Tasmania 

through school records  
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Study Design N/n Country 
Type of fruit and 

vegetable studied 

Exposure 

assessment Outcomes 

Age at 

outcome 

(years) 

Population 

characteristics 

Andreasyan, 

2007; (36) 

 

 

PC 

 

 

498 

 

 

Australia 

 

 

fruit syrup; fruit 

juice (orange) 

 

 

Q 

 

 

AD, wheeze and RC: Parent 

reported (ISAAC Q); SPT any 

 

 

9 

CARHS: Some of the 

participants in the THIS 

cohort of infants at high 

risk for sudden infant 

death syndrome born in 

1988-1989 were 

identified in the northern 

region of Tasmania 

through school records  

Sicherer, 2010 

(37) 

 

 

PC 

 

 

503 

 

 

USA 

 

 

Peanut 

 

 

Q 

 

 

sIgE to peanut 

 

 

1 

The Consortium of 

Food Allergy Research 

enrolled infants at 3 to 15 

months of age with likely 

egg or milk allergy but 

without previously 

known 

peanut allergy 



Review C Fruits and vegetables   V1.6 31st October 2017   
FSA Systematic Review FS305005 
 

22 
 

Study Design N/n Country 
Type of fruit and 

vegetable studied 

Exposure 

assessment Outcomes 

Age at 

outcome 

(years) 

Population 

characteristics 

 

Zutavern, 2004; 

(38) 

 

PC 

 

606 

 

UK 

 

vegetables; fruits 

 

Q 

 

AD:DD; SPT aero; wheeze: 

Parent reported wheeze; rec 

wheeze: Parent reported 

asthma 

2, 5.5 

Population based birth 

cohort of newly pregnant 

women who presented at 

one of three general 

practices in Ashford, 

Kent UK between 1993 

and 1995 

PC Prospective cohort study; RC retrospective cohort study; Q questionnaire; AD atopic dermatitis; DBPCFC double blind placebo control food challenge; 

ISAAC International Study of Allergy and Asthma in Children; AS allergic sensitisation; SPT skin prick test, sIgE specific IgE; DD Doctor diagnosis 

(community); Physician assessment is assessment by study physician; AR allergic rhinitis, FA food allergy; rec wheeze recurrent wheeze; CS cross-sectional 

study; NCC nested case-control study 
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Table 2 Characteristics of included studies evaluating fruit and vegetable supplementation and autoimmune outcomes 

Study Design N/n Country 

Type of 

fruit and 

vegetable 

studied 

Exposure 

assessment 
Outcomes 

Age at 

outcome 

(years) 
Population characteristics 

Brekke, 

2010 (39) PC 

4005/

191 Sweden 

potatoes 

and root 

vegetables; 

vegetables Q 

TIDM: Islet autoimmunity (GADA 

and/or IA2A and/or IAA) 

5 

ABIS: Population based birth 

cohort of children born in 

Southeast Sweden between 1997 

and 1999 

Baron, 2005 

(40) 

 

 

CC 

 

 

444/ 

222 

 

 

France 

 

 

Vegetables 

 

 

I 

 

 

IBD-CR:DD; IBD-UC:DD 

 

 

<17 

Cases with Crohn's disease were 

identified from the EPIMAD 

registry with matched controls 

from the same area identified by 

random digit dialling: France; 

Cases with ulcerative colitis were 

identified from the EPIMAD 

registry with matched controls 

from the same area  
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Study Design N/n Country 

Type of 

fruit and 

vegetable 

studied 

Exposure 

assessment 
Outcomes 

Age at 

outcome 

(years) 
Population characteristics 

Norris, 

1996; (41) 

Frederikson, 

2012; (42)  

Lamb 2008 

(43) 

NCC; 

PC 

 

1698/

49 

 

USA; 

Australia 

 

fruits; 

vegetables; 

potatoes; 

root 

vegetables 

Q/I 

 

 

TIDM: Islet autoimmunity (GADA 

and/or IA2A and/or IAA) 

 

 

<7; 15; 

unclear 

DAISY: Prospective birth cohort 

of children at increased risk of 

T1DM. Cases & their non-

diabetic siblings, as controls, 

taken from diabetes care clinics & 

Colorado IDDM registry; 

recruited from 1993 to 2001 

Visalli, 2003 

(44) CC 

900/ 

150 Italy 

fruits; 

vegetables Q TIDM:DD WHO criteria 

12 

EURODIAB Italy: Cases with 

T1DM selected from within the 

EURODIAB ACE study, born 

1977-89, with controls selected 

from school records for the same 

period  

Savilahti, 

2009 (45) NCC 

6209/

45 Finland vegetables R/D TIDM:DD 
11.5 

Cases and controls taken from the 

NHI database, Finland 

Strotmeyer, 

2004; (46) CC 

688/ 

247 China 

vegetables; 

fruits Q TIDM: DD WHO criteria 

9.7 

DiaMond: WHO Multinational 

Project; cases selected from 

T1DM incidence registries 1985-

98 and matched controls from 

local population 
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Study Design N/n Country 

Type of 

fruit and 

vegetable 

studied 

Exposure 

assessment 
Outcomes 

Age at 

outcome 

(years) 
Population characteristics 

Virtanen, 

2011; (47) 

Virtanen, 

2006; (48) PC 6069 Finland Vegetables Q TIDM: DD WHO criteria 

<10  

A prospective birth cohort infants 

with HLA-conferred 

susceptibility to type 1 diabetes 

was recruited between 1996 and 

2004 

PC Prospective cohort study; Q questionnaire; CC case-control study; SPT skin prick test, sIgE specific IgE; DD Doctor diagnosis (community); 

Physician assessment is assessment by study physician; AR allergic rhinitis, FA food allergy, T1DM type 1 diabetes mellitus, RC retrospective 

cohort, JIA juvenile idiopathic arthritis; ILAR International League of Associations for Rheumatology; HLA human leukocyte antigen serotype
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2. Infant or maternal dietary intake of fruit and vegetables and risk of atopic 

dermatitis (AD) 

Nineteen studies investigated intake of fruits or vegetables during infancy or pregnancy in 

relation to AD. The majority showed a low risk of bias, which was reflected in the low risk of 

assessment and selection bias of the prospective cohort studies. A few studies had a high risk 

of bias due to the absence of adjustment for confounding (Figure 1). 

Figure 1 Risk of bias in studies of fruit and vegetable intake and risk of atopic 

dermatitis 

 

2.1.  Infant Intake of fruit and vegetable and AD risk 

 

Three prospective cohort studies with comparable data investigated fruit introduction 

between 0 and 4 months, and risk of AD at age 0-4 years old (
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Figure 2). The study of Sariachvilli (2010) and Zutavern (2006) examined the association 

between fruit introduction and risk of AD, and the study of Marini (2006) studied citrus fruit 

introduction. Andreasyan (2007) investigated fruit or fruit syrup introduction and Zutavern 

(2004) investigated fruit introduction, and risk of AD at age 5-14 years (Figure 3). Neither 

meta-analysis showed evidence of association nor evidence of statistical heterogeneity 

(I2=0%). 
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Figure 2 Introduction of fruit at age >4 months vs 0-4 months and risk of atopic 

dermatitis (odds ratio) in children aged 0-4 years old 

 

 

Figure 3 Introduction of fruit at age > 4 months vs 0-4 months and risk of atopic 

dermatitis (odds ratio) in children aged 5-14 years old 

 

2.2. Maternal Intake of fruits and vegetables and risk of AD in childhood 

Maternal dietary intake of fruits or vegetables and risk of AD in childhood was investigated 

in three prospective cohort studies with comparable data for meta-analysis. Intake of fruit 

during pregnancy was unrelated to AD in children at age 0-4 years (Figure 4).  The studies of 

Miyake (2010; any fruits), Martindale (2005; any fruits) and Sausenthaler (2007; apples) 

had high heterogeneity. This may be explained by differences in the populations and dietary 

habits of the study populations, and/or the method of assessing fruit intake. The LISA study 

(Sausenthaler) was based on German children, whereas the Osaka cohort (OMCHS, 

Miyake) recruited Japanese children, and the Aberdeen cohort was based on a Scottish 

population (Martindale). Dietary intake of fruits was analysed using different, but 

comparable approaches.  
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Figure 4 Maternal fruit intake (highest vs. lowest) and risk of atopic dermatitis (odds 

ratio) in children aged 0-4 years old 

 

2.3. Studies on infant or maternal intake of fruits and vegetables that were not 

suitable for meta-analysis  

 

The main results from observational studies that could not be included in meta-analysis are 

shown in Table 3. All the studies were prospective cohorts, with the exception of Sariachvili 

(2010), which was a nested case-control study. There was no evidence of an association 

between fruit and vegetable intake or introduction and AD. There was some evidence of an 

association in three studies on infant intake. The study of Sariachvili (2010) which reported a 

higher risk of AD in infants who were introduced to fruit juice after 4 months of age in their 

diet, compared to those who started drinking it earlier.  The study of Nwaru (2010) reported 

that a higher intake of berries was statistically negatively associated with risk of AD. There 

was some evidence on maternal intake of green and yellow vegetables, and citrus fruit 

reducing risk of AD in one study (Miyake 2010) but this was not confirmed in other studies. 

 

We found no consistent evidence to suggest that infant or maternal intake of fruits and 

vegetables might influence the risk of AD. 
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Table 3 Studies investigating the association between fruit and vegetable and atopic dermatitis which were not eligible for meta-analysis 

 

First Author 

and year of 

publication 

Design Outcome Age N/n Dietary exposure and comparison level 
Measure of 

association 

Effect (bold 

indicates p-

value<0.05) 

     INFANT INTAKE   

Fergusson, 

1990 (7) PC AD 10 1067 

Fruit and vegetable introduction (>4 

months vs. ≤ 4months) HR NS 

     

Fruits and berries >4 months vs. <3.5 and 

3.5-4 months  NS 

Nwaru, 2013 

(13) PC AD 0.5 3109 Fruits and berries (continuous intake) Reduced AD P=0.03 

     

Root vegetables/ >4 months vs. <3.2 and 

3.2-4 months  NS 

    1041 

Fruit and vegetable intake in the first 

year of life  

Intake before 6 months (high risk infants) OR 1.92 (0.94-3.92) 

Roduit, 2012 

(13) PC AD 4 

 Intake before 6 months (low risk infants) OR 1.69 (0.74-3.91) 

912 

Fruits and vegetables  introduced into diet  

>6 months vs. <6 months OR 1.23 (0.80-1.91) 

Andreasyan, 

2007 (36) PC AD 9 495 

Fruit juice (orange) consumption at  >1 

month  vs. ≤ 1 month RR 1.49 (0.42-5.35) 
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First Author 

and year of 

publication 

Design Outcome Age N/n Dietary exposure and comparison level 
Measure of 

association 

Effect (bold 

indicates p-

value<0.05) 

Hesselmar, 

2010 (4) PC AD 1.5 184 

Fruits introduced to the diet (age in months 

compared as continuous variable)  NS 

  

Parental 

reported AD 2 2,540 Fruits at 5-6 months vs. 0-4 months  OR 1.02 (0.77-1.35) 

     Fruits >6 months vs. 0-4 months OR 1.03 (0.74-1.44) 

Zutavern, 2006 

(20) PC    Vegetables at 5-6 months vs. 0-4 months OR 1.02 (0.78-1.34) 

     Vegetables>6 months vs. 0-4 months OR 1.22 (0.88-1.69) 

     Fruits at 5-6 months vs. 0-4 months OR 1.14 (0.85-1.53) 

  DD AD 2 2,540 Vegetables at 5-6 months vs. 0-4 months OR 1.21 (0.90-1.62) 

Zutavern, 

2004(38) PC AD 5.5 642 

Introduction of vegetables >4 months vs 

earlier OR 0.83 (0.53-1.30) 

Miskelly, 1988 

(25) 

PC (of 

RCT) AD 1 482 

Fruits/ early introduction (continuous 

comparison scale (months)  NS 

Morgan, 2004 

(26) PC AD 1 257 Introduction of fruits or vegetables (weeks)  NS 

Oien, 2009 (28) PC AD 2 3050 Infant intake of vegetables during 1st year / 

≤1x/week  vs. 2 to 5 times  
OR 0.91 (0.46-1.80) 
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First Author 

and year of 

publication 

Design Outcome Age N/n Dietary exposure and comparison level 
Measure of 

association 

Effect (bold 

indicates p-

value<0.05) 

Sariachvili, 

2010 (31) NCC AD 4 557/252 

Infant food introduction (>4 months vs. 

≤4 months) 

Fruit juice  OR 1.56 (1.08-2.27) 

     Vegetables  OR 1.39 (0.93-2.06) 

Dunlop, 2006 

(33) PC AD 1 1326 

Introduction of citrus fruit in months 8 and 

beyond OR 0.90 (0.55-1.48) 

     MATERNAL INTAKE   

Oien, 2009 (28) PC AD 2 3013 

Vegetables/maternal intake of vegetables 

during pregnancy (2-5 times  per week vs 

≤once a week)  OR 0.76 (0.54-1.06) 

Maijaliisa, 

2011(10) PC AD 5 2441 

Maternal intake of malaceous fruits 

during 8th month pregnancy (not low 

consumption  vs. low consumption)  

Apple 

Green leafy vegetables  

NS 

NS 

Willers, 2007     

Maternal intake during pregnancy 

(highest  vs lowest tertile) 

Any fruits  NS 

(3) PC AD 5 1212 Any vegetables  NS 
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First Author 

and year of 

publication 

Design Outcome Age N/n Dietary exposure and comparison level 
Measure of 

association 

Effect (bold 

indicates p-

value<0.05) 

Martindale, 

2005 (2) PC AD 2 1300 

Maternal intake during pregnancy (>1 

portion per day vs ≤ 1 portion per day) 

Fruit juice OR NS 

Any vegetables  OR NS 

Sausenthaler, 

2007 (22) PC AD 2 2473 

Maternal consumption during the last 4 

weeks of pregnancy (highest  vs lowest 

tertile)  

Bananas OR 1.03 (0.77-1.38) 

Strawberries OR 1.02 (0.77-1.35) 

Citrus fruits OR 1.03 (0.79-1.35) 

Fruit juice  OR 1.18 (0.90-1.54) 

 

 

 

 

Salad OR 0.92 (0.69-1.22) 

 

Celery OR 0.94 (0.67-1.31) 

Sweet pepper  OR 0.97 (0.74-1.27) 

Spinach OR 1.26 (0.99-1.61) 

Raw carrots OR 1.12 (0.86-1.46) 

Seeds OR 1.24 (0.94-1.64) 

     

 

Tomato OR 0.83 (0.63-1.10) 
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First Author 

and year of 

publication 

Design Outcome Age N/n Dietary exposure and comparison level 
Measure of 

association 

Effect (bold 

indicates p-

value<0.05) 

Miyake, 2010 

(27) PC AD 2 763 

Maternal intake during pregnancy 

(highest  vs lowest tertile) 

Any vegetables  OR 0.85 (0.49-1.46) 

Green and yellow vegetables  OR 0.41 (0.24-0.71) 

Apple OR 0.87 (0.50-1.52) 

Citrus fruits OR 0.53 (0.30-0.93) 

Litonjua, 2006 

(32) PC AD 2 1290 

Maternal intake at 26-28 weeks of 

pregnancy( highest quartile intake vs 

lowest) 

Any fruit 

Any vegetable  

NS 

NS 

Maijaliisa, 

2011(10) PC AD 5 2441 

Maternal intake at 8th month of 

pregnancy (not low consumption  vs. low 

consumption) 

Apple 

Green/leafy vegetables  

NS 

NS 
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3. Infant or maternal dietary intake of fruit and vegetable and risk of food allergy 

Nine observational studies (5 prospective cohorts, and 4 case-control studies) investigated the 

association between intake of fruits and vegetables and risk of food allergy. Over one third of 

studies were assessed as at high risk of bias. This was mostly due to unadjusted or poorly 

reported adjusting leading to a risk of confounding bias. Assessment bias was considered to 

be of low risk for over 90% of the studies (Figure 5). 

 

Figure 5 Risk of Bias in studies of fruit and vegetable intake and food allergy 

 

3.1. Maternal Intake of fruit and vegetables and risk of childhood food allergy 

 

Three prospective cohort studies with data eligible for meta-analysis investigated the 

association between maternal peanut avoidance and risk of peanut allergy in children at any 

age, between 0-4 years old, or later in childhood (5-14 years old).  The pooled estimates of 

three prospective cohorts examining the association between maternal peanut avoidance 

during pregnancy and risk of peanut allergy in children showed no indication of association 

(Figure 6). The studies compared eating peanuts ever vs never (Kemp 2011), ≥2 times per 

week vs ≤ twice per week, (Sicherer 2010), and no vs yes (Dean 2007). There was no 

evidence of heterogeneity in these studies (I2=0%).  The retrospective studies of DesRoches 

(2010) and Fox (2009) showed no association between maternal peanut avoidance in 

pregnancy and risk of peanut allergy in children at age 0-4 years old (Figure 7). The study of 

DesRoches (2010) investigated peanut avoidance as a binary exposure (no vs yes) and the 
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study of Fox (2009) compared an intake of >15g per week vs none per week. There was very 

high heterogeneity in these studies (I2=72.1%) probably due to the variability in the 

assessment of peanut consumption in these two studies.   

 

Figure 6 Maternal peanut avoidance during pregnancy (often vs. rare) and risk of food 

allergy to peanut (odds ratio) in children (at any age) 

 

Figure 7 Maternal peanut avoidance during pregnancy (often vs. rare) and risk of food 

allergy to peanut (odds ratio) in children aged 0 to 4 years old 

 

3.2. Studies on infant or maternal intake of fruits and vegetables that were not 

suitable for meta-analysis  

 

Table 4 summarises the findings of six observational studies that investigated the association 

between fruits and vegetable intake and risk of food allergy. Des Roches 2010 reported 

increased peanut allergy in infants of mothers who consumed peanut and soya during 

pregnancy or lactation. This association (for peanut) was not supported by a second study 

(Fox 2009).  

Overall we found no evidence for association between fruit and vegetable intake and 

food allergy. 
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Table 4 Studies investigating the association between fruit and vegetable and any food allergy which were not eligible for meta-analysis 

First Author 

and year of 

publication 

Design Outcome Age N/n Dietary exposure and comparison level 

Measure 

of 

association 

Effect (bold 

indicates p-

value <0.05) 

 
 

   INFANT INTAKE  

Hesselmar, 2010 

(4) 

 

PC 

Any food 

allergy 1.5 184 Fruit introduction (in months)       OR                 NS 

Food allergy 

to cow’s 

milk 0.5 184 Fruit introduction (in months)       OR                  NS 

     MATERNAL INTAKE   

Lack, 2003 (5) PC 

Food allergy 

to peanut 5.5 11352 

Maternal avoidance during pregnancy: 

Nuts (including peanuts) during 

pregnancy yes  vs. no OR 0.98 (0.53-1.81) 

Soybean meat avoidance (intake vs no 

intake) OR 1.09 (0.39-3.03) 

     Maternal fruit intake (highest vs. lowest)   OR 0.33 (0.10-1.07) 

Sausenthaler, 

2007 (22) PC 

Food allergy 

(any) 2 2473 

Maternal vegetable intake (highest vs. 

lowest) OR 0.81 (0.50-1.32) 
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First Author 

and year of 

publication 

Design Outcome Age N/n Dietary exposure and comparison level 

Measure 

of 

association 

Effect (bold 

indicates p-

value <0.05) 

Binkley, 2011 

(6) CC 

Food allergy 

to peanut 18 1413/1300 

Peanut avoidance in pregnancy ( reduced 

intake vs no intake) OR 0.78 (0.43-1.40) 

DesRoches, 

2010 (9) CC 

Food allergy 

to peanut or 

soy 1.5 

202/201 

Maternal avoidance  

Peanut avoidance during pregnancy (no vs 

yes)  OR 

4.22 (1.57-

11.30) 

202/201 

Soya avoidance during pregnancy (no vs 

yes) OR 1.88 (1.20-2.94) 

    

202/201 

Maternal avoidance  

Peanut avoidance during lactation (no vs 

yes)  OR 2.28 (1.31-3.97) 

202/201 

Soya avoidance during lactation (no vs 

yes) OR 1.81 (1.08-3.03) 

 

Fox, 2009 (15) 

 

 

CC 

 

 

Food allergy 

to peanut 

 

 

<4 

 

 

293/133 

 

Maternal peanut intake during 

pregnancy/lactation: 

Lactation (≥15g per week vs no intake)   OR 0.63 (0.15-2.70) 

Lactation ( 3.75-15  g/week vs no intake) OR 0.70 (0.27-1.80) 
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First Author 

and year of 

publication 

Design Outcome Age N/n Dietary exposure and comparison level 

Measure 

of 

association 

Effect (bold 

indicates p-

value <0.05) 

 

 

 

Fox, 2009 (16) 

 

 

 

CC 

 

 

 

Food allergy 

to peanut  

 

 

 

<4  

 

 

 

293/133 

Lactation ( 0.1-3.75 g/week vs no intake) OR 0.80 (0.34-1.90) 

Pregnancy ( 3.75-15  g/week vs no intake) OR 1.00 (0.42-2.40) 

Pregnancy ( 0.1-3.75 g/week vs no intake) OR 2.11 (0.93-4.80) 

Pregnancy (≥15g per week vs no intake)   

 

OR 2.25 (0.70-7.10) 

 

 



Review C Fruits and vegetables   V1.6 31st October 2017   
FSA Systematic Review FS305005 
 

40 
 

4. Infant or maternal dietary intake of fruit and vegetables and risk of poor lung 

function  

4.1. Lung function  

 

One prospective cohort study was identified, which investigated intake of various types of 

fruits and vegetables in relation to lung function. The study was considered to have a low 

overall risk of bias. There was no evidence of an association between maternal intake of 

specific fruits and vegetable groups during pregnancy and lung function measured in the 

offspring when 5 years old (Table 5). 
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Table 5 Studies investigating the association between fruit and vegetable (dietary exposure) and lung function (outcome) which were not 

eligible for meta-analysis 

 

First Author and 

year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure 

of 

association 

Effect 

     MATERNAL INTAKE   

Willers, 2007 (3) PC LF 5 510 

Maternal intake during pregnancy 

(high vs low tertiles): 

Fruits   NS 

     

Citrus fruits   NS 

     

Fruit juice   NS 

     

Vegetables   NS 

     Green leafy vegetables   NS 
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5. Infant or maternal dietary intake of fruit and vegetables and risk of wheeze  

 

Nineteen observational studies were identified which investigated the relation between infant 

or maternal intake of fruits and vegetables and risk of wheeze or recurrent wheeze.  Over half 

of the studies were considered to be of low risk of overall bias, with most of them having a 

low risk of selection or confounding bias (Figure 8). 

Figure 8 Risk of bias in studies of fruit and vegetables intake and wheeze 

 

 

5.1. Infant intake of vegetables and fruits and risk of wheeze 

Meta-analysis was possible for two prospective studies reporting the association between 

introduction of fresh fruit in the infant diet between 0-4 months of age and risk of wheeze ( 

 

Figure 9).  The study of Strassburger (2010) investigated ‘introduction of fruit juice’ and risk 

of wheeze at age 3.5 years, whereas the study of Zutavern (2004) investigated ‘introduction 

of fruit’ and risk of wheeze at age 2 years. The pooled effect estimates showed no evidence of 

a relationship between early fruit intake and this outcome, and there was no statistical 

heterogeneity between studies (I2=0%). Similarly, there was no evidence of an association 

between introduction of fruit juice (Strassburger 2010) and introduction of citrus fruit (Marini 

1996) and recurrent wheeze, as shown in Figure 10. There was moderate heterogeneity 

between these studies (I2=40.6%). 
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Figure 9 Introduction of fruit in months 0 to 4 and risk of wheeze (odds ratio) in 

children aged 0 to 4 years old 

 

 

Figure 10 Introduction of fruit in month ≥4 and risk of recurrent wheeze (odds ratio) in 

children aged 0 to 4 years old 

 

 

5.2. Maternal intake of fruits and vegetables and risk of wheeze 

 

Figure 11 shows the pooled effect estimates of the two prospective studies of Willers, one 

from 2007 (apple intake) and one from 2008 (any fruit intake) and risk of wheeze at age 5 

years and 8 years, respectively. The meta-analysis showed no evidence of association 

between this outcome and fruit intake.    
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Figure 11 Maternal fruit intake (often vs rare) and risk of wheeze (odds ratio) in 

children aged 5 to 14 years old 

 

 

5.3. Studies on infant or maternal intake of fruits and vegetables that were not 

suitable for meta-analysis  

 

Table 6 summarises the results of 15 studies with data on dietary intake of fruits or vegetables 

during pregnancy or infancy and its association with risk of wheeze or recurrent wheeze. 

These studies were considered not suitable for meta-analysis due to the large variations in the 

comparison levels used to describe dietary intake and its relation to disease.  The age at time 

of outcome measurement ranged between 1 year and 9 years old.   

There was some evidence of an association between higher intake of fruits or vegetables 

during pregnancy and reduced wheeze in children at age 5 years. The study of Maijaliisa 

(2011) showed that higher intakes of green/leafy vegetables and of malaceous fruits in the 

last month of pregnancy were negatively associated with disease risk. In the study of 

Erkkola (2012) and colleagues there was evidence  suggesting that pregnant mothers with a 

higher intake of various types of fruits (including malaceous and berry juice), as well as of 

several groups of vegetables, was related to a lower risk of wheeze in the offspring at age 5. 

In The Danish prospective cohort study of Maslova (2012) the authors reported that a lower 

intake of peanuts (avoidance) during the second trimester of gestation was associated with a 

reduced risk of recurrent wheeze in the offspring, both at age 18 months and at 7 years old. 

There was no evidence from other studies that infant intake of fruits or vegetables to suggest 

an association between fruit or vegetable intake and risk of wheeze or recurrent wheeze, nor 

there was evidence that early introduction of these foods was related to the outcomes of 

interest. 
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Overall, we found no consistent evidence to suggest that intake of fruits or vegetables in 

infancy, pregnancy or lactation influences the risk of wheeze. 
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Table 6 Studies investigating the association between fruit and vegetable and wheeze which were not eligible for meta-analysis 

First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold indicates 

p-value <0.05) 

     INFANT INTAKE   

Strassburger, 

2010 (34) PC 

Wheeze 

3.5 338 

Infant introduction (≥4 months 

vs. <4 months) 

 Salty pureed food  OR 0.60 (0.25-1.39) 

Rec wheeze Salty pureed food OR 0.45 (0.12-1.61) 

Andreasyan, 

2007 (36) PC 

 

Wheeze 
9 497 

Infant  fruit juice (orange) 

introduction  >1 month  vs. ≤ 1 

month RR 1.33 (0.49-3.66) 

Miskelly, 1988 

(25) PC 

 

Wheeze 1 482 Fruits intake (continuous months)  OR NS 

Hesselmar, 2010 

(4) PC Rec wheeze 1.5 184 

Fruits/age in months when 

introduced  
OR                NS 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold indicates 

p-value <0.05) 

Oien, 2009 (35) PC 

 

 

Rec wheeze 2 2220 

Infant intake of vegetables during 

1st year  (2 to 5 times per week vs 

≤1/week  ) OR NS 

     

Fruits and berries/ intake  >4 

months vs. <3.5 and 3.5-4 months HR NS 

     

Root vegetables//>4 months vs. 

<3.2 and 3.2-4 months HR NS 

 

Nwaru, 2013 (13) PC Rec wheeze 0.5 3109 

Fruits and berries// >4 months vs. 

<3.5 and 3.5-4 months HR NS 

     

Root vegetables/ >4 months vs. 

<3.2 and 3.2-4 months HR 0.65 (0.51-0.82) 

Maijaliisa, 2011 

(10) PC Wheeze 5 2441 

Malaceous fruit (not low   vs. low 

consumption) OR 0.69 (0.54-0.88) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold indicates 

p-value <0.05) 

     MATERNAL INTAKE   

Erkkola, 2012 

(14) PC Wheeze 5 2441 

Intake during pregnancy: 

Fruits/ 326.2-793.9 g/d vs. <326.2 

g/d  OR 1.19 (0.93-1.53) 

Intake during pregnancy: 

Malaceous fruits/17.1-97.5 g/d 

quarter vs. <17.7 g/d  OR 0.74 (0.58-0.94) 

Fruits and vegetables/ 49.5-

138.7g/d vs. <49.5 g/d  OR 0.89 (0.70-1.14) 

Berries / 6.74-32.7 g/d vs. <6.74 

g/d  OR 1.11 (0.87-1.42) 

Citrus fruits / 7.04-71.8 g/d vs. 

<7.04 g/d  OR 0.87 (0.69-1.10) 

     

Fruit and berry juices / 5.67-145.7 

g/d vs. <5.67 g/d  OR 1.03 (0.81-1.31) 

     Malaceous fruit / 17.1-97.5 g/d vs. 

97.6-935 g/d OR 1.14 (0.90-1.45) 

     Berries 6.74-32.7 g/d vs. 32.7-611 

g/d OR 1.12 (0.88-1.42) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold indicates 

p-value <0.05) 

     

Citrus fruit / 7.04-71.8 g/d vs. 71.8-

778.8 g/d OR 1.00 (0.79-1.27) 

     

Fruit and berry juice / 5.67-145.7 

g/d vs. 145.7-1700 s g/d OR 1.27 (1.00-1.61) 

     

Vegetables / 149.1-315.1 g/d vs. 

<149.1 g/d  OR 0.76 (0.60-0.97) 

Erkkola, 2012 

(14)  Wheeze 5 2441 

Leafy vegetable / 9.6-36.1 g/d vs. 

<9.6 g/d  OR 0.68 (0.53-0.86) 

     

Root vegetables and potatoes/  

117.8-207.5 g/d  vs. <117.8 g/d  OR 0.78 (0.61-0.99) 

Green leafy vegetables/ 9.6-36.1 

g/d vs. 36.1-260.7 g/d  OR 1.05 (0.82-1.34) 

Root vegetables and potatoes/ 49.5-

138.7 g/d vs. 207.5-788.5 g/d OR 1.14 (0.88-1.47) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold indicates 

p-value <0.05) 

 

Fruit and berry juices/ 5.67-145.7 

g/d vs. 145.7-1700 g/d HR 0.71 (0.45-1.13) 

Root vegetables and potatoes/ 

117.8-207.5 g/d vs. <117.8 g/d HR 0.93 (0.58-1.50) 

Green leafy vegetables/ 9.6-36.1 

g/d vs. <9.6 g/d   HR 0.96 (0.59-1.56) 

Root vegetables and potatoes/49.5-

138.7 g/d  vs. 207.5-788.5 g/d  HR 1.52 (0.88-2.64) 

Berries/ 6.74-32.7 g/d  

vs. <6.74 g/d  HR 0.93 (0.53-1.61) 

Citrus fruits/ 7.04-71.8 g/d vs. 

<7.04 g/d  HR 0.77 (0.48-1.23) 

    
 

Fruit and berry juices/ 5.67-145.7 

g/d vs. <5.67 g/d  HR 0.93 (0.57-1.49) 

    
 

Malaceous fruits/ 17.1-97.5 g/d vs. 

97.6-935 g/d HR 1.12 (0.68-1.85) 

Berries/6.74-32.7 g/d vs. 32.7-611 

g/d HR 1.56 (0.96-2.54) 

Erkkola, 2012 

(18) PC Rec wheeze 5 
2441 

Citrus fruits/ 7.04-71.8 g/d vs. 71.8-

778.8 g/d HR 0.77 (0.47-1.27) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold indicates 

p-value <0.05) 

     

Maternal intake during 

pregnancy (high vs low tertiles)  

Green leafy vegetables OR     NS 

     Citrus fruits OR      NS 

Willers, 2007 (3) PC 

 

Rec Wheeze 
5 1212 

Fruit juice OR NS 

  

 

  Vegetables OR NS 

  

 

  Green leafy vegetables OR NS 

  

 

  Vegetables OR NS 

Martindale, 2005 

(2) PC Wheeze 2 1300 

Fruit juice intake during pregnancy 

/ >1 portion per day vs ≤1 portion 

per day  OR NS 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold indicates 

p-value <0.05) 

     

Maternal intake during 

pregnancy (highest vs lowest 

quartile) 

Apple OR NS 

Miyake, 2010 

(27) PC Wheeze 2 763 Citrus fruits OR NS 

Litonjua, 2006 

(32) PC Wheeze 2 1290 

Fruits/ maternal diet / lowest vs. 

highest quartiles OR NS 

    38223 

Maternal intake of peanut 21-25th  

week of gestation 

≥once per week vs 0 times per 

week  OR NS 

 
   38279 

2-3 times per month vs  0 times per 

week OR NS 

 
   13313 . ≥ once per week vs 0 per week OR NS 

 
   13415 

≥ once per month vs 0 times per 

month OR NS 

Maslova, 2012 

(8) PC Wheeze 1.5 38223 ≥once per week 0 times per week OR NS 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold indicates 

p-value <0.05) 

Martindale, 2005 

(2) PC Wheeze 2 1300 

Vegetable maternal intake in 

pregnancy / ≤1 portion per day vs. 

>1 portion per day OR NS 

Miyake, 2010 

(27) PC Wheeze 2 763 

Maternal intake during pregnancy  

(highest vs lowest quartiles) 

 Green and yellow vegetables OR NS 

     

Maternal intake during 

pregnancy 

Nuts (daily vs rarely) OR NS 

Willers, 2008 

(30) PC 

 

Wheeze 8 2806 Nuts (regularly vs rarely) OR NS 

Litonjua, 2006 

(32) PC 

 

 

 

 

Wheeze 2 1290 

Maternal intake in the first 

trimester of gestation (highest vs 

lowest quartiles) 

Vegetables OR NS 

  
 

  Fruits OR NS 

Oien, 2009 (28) PC Rec wheeze 2 2220 

Vegetables/Maternal consumption 

during pregnancy / ≤ once/week  

vs. almost daily OR 0.98 (0.86-1.04) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold indicates 

p-value <0.05) 

Fitzsimon, 2007 

(19) PC Rec wheeze 3 631 

Grouped fruits and vegetables 

(highest vs. lowest quartiles)  OR NS 

Maijaliisa, 2011 

(10) PC Rec wheeze 5 2441 

Maternal intake during 

pregnancy  

Fruit / 326.2-793.9 g/d vs. <326.2 

g/d  HR NS 

     

Malaceous fruit 17.1-97.5 g/d vs. 

<17.7 g/d  OR NS 

     

Green leafy vegetable/ Not low vs. 

low consumption OR NS 

Erkkola, 2012 

(14) PC Wheeze 5 2441 

Maternal intake during 

pregnancy 

Vegetable / 149.1-315.1 g/d  

vs. <149.1 g/d HR NS 

     

Green leafy vegetables/ 9.6-36.1 

g/d vs. 36.1-260.7 g/d HR NS 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold indicates 

p-value <0.05) 

  Rec wheeze 6.5 468 

Maternal intake during 

pregnancy: 

Fruit >14 servings per week vs ≤14 

servings per week  OR NS 

     

Legumes >1 serving per week vs 

≤1 servings per week OR NS 

Chatzi, 2008 (24) PC    

Nut  >1 serving per week vs ≤1 

serving per week OR NS 

  Wheeze 6.5 468 

Fruit intake >14 servings per week 

vs ≤14 servings per week OR NS 

     

Vegetable >8 servings per week vs 

≤8 servings per week OR NS 

     

Legume >1 servings per week vs 

≤1 servings per week. OR NS 

     
Nut >1 servings per week vs ≤1 

serving per week OR NS 
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6. Infant or maternal dietary intake of fruit and vegetables and risk of allergic rhino-

conjunctivitis (RC) 

Seven prospective cohorts investigated the association between infant or maternal dietary 

intake of fruits and vegetables and risk of RC in childhood. None of the studies had 

comparable data eligible for a meta-analysis. All studies had low selection bias, and the 

majority had low risk of confounding bias. Due to the proportion of studies with high risk in 

assessment bias, half of them were considered to have an overall high risk of bias (Figure 12).  

Figure 12 Risk of Bias in studies of fruit and vegetables intake and rhino-conjunctivitis  

 

 
 

The summary results of the studies that assessed the association between infant or 

maternal dietary intake of fruits and vegetables is presented in Table 7. The studies of 

Nwaru (2013), Marini (2006) and Andreasyan (2007) investigated the association 

between early exposure to fruits (0-4 months age) and risk of RC, showing no evidence of 

association. Four studies investigated the association between maternal intake of fruits or 

vegetables at various stages of pregnancy, with risk of RC. Only one study found a 

evidence of an association between maternal intake of vegetables and reduced RC in 

children at age 7 years (Maslova 2012). They also reported reduced RC in the offspring 

of mothers who consumed peanuts 2-3 times per month vs less frequently. There was no 

evidence from other studies to suggest an association between intake of fruits or 

vegetables and risk of RC. We found no consistent evidence to suggest that maternal or 

infant fruit or vegetable intake influences risk of RC in childhood. 
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Table 7 Studies investigating the association between fruit and vegetable and rhino-conjunctivitis which were not eligible for meta-

analysis 

First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold 

indicates p-value 

<0.05) 

     INFANT INTAKE   

Nwaru, 2013 

(13) PC RC 0.5 3109 

Fruits and berries introduction / >4 

months vs. <3.5 and 3.5-4 months old HR NS 

Root vegetables introduction / >4 

months vs. <3.2 and 3.2-4 months old HR NS 

     

Fruit juice (orange) introduction / >1  

vs. ≤1 month old RR 3.45 (0.52-22.83) 

Andreasyan, 

2007 (36) PC RC 9 497 

Introduction of fruit >1  vs. ≤1 month 

old RR 0.84 (0.56-1.27) 

Marini, 1996 

(23) PC RC <4  

Introduction of fruit  at age 0-4 

months OR 1.12 (0.83-1.50) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold 

indicates p-value 

<0.05) 

     MATERNAL INTAKE   

     

Fruit and vegetable intake during 

pregnancy  

Fruit and vegetable/ 49.5-138.7 g/d vs. 

<49.5 g/d HR 1.15 (0.82-1.61) 

     

Malaceous fruit / 17.1-97.5  g/d vs. 

<17.7 g/d HR 0.85 (0.62-1.16) 

Erkkola 2012 

(14) PC RC 5 2441 

Malaceous / 17.1-97.5 g/d vs. 97.6-

935 g/d HR 1.14 (0.83-1.57) 

     Berries / 6.74-32.7 g/d vs. <6.74 g/d HR 0.91 (0.66-1.26) 

     

Berries / 6.74-32.7 g/d vs. 32.7-611 

g/d HR 1.14 (0.83-1.57) 

Erkkola 2012 

(14) PC RC 5 2441 

Citrus fruit / 7.04-71.8 g/d vs. <7.04 

g/d HR 0.88 (0.65-1.21) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold 

indicates p-value 

<0.05) 

Citrus fruit / 7.04-71.8 g/d vs. 71.8-

778.8 g/d HR 1.03 (0.75-1.42) 

Fruit and berry juices / 5.67-145.7 g/d 

vs. <5.67 g/d HR 1.04 (0.75-1.44) 

Fruit and berry juices / 5.67-145.7 g/d 

vs. 145.7-1700 g/d HR 1.40 (1.03-1.90) 

Fruits/ 326.2-793.9 g/d vs. >793.9-

3908 g/d HR 0.95 (0.67-1.34) 

Erkkola, 2012 

(14) PC RC 5 2441 

Vegetable intake / 149.1-315.1 g/d g/d 

vs. <149.1 g/d HR 1.06 (0.75-1.51) 

Leafy vegetable / 9.6-36.1 quarter vs. 

<9.6 g/d HR 1.15 (0.81-1.63) 

Leafy vegetable / 9.6-36.1 g/d vs. 

36.1-260.7 g/d HR 1.06 (0.78-1.44) 

Root vegetable and potato/ 117.8-

207.5 g/d vs. <117.8 g/d HR 0.88 (0.64-1.20) 

Root vegetable and potato / 117.8-

207.5 g/d vs. 207.5-788.5 g/d HR 0.97 (0.69-1.37) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold 

indicates p-value 

<0.05) 

     

Maternal intake during 8th month 

pregnancy / Not low consumption  

vs. low consumption  

Malaceous fruit intake OR NS 

Maijaliisa, 2011 

(10) PC RC 5 2441 Green leafy vegetable  OR NS 

 

 

 

Maslova, 2012 

(8) (1.5 years) PC RC 

7 

1.5 

 

 

7 

 

 

 

 

1.5 

13313 

Maternal intake of peanut during 

21-25th week of gestation  

Peanut  ≥1 per week vs 0 per week  OR 0.78 (0.56-1.08) 

44956 

Peanut  2-3 times per month vs  0 per 

month  OR 0.83 (0.72-0.96) 

38223 Peanut ≥1 per week vs  0 per week   OR 0.92 (0.77-1.10) 

13415 Peanut once a month vs 0  per month  OR 0.95 (0.84-1.08) 

38279 

Peanut 2-3 times per month vs 0 per 

month   OR 0.99 (0.86-1.14) 

Maslova, 2012 

(12) (7 years) PC RC 7  

Maternal vegetable intake (often vs. 

rare) OR 0.84 (0.75-0.95) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

level 

Measure of 

association 

Effect (bold 

indicates p-value 

<0.05) 

Willers, 2007 

(3) PC RC 5 1212 

Intake during pregnancy(high vs 

lowest tertile) 

Vegetable  OR NS 

Green leafy vegetables OR NS 

     Fruit  OR NS 

     Citrus fruit  OR NS 
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7. Infant or maternal dietary intake of fruits and vegetables and risk of allergic 

sensitisation 

 

Fifteen studies investigated the association between infant or maternal intake of fruits and 

vegetables and risk of allergic sensitisation (positive skin prick test [SPT] or sensitisation to a 

specific allergen [sIgE]). Overall, the studies were considered to have a low or unclear risk of 

bias. Most of the studies had a low risk of assessment and confounding bias, with nearly 40% 

of the studies having an unclear method of sample selection (Figure 13).  

 

Figure 13 Risk of Bias in studies of fruits and vegetables intake and allergic sensitisation 

 

 

Few prospective cohort studies had comparable data to estimate pooled size effects of fruit or 

vegetable intake on allergic sensitisation.  Early introduction of vegetables or fruits was 

unrelated to the risk of having specific sensitisation to aero-allergens in children. The studies 

of Nwaru (2010) and Zutavern (2004) showed no evidence of an effect of introduction of 

cabbage or any vegetables, respectively, with the meta-analysis having no heterogeneity 

(Figure 14, I2=0%). The studies of Strassburger (2010) and Zutavern (2004) showed no 

evidence of an association between early introduction of fruit juice or fruit, respectively, and 

specific sensitisation to aero-allergens (Figure 15). The meta-analysis had moderate 

heterogeneity (I2=45.8%).  Maternal intake of peanuts during pregnancy (Kemp 2011; Dean 

2007) or during lactation (Sicherer 2010) was unrelated to risk of specific aero-allergen 



Review C Fruits and vegetables   V1.6 31st October 2017   
FSA Systematic Review FS305005 
 

63 
 

sensitisation in childhood (Figure 16). Maternal intake of any fruit (Nwaru 2010) or of apple 

(Sausenthaler 2007) was not associated with risk of specific sensitisation in childhood 

(Figure 17). 

Figure 14 Introduction of vegetables months 0 to4 and risk of specific sensitisation to 

aero-allergens in children (any age) (odds ratio) 

 

 

Figure 15 Introduction of fruit months 0 to4 and risk of specific sensitisation to aero-

allergens in children (any age) (odds ratio) 

 

 

Figure 16 Maternal peanut intake during pregnancy or lactation (often vs. rare) and 

risk of specific sensitisation to peanut in children (any age) (odds ratio) 
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Figure 17 Maternal fruit intake (highest vs. lowest) and risk of specific sensitisation to 

aero-allergens in children (any age) (odds ratio) 

 

7.1. Studies on infant or maternal intake of fruits and vegetables that were not 

suitable for meta-analysis 

 

Findings from studies that had narrative or descriptive information on the association 

between infant or maternal intake of fruits and vegetables and risk of allergic sensitisation are 

summarised in Table 8. The studies of Nwaru (2010) and Sausenthaler (2007) reported 

increased maternal citrus fruit intake during pregnancy was associated with increased 

sensitisation to aero-allergens. The study of Willers (2007) found no association between 

citrus fruit intake in pregnancy and allergic sensitisation in offspring. The study of Kemp 

(2011) found that consuming peanuts during pregnancy was related to a lower risk of 

sensitisation to peanut in children at age 16 years old, but only in those with no parental 

history of asthma. The study of Sicherer (2010) reported that a reduced intake of peanuts 

during late stages of pregnancy was associated with a higher risk of sensitisation to this food 

in high risk infants aged 1 year. Other studies found no association between maternal peanut 

intake and AS-Peanut. 

We found no consistent evidence to suggest that intake of fruits or vegetables in infancy 

or pregnancy influences the risk of allergic sensitisation later in life. 
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Table 8 Studies investigating the association between fruit and vegetable  and allergic sensitization which were not eligible for meta-

analysis 

First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

 level 

Measure of 

association 

Effect (bold 

indicates p-

value <0.05) 

     INFANT INTAKE   

Strassburger, 

2010 (34) PC Aero 3.5 321 

Time of introduction of salty pureed food 

[mostly vegetables] / ≥4 months vs. <4 

months OR 1.11 (0.65-1.89) 

Nwaru, 2010 

(15) PC sIgE-aero 5 994 

Introduction of vegetables: 

Cabbage/. 4.1-5.2 months vs <4.1 months  OR 1.00 (0.64-1.57) 

Fruits and berries/ 3.46-4 months vs < 3.46 

months OR 1.09 (0.70-1.69) 

Fruits and berries/ >4 months vs < 3.46 

months OR 1.54 (0.97-2.45) 

Carrots/ 3. 5-4 months vs <3.5 months OR 1.02 (0.66-1.57) 

Potatoes/  3.1-4 months vs <3.1 months OR 1.30 (0.87-1.95) 

Carrots/  >4 months vs <3.5 months  OR 1.37 (0.86-2.18) 

Potatoes/>4 months vs <3.1 months  OR 1.93 (1.20-3.11) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

 level 

Measure of 

association 

Effect (bold 

indicates p-

value <0.05) 

Hesselmar, 2010 

(4) PC sIgE-any 1.5 169 

Fruits/age in months when foods were 

introduced in months (continuous) OR NS 

Nwaru, 2010 

(15) PC 

sIgE cow’s 

milk 5 994 

Introduction during first month vs later: 

Cabbage, fruits and berries, Carrots, 

potatoes OR NS 

Nwaru, 2010 

(15) 

 PC sIgE to egg 5 994 

Introduction to infant diet in the first 

month vs. 2nd  and 3rd months 

Cabbage, fruits and berries, carrots, potatoes OR NS 

Nwaru, 2010 

(15) PC sIgE to egg 5 994 

Introduction to infant diet in the first 

month vs. 2nd and 3rd months  

Cabbage/ 4.1-5.2 months vs <4.1 months  OR 1.00 (0.61-1.65) 

Fruits and berries / 3.5-4 months vs < 3.5 

months  

OR 

1.30 (0.78-2.16) 

Fruits and berries/ >4 months vs < 3.5 

months  

OR 

1.70 (1.00-2.90) 

Carrots/ 3.5-4 months vs <3.5 months  OR 1.15 (0.70-1.90) 

Potatoes/ 3.1-4 months vs <3.1 months  OR 1.50 (0.93-2.42) 

Carrots/ >4 months vs <3.5 months  
OR 

1.66 (0.97-2.83) 

Potatoes/>4 months vs <3.1 months  

 

OR 2.56 (1.49-4.39) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

 level 

Measure of 

association 

Effect (bold 

indicates p-

value <0.05) 

Zutavern, 2008 

(21) PC sIgE to food 6 2073 

Fruits or vegetables introduced into infant’s 

diet  by 4 months  vs. 4-6 months OR NS 

Andreasyan, 

2007 (36) PC SPT any 9 498 

Fruit juice (orange)/Introduction at 1 month. 

/ >1 month vs. ≤1 months RR 1.16 (0.58-2.34) 

     MATERNAL INTAKE   

     

Consumption by the mother during the 

8th month of pregnancy: (continuous): 

 Nuts and pulses OR 1.10 (0.95-1.28) 

  sIgE-aero 5 931 Root vegetables OR 0.92 (0.63-1.35) 

     Citrus fruit OR 1.14 (1.04-1.25) 

Nwaru, 2010 

(11) PC    Fruit juice/syrup  OR 0.98 (0.91-1.06) 

     Apple OR 0.97 (0.83-1.13) 

  sIgE food 5 931 Berries OR 1.07 (0.92-1.25) 

     Citrus fruit OR 1.00 (0.92-1.09) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

 level 

Measure of 

association 

Effect (bold 

indicates p-

value <0.05) 

     

Consumption by the mother during the 

8th month of pregnancy: (continuous): 

Fruit juice/syrup OR 0.99 (0.91-1.08) 

Nwaru, 2010 

(11) PC sIgE food 5 931 Nuts OR 1.11 (0.93-1.33) 

     Root vegetables OR 0.73 (0.43-1.23) 

 

 

Sausenthaler, 

2007 (22) 

 

 

 

PC 

 

 

 

sIgE aero 2 2102 

Maternal consumption during the last 4 

weeks of pregnancy /High intake vs low: 

 Bananas OR 1.10 (0.63-1.93) 

Strawberries  OR 1.46 (0.86-2.47) 

Citrus fruits OR 1.72 (1.01-2.92) 

     

Salad OR 0.92 (0.52-1.62) 

Fruit juice OR 0.78 (0.47-1.30) 

Spinach OR 1.18 (0.73-1.91) 

Celery OR 1.39 (0.75-2.58) 

Sweet pepper OR 2.16 (1.20-3.90) 

Nuts OR 0.84 (0.46-1.53) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

 level 

Measure of 

association 

Effect (bold 

indicates p-

value <0.05) 

Maternal consumption during the last 4 

weeks of pregnancy/ High maternal 

intake vs low 

Carrots OR 0.77 (0.46-1.28) 

Seeds OR 0.75 (0.42-1.33) 

Tomatoes OR 1.05 (0.62-1.77) 

 

 

 

Sausenthaler, 

2007 (22) 

 

 

 

 

 

 

 

 

PC sIgE any 2 2103 

Bananas OR 1.08 (0.75-1.55) 

Strawberries OR 1.06 (0.74-1.51) 

Citrus fruits OR 1.82 (1.29-2.56) 

Fruit juice OR 1.03 (0.73-1.46) 

Spinach OR 0.97 (0.71-1.32) 

Salad OR 1.09 (0.76-1.57) 

Sweet pepper OR 1.45 (1.02-2.06) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

 level 

Measure of 

association 

Effect (bold 

indicates p-

value <0.05) 

Maternal consumption during the last 4 

weeks of pregnancy/ High maternal 

intake vs low 

Celery OR 1.61 (1.08-2.41) 

Nuts OR 0.92 (0.63-1.34) 

Carrots OR 0.85 (0.61-1.18) 

Seeds OR 0.78 (0.53-1.14) 

Sausenthaler, 

2007 (21) 
PC sIgE any 2  2103 Tomatoes OR 0.81 (0.57-1.16) 

Nwaru, 2011 

(12) PC 

sIgE to 

cow’s milk 5 652 

Maternal intake during breastfeeding/  

g/day increase in total intake during 2nd 

month lactation: 

 Berries  OR 1.12 (0.86-1.46) 

Nuts and pulses  OR 1.02 (0.77-1.36) 

Potatoes OR 0.77 (0.54-1.10) 

  sIgE to egg 5 652 Butter/butter  OR 1.05 (0.74-1.50) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

 level 

Measure of 

association 

Effect (bold 

indicates p-

value <0.05) 

Nwaru, 2010 

(11) PC 

Allergic 

Sensitization 5 931 

Maternal intake during the 8th  month of 

pregnancy (mean daily consumption 

[grams]): 

Malaceous fruits OR 0.97 (0.83-1.13) 

Berries OR 1.07 (0.92-1.25) 

Citrus fruits OR 1.00 (0.92-1.09) 

Fruit juice OR 0.99 (0.91-1.08) 

 

     

Nuts and pulses OR 1.11 (0.93-1.33) 

Potatoes OR 0.73 (0.43-1.23) 

     Fruits OR 0.97 (0.76-1.23) 

     Vegetables and roots OR 1.28 (0.82-1.99) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

 level 

Measure of 

association 

Effect (bold 

indicates p-

value <0.05) 

Sausenthaler, 

2007 (22) PC sIgE food 2 2110 

Maternal consumption during the last 4 

weeks of pregnancy/ high vs low maternal 

intake:  

Spinach OR 0.82 (0.57-1.17) 

Salad OR 1.14 (0.76-1.72) 

Sweet pepper OR 1.16 (0.80-1.69) 

Celery OR 1.85 (1.18-2.89) 

Nuts OR 1.10 (0.72-1.67) 

     

Carrots OR 1.02 (0.70-1.49) 

Seeds OR 0.72 (0.46-1.12) 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

 level 

Measure of 

association 

Effect (bold 

indicates p-

value <0.05) 

Maternal consumption during the last 4 

weeks of pregnancy/ high vs low maternal 

intake: 

Tomatoes OR 0.74 (0.49-1.11) 

     Bananas OR 1.14 (0.76-1.72) 

Sausenthaler, 

2007 (22) PC sIgE to food 2 2110 
Strawberries OR 0.90 (0.60-1.34) 

     Citrus fruits OR 1.73 (1.18-2.53) 

     Fruit juice OR 1.12 (0.76-1.65) 

Kemp, 2011 (35) PC 

sIgE to 

peanut 16 310 

Maternal peanut avoidance /Intake in 3rd  

trimester vs./ never in a month: 

Ever eaten vs never (no family history of 

asthma) OR 0.18 (0.04-0.78) 

Ever eaten vs never  (parental history of 

asthma) OR NS 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

 level 

Measure of 

association 

Effect (bold 

indicates p-

value <0.05) 

Sicherer, 2010 

(37) PC 

sIgE to 

peanut 1 503 

Maternal intake during pregnancy: 

Peanut/ ≥2 times per week vs <2 times per 

week OR 2.93 (1.76-4.88) 

Chatzi, 2008 (24) PC SPT-aero 6.5 468 

Maternal intake during pregnancy:  

Fruits >14 servings per week vs ≤14 

servings per week  OR NS 

Legumes >1 servings per week vs ≤1 

servings per week  OR NS 

Nuts  >1servings per week vs ≤1 servings 

per week OR NS 

Willers, 2007 (3) PC SPT any 5 1212 

Maternal intake during  pregnancy (high 

vs low intakes): 

Fruit OR NS 

Citrus fruits OR NS 

Fruit juice  OR NS 

Vegetables  OR NS 

Green leafy vegetables  OR NS 
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First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and comparison 

 level 

Measure of 

association 

Effect (bold 

indicates p-

value <0.05) 

Venter, 2009 

(17) PC 

SPT to 

peanut 2 937 

Peanut avoidance during pregnancy (yes/no 

[unclear])  NS 

Willers, 2008 

(30) PC 

Total-IgE 

sIgE to food 

sIge aero 8 1657 

Nut consumption during pregnancy 

(frequency in the last month of reporting 

data)  OR NS 

 

 



Review C Fruits and vegetables   V1.6 31st October 2017   
FSA Systematic Review FS305005 
 

76 
 

8. Infant or maternal dietary intake of fruits and vegetables and risk of autoimmune 

diseases 

 

8.1.  Type 1 diabetes mellitus (TIDM) 

Nine observational studies (7 prospective cohorts and 2 case-control studies) investigated the 

association between dietary intake of fruits or vegetables during infancy or pregnancy and 

risk of type I diabetes mellitus. Overall, studies were considered to be of low or unclear risk 

of bias, with one study having high risk of bias due to lack of control for confounding (Figure 

18).   

Figure 18 Risk of Bias in studies of fruit and vegetable intake and type I diabetes 

mellitus 

 

 

Two prospective cohorts and a case-control study which examined the association between 

fruit introduction and risk of T1DM had comparable data suitable to be pooled in a meta-

analysis. The pooled effect of the prospective studies showed a lower risk of TIDM in 

children who started eating fruits between 0-4 months of age compared with those who 

started later. This meta-analysis had no heterogeneity (I2=0%). The effect size was attenuated 

and lost statistical significance when the three studies were pooled, and the heterogeneity 

increased slightly but remained low (I2=25.8%) (Figure 19). 
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Figure 19 Infant fruit introduction in months 0 to 4 and risk of type I diabetes mellitus 

in children 

 

Table 9 summarises the findings of studies that could not be meta-analysed. The study of 

Virtanen found that early introduction of root vegetables (including potatoes), was associated 

with increased risk of T1DM later in childhood. These findings were not supported by other 

studies. The finding in the meta-analysis of 2 prospective studies that early fruit introduction 

is associated with reduced TIDM was also not supported by other studies which could not be 

included in the same meta-analysis.  

 

Overall, we found no consistent evidence that infant or maternal intake of other fruits 

or vegetables influences the risk of T1DM.  
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Table 9 Studies investigating the association between fruit and vegetable and type 1 diabetes mellitus which were not eligible for meta-

analysis 

 

First Author 

and year of 

publication 

Design Outcome Age N/n Dietary exposure and comparison level 
Measure of 

association 

Effect (bold 

indicates p-value 

<0.05) 

     INFANT INTAKE   

Visalli, 2003 

(44) CC TIDM 12 900/150 

Vegetables/age at introduction / ≥3 

months vs. <3 months OR 1.32 (0.16-10.86) 

Strotmeyer, 

2004 (46) CC TIDM 9.7 688/247 

Fruit  introduction  first 12months 

 >7.0-12 months vs. 7-12 months OR NS 

>4–6 months vs. 4-6 months OR NS 

>1–3 months vs. 1-3months months OR NS 

Vegetable introduction first 12 months 

5-7 months vs. <5-7 months OR 0.66 (0.45-0.98) 

 >7.0-12 months vs. 7-12 months OR NS 
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First Author 

and year of 

publication 

Design Outcome Age N/n Dietary exposure and comparison level 
Measure of 

association 

Effect (bold 

indicates p-value 

<0.05) 

Virtanen, 2006 

(48) PC TIDM <10 

2435/54 

Fruits and berries introduction / 0-3.5 

months vs. 4+ months HR 0.50 (0.25-0.97) 

2435/53 

Root vegetable introduction  / 0-3 months 

vs. 4+ months HR 0.96 (0.53-1.75) 

Virtanen, 2011 

(47) PC TIDM <10 5619/237 

Fruits and berries introduction / 3.5-4 

months vs. 4+ months HR 0.75 (0.54-1.04) 

Root vegetables introduction  / 3-4 

months vs. 4+ months HR 1.79 (1.22-2.62) 

Root vegetables introduction  / 0-3 

months vs. 4+ months HR 1.75 (1.11-2.75) 

Brekke, 2010 

(39) PC TIDM 5 4005/191 Infant vegetable intake (often vs. rare) 

  OR 0.77 (0.41-1.44) 

Savilahti, 2009 

(45) 
PC T1DM   

Infant vegetable introduction in months 

0-4  OR 1.73 (0.84-3.58) 

Norris, 1996 

(41) 
PC TIDM   

Fruit and vegetable introduction months 

5-7 vs. <5-7 months OR 0.73 (0.28-1.95) 
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First Author 

and year of 

publication 

Design Outcome Age N/n Dietary exposure and comparison level 
Measure of 

association 

Effect (bold 

indicates p-value 

<0.05) 

     MATERNAL INTAKE   

Brekke, 2010 

(39) PC TIDM 5 4005/191 

Maternal intake of potatoes and root 

vegetables during pregnancy/ 3-5 

times/week vs. 1-2 times/week OR 0.75 (0.44-1.29) 

 

 

 

 

Virtanen, 

2011(47) 

 

 

 

 

 

 

PC 

 

 

 

 

 

 

TIDM 

 

 

 

 

 

 

<10 

 

 

 

 

 

 

3730/165 

Maternal intake during pregnancy / 

Change in risk per 2-fold increase in 

energy-adjusted consumption of the 

specific food: 

 

Potatoes and root vegetables HR 1.20 (0.92-1.56) 

Fruit HR 1.02 (0.88-1.18) 

Vegetables  HR 0.92 (0.74-1.14) 

Lamb, 2008 

(43) PC TIDM 15 642/27 

Food intake during last trimester of 

pregnancy (continuous; number 

servings per month): 

Fruits  HR 0.86 (0.52-1.42) 

Potatoes  HR 0.49 (0.28-0.87) 

Vegetables  HR 0.61 (0.34-1.09) 

Other root vegetables HR 1.04 (0.72-1.51) 
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8.2.  Infant or maternal dietary intake of fruit and vegetable and risk of 

inflammatory bowel disease (IBD) 

 

One case-control study was identified, which investigated the risk of IBD according to the 

timing of vegetable introduction. The study of Baron (2005) included as cases, children aged 

<17 who were diagnosed with Crohn’s disease and who were matched to healthy controls. 

The study was considered to have unclear overall bias as there was no clear description of the 

assessment of outcomes (Figure 20). There was difference in the risk of IBD according to the 

months of vegetable introduction (Table 10). 

 

Figure 20 Risk of Bias in studies of fruit and vegetable intake and IBD 

 

 

 



Review C Fruits and vegetables   V1.6 31st October 2017   
FSA Systematic Review FS305005 
 

82 
 

Table 10 Studies investigating the association between fruit and vegetable (dietary exposure) and IBD (outcome) which were not eligible 

for meta-analysis 

 

 

 

 

 

 

 

 

 

First Author 

and year of 

publication 

Design Outcome Age N/n 
Dietary exposure and 

comparison level 

Measure of 

association 

Effect 

 

Baron, 2005 (40) 

 

CC 

IBD-CR 

<17 444/222 

Vegetables introduction  in 

months (continuous) 

OR NS 

IBD-UC 

Vegetable introduction in 

months (continuous)  

OR NS 
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Conclusions 

 

Overall, this report on dietary intake of fruits and vegetables and risk of allergic and 

autoimmune diseases shows that although there are a significant number of well designed 

(low bias) observational studies, the evidence base for these foods is hindered by the lack of 

comparable data between studies. The few studies that could be meta-analysed contributed 

just a small part of the overall picture of no consistent evidence that fruit or vegetable intake 

or introduction during infancy, pregnancy or lactation are associated with allergic or 

autoimmune outcomes.  

From the point of view of epidemiological research, these findings highlight the need to 

improve the homogenisation of epidemiological tools to assess dietary exposure in 

population-based studies.   

Overall we found no evidence to suggest that infant or maternal intake of fruits or 

vegetables influences the risk of allergic or autoimmune diseases. 
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