m

Check for
‘ updates

Received: 26 July 2019 | Revised: 27 August 2019 Accepted: 9 September 2019

DOI: 10.1111/all.14051

EAACI POSITION PAPER WILEY

EAACI position paper on diet diversity in pregnancy, infancy
and childhood: Novel concepts and implications for studies in
allergy and asthma

Carina Venter! | Matthew Greenhawt? | Rosan W. Meyer? | Carlo Agostoni®* |

t6,7 |

Imke Reese® | George du Toi Mary Feeney®’ | Kate Maslin®@® | Brightl. Nwaru’ |

Caroline Roduit!%! | Eva Untersmayr!? | Berber Vlieg-Boerstra®® |

Isabella Pali-Schall***® | Graham C. Roberts!é1”18 | Peter Smith!? |

Cezmi A. Akdis'??° | loana Agache?’® | Miriam Ben-Adallah® | Stephan Bischoff?>® |

11,20 24,25

| Holger Garn® | Kate Grimshaw | Karin Hoffmann-Sommergruber!? |

20,26 |

Remo Frei

Nonhlanhla Lunjani Antonella Muraro?’ | Lars K. Poulsen®® | Harald Renz?® |

Milena Sokolowska?° | Catherine Stanton®® | Liam O'Mahony?%3!

1Section of Allergy and Immunology, Children's Hospital Colorado, University of Colorado Denver School of Medicine, Aurora, CO, USA

2Imperial College, London, UK

3Fondazione IRCCS Ca' Granda - Ospedale Maggiore Policlinico, Milano, Italy

“Dipartimento di Scienze Cliniche e di Comunita, Universita' degli Studi, Milano, Italy

°Dietary Counseling and Nutrition Therapy Centre, Munich, Germany

6Department of Paediatric Allergy, Division of Asthma, Allergy and Lung Biology, King's College London, London, UK

7Guy's & St Thomas' Hospital, London, UK

8University of Plymouth, Plymouth, UK

?Institute of Medicine, Krefting Research Centre, University of Gothenburg, Gothenburg, Sweden

©Oyniversity Children's Hospital Zurich, Zurich, Switzerland

UChristine Kiihne-Center for Allergy Research and Education, Davos, Switzerland

|nstitute for Pathophysiology and Allergy Research, Center for Pathophysiology, Infectiology and Immunology, Medical University of Vienna, Vienna, Austria
13De;:oartment of Paediatrics, OLVG, Amsterdam, The Netherlands

4Department of Nutrition and Dietetics, Hanze University of Applied Sciences, Groningen, The Netherlands

SComparative Medicine, Messerli Research Institute of the University of Veterinary Medicine Vienna, Medical University Vienna, Vienna, Austria
%The David Hide Asthma and Allergy Research Centre, St Mary’s Hospital, Newport, UK

NIHR Biomedical Research Centre, University Hospital Southampton NHS Foundation Trust, Southampton, UK

18Faculty of Medicine, Clinical and Experimental Sciences, Human Development in Health Academic Units, University of Southampton, Southampton, UK
¥School of Medicine, Griffith University, Southport, QLD, Australia

205yiss Institute of Allergy and Asthma Research (SIAF), University of Zurich, Davos, Switzerland

2Transylvania University, Brasov, Romania

2|nstitute of Nutritional Medicine, University of Hohenheim, Stuttgart, Germany

23philipps University of Marburg - Medical Faculty, Institute of Laboratory Medicine and Pathobiochemistry, Universities of Giessen and Marburg Lung Center
(UGMLC), German Center for Lung Research (DZL), Marburg, Germany

?*Faculty of Medicine, Experimental Sciences & Human Development in Health Academic Units, University of Southampton, Southampton, UK
25Department of Dietetics, Salford Royal Foundation Trust, Salford, UK
26'University of Cape Town, Cape Town, South Africa

?’Centro di Specializzazione Regionale per lo Studio e la Cura delle Allergie e delle Intolleranze Alimentari presso I'Azienda Ospedaliera, Universita di Padova,
Padova, Italy

Allergy. 2019;75:497-523. wileyonlinelibrary.com/journal/all © 2019 EAACI and John Wiley and Sons A/S. | 497
Published by John Wiley and Sons Ltd.


www.wileyonlinelibrary.com/journal/all
mailto:﻿
https://orcid.org/0000-0002-7473-5355
https://orcid.org/0000-0002-2365-9372
https://orcid.org/0000-0002-5710-5570
https://orcid.org/0000-0002-5006-0832
https://orcid.org/0000-0001-5580-803X
https://orcid.org/0000-0002-5988-0570
https://orcid.org/0000-0002-1963-499X
https://orcid.org/0000-0001-7962-5406
https://orcid.org/0000-0003-2089-6011
https://orcid.org/0000-0003-2252-1248
https://orcid.org/0000-0001-7994-364X
https://orcid.org/0000-0003-2614-5948
https://orcid.org/0000-0002-5178-4023
https://orcid.org/0000-0002-8830-058X
https://orcid.org/0000-0002-1730-847X
https://orcid.org/0000-0001-9710-6685
https://orcid.org/0000-0003-4705-3583
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fall.14051&domain=pdf&date_stamp=2020-03-10

% | wiLEY—Allergy

28Department of Skin and Allergy
Diseases, Allergy Clinic, Copenhagen
University Hospital at Gentofte,
Copenhagen, Denmark

Z|nstitute of Laboratory

Medicine, Universities of Giessen and
Marburg Lung Center (UGMLC), German
Center for Lung Research (DZL), Philipps
Universitat Marburg, Marburg, Germany

S°APC Microbiome Ireland, Teagasc Food
Research Centre, Fermoy, Ireland

31Department of Medicine and
Microbiology, APC Microbiome

Ireland, National University of Ireland, Cork,
Ireland

Correspondence

Carina Venter, University of Colorado
School of Medicine, Children's Hospital
Colorado, Section of Allergy/Immunology,
13123 East 16th Avenue, Box B518, Aurora,
CO 80045.
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Abstract

To fully understand the role of diet diversity on allergy outcomes and to set standards
for conducting research in this field, the European Academy of Allergy and Clinical
Immunology Task Force on Diet and Immunomodulation has systematically explored
the association between diet diversity and allergy outcomes. In addition, a detailed
narrative review of information on diet quality and diet patterns as they pertain to al-
lergic outcomes is presented. Overall, we recommend that infants of any risk category
for allergic disease should have a diverse diet, given no evidence of harm and some
potential association of benefit in the prevention of particular allergic outcomes. In
order to harmonize methods for future data collection and reporting, the task force
members propose relevant definitions and important factors for consideration, when
measuring diet diversity in the context of allergy. Consensus was achieved on practice
points through the Delphi method. It is hoped that the definitions and considerations
described herein will also enable better comparison of future studies and improve

mechanistic studies and pathway analysis to understand how diet diversity modulates

Email: Carina.Venter@childrenscolorado.org aIIergic outcomes
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1 | INTRODUCTION

To increase our understanding of the complex relationship between
nutrients and other essential components of food, there has been
a growing interest in taking a whole diet approach when studying
disease outcomes. In particular, research focusing on diet diversity
has received significant attention due to its potential role in the pre-
vention of allergic diseases. Diet diversity is defined as the number
of different foods or food groups consumed over a given reference
period.! Diet variety, a term often used in the literature, is consid-
ered synonymous with diet diversity.* A list of nutritional definitions

relevant to this paper are summarized in Box 1.

As nutrients and foods are not eaten in isolation, and an intake
of one food or nutrient may inadvertently lead to reduced intake of
another, dietary diversity is a challenging area of research.

The task force appreciates that intake of single food or nutrients
may also play an important role in the development of allergic diseases.
One such example is the study by Bisgaard et al,*® showing that sup-
plementation with omega-3 fatty acids in the third trimester of preg-
nancy reduced the risk of persistent wheeze or asthma. The control
group was, however, taking olive oil, a key component and indicator of
the Mediterranean diet, which could be attributable to reduced allergy
outcomes even in the control group.!**?

The mechanistic basis for how diet diversity potentially affects
allergy outcomes need further clarification,”>> but may ultimately
be mediated through a multitude of immune tolerance mechanism
including T and B regulatory cells, immune-regulatory cytokines
and suppressed IgE antibodies as demonstrated in other allergen

asthma, atopic dermatitis, Diet diversity, food allergy, prevention, rhinitis

tolerance models.!® Possible mechanisms by which diet diversity

could affect allergy outcomes are summarized below:

1. It is postulated that a more diverse diet may indirectly affect
tolerance development via an effect on the microbiome. This
is supported by studies showing that increased diet diversity
leads to increased microbial diversity in the elderly'” and in
infants during the introduction of solid food.'® Increased mi-
crobial diversity19 or abundance of certain bacteria?® has been
associated with reduced allergy outcomes. However, there is a
paucity of information linking diet diversity, microbial diversity
and allergy outcomes.

2. Diet diversity does not provide a finite indication of diet quality,
but it may be associated with increased nutrient intake whereas a
more diverse diet may indirectly affect allergy outcomes by pro-
viding nutrients associated with prevention of allergic diseases
such as omega-3 fatty acids and nondigestible fibres.?122

3. A more diverse diet may also lead to exposure of different food
antigens that impact development of immune tolerance, though
this may be “low dose” exposure,? supporting recent randomized

controlled trials regarding early allergen introduction.?4?’

The focus of this paper is to systematically review and critically
address the current knowledge of the association between diet diver-
sity and allergy outcomes. To fully understand the role of diet diversity
on allergy outcomes and to set standards for conducting research in
this field, this review will explore the concept of diet diversity and
describe this in the context of other dietary measures, such as diet
quality and diet patterns. This is followed by a systematic search
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Box 1 Definitions: Dietary diversity, dietary variety, di-
etary quality, dietary patterns

Diet: Food intake
Nutritional adequacy: The comparison between the nutrient re-
quirement and nutritional intake of an individual or population.?
Dietary diversity: The number of different foods or food groups
consumed over a given reference period. It is not a proxy for
nutrient adequacy.!

Dietary variety: A term often used in the literature, is which
considered synonymous to dietary diversity.!

in the

Definitions vary widely, and many different measurement tools

Dietary quality:No official definition literature.
are used. Diet quality may reflect nutrient adequacy but itis not
always the case.!

Dietary patterns: This term reflect an individual's food choice
and differ across nationality, culture, socio-economic class and
religion. Dietary patterns represent an overall view of food in-
take and may be a better indicator of disease risk than studying
specific foods and nutrients.’

Complementary food/Wearing foods: “When breastmilk is
no longer enough to meet the nutritional needs of the infant,
complementary foods should be added to the diet of the child.
The transition from exclusive breastfeeding to family foods, re-
ferred to as complementary feeding, typically covers the period
from 6 to 18-24 months of age, and is a very vulnerable period.”
Sensitization to food allergens: Sensitization is defined as the
presence of allergen-specific IgE (sIgE)) to food allergens with-
out having clinical symptoms on exposure to those foods.”
IgE-mediated food allergy requires both the presence of spe-
cific IgE to the food (sensitization) and the development of signs
and symptoms when exposed to the food.’

Food Frequency Questionnaire: A questionnaire which en-
quires about the frequency of consumption of a specific list
foods over a period of time.®

Semi-quantitative/quantitative food frequency questionnaire: Asks
about portion size, gathered either by using free description, as
standardized portions or a choice of portion sizes in addition to
frequency of consumption.

Quantitative food frequency questionnaire: Uses measures of
food eaten, for example measures such as grams or mls as op-
posed to using measures such as portion sizes/cups/spoons.”
24-hour recall: Gathers information about all foods and drinks
(and nutritional supplements in some cases) consumed over the
previous 24 hours.®

Processed food: Considered to be natural foods manufactured

with the addition of salt or sugar.”

and review of the association between diet diversity and allergy
outcomes. An overview of information on diet quality and diet pat-
terns as they pertain to allergic outcomes is also given. Finally, this

European Academy of Allergy and Clinical Immunology (EAACI) Task

Force proposes factors for consideration and relevant definitions
when measuring diet diversity in the context of allergy, with the aim
to standardize methods for future data collection and reporting. The
authors of this taskforce hope that this paper and it's recommenda-
tions (Table 1) will also better enable comparison of future studies
and improve mechanistic studies and pathway analysis.

2 | METHODS

The EAACI taskforce was formed in 2017 and met in person in 2017
and 2018 at the EAACI annual Congress to discuss proposed publi-
cations on the role of diet diversity and allergic outcomes. A search
of the literature regarding diet quality, diet diversity and food pat-
terns to inform future practice and research relating to allergic out-
comes was performed. The full literature search and terms are listed
in File S1. Studies on single nutrients or single foods were excluded
from the search as the review focused on diet diversity and quality
opposed to nutrient/food outcomes.

Searches 1 and 2 were conducted to give background information
on the use of diet diversity and diet quality in characterizing nutrition in-
take and healthy/nutrition outcomes. Search 1 focused on diet diversity
in pregnancy, infancy, childhood and in households compared to health/
nutrition outcomes (Section 1). Search 2 focused on diet quality in preg-
nancy, infancy, childhood and households compared to nutrient/food
outcomes (Section 2). Searches 3 and 4 included a systematic literature
search regarding diet diversity, diet quality and food patterns compared
to allergy outcomes. Search 3 focused on diet diversity and diet pat-
terns during pregnancy and allergy outcomes in the infant (Section 3),
whereas search 4 focused on diet diversity and food patterns during
infancy and childhood and allergy outcomes (Section 4). Key opinion
leaders in the field of diet diversity and diet quality were contacted to
enquire about guideline papers or book chapters in this field. A modified
Delphi panel was used among the task force members to provide con-
sensus on key themes and potential recommendations.?®

2.1 | Section 1: Overview of the use of diet
diversity to measure nutrition intake in pregnancy,
infancy or childhood

Historically, studies on diet diversity investigated (1) child nutrient
intake or (2) growth status, and (3) a number of other health out-
comes. Studies from both developed?’ and developing countries®®3?
have noted that an increase in diet diversity was associated with
an increase in nutrient adequacy. Studies focusing on diet diversity
have shown that an increase in diet diversity was associated with
better growth indices in young children using height, weight, skin
fold thickness and length for age or height for age z-scores to de-
scribe stunting, underweight and overweight,®?? though this might
be confounded by socio-economic status. The association between
diet diversity and other health outcomes in pregnancy, infancy and
childhood (eg obesity) 40-42 has also been studied and is summarized
in online supplementary Tables S1a-d.
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TABLE 1 Factorsto consider when measuring diet diversity to improve the validity and reliability of diet diversity measured

Current state of knowledge

Definitions See Box 1

Factors to consider in order to measure diet diversity

Population studied The majority of studies on diet diversity have been carried out in children.

The tool used should take into account measurements in developed vs. developing countries®*?

Food vs. food group It is unclear if foods, food groups or both best describe diet diversity since some studies favour
foods, others favour food groups or favour both3043127.128

Defining food groups Food group selection and whether these food groups should be selected based on their nutritional
value. This decision should be dependent on the outcome being studied, for example nutritional
intake, food security or disease outcome®1?6

Allergen intake has been used as a marker for diet diversity.*?’ The study found no consistent asso-
ciation between timing and diversity of allergenic solid food introduction and allergic sensitization,
physician-diagnosed food allergy or eczema up to 10 y of age.

“Food biodiversity is defined as the diversity of plants, animals and other organisms used as food,
covering the genetic resources within species, between species and provided by ecosystems” Food
biodiversity therefore measures food intake based on their scientific classifications and may be use-
ful to determine nutritional intake.**

Microbial diversity of food: Studying foods with a high biodiversity of microbial content such as
unpasteurized milk (atopic dermatitis and atopy)*° and fermented foods such as cheese or yoghurt
(food allergy and atopic dermatitis)*®* as an indicator of intake of microbial diversity, and a source
of short chain fatty acids, gives an indication that these foods may be associated with allergy
prevention.

Studies focusing on Westernized diets*'*1132 (3150 high in advanced glycation end products, soda,
fruit juice,’®31%* cured meats'®® and fast food*®®) suggest that increased intake of advanced glyca-
tion end products(AGEs) is associated with reduced diet diversity and increased allergy outcomes.

A number of studies have indicated that certain nutrients (eg antioxidants) of foods (fruit and veg-
137-140

etables or fish) may have a beneficial effect on prevention particularly of infant wheeze or
eczema in the infant’”1%?
Portion size It is unclear if portion size should be included when measuring diet diversity and it will depend on the

outcome being studied. Two points are of particular importance:1126:142

1) Should portion size be included to better describe nutritional intake.

2) What is the minimum portion size to include as including foods eaten in small amounts (<15 g of
the food) can falsely inflate diet diversity, particularly if nutritional intake is being studied?

Frequency of intake Whether frequency of intake should be measured, will depend on the question asked®12¢142

Scoring system For simple diet diversity, the number of foods or food groups consumed over a given time is usu-
ally stated. Weighted scores can be assigned to indicate how often a food or food groups were
consumed over a given period of time. More complex scoring systems that include more detailed
information such as the number of portions or portion size, usually form part of a dietary index as
opposed to indicating diet diversity>%6%143
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Recommendations regarding measuring diet diversity based on
current literature

Diet Diversity, diet quality and diet patterns are distinct
entities of food intake and these terms should not be used
interchangeably

The age group studied must be clearly specified.

The diet diversity tool should preferably be validated in that
age group, and sociodemographic information should also be
collected.

The diet diversity tools required may be different depending on
the populations studied.

Either foods or food groups can be studied to measure diet
diversity.

Foods and/or food groups that are studied should be clearly
specified and identifiable, for example fresh fruit vs. fruit juice.

Food groups chosen should be selected based on the outcome to
be studied.

Portion size should be defined and measured using quantitative
or semi-quantitative questionnaires when required to describe
diet diversity

Frequency of specific food or food group exposures should be
measured in diet diversity studies

Scoring systems for diet diversity are simple and measure
the number of foods or food groups consumed over a given
timeframe

Practice points regarding measuring diet diversity based on Delphi consen-
sus from the EAACI task force: Voting: >80% agreement

In future, there may be an index that better describes the allergenic potential
of foods or food patterns within the context of diet diversity better

Diet diversity scores should be weighted depending on the types of food
being measured (eg a diverse fast-food diet is not equal to a diverse fruit and
vegetable diet).

Diversity of intake of specific foods, for example range of fruits eaten, differ-
ent types of cheese consumed, different types of home-cooked or processed
foods cannot be used to describe diet diversity but the terms “diversity of
fruit intake,” “diversity of cheese intake” or “diversity of processed food
intake” can be used. These foods can, however, be included in combination
with other foods to determine overall diet diversity.

For allergy (asthma, food allergy, eczema, rhinitis, allergic sensitization), there
is the opportunity to measure allergenic food diversity, which relates to
the number and/or amount of food allergens introduced in a given period
of time, for example the first year of life. It is important to understand that
allergenic food diversity may not reflect diet diversity, as an emphasis on al-
lergenic food intake may lead to an overall reduced diet diversity.

There is the opportunity to measure food biodiversity, which relates to the
taxonomic classification of food intake, for example classifying tomatoes as
Solanum (genus) opposed to vegetables.

There is the opportunity to measure food microbial diversity which relates to
the microbial content of foods.

Diversity of intake of foods containing specific nutrients or ingredients, for
example foods containing advanced glycation end products or foods contain-
ing omega-3 fatty acids cannot be used to describe diet diversity but the
terms “diversity of advanced glycation end products intake” or “diversity of
foods containing omega-3 fatty acid intake” can be used. These foods can
however be included in combination with other foods to determine overall
diet diversity. In these instances, diversity may have a positive (fruit and
vegetables) or a negative (advanced glycation end products) connotation.
This list may continue to grow as we gain more knowledge about foods/
nutrients with immunomodulatory potential, for example bovine trans fatty
acids which are isomers of linoleic acid#!

It is not possible at present to define the minimum amount of allergenic pro-
tein that should be consumed in order to be sufficient within the allergenic
food diversity measure

(Continues)
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TABLE 1 (Continued)

Cut-off values

Recall period

Primary source of food procurement
and food preparation

Consumption of fortified foods

Mixed dishes or foods with multiple
ingredients

Open recall methods or predefined list
of food

Age of weaning and introduction of
infant formula

Other factors that may affect allergy
outcomes

VENTER ET AL.

Current state of knowledge

It is difficult to define what constitutes high or low diversity of foods or food groups and cut-off
points should be determined in the context of why and in which population the diet diversity is
measured. In terms of determining nutrient adequacy, it is recommended that cut-offs should take
local food systems and dietary patterns into account. In some instances, sensitivity-specificity
analysis30 or receiver-operating characteristics (ROC) curves'* can be used to determine cut-off
points

The optimal recall period required to assess dietary diversity will depend on daily variety of intake,
risk of recall errors, and for intake data can be used at individual or population level.

On an individual level, the number of foods being eaten reaches a plateau after 10-15 d.1*° In addi-
tion, as the curve increases steeply for the first 3 d, measuring diet diversity based on a 1-day recall
may underestimate dietary diversity.

On a household or population level, the reference period is still unclear, but seems to be shorter than
measuring nutrient intake at an individual level.

Ultimately, the number of days included in the recall period should take participant burden and
feasibility into account®14¢-148

Information about the primary source of food procurement may be important to determine intake of
either for the whole or certain specified foods/food groups (fruit, vegetables, dairy), for example. 142

1 = Own production, gathering, hunting, fishing.

2 = Purchased.

3 = Borrowed, bartered, exchanged for labour, gift from friends or relatives.

4 = Food aid.

5 = Other.

Food preparation can also affect the microbial content of food. Food preparation can therefore
potentially affect the allergy preventative potential of foods”¢%147-151

If digestion of fortified foods is important for the outcome studied, then the questionnaire may need
to address this or at least consider the local availability of these2414?

As with foods consumed in small amounts, it is important to err on the side of caution and not inflate
what was eaten!?4142

There is anecdotal evidence that predefined lists of food eaten may collect less complete information
than when food intake is determined in an open/unstructured fashion24-142

24,25 153 m

Data suggest that age of introduction of solid foods,**? food allergens and infant formula
affect allergy outcomes.

Introduction of solid foods during the weaning period increase the diversity of the gut microbiome

ay

18

Studies looking at growth, nutritional intake and health outcomes other than allergic diseases, do not
need to control for other risk factors of allergic diseases, but these will need to be controlled for in
diet diversity studies*>*
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Recommendations regarding measuring diet diversity based on Practice points regarding measuring diet diversity based on Delphi consen-

current literature sus from the EAACI task force: Voting: >80% agreement

Cut-off values of high/low diversity can only be correctly When possible, studies reporting diet diversity data should include sensitivity,
ascertained at a population level, where the sample is robust specificity, true and false positive/negative values to assist future meta-anal-
and representative of the population to allow generalizability. yses and comparisons. They should also de-emphasize reporting of a cut-off
Consequently, these may differ in different populations value for a sample

The recall period and method of data collection should be clearly  For pregnant women, we recommend a minimum recall period of 2 weekdays

specified, but age of introduction for each food during infancy and 1 weekend day (ie 3 d), measured at repeated intervals throughout preg-
should also be reported given this may have a potential signifi- nancy. When possible, portion sizes should be collected and reported.
cant confounding effect For infants, we recommend food recall periods within the first year of life.

These periods may include the first four months of life, the first six months
of life or the first year of life. Repeated measure of intake is recommended
to improve the quality of data, rather than just recording consumption of a
particular food/food group once. When possible, portion sizes should be col-
lected and reported and data should ideally be recorded prospectively

Investigators should consider ways to ensure measuring food Investigators should consider ways to ensure measuring how food is
procurement in their study design, and if/when possible, this prepared/cooked (eg Raw, home cooked, processed, ultra-processed and
should be detailed for both diet diversity and diet quality fermented) is recorded in their study design, and if/when possible, this

should be detailed for diet diversity. Ideally, foods should be defined as raw,
home-cooked, processed or ultra-processed

If fortified foods are consumed, the study should aim to capture
these data, and the amount quantified.

If any vitamin or mineral or nutritional supplements is consumed
in the study, this should be reported, including brand and the
amount consumed. Detail of probiotic and prebiotic supple-
ments should also be recorded. Foods already supplemented
with any of the above should also be clearly recorded.

If mixed dishes are consumed, this should be clearly specified,
and the method for how individual food or allergen content
quantification was achieved should be fully detailed for both
diet quality and diet diversity.

Open recall, for example 24-h recall, is the preferred method of
ascertaining foods or diet quality index. Predefined lists are less
preferable, but if used, these should be clearly defined in the
methods or in a File S1
Age of introduction of solid foods, allergenic foods and infant formula should
be clearly indicated in studies investigating the association between diet
diversity and allergy outcomes.
Introduction of infant formula cannot be classified on its own as diet diversity
but should be included in measuring diet diversity of food and food groups.
Introduction of infant formula may in fact reduce diet diversity as breastmilk
potentially exposes an infant to the diversity of the maternal diet, whereas
formula is uniform

There is a nonexhaustive list of factors that may affect allergy
outcomes, but potential confounders should be corrected
for analysing associations between diet diversity and allergy
outcomes
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Diet diversity can be measured by counting individual
31374246 £60d groups3034-36.38,39.414347-54

foods, or foods within a
group,

the previous 24 hours (24-hour recalls

82.33,55.56 3nd can be measured over a time period ranging from

31-3538.4044.46.48 (1 over 2 7-
day period333%4247.53.55-57 t4 intake over one year. Food intake data

may be collected once®?3438404448 o 5 humber of times 313546 3
summarized in Table S1a-d. Factors that should be considered when

measuring diet diversity are summarized in Table 1.

2.2 | Section 2: Overview of the use of diet quality
in measuring nutrition intake

The term diet quality is broadly used as an umbrella term to describe
a healthy, balanced, nutritious diet for optimal health characterized
by limited amounts of fat, saturated fat, cholesterol, sodium and
refined sugars, and meeting the recommended amounts of fruits,
vegetables and whole grain products.®® Diet quality is often de-
scribed using a nutrition index, although food patterns, for exam-
ple the Mediterranean diet, are also often referred to as indicators
of diet quality. The purpose of diet indices is to synthesize a large
amount of dietary information into a single useful indicator.>” Over
the years, various indices have been developed to measure diet
quality, amended and validated to evaluate healthy dietary patterns
such as the healthy eating index (HEI) score,®° the Mediterranean
diet score®’ and more complex indices.é?%* Scoring is typically

based on consumption of nutrients, foods or both®®

though there
is wide heterogeneity in methods used. Table S2 summarizes the
most commonly used dietary indices in pregnancy, infancy and

childhood.

2.3 | Section 3: Diet diversity and diet quality
(indices and diet patterns) during pregnancy and
allergy outcomes in the infant

Diet diversity and diet quality may be used to find associations be-
tween dietary intake and allergy outcomes in either pregnancy or
infant's early life or both. We conducted a systematic review of the
literature to identify relevant studies, investigate the measures used

and describe any associations found with allergy outcomes.

2.3.1 | Diet diversity in pregnancy and
allergy outcomes

While this is an important relationship to understand, no studies
have been identified exploring an association between diet diversity

in pregnancy and allergy outcomes.

2.3.2 | Diet quality in pregnancy and
allergy outcomes

Studies on diet quality in pregnancy and allergic diseases have used

66-70

the Mediterranean diet score or a modified version of the HEI in

pregnancy’?’? to investigate an association with allergic outcomes.

2.3.3 | Mediterranean diet in pregnancy and
allergy outcomes

Four papers from longitudinal birth cohort studies®® %871 (two from
Spain, one from Greece and one from the USA) studied the asso-
ciation between Mediterranean diet patterns and atopic outcomes
in the offspring (Table S3). Typically, a diet score is developed and
dietary information, obtained from food recalls (food diaries, 24-
hour recalls, food diaries), is used to calculate the Mediterranean
diet score.’’ In two studies, dairy intake®”%® was added to the
Mediterranean diet score. All studies adjusted their analyses for
common confounders, though these varied between studies. Two
studies included the use of vitamin/mineral supplements in their

71

dietary analysis®®”?; in one study, it was unclear if the use of sup-

plements was included in the analyses®” and one study adjusted for
mineral/vitamin intake only in the statistical analyses.68
Outcomes reported in the infants were wheeze in all stud-

iesy66768,71

asthma in one study,”* and rhinitis, atopic dermatitis and/
or eczema in three studies®®™® Sensitization to food/aero-allergens
was determined in two studies.®®’* None of these studies reported
on food allergy as an outcome, highlighting a true deficiency in the
literature. All outcome measures were parental reported and/or
doctors diagnosed.

In 3 of the 4 studies,®*%”7! a Mediterranean diet pattern during
pregnancy was not associated with the development of atopic dis-
eases in the offspring. However, one study®® indicated that the
Mediterranean diet was associated with reduced prevalence of per-

sistent wheeze, atopic wheeze and atopy.

2.3.4 | Other dietary patterns or indices used
in pregnancy

Investigating dietary patterns other than the Mediterranean diet, we

found four longitudinal birth cohort studies:’?7°

three studies using
semi-quantitative FFQs, from which the diet patterns were analysed,
and one used a 24-hour recall”® (Table S4). In three studies, the use
of vitamin/mineral supplements was not reported, and in one, the
use of supplements was excluded.”>”> All studies adjusted their
analyses for common confounders, although confounders varied
widely between studies.

In one study, the Alternate Healthy Eating Index modified for

176 was used to examine

pregnancy (AHEI-P) developed by Rifas et a
associations with allergic outcomes,’? and in three studies, food pat-
terns were studied.”>”> In these three studies, principal component
analysis was used to assess individual food intake and the following

food patterns emerged as associated with allergic outcomes:

e Seafood and noodle pattern (noodle soup, noodles with sauce,
fish, seafood and seafood products);

e Vegetable, fruit and white rice pattern (vegetables, fruit, whole
grain bread and white rice with minimal processed foods/meats);

e Pasta, cheese and processed meat pattern (pasta, processed

grains, cheese and processed meats)’;
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e Healthy pattern (high consumption of green and yellow vegeta-
bles, seaweed, mushrooms, white vegetables, pulses, potatoes,
fish, sea products, fruit, and shellfish and low intake of confec-
tioneries and soft drinks);

e Western pattern (high consumption of vegetable oil, salt-contain-
ing seasonings, beef and pork, processed meat, eggs, chicken,
and white vegetables and low intake of fruit, soft drinks, and
confectioneries);

e Japanese pattern (high consumption of rice, miso soup, sea prod-
ucts, and fish and low intake of bread, confectioneries and dairy
products )’4;

e Health conscious pattern (salad, fruit, fruit juices, rice, pasta, oat/
bran, fish);

e Traditional pattern (vegetables, red meat and poultry);

e Processed pattern (meat pies, sausages, burgers, fried food);

e Vegetarian pattern (meat substitutes, pulses, nuts, herbal tea);

e Confectionary (chocolate, sweets, biscuits, cakes and puddings),75

7375 eczema,”>”* rhinitis’® and sen-

QOutcomes measured were asthma,
sitization to food/aero-allergens.”>”>’” The only positive associations
reported were reduced sensitization due to the seafood and noodle
pattern’® and reduced wheeze due to the Western diet pattern.”* The
seafood and noodle pattern”® was associated with a reduced risk of
developing allergen sensitization at both 18 months [odds ratio ( 95%
confidence interval): 0.7 (0.5-0.9)] and 36 months [odds ratio ( 95%
confidence interval) 0.7 (0.6-0.9)]%; the maternal Western diet pattern
was associated with a reduced risk of wheeze, and in adjusted analysis,
the OR between extreme quartiles was 0.59 (95% Cl: 0.35-0.98, P for
trend = 0.02).”*7> Once again, no study looked at food allergy as an
outcome.

2.4 | Section 4: Diet Diversity during infancy and
allergy outcomes in the infant

2.4.1 | Diet diversity and allergen sensitization

IgE sensitization is a commonly used (but limited and imprecise)
marker of clinical allergy. Roduit et al'® investigated the association
between diet diversity and allergic disease and collected sensitiza-
tion data based on specific IgE (Table 2) in the Protection Against
Allergy Study in Rural Environments (PASTURE) prospective co-
hort study, which enrolled children from Austria, Finland, France,
Germany and Switzerland. Diet diversity in this study was defined as
the 15 foods commonly eaten by 80% of the children in the study in
the first year of life: any cow's milk, yogurt, other milk product; eggs;
nuts; vegetables or fruits; cereals; bread; meat; fish; soya; margarine
or butter; cake; and chocolate. A second definition was also used,
including the 6 major foods introduced in the first 6 months or first
12 months of life: vegetables or fruits; cereals; bread; meat; cake;
and yogurt. Children with a low-diet diversity, as defined as above,
had an increased risk of sensitization to food allergens at age 4.5
or 6 years, but no significant associations were found with sensi-
tization to inhalant allergens. The association remained significant,

albeit weaker, in a subgroup analysis of children without food allergy,
respiratory disorders or both. Subgroup analysis was carried out to
consider the potential risk of reverse causality, given early-onset al-
lergy or family history of allergy could lead to low-diet diversity due
to different feeding practices in those infants. The German LISAPIus
study assessed the impact of diet diversity on allergic disease.”® That
study concluded that children in the highest quartile of food group
diversity had lower odds of allergic sensitization to aeroallergens.
This finding was also supported when food group diversity was
treated as a continuous variable. Similarly, in a Finnish birth cohort of

I”? studied the association between

over 3500 children, Nwaru et a
diet diversity (defined as the number of foods introduced at 3, 4 and
6 months of age) and sensitization to food and aeroallergens at the
age of 5 years (see Table 3 for definitions used). After adjustment for
several demographic and parental factors, they found that reduced
diet diversity as early as 3 months was associated with an increased
risk of sensitization to specific food and aeroallergens. While the
adverse risk estimates became much stronger with increased diet
diversity at 4 and 6 months, the authors found that, compared to
non-high-risk children, the at-risk children (ie those with atopic ec-
zema by 6 months of age or those with a parental with history of

allergy) had a greater risk of allergic sensitization.

2.4.2 | Diet diversity and food allergy

Only one study has focused on the potential association of the
diversity of food intake and the development of food allergy
(Table 3). In the aforementioned PASTURE study, Roduit et al
showed that children with a more diverse diet had a lower preva-
lence of food allergy, measured as a report of a doctor-diagnosed
food allergy but not necessarily an allergy proven by oral food
challenge. In this study, the inclusion of 0-6 items from vegeta-
bles/fruits, cereals, bread, meat, cake and yogurt within the first
6 months or first year of life, respectively, was recorded. The study
showed that children with a low-diet diversity score (consumed
fewer of the items listed above) had an increased risk of food al-
lergy up to six years of age, compared to children having more

food items in their diet.

2.4.3 | Diet diversity and atopic dermatitis

A limited number of studies have investigated the association between
diversity of complementary foods and the risk of atopic dermatitis (AD)
in children. In all studies, diet diversity was defined as the sum of the
number of complementary foods that had been introduced into the
child's diet (even if eaten only once) up to a specified time point, usually
within the first year of life. We identified eight unique studies (seven
birth cohorts and one matched case-control study), reporting their
data in 12 publications originating from Germany, Italy, New Zealand,
Finland, Austria, France and Switzerland (Table 4). The pooled data
from the GINIPlus and LISA studies revealed that the early introduc-
tion of solids with a high diversity before the end of the fourth month
was associated with an increased risk of AD at two and six years, but



VENTER ET AL.

WILEY—Allergy

506

1104 pajsn(pe siapunojuod)

(senuijuo))

(00°T-£6°0)
66°0 d|qelieA SnoNUUOD *(86'0-25°0) ¢8'0 3114enb 3saysiH
‘PAAISSCO 919M SUSSID|[B0JDE O] UOIIRZIFISUSS
213.3||e 104 SUOIIeID0SSE Je|iWis ‘AYSIaAIP dnoJ3 pooy Jo pes)s
-Ul 9|qelJeA 21nsodxa Ue Se pasn SeM AJISISAIP W}l POO) USYAA
(S6°0-08°0-) 88°0 "SwoldwAs upjs Aj4ea yim uaip|iys ui pue
uonje|ndod [e303 Y3 ul sSua3.3|[e0.a€ 0 UOIIRZIIISUSS DI313]||e
$s9| Ajpueaiyiusis Ajjeaiisizels pey aq 4aysiy e yum asoy ‘a|qe
-1JBA SNONUIUOD € Se pajeal} Sem A3ISIaAIp dnoud pooy usypn

pajepijea 'suas.a||eolae
joU pasn a103s AQ 0} UOIeZI}ISUDS DI8J3][E JO (G8°0-'0) T9'0 SPPO Jomo|
no pey Aysiaalp dnous pooy jo aji3denb 3saysiy ay ur uaapjiyd

synsay
"AGT pUB QT ‘9 ‘¥’
a3e pue ow T pue ZT ‘9 18 pPassasse 949M SaW0231N0 218.9| |
‘AJljesned 9s1aA3. Jo 1oedwl a3 159) 03 SWoldwAs ups Ajues
J0 93ue. 9pIM e JO 9dudsald Y3 Aq paljije.)s 919m SasAjeue ||y
*9J1] 40 JeaA 35413 9Y3 Sunnp (Ajsnonuiuod pue saji3aenb ul pajeasy
yoes ‘AJISI9AIp Wall pooy pue dnoi3 pooy) dq 4O SUOHIULSP [eJoASS
SPOYIDIA JUBWISSISSY
9J1| JO A GT pUB 9 pUE Z Je S9W02IN0 2I343||yY

pa|nJt aq Aj939|dwod jou
PIN02 AjljesSned as1aA9y

‘9|qe|leAe jou ayejul

po0J JO Junowe pue
Aduanbauy uo uopew.ou|
‘suopejwi

ewazoo d|doje

:$J9puUnojuo)
‘ageni3joann
-ejuasaldal aq jou Aew
U2IYM ‘94025 AUSIDAIP
9y} Jo 1ied se aupediew
pue 31e|020Y2 91| SPOO)
pue suagJajje Jo asn
Spew pue pajepijea
Jou sem pasn 2103s 4d
Apn3s siy3 ui 3no pajnJ aq
jouued A}ljesned 3SIaAdY
‘syiodad
|ejualed uo paseq atom
SIHuUIyJ pue A3J9||e pooy
‘ewyjse Jo sawodnQ
‘uone|ndod |esauad
10934 J0u Aew pue
adoun3 |eanJ wouy pa3ds|
-9s aJ4om uoize|ndod Apnis
‘suonejwi
(siewusp
oidoze Jejnoiyied ui)
"uonedijgnd siyy u 1oy
paisnipe sispunojuo)
:$J9punojuo)

a3e Jo A 9 je painseaw

gdxo4 aua8d pajerdosse-||9d | AJoje|ndal ayy Jo uoissaldxa

paonpaJ e pue 33| 03 3ulyd}IMs adAj0sI Apoqijue o) Jaxew
JO uoissaldxa paseaJoul ue pey ‘qQQ MO| e Y3Im uaJpjiyd

(9£°0-0°0 {1D%G6 ‘GS°0 SWall pooy [euoip

-pe yoea 104 YO paisnipe) Qg Yim uoijerdosse aAljesau

193U0J3S USAS UB PIMOYS UOIIBZI}ISUIS P00y dAIlISOd yim

paulquod AS13||e pooy pasoude|p-10320p SuiAeY UIP[IYD

yym sisAjeue ay ‘A 9 10 G'{, 93e Je suadia||e pooy 03 uoly
-BZI}ISUDS JO YSLI pasea.dul ue pey g Moj B Y3Im uaJp[iyd ayl

‘a8e Jo

A 910 G'{y 3 SUDS.3||E POOJ 03 UOIJRZISUDS UM PIJeID0SSe
AloA11e89U Sem 41| JO JeaA 3s.1) Y3 UlyIM Qg paseaJdu|

‘A 9 10 G'{ e painseaw se ‘%'z ul Juasald

Sem sua3.4a||e Jue[eyul 0} UOIIeZI}SUSS pue ‘%/ QT Juasald

SeM SU33J3||e POOJ 0] UOIIBZI}ISUIS ‘USIP[IYD JO %G 'GZ Ul
juasaid sem A 9 u1o/pue G'f, 93e je uadia||e Aue 0} UOIJeZI}ISUSS
sy nsay

91ed1pul 03 S|aA3| 38| 214199ds *ASJ3||e pooy pue sijuIyd
‘ewyise pariodal Jusied pue 2402s Q :SPOYIS|A JUSWSSISSY
a3e Jo A 9 03 dn uoljezijisuas didoje pue sijuly. 21313 |e ‘A3u9)|e
POOJ ‘ewy3se Y3IM pajeldosse uol}donpousiul pooy Asejuswa|dwo)

sjuswwo) S}nsay

a8e Jo ow gT pue ow 9 e 4 :98e gQ JO JUBWSSISSY
‘(91810202 /020D ‘s3onpoud A0S ‘sInu) JBY30 (8) PUe {ysty (£) (@s93yd/>ienb/iny3oA
‘wealtd/y|iw mod) s1onpoud Adlep (9) (339 (G) (sa8esnes ylod ‘Jaaq/|ean ‘quie| ‘As3nod)
1eaw () ‘(312ds ‘YoJels 9d14/301 ‘S9|POOU ‘YdJe}S/euljowas Jeaym ‘YdJe}s ulod/|eawulod
19]|1W ‘1|SSNW ‘S1EO P3||0J ) SN.I/S9XBI/SI00I ‘S[|04/S|9z194d/pealq) [eaJad (g) i(saainl
UNJJ UNIY SN ‘saydead ‘salliagmelis ‘siead ‘seueueq ‘sjodlide ‘sajddeauld ‘sa|dde)
UNJY () {(sa21nl 3|ge1a3anA ‘uoluo ‘ssojew o) ‘yoeulds ‘sn3esedse ‘A1a|ad ‘sasus| ‘a3eqqed
‘diuany ‘a8eqqed apym ‘saojejod ‘s3o.aued ‘suiaquindnd ‘sead ‘11022044 ‘sueaq 4amojjined
‘oped0Ae)sa|e1adan (1) :sdnoud pooy g 0jul padnoud a4am swiall pooy 1y319-Ario4
«P22NPOJIUI DA J0U WY POOY PI|OS, PUE ‘YIUOW IZT 03 Y3/, ,‘YIUOW Y319/yig,
LSYIuow yif [13un 3ST,, {pAPN|dUIl S9210YD I9MSUE 3|(ISSOd "UOI}INPOJIUl POOJ PI|OS JO
3ulwiy ay3 3noge pue sadi3oeld Suipasyisealq Inoge payse a1am sjualed ‘98e Jo ow ZT 1Y
*UOIIBZI}ISUDS SB PaULJaP 3JaM T/NM GE'0 < S|PA3] ‘A 9
pue g 3e 38| o1}10ads 40j sa|dwes poo|g ‘A 9 pue A { Je pue A Z 03 Y3diq wouy S103oe) 3|A3S
-941| UO pue Yy3eay s,us.p|iyd ay3 uo salleuuolisanb |ejualed |enuuelq paJalsiuiwpe-§as
SPOYIDIA JUDWISSISSY
'suadJa||e pooy pue sua3.a||e0Jae 0} UOIIBZIIISUDS PUB SIFIUIYJ 21319 |e PUB BWYISE ‘BwdZ
-39 pasouselp-10320p :SaW0IIN0 JIZI3||e G UO 341 JO OW § IS4} 3y UIYHIM gQ 40 3oedw|
:2unsodx3/uonuaniaju|

93e Jo ow ZT pue 9 1e:a8e qQ JO JUSWISSISSY
/0 G°E < Se pauljap Sem uoljezi}isuas ‘A 9 pue G, a8e je ualp|iyd Suowe poojq
Ul PaJnNsSeaw 919M (INOJJ JeayM pue JoJied ‘Inujazey ‘nuead |iw s,Mo ‘389 s,uay ‘saldads
elleulal|y ‘Sop ‘astoy ‘1ed ‘urejueld ‘prom3nw ‘9AJ ‘ua|jod ssedsd ‘|azey ‘yaJiq Uap|e ‘Seuliey
saplodeydojew.aq ‘snuissAuotald seplodeydolewsaq) saipoqiue 33| a1410ads-uagdia|e
JO S|9A97 "X e3ul AJelalp uo alieuuoiysanb paisjsiuiwpe-4|as Jualed :SPoyYIS|A JUSWSSISSY
(93L]020Y2 puE 3)ed 1433INQ ‘Suliediew ‘A0S ‘Ysi) ‘Jeaw ‘pealq ‘S|ealad ‘siniy
10 $9|qe1939A ‘sInu ‘s839 ‘3onpoud X|1w 1ay30 ‘1N30A ¥|iw s,M0d Aue Suipn|oul) 841| Jo
JB3A 3541 By Ul PadNPOJIUI WY POOJ [|B YHM (€) puUe :a41] JO OW 9 3SJ1j Y3 Ul padNpoUul
1NQ SWall pooy Jofew swes syl Y1m (g) {(14n30A pue ayed ‘jesw ‘pealq ‘s|eatad ‘syinuy
10 S9|qe3a8aA Sulpn|aul) 941] 4O JBA 3S11) BYJ Ul PadNPOJIUl SWa pooy Jolew Suisn (T)
SMOJ||04 SB P3)E|NJ|ed SJ9M S210IS
dd ‘syuow Yig-pAE wouy salelp pooy Ajyuow ul swall pooj ysnoayy passasse sem Ag
‘aJleuuolysanb uesaA
-9 9Y3 ul si3ulyJ 213.3||e pasouselp-10300p U0 (S9A3 Ayd3l paJ Y3IM pajeidosse pue pjod e
INOYHM 950U pax20]q Jo ‘Auund ‘Ayayl) swordwAs jo aouasaid pajioday :siHulyl 21349y
‘A 9 93e 01 dn 10300p e Aq A343||e pooJ JO Sisoudelp e USAIS Udaq 92U 3sed| Je :A319||e poo4
*9J1] JO A € 1541} 9y ul pajsodau sisoudelp e Jo Juspuadapul
salleuuol}sanb 9 1o ‘G ‘4 JesA Y3 Ul ow ZT 1Se| SY3 Ul SIHIYDU0IQ SAIFINIISCO JO saposida
pasouse|p-10100p Z }Sed| Je JO ewylse pasouse|p-10300p JaYLD SUO 1Sed| Je :ewy3isy
A 9 93e 031 dn AjueaA uayy
pue 93e Jo ow {yZ pue 8T ‘ZT ‘Z 949M ualip|1yd ay3 usym pue Adueusaid Jo J21sawLi} paiy3
9U1 UIy}IM AS13||e po0J pue SIlIUIYJ ‘euwlylse J0) salleuuolsanb palajsiulwpe |ejualed
:21nsodx3/uoijuaniaju|

AJISISAIP 331 JO JUBWISSISSE pUE UOIIULRQ

Aiogsiy
Ajiwey oidoje pey %z'/S
:SNJe1S Msiy aseasiq d1doly
Apnis snidvsIT
|eul8110 995 :A3dIUYIF/a0eY
Apnis
sN|dVS|] |eul81io 923G :xag
%18 ‘uoilny
815 N 21iAjeuy
£60€ N duljaseqd
:9z1S 9|dwes
(Pooypiiyd u
$913.9||Y 40 1uswdolaAsg
9y} pue Wa)sAS aunwiw|
93 UO SJ103}0e paje|al
9|A1S3417 JO S9dUBN|IUI)
sn|dyS|7 340403 y3iq
uewan paseq-uolje|ndod
5,(£107) 1€ 32 Yohrdjle
(A]oAISN|2Xd J0U) OW 9 ueyy
9J0W JOJ PaJISealq alom
%YLy 1321 punousxoeg
juaJed 21349|
-|e T 3sed| 3e pey %9°cg
1SN3e)S Msiy aseasiq d1doyy
‘PUB|ISZIIMS pue AuBWIDD
‘9duel4 ‘puejui ‘elisny)
saljunod ueadouny g Jo
seaJe |eany :AjdIuylz/aoey
shoq
%50 PUe SIS %G 61 :XaS
%SG/ -uonlny
958 :N 2l3Ajeuy
€ETT N auljaseg
19715 o|dwesg
uaJp|iyd wJiey
-uou pue wJey ul palyiiesis
RONASEE!
/YN LSVd) SjuswuoiAug
|eany ul Apnis A349||y
Jsuledy uo11293o0.ad Apnis
140402 ypiiq aA1323dsoud
+1(#10T) [B 32 HINpOY

A1junod pue Apnis

suagJa||e-0Jak pue pPooy 0} UOIJEZIIISUSS PUE AJISIDAIP }9Ip USIM]] UoIleIDOoSSse Yyl g 314VL



VENTER ET AL.

AjouieA ayy

3uiseasoul yum panoadwi

9q p|Nod pue pajepijeA
jou sem uoniuyap ad

‘[9AS] SO0 /Y3

1€ 3¢ J0U JYSIW d3ed JoIID

T 9dA} ay3 jeyy ueaw

pInod pawuoyiad s3s9)
|e213s1381S JO Jaquinu 3y |

uolje|ndod

|edauag 03 s3uipuly Jo

Ajlj1qezijesauad aonpad

Aew ‘alojaiay] ‘sajaqelp

T 2dA} Joy (ANjiqradassns

pa4iajuod-yyH) s

J139uas ulAuied ualp|iyd
pajnudas Apnys ay|
suonejw

‘Aoueudaud

3unp 3upjows |eutajew

pue |ejidsoy AJsAlsp

‘s1luIyJ |eausled ‘ewyise

|ejuaued ‘s3ul|qis Jo
Jaquinu ‘pliyd ay3 JO xas
1104 paisnipe sispunojuo)
:SJ9puUNoju0)

SjuBWIWO)

120 @NeAd (P£1-90°T)
9€'T SPOOJ € < SAOW € 38 SP004 Z-T (18°'T-L0°T) 6T
SPO0J £ < SA OUI € }& POOJ ON :,,UOIJeZI}ISUDS UDSI3||Y POO
‘A G 1€ UOoIeZI}ISUDS DISJ3]||E JO YISl
paseaJdul Ue YIIM pajeldosse Sem ow ¢ se AjJea se qQ sso7
*Ua4p|1y2 Xsid-y3iy-ou 03 pasedwod usJpjiyd ysu
-Je ul Jusulwoud aJow pue ow 9 pue 7 3e g Yyum Jasguouys
9J9M SUOIIBID0SSE Y| "A G 1B UOIJeZI}ISUSS JIS43]||e JO YSu
pasealoul ue YyIM pajeldosse sem ow ¢ se AjJea se qQ sso7
“1/M% S€°0 = 3] se paulyap sem uon
-ez131suas 21doly "Aesseounwiw] SWAZU3040N|) dyDounwiw|
Buisn uoljeuadu0d 33| JO SISA|eue Uo paseq JaM SaW0D
-}N0 9say ] "YdJiq pue sseud Ayjow; ‘}ed ‘93w jsnp asnoy
Jeaym ‘ysiy M|iw s,M0d ‘339 :A G Jo 93e ay) je pasAjeue
2J9M Ssua3Ji9||eolae pue pooj SUIMO||0) B3 O} UOIIBZIHSUDS

s)nsay

a3e Jo ow gT 01 yiq :98e gQ JO JUSWSSISSY
salleuuol}sanb jualed aA1309dso.ud [SPOYIDN JUSWSSISSY
'92N139| pue ‘ydeulds ‘a3eqqed (339 ysly ‘Jeaw ‘(d|qelieA paulquiod e se
189YMDIN( PUE. 13||IW ‘9I1) ‘9ZIew) $|eaJad Jayjo {(3|qelieA paulquiod e se Asjieq pue sjeo
‘1eayM ‘9AJ) s|eaJad {(3|qelieA pauliquiod e Sse) salliaq pue syindy ‘diuing ‘sjouled ‘saojejod
{(9]qelieA pauIquiod B Se) B|NWIO) PUB X|IW S,M02 :uoljulyap gQ se pasn sdnous poo4
" SWa}l pooy 8<,, pue  ‘swayl pooy 8-/, ‘SWall pooy 9-G,  ‘SWal pooy -Q,, 349M 3s3Y}
‘ow 9 e ! SWa}l pooy <, pue  ‘swajl pooy 4-¢,,  ‘SWay poos z-1,, W}l pOOJ OU,, dI9M
9591 ‘oW {1k { SWall pooy Z<,, pue ‘swall pooy Z-T,, ‘Wl POOJ OU, 9J9M 9S3Y] ‘Ow ¢ 1e
Jujod swi yoes je ejep ayj
JO UOIINQLIISIP BY3 UO Paseq pauljap a4aMm Juiod awi} Ydes je AJISISAIp pooy JO salio3ajed
 ‘98€ JO oW 9 pue { ‘g 38 PaJNPOJIUI SPOOS Alejuawa|dwod Jo Jaquinu ayj Je paxyooT]
'Spooy Asejusawa|dwod Jo uoljdnpoulul je ade
93 8ulpJodal Joj Woj ,SPO0J MU JO uoldnpoJjul Je 93e, dn-mo||o) e pue ow ZT pue
9 ‘¢ ‘e so3e je saileuuol}sanb Auelaip o1j10ads-a3e 3uisn Aq passasse sem 131p S,p|Iyd ay L
:24nsodx3/uoijuanialu|

AISISAIP 331 JO JUSWSSISSE pUE UoIULdQ

Al9A1309dsau
SijulyJ pue ewyise pey
sjua.ed JO %79 pue %9T
:SNJe1S Msiy aseasiq d1doly
pauoijuaw
jou :A301uyy3/a0ey
S8 (%8t)
96171 (%CS) SA0q 9197 :XaS
%E6 UOLINY
T8LE N 21Ajeuy
/0% :N dul|sseg
921G 9|dwes
puejui4
Apms
11040D aAI3dadsoud Apnis
UOIJUdAS.d pUE UoI3dIpaid
sajaqelq T 2dAL ysiuuiy
+.(€T0C) [ 12 NiemN

A1junod pue Apnis

(penunuod) ¢ 318V1



28 | wiLEY—Allergy

VENTER ET AL.

TABLE 3 The association between diet diversity and food allergy

Study and country

Roduit C et al JACI 2014

Prospective birth cohort study
Protection Against Allergy
Study in Rural Environments
(PASTURE/EFRAIM).

Stratified in farm and nonfarm
children

See—food sensitization

Definition and
assessment of diet
diversity

See—food
sensitization

Results

Food allergy: parental report of ever doc-
tor-diagnosed food allergy up to 6 y of
life (overall proportion: 7.4%).

Food diversity score (0-6 items):

0-3: FA21.9%

4-5: FA 9.2%

6:FA5.7%

Food diversity score (0-6 items):

0-3: food sens. 26.9%

4-5: food sens. 13.1%

6: food sens. 8.5%

Increased diet diversity in the 1st year
of life: reduced risk of reported doc-
tor-diagnosed food allergy up to 6 y
(adjusted OR for each additional food
items: 0.70, 95%Cl: 0.57-0.86) and food
sensitization at 4.5/6 y (adjusted OR for
each additional food items: 0.72, 95%Cl:
0.57-0.90)

Comments

Outcome assessment mainly based on
parental reports of doctor-diagnosis.
Adjustment for the potential confound-
ers was performed: farmer, centre,
duration of breastfeeding, parents with
allergy, maternal education, sex and
number of siblings.

Reverse causality was taken into ac-
count to some extent, that is—analysis
with exclusion of children with FA
within the 1st year of life

analysis with exclusion of children with
AD within the 1st year of age. However
did not account for lactose/food
intolerances as lack of information and
also lack of information on subclinical
manifestations of food allergy (colic,
gastroesophageal reflux etc)

interestingly not at four years.80 Why this statistical anomaly was seen
is not clear, and diversity before four months might be highly influenced
by breast/formula feeding practices. Conversely, the delayed introduc-
tion of solids and reduced diversity beyond 6 months of age was not
beneficial for allergy prevention. Prior to the pooling of the GINIPlus
and LISAPIlus studies, the LISAplus study reported an increased risk
of AD at the age of 2 years associated with less diet diversity at four
months of age, but they found no association between diet diversity at
four months of life and AD at six years.2>®? Data from the 15-year fol-
low-up of the LISAplus birth cohort indicated that children in the high-
est quartile of diet diversity who were introduced to all 8 food groups
during the first year of life had lower odds of developing eczema up
to age 15 years when compared with children in the lowest quartile.78

A birth cohort from New Zealand found that a more diverse diet
during the first 4 months of life was associated with an increased
risk of developing AD both at 2 and 3 years and an increased risk of
recurrent AD at the age of 10 years.®38¢ In this study, diet diversity
was defined as the sum of six food groups (cereals, vegetables, dairy
products, meat, fruits, and egg or related products). The Finnish
birth cohort showed that lower diet diversity at six months was as-
sociated with an increased risk of AD at 5 years and a same ten-
dency was observed with the diet diversity at 12 months of age.®’
In the European PASTURE study, an increased diet diversity within
the 1st year of life was associated with a reduced risk of developing
AD through 4 years of age (even after excluding children with AD
onset within 1st year of life).28 This finding was supported by the
outcomes from the matched case-control study from Italy, in which
the authors reported that more diverse diet at 4 and 5 months was

associated with a reduced risk of AD by 2 years of age.®”

2.4.4 | Diet diversity and asthma and allergic rhinitis

Data investigating these relationships were limited to two large
European prospective birth cohorts (Table 5), the PASTURE
study®® and the Finnish Type | Diabetes Prediction and Prevention
Study Prospective Cohort Study.?” While these cohorts were re-
cruited for different purposes, similar assessment of diet diversity
was recorded during the first year of life, as a variable to help pre-
dict allergic outcomes at either ages 5 (Finnish Type | Diabetes
Prediction and Prevention Study) or 6 (PASTURE). In the PASTURE
cohort, Roduit et al*® noted that increasing diet diversity in first
year of life was associated with a linear protective trend against
the development of reported asthma, resulting in a 26% reduc-
tion for the introduction of each successive food. However, no
protective association was noted for allergic rhinitis or inhal-
ant sensitization. In the Finnish Type | Diabetes Prediction and
Prevention Study, Nwaru et al®” noted less diversity at 12 months
of life was associated with a greater risk of development of any
form of asthma at age 5 for 0-7 foods incorporated in the diet and
for 8-9 foods incorporated into the diet compared to > 11 foods
(P < .001), as well as increased risk for any wheeze for 0-7 foods
vs.> 11 foods (P = .004). For allergic rhinitis, lower diet diversity at
both 6 and 12 mo of life was significantly associated with later risk
of developing allergic rhinitis. At 6 months, the risk of developing
allergic rhinitis was significantly greater with incorporation of 0-4
foods and 5-6 foods vs. >8 foods (P = .02). Similarly, at 12 months
the risk was significantly higher with incorporation of 0-7 foods
and 8-9 foods vs.> 11 foods (P < .001) (see Table 6 for a summary
of all allergy outcomes).
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2.4.5 | Food patterns during infancy and allergy
outcomes in the infant

In children, all studies focused on current intake vs. allergy outcomes,
which does not give an indication of early intake (infancy) vs. later
(childhood) outcomes. These studies therefore are not designed to
inform us regarding the role of the Mediterranean diet as a proxy
measure of diet quality in infancy on allergy outcomes in childhood.
Nonetheless, an overview is provided of the Mediterranean diet
pattern in childhood and its influence on current allergy outcomes.
The majority of childhood studies have used either the KIDMED
Mediterranean score®®?%%% or the adult EPIC score.®”?¢? While the
KIDMED index reflects what is commonly interpreted as a “healthy
and diverse” diet, many Mediterranean diet studies use an index
which was developed in a time when saturated fatty acids were be-
lieved to increase the risk of cardiovascular disease. Thus, dietary
intake is categorized into “pro-Mediterranean diet” (fruit, vegeta-
bles, fish, cereals, pasta, rice and potatoes) and “anti-Mediterranean
diet” (milk, meat, fast foods). There is, however, growing evidence
that the “pro-" and “con-"assignment is not only out of date, but that
it is not evidence-based, and some of the “anti-Mediterranean diet”

foods were actually found to decrease the risk of wheeze/asthma (eg
meat®®?1100101 5 1i[|6797,101)

2.4.6 | Mediterranean diet in infancy and childhood

While this is an important relationship to understand, no stud-
ies have been identified exploring an association between the
Mediterranean diet in infancy and allergy outcomes. Four systematic
reviews focussing on nutrients and foods associated with asthma
and allergy outcomes investigated the impact of the Mediterranean
diet in childhood®*1%* and found an inverse relationship between
eating according to the Mediterranean diet and a range of reported

symptoms such as wheeze and asthma. Papamichael et al'%% sy

m-
marized twelve studies reporting an inverse association between ad-
herence to a Mediterranean dietary pattern and asthma in children.
Nurmatov et al*®? reported that adherence to a Mediterranean diet
was protective for persistent wheeze (OR, 0.22; 95% ClI, 0.08-0.58)
and atopy (OR, 0.55; 95% Cl, 0.31-0.97). Garcia-Marcos et al'®!
found a significant negative association between the highest tertile
of Mediterranean diet score (OR 0.85, 95% Cl1 0.75-0.98; P = .02) and

|104

“current wheeze.” Lv et a concluded that the Mediterranean diet

in children may be associated with prevention of asthma or wheeze,
but that randomized controlled trials are required.
Ten original papers were also identified (Table S5) from cross-sec-

66,68,90-92,95,97,98,105,106

tional studies, three papers from two (birth) co-

horts from Mediterranean regions®®?+1%7: five cross-sectional studies
from non-Mediterranean regions®®?%1%811% and one paper on using
the International Study on Asthma and Allergy in Children (ISAAC)
data from 29 centres in 20 countries.!°° These publications focused
on a range of allergy outcomes: most of the studies investigated the
impact of the Mediterranean diet on risk of wheeze/asthmatic symp-

68,69,90-96,99-101,106-108,110

toms, sometimes including the development

of other allergic outcomes. Only a few studies focussed on atopic der-

matitis,”” and allergic rhinitis.”*?81%5 However, as with the maternal

studies, none of the studies focused on food allergy as an outcome.
The majority of studies used FFQs completed by par-

entsé9,90,93,95,97 68,91,94,98,99 to

and semi-quantitative questionnaires
calculate either the KIDMED index’®? or another index to assess
adherence to a Mediterranean diet.!% The analysis of the ISAAC

study?®

assessed adherence to a Mediterranean type diet using
their own food categorization. Selected food items with either pos-
itive (+) or negative scoring (-) included were meat (-), fish (+), fresh
fruit (+), raw green vegs (+), cooked green vegs (+), burgers (=), fruit
juice (+) and fizzy drinks (-).

Adherence to the Mediterranean diet was primarily evaluated by
using two different indices. While the KIDMED index, used in six

studies,90'95

reflects what is commonly interpreted as a “healthy and
diverse” diet, the other Mediterranean diet studies used the EPIC
index®”7¢?? (developed by Psaltopoulou/Trichopoulou®®*). The
EPIC score allowed a total of 10 points from incorporation of the
following foods into the diet: vegetables, legumes, fruit, dairy prod-
ucts, cereals, meat and meat products, fish and seafood, olive ail,
monounsaturated: saturated lipids, and alcohol intake.

Summarizing the available data on the association between the
Mediterranean diet and childhood allergy outcomes is difficult, primar-
ily due to different definitions of the Mediterranean diet and allergy
outcomes assessed. Some studies showed a small but positive effect

105

on current severe asthma in girls™ > and a protective effect on asthma/

wheeze 6796100110 Alternatively, some studies showed no protective

98,99,108,109

effect on asthma and/or rhinitis symptoms or atopic dermati-

tis.”” None of the studies reported on food allergy as an outcome.

2.4.7 | Other dietary patterns in infants and
childhood allergy outcomes

Dietary patterns other than the Mediterranean diet were also stud-
ied in children. Three birth cohorts were identified,*2*> two cross-

116,117

sectional in design and three papers on a case-control study

within a cohort.***1181%? some of the identified publications on the

Mediterranean diet also studied other dietary patterns.”*?477-99

Dietary intake was assessed using FFQs,73’11“"117 24 hour recalls,113
semi-quantitative questionnaires112 and prospective food dia-
ries. 114118119 (Taple S5).

Two studies showed that food intake relating to a Western
dietary pattern was associated with an increased prevalence of
wheeze/asthma.1*4'” A study from Singapore identified the pattern
“noodles and seafood” as protective against the development of al-
lergen sensation in Asian infants in the second half of the first year
of life.}*> Grimshaw et al***1181? found that a diet pattern obtained
from principal component analysis on prospective food diary data
described as “predominantly home cooked” (fruit, vegetable, fish and
poultry consumption) in UK infants was associated with a reduced
prevalence of food allergy. In contrast to other studies, analysis of
the dietary data of the Dutch Generation R cohort did not find that a
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TABLE 5 The association between diet diversity and asthma/allergic rhinitis

Roduit et al (2014)%

Protection Against Allergy Study

in Rural Environments (PASTURE/EFRAIM)
Prospective Cohort Study

Austria, Finland, France, Germany, Switzerland
Sample Size:

Baseline N: 1133

Analytic N: 848 (asthma)

806 (rhinitis)

Attrition: 25% asthma

29% rhinitis

Sample Size Calculation: NR

Sex: 49.5% female

Race/Ethnicity: NR

Atopic Disease Risk Status:

53.6% parental history of atopy

Background Diet:

47.4% nonexclusively breastfed at least 6 mo

Intervention/Exposure: See

table—Food Allergy

healthy dietary pattern in early life is associated with a lower risk of

allergic sensitization or atopic diseases in childhood.!*?

2.4.8 | Key measurement issues to address when
designing studies assessing the association between
diet diversity and allergy outcomes

Research into diet diversity should have three particular prereqg-
uisites; (1) The method used needs to be specific to the outcome
which may include nutritional intake, growth or health outcomes;
(2) The diet diversity tool needs to be able to measure food security
and socio-economic status.'2%2! This needs further clarification

Reduced risk with
higher DD

Increased risk with

Allergy outcome higher DD

+(4.5y) [food]®
+(6y) [food]*
+ (up to 15 yrs)
[aero-allergens
+(year 5)”?

Sensitization

]78

+(up to 6 y)*

+ (2 y)81,82
+(1y)¥
+(5y)¥
+(4y)%8
+2y)®

+(6y)
+(5y)%

+(5y)¥

Food Allergy

+2y)®
+(6y)%°
+(2y)%
+(3y)*
+ (10 y)85,86,155

Atopic Dermatitis

Asthma/Wheeze

Rhinitis

Asthma/Allergic Rhinitis as-
sessedat 6y

Assessment Methods:
Questionnaires were admin-
istered in interviews or self-
administered to the mothers
within the third trimester
of pregnancy and when the
children were 2,12, 18 and
24 mo of age and then yearly
uptoageby.

Findings:

Asthma: Increased diet
diversity in first year of life
was associated with linear
trend in protection against
development of reported
asthma, 26% reduction for
the introduction of each suc-
cessive food.

Allergic Rhinitis: No significant
relationship noted between
diversity and the develop-
ment of allergic rhinitis
(linear trend P = .31, P = .29
for inhalant sensitization)

Confounders:

Confounders adjusted for:

Centre, living on a farm,
atopic Fhx, breastfeeding,
gender, siblings, maternal
education

Limitations:

Use of reported doctor-di-
agnosis and possible lack
of assessment for resolved
transient childhood
wheezing

Use of asthma medications
was not part of the asthma
definition

While analysis was adjusted
for confounders, were
these the optimal ones to
choose

Use of 1-month recall period
in assessing new food
introduction

as well as careful statistical guidance to disentangle the impact
of socio-economic status vs. diet diversity on outcomes; and (3)
Consideration should be given to healthy diet diversity vs. un-
healthy diet diversity when studying disease outcomes to inform
diet recommendations. Researchers must consider that diver-
sity in diets is also strongly related to local and ethnic traditions,
with regional environmental exposures leading to unmeasured/
unmeasurable characteristics which could potentially impact on
short-, medium- and long-term outcomes. These considerations
will apply to the most studied model of diet intake, that is, the
Mediterranean diet, which partly explains some “caveats” within
previous paragraphs.

TABLE 6 Summary of diet diversity on

No effect Allergy Outcomes

+ (4.5 y) [inhalant]*
+(6y) [inhalant]*®

+(@4y)®
+ (6 y)81,82

+6 )t
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(Continued)

TABLE 7

Per cent
Agreement

2
C
M
<

between those
who voted

Comments

Disagree

0

Agree

Statement

1. Difficult tasks for the same reasons explained before. Parents should

100%

Age of introduction of solid foods, food allergens and infant formula should

12.

not perceive these surverys as a sort of “drug-us” indication.
2. Agree but the term "food allergens" should be changed as commented

be clearly indicated in studies investigating the association between diet

diversity and allergy outcomes.
Following comments we have changed the wording to: Age of introduc-

before.

tion of solid foods, allergenic foods and infant formula should be clearly
indicated in studies investigating the association between diet diversity

and allergy outcomes.

1. This is difficult. Perhaps this statement needs a caveat? Using this

100%

Introduction of infant formula cannot be classified on its own as diet diversity 23

13.

but should be included in measuring diet diversity of food and food groups. definition, it would mean that an infant who is formula fed would be

Following comments we have changed the wording to: Introduction of infant

classified as having a more diverse diet than an infant who is exclusively
breastfed? Breastmilk potentially exposes an infant to the diversity of

the maternal diet, whereas formula is uniform.

VENTER ET AL.

formula cannot be classified on its own as diet diversity but should be

included in measuring diet diversity of food and food groups. Introduction
of infant formula may in fact reduce diet diversity as breastmilk potentially

exposes an infant to the diversity of the maternal diet, whereas formula is

uniform.

*Threshold for consensus was set at 18 votes in favour of the statement (75% of the 24 panel members).

2.4.9 | Delphiconsensus

The EAACI task force agreed that the systematic review was un-
able to answer a number of key questions. Given the complexities
and confusion/inconsistencies of the concept and terminology in
the existing literature for diet diversity, the organizing members
of this taskforce initiated methods to provide an expert consen-
sus regarding multiple concepts, in order to provide a pathway
forward for future research into diet diversity and allergic out-
comes. In the absence of established clinical trials or observa-
tional research studies with agreed definitions and nomenclature,
expert opinion obtained in this fashion becomes an acceptable
alternative.?®122124 The panel used the modified Delphi Method
(written questionnaire was not used) technique to reach consen-
sus on outstanding issues identified in these literature searches
regarding diet diversity in relation to various allergic outcomes.
A single-group, single-round method was chosen for developing
consensus on all statements. Feedback was given on each state-
ment. Questions were written by 4 committee members based on
identified gaps in each subsection in this document and refined
in an iterative manner among these individuals (CV, LM, RM, MG)
until there was consensus, and then, the questions were format-
ted into an electronic survey software (RedCAP) and emailed to
the group. Responses were gathered over a 2-week period of
time, then tallied and discussed among the wider group. The tally
was then either confirmed or revised based on panel member in-
sights from the discussion. Consensus threshold was defined a
priori as agreement on a given statement by 75% of the committee
members. This threshold was chosen based on existing literature
and agreed upon as an appropriate level by the experts. The ques-
tions, vote tally and final responses are summarized in Table 7,
and the final recommendations noted in Table 1. Threshold for
consensus was set at 18 votes in favour of the statement (75% of

the 24 panel members).

3 | CONCLUSION

We have performed a systematic review particularly investigate the
association between diet diversity and allergy outcomes in infancy
and childhood. Currently, we suggest that diet diversity in infancy
may be associated with reduced allergy outcomes, but additional
studies are required to define more clearly the role of diet diversity
and diet patterns, while clearly adjusting for appropriated confound-
ers. There are no data on diet diversity in pregnancy and allergy out-
comes in the offspring. Data on diet quality in pregnancy are not
consistent, but usually indicate an inverse association with asthma/
wheeze in the offspring. There are no data on diet quality in infancy,
but studies in childhood, show a possible association with reduction
in wheeze/asthma and perhaps used different definitions of diet di-
versity, and different instruments to measure diet diversity.

In line with the European Food Safety Authority (EFSA),*2° we

«“

endorse a “ complementary approach to traditional monitoring
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and surveillance programmes of dietary intake, which instead of
focusing on compliance is designed to provide a solid basis for
calculating population dietary exposure and assessing potential
impact on public health. Harmonizing the total diet study meth-
odology, focused on specifically allergy outcomes, will enhance
the value of these programmes by improving the comparability at
international level.”
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