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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	
allergic	outcomes.

K E Y W O R D S

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

1  | INTRODUC TION

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.1	Diet	variety,	a	term	often	used	in	the	literature,	 is	consid‐
ered	synonymous	with	diet	diversity.1	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,10	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.11,12

The	mechanistic	basis	for	how	diet	diversity	potentially	affects	
allergy	outcomes	need	further	clarification,13‐15	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	

tolerance	 models.16	 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	 elderly17 and in 
infants	 during	 the	 introduction	 of	 solid	 food.18	 Increased	 mi‐
crobial	diversity19	 or	 abundance	of	 certain	bacteria20	 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.21,22

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,23	supporting	recent	randomized	
controlled	trials	regarding	early	allergen	introduction.24‐27

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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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.28

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	developed29	and	developing	countries30,31 
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,32‐39	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.

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.2

Dietary	diversity:	The	number	of	different	foods	or	food	groups	
consumed	over	a	given	reference	period.	 It	 is	not	a	proxy	 for	
nutrient	adequacy.1

Dietary	 variety:	A	 term	often	 used	 in	 the	 literature,	 is	which	
considered	synonymous	to	dietary	diversity.1

Dietary	 quality:No	 official	 definition	 in	 the	 literature.	
Definitions	vary	widely,	and	many	different	measurement	tools	
are	used.	Diet	quality	may	reflect	nutrient	adequacy	but	it	is	not	
always	the	case.1

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.3

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.”4

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.5

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.5

Food	 Frequency	 Questionnaire:	 A	 questionnaire	 which	 en‐
quires	 about	 the	 frequency	 of	 consumption	 of	 a	 specific	 list	
foods	over	a	period	of	time.6

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.7

24‐hour	recall:	Gathers	information	about	all	foods	and	drinks	
(and	nutritional	supplements	in	some	cases)	consumed	over	the	
previous	24	hours.8

Processed	food:	Considered	to	be	natural	foods	manufactured	
with	the	addition	of	salt	or	sugar.9
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TA B L E  1  Factors	to	consider	when	measuring	diet	diversity	to	improve	the	validity	and	reliability	of	diet	diversity	measured

 Current state of knowledge
Recommendations regarding measuring diet diversity based on 
current literature

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

Definitions See	Box	1 Diet	Diversity,	diet	quality	and	diet	patterns	are	distinct	
entities	of	food	intake	and	these	terms	should	not	be	used	
interchangeably

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

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	countries1,126

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.

 

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	both30,43,127,128

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.

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).

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	outcome1,126

Allergen	intake	has	been	used	as	a	marker	for	diet	diversity.129	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.44

Microbial	diversity	of	food:	Studying	foods	with	a	high	biodiversity	of	microbial	content	such	as	
unpasteurized	milk	(atopic	dermatitis	and	atopy)130	and	fermented	foods	such	as	cheese	or	yoghurt	
(food	allergy	and	atopic	dermatitis)131	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	diets116,117,132	(also	high	in	advanced	glycation	end	products,	soda,	
fruit	juice,133,134	cured	meats135	and	fast	food136)	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‐
etables	or	fish)	may	have	a	beneficial	effect	on	prevention	particularly	of	infant	wheeze137‐140 or 
eczema	in	the	infant77,139

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

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	acid141

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:1,126,142

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?

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

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

Frequency	of	intake Whether	frequency	of	intake	should	be	measured,	will	depend	on	the	question	asked1,126,142 Frequency	of	specific	food	or	food	group	exposures	should	be	
measured	in	diet	diversity	studies

 

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	diversity58,60,143

Scoring	systems	for	diet	diversity	are	simple	and	measure	
the	number	of	foods	or	food	groups	consumed	over	a	given	
timeframe
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TA B L E  1  Factors	to	consider	when	measuring	diet	diversity	to	improve	the	validity	and	reliability	of	diet	diversity	measured

 Current state of knowledge
Recommendations regarding measuring diet diversity based on 
current literature

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

Definitions See	Box	1 Diet	Diversity,	diet	quality	and	diet	patterns	are	distinct	
entities	of	food	intake	and	these	terms	should	not	be	used	
interchangeably

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

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	countries1,126

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.

 

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	both30,43,127,128

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.

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).

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	outcome1,126

Allergen	intake	has	been	used	as	a	marker	for	diet	diversity.129	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.44

Microbial	diversity	of	food:	Studying	foods	with	a	high	biodiversity	of	microbial	content	such	as	
unpasteurized	milk	(atopic	dermatitis	and	atopy)130	and	fermented	foods	such	as	cheese	or	yoghurt	
(food	allergy	and	atopic	dermatitis)131	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	diets116,117,132	(also	high	in	advanced	glycation	end	products,	soda,	
fruit	juice,133,134	cured	meats135	and	fast	food136)	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‐
etables	or	fish)	may	have	a	beneficial	effect	on	prevention	particularly	of	infant	wheeze137‐140 or 
eczema	in	the	infant77,139

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

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	acid141

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:1,126,142

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?

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

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

Frequency	of	intake Whether	frequency	of	intake	should	be	measured,	will	depend	on	the	question	asked1,126,142 Frequency	of	specific	food	or	food	group	exposures	should	be	
measured	in	diet	diversity	studies

 

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	diversity58,60,143

Scoring	systems	for	diet	diversity	are	simple	and	measure	
the	number	of	foods	or	food	groups	consumed	over	a	given	
timeframe
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 Current state of knowledge
Recommendations regarding measuring diet diversity based on 
current literature

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

Cut‐off	values 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)	curves144	can	be	used	to	determine	cut‐off	
points

Cut‐off	values	of	high/low	diversity	can	only	be	correctly	
ascertained	at	a	population	level,	where	the	sample	is	robust	
and	representative	of	the	population	to	allow	generalizability.	
Consequently,	these	may	differ	in	different	populations

When	possible,	studies	reporting	diet	diversity	data	should	include	sensitivity,	
specificity,	true	and	false	positive/negative	values	to	assist	future	meta‐anal‐
yses	and	comparisons.	They	should	also	de‐emphasize	reporting	of	a	cut‐off	
value	for	a	sample

Recall	period 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.145 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	account1,146‐148

The	recall	period	and	method	of	data	collection	should	be	clearly	
specified,	but	age	of	introduction	for	each	food	during	infancy	
should	also	be	reported	given	this	may	have	a	potential	signifi‐
cant	confounding	effect

For	pregnant	women,	we	recommend	a	minimum	recall	period	of	2	weekdays	
and	1	weekend	day	(ie	3	d),	measured	at	repeated	intervals	throughout	preg‐
nancy.	When	possible,	portion	sizes	should	be	collected	and	reported.
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

Primary	source	of	food	procurement	
and	food	preparation

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	foods9,62,149‐151

Investigators	should	consider	ways	to	ensure	measuring	food	
procurement	in	their	study	design,	and	if/when	possible,	this	
should	be	detailed	for	both	diet	diversity	and	diet	quality

Investigators	should	consider	ways	to	ensure	measuring	how	food	is	
prepared/cooked	(eg	Raw,	home	cooked,	processed,	ultra‐processed	and	
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

Consumption	of	fortified	foods 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	these126,142

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.

 

Mixed	dishes	or	foods	with	multiple	
ingredients

As	with	foods	consumed	in	small	amounts,	it	is	important	to	err	on	the	side	of	caution	and	not	inflate	
what	was	eaten126,142

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	methods	or	predefined	list	
of	food

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	fashion126,142

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	weaning	and	introduction	of	
infant	formula

Data	suggest	that	age	of	introduction	of	solid	foods,152	food	allergens24,25	and	infant	formula153 may 
affect	allergy	outcomes.
Introduction	of	solid	foods	during	the	weaning	period	increase	the	diversity	of	the	gut	microbiome18

 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

Other	factors	that	may	affect	allergy	
outcomes

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	studies154

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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 Current state of knowledge
Recommendations regarding measuring diet diversity based on 
current literature

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

Cut‐off	values 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)	curves144	can	be	used	to	determine	cut‐off	
points

Cut‐off	values	of	high/low	diversity	can	only	be	correctly	
ascertained	at	a	population	level,	where	the	sample	is	robust	
and	representative	of	the	population	to	allow	generalizability.	
Consequently,	these	may	differ	in	different	populations

When	possible,	studies	reporting	diet	diversity	data	should	include	sensitivity,	
specificity,	true	and	false	positive/negative	values	to	assist	future	meta‐anal‐
yses	and	comparisons.	They	should	also	de‐emphasize	reporting	of	a	cut‐off	
value	for	a	sample

Recall	period 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.145 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	account1,146‐148

The	recall	period	and	method	of	data	collection	should	be	clearly	
specified,	but	age	of	introduction	for	each	food	during	infancy	
should	also	be	reported	given	this	may	have	a	potential	signifi‐
cant	confounding	effect

For	pregnant	women,	we	recommend	a	minimum	recall	period	of	2	weekdays	
and	1	weekend	day	(ie	3	d),	measured	at	repeated	intervals	throughout	preg‐
nancy.	When	possible,	portion	sizes	should	be	collected	and	reported.
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

Primary	source	of	food	procurement	
and	food	preparation

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	foods9,62,149‐151

Investigators	should	consider	ways	to	ensure	measuring	food	
procurement	in	their	study	design,	and	if/when	possible,	this	
should	be	detailed	for	both	diet	diversity	and	diet	quality

Investigators	should	consider	ways	to	ensure	measuring	how	food	is	
prepared/cooked	(eg	Raw,	home	cooked,	processed,	ultra‐processed	and	
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

Consumption	of	fortified	foods 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	these126,142

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.

 

Mixed	dishes	or	foods	with	multiple	
ingredients

As	with	foods	consumed	in	small	amounts,	it	is	important	to	err	on	the	side	of	caution	and	not	inflate	
what	was	eaten126,142

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	methods	or	predefined	list	
of	food

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	fashion126,142

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	weaning	and	introduction	of	
infant	formula

Data	suggest	that	age	of	introduction	of	solid	foods,152	food	allergens24,25	and	infant	formula153 may 
affect	allergy	outcomes.
Introduction	of	solid	foods	during	the	weaning	period	increase	the	diversity	of	the	gut	microbiome18

 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

Other	factors	that	may	affect	allergy	
outcomes

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	studies154

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	
foods,31,37,42‐46	 food	 groups30,34‐36,38,39,41,43,47‐54	 or	 foods	 within	 a	
group,32,33,55,56	and	can	be	measured	over	a	time	period	ranging	from	
the	previous	24	hours	(24‐hour	recalls)31‐35,38,40,44,46,48	or	over	a	7‐
day	period33,39,42,47,53,55‐57	to	intake	over	one	year.	Food	intake	data	
may	be	collected	once32‐34,38,40,44,48	or	a	number	of	times	31,35,46	as	
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.58	 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.59 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,60	the	Mediterranean	
diet	 score61	 and	 more	 complex	 indices.62‐64	 Scoring	 is	 typically	
based	on	consumption	of	nutrients,	foods	or	both65	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	
the	Mediterranean	diet	score66‐70	or	a	modified	version	of	the	HEI	in	
pregnancy71,72	to	investigate	an	association	with	allergic	outcomes.

2.3.3 | Mediterranean diet in pregnancy and 
allergy outcomes

Four	papers	from	longitudinal	birth	cohort	studies66‐68,71	(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.61	 In	 two	 studies,	 dairy	 intake67,68	 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	
dietary	analysis66,71;	 in	one	study,	 it	was	unclear	 if	 the	use	of	sup‐
plements	was	included	in	the	analyses67	and	one	study	adjusted	for	
mineral/vitamin	intake	only	in	the	statistical	analyses.68

Outcomes	 reported	 in	 the	 infants	 were	 wheeze	 in	 all	 stud‐
ies,66‐68,71	asthma	in	one	study,71	and	rhinitis,	atopic	dermatitis	and/
or	eczema	in	three	studies66‐68	Sensitization	to	food/aero‐allergens	
was	determined	in	two	studies.68,71	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,66,67,71	a	Mediterranean	diet	pattern	during	
pregnancy	was	not	associated	with	the	development	of	atopic	dis‐
eases	 in	 the	 offspring.	 However,	 one	 study68	 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:72‐75	three	studies	using	
semi‐quantitative	FFQs,	from	which	the	diet	patterns	were	analysed,	
and	one	used	a	24‐hour	recall73	(Table	S4).	In	three	studies,	the	use	
of	vitamin/mineral	 supplements	was	not	 reported,	and	 in	one,	 the	
use	 of	 supplements	 was	 excluded.72‐75	 All	 studies	 adjusted	 their	
analyses	 for	 common	 confounders,	 although	 confounders	 varied	
widely	between	studies.

In	 one	 study,	 the	Alternate	Healthy	 Eating	 Index	modified	 for	
pregnancy	(AHEI‐P)	developed	by	Rifas	et	al76	was	used	to	examine	
associations	with	allergic	outcomes,72	and	in	three	studies,	food	pat‐
terns	were	studied.73‐75	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:

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

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

•	 Pasta,	 cheese	 and	 processed	 meat	 pattern	 (pasta,	 processed	
grains,	cheese	and	processed	meats)73;
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•	 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);

•	 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);

•	 Japanese	pattern	(high	consumption	of	rice,	miso	soup,	sea	prod‐
ucts,	and	fish	and	low	intake	of	bread,	confectioneries	and	dairy	
products	)74;

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

•	 Traditional	pattern	(vegetables,	red	meat	and	poultry);
•	 Processed	pattern	(meat	pies,	sausages,	burgers,	fried	food);
•	 Vegetarian	pattern	(meat	substitutes,	pulses,	nuts,	herbal	tea);
•	 Confectionary	(chocolate,	sweets,	biscuits,	cakes	and	puddings).75

Outcomes	measured	were	asthma,73,75	eczema,73,74	rhinitis73	and	sen‐
sitization	to	food/aero‐allergens.72,73,77	The	only	positive	associations	
reported	were	 reduced	sensitization	due	 to	 the	seafood	and	noodle	
pattern73	and	reduced	wheeze	due	to	the	Western	diet	pattern.74	The	
seafood	and	noodle	pattern73	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)]73;	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%	CI:	0.35‐0.98,	P	for	
trend	=	0.02).74,75	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	al16	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	LISAPlus	
study	assessed	the	impact	of	diet	diversity	on	allergic	disease.78	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	
over	3500	children,	Nwaru	et	al79	studied	the	association	between	
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	 al16 
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	
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ea
t,	
ca
ke
	a
nd
	y
og
ur
t);
	(2
)	w
ith
	th
e	
sa
m
e	
m
aj
or
	fo
od
	it
em
s	
bu
t	

in
tr
od
uc
ed
	in
	th
e	
fir
st
	6
	m
o	
of
	li
fe
;	a
nd
	(3
)	w
ith
	a
ll	
fo
od
	it
em
s	
in
tr
od
uc
ed
	in
	th
e	
fir
st
	y
ea
r	

of
	li
fe
	(i
nc
lu
di
ng
	a
ny
	c
ow
's	
m
ilk
,	y
og
ur
t,	
ot
he
r	m
ilk
	p
ro
du
ct
,	e
gg
s,
	n
ut
s,
	v
eg
et
ab
le
s	
or
	

fr
ui
ts
,	c
er
ea
ls
,	b
re
ad
,	m
ea
t,	
fis
h,
	s
oy
,	m
ar
ga
rin
e,
	b
ut
te
r,	
ca
ke
	a
nd
	c
ho
co
la
te
)

A
ss
es
sm
en
t	M
et
ho
ds
:	p
ar
en
t	s
el
f‐a
dm
in
is
te
re
d	
qu
es
tio
nn
ai
re
	o
n	
di
et
ar
y	
in
ta
ke
.	L
ev
el
s	o
f	

al
le
rg
en
‐s
pe
ci
fic
	Ig
E	
an
tib
od
ie
s	(
D
er
m
at
op
ha
go
id
es
	p
te
ro
ny
ss
in
us
,	D
er
m
at
op
ha
go
id
es
	

fa
rin
ae
,	a
ld
er
,	b
irc
h,
	h
az
el
,	g
ra
ss
	p
ol
le
n,
	ry
e,
	m
ug
w
or
t,	
pl
an
ta
in
,	c
at
,	h
or
se
,	d
og
,	A
lte
rn
ar
ia
	

sp
ec
ie
s,	
he
n'
s	e
gg
,	c
ow
's	
m
ilk
,	p
ea
nu
t,	
ha
ze
ln
ut
,	c
ar
ro
t	a
nd
	w
he
at
	fl
ou
r)	
w
er
e	
m
ea
su
re
d	
in
	

bl
oo
d	
am
on
g	
ch
ild
re
n	
at
	a
ge
	4
.5
	a
nd
	6
	y
.	S
en
si
tiz
at
io
n	
w
as
	d
ef
in
ed
	a
s	≥
	3
.5
	k
U
/L

A
ss
es
sm
en
t	o
f	D
D
	a
ge
:	a
t	6
	a
nd
	1
2	
m
o	
of
	a
ge

Co
m
pl
em
en
ta
ry
	fo
od
	in
tr
od
uc
tio
n	
as
so
ci
at
ed
	w
ith
	a
st
hm
a,
	fo
od
	

al
le
rg
y,	
al
le
rg
ic
	rh
in
iti
s	a
nd
	a
to
pi
c	
se
ns
iti
za
tio
n	
up
	to
	6
	y
	o
f	a
ge

A
ss
es
sm
en
t	M
et
ho
ds
:	D
D
	s
co
re
	a
nd
	p
ar
en
t	r
ep
or
te
d	
as
th
m
a,
	

rh
in
iti
s	
an
d	
fo
od
	a
lle
rg
y.
	S
pe
ci
fic
	Ig
E	
le
ve
ls
	to
	in
di
ca
te
	

se
ns
iti
za
tio
n

Re
su
lts

Se
ns
iti
za
tio
n	
to
	a
ny
	a
lle
rg
en
	a
t	a
ge
	4
.5
	a
nd
/o
r	6
	y
	w
as
	p
re
se
nt
	

in
	2
5.
5%
	o
f	c
hi
ld
re
n,
	s
en
si
tiz
at
io
n	
to
	fo
od
	a
lle
rg
en
s	
w
as
	

pr
es
en
t	1
0.
7%
,	a
nd
	s
en
si
tiz
at
io
n	
to
	in
ha
la
nt
	a
lle
rg
en
s	
w
as
	

pr
es
en
t	i
n	
22
.1
%
,	a
s	
m
ea
su
re
d	
at
	4
.5
	o
r	6
	y
.

In
cr
ea
se
d	
D
D
	w
ith
in
	th
e	
fir
st
	y
ea
r	o
f	l
ife
	w
as
	n
eg
at
iv
el
y	

as
so
ci
at
ed
	w
ith
	s
en
si
tiz
at
io
n	
to
	fo
od
	a
lle
rg
en
s	
at
	4
.5
	o
r	6
	y
	

of
	a
ge
.

Th
e	
ch
ild
re
n	
w
ith
	a
	lo
w
	D
D
	h
ad
	a
n	
in
cr
ea
se
d	
ris
k	
of
	s
en
si
tiz
a‐

tio
n	
to
	fo
od
	a
lle
rg
en
s	
at
	a
ge
	4
.5
	o
r	6
	y
.	T
he
	a
na
ly
si
s	
w
ith
	

ch
ild
re
n	
ha
vi
ng
	d
oc
to
r‐
di
ag
no
se
d	
fo
od
	a
lle
rg
y	
co
m
bi
ne
d	

w
ith
	p
os
iti
ve
	fo
od
	s
en
si
tiz
at
io
n	
sh
ow
ed
	a
n	
ev
en
	s
tr
on
ge
r	

ne
ga
tiv
e	
as
so
ci
at
io
n	
w
ith
	D
D
	(a
dj
us
te
d	
O
R	
fo
r	e
ac
h	
ad
‐

di
tio
na
l	f
oo
d	
ite
m
s:
	0
.5
5,
	9
5%
C
I:	
0.
40
‐0
.7
6)
.

C
hi
ld
re
n	
w
ith
	a
	lo
w
	D
D
,	h
ad
	a
n	
in
cr
ea
se
d	
ex
pr
es
si
on
	o
f	

m
ar
ke
r	f
or
	a
nt
ib
od
y	
is
ot
yp
e	
sw
itc
hi
ng
	to
	Ig
E	
an
d	
a	
re
du
ce
d	

ex
pr
es
si
on
	o
f	t
he
	re
gu
la
to
ry
	T
	c
el
l–
as
so
ci
at
ed
	g
en
e	
Fo
xp
3	

m
ea
su
re
d	
at
	6
	y
	o
f	a
ge

C
on
fo
un
de
rs
:

C
on
fo
un
de
rs
	a
dj
us
te
d	

fo
r	i
n	
th
is
	p
ub
lic
at
io
n.
	

(in
	p
ar
tic
ul
ar
	a
to
pi
c	

de
rm
at
iti
s)

Li
m
ita
tio
ns
:

St
ud
y	
po
pu
la
tio
n	
w
er
e	
se
‐

le
ct
ed
	fr
om
	ru
ra
l	E
ur
op
e	

an
d	
m
ay
	n
ot
	re
fle
ct
	

ge
ne
ra
l	p
op
ul
at
io
n.

O
ut
co
m
es
	o
f	a
st
hm
a,
	

fo
od
	a
lle
rg
y	
an
d	
rh
in
iti
s	

w
er
e	
ba
se
d	
on
	p
ar
en
ta
l	

re
po
rt
s.

Re
ve
rs
e	
ca
us
al
ity
	c
an
no
t	

be
	ru
le
d	
ou
t	i
n	
th
is
	s
tu
dy

D
D
	s
co
re
	u
se
d	
w
as
	n
ot
	

va
lid
at
ed
	a
nd
	m
ad
e	

us
e	
of
	a
lle
rg
en
s	
an
d	

fo
od
s	
lik
e	
ch
oc
ol
at
e	
an
d	

m
ar
ga
rin
e	
as
	p
ar
t	o
f	t
he
	

di
ve
rs
ity
	s
co
re
,	w
hi
ch
	

m
ay
	n
ot
	b
e	
re
pr
es
en
ta
‐

tiv
e	
of
	tr
ue
	D
D
.

M
ar
ke
vy
ch
	e
t	a
l	(
20
17
)78

Po
pu
la
tio
n‐
ba
se
d	
G
er
m
an
	

bi
rt
h	
co
ho
rt
	L
IS
A
pl
us
	

(In
flu
en
ce
s	
of
	L
ife
st
yl
e	

re
la
te
d	
Fa
ct
or
s	
on
	th
e	

Im
m
un
e	
Sy
st
em
	a
nd
	th
e	

D
ev
el
op
m
en
t	o
f	A
lle
rg
ie
s	

in
	C
hi
ld
ho
od
)

Sa
m
pl
e	
Si
ze
:

Ba
se
lin
e	
N
:	3
09
7

A
na
ly
tic
	N
:	2
51
8

A
tt
rit
io
n:
	8
1%

Se
x:
	S
ee
	o
rig
in
al
	L
IS
A
Pl
us
	

st
ud
y

Ra
ce
/E
th
ni
ci
ty
:	S
ee
	o
rig
in
al
	

LI
SA
Pl
us
	s
tu
dy

A
to
pi
c	
D
is
ea
se
	R
is
k	
St
at
us
:

57
.2
%
	h
ad
	a
to
pi
c	
fa
m
ily
	

hi
st
or
y

In
te
rv
en
tio
n/
Ex
po
su
re
:

Im
pa
ct
	o
f	D
D
	w
ith
in
	th
e	
fir
st
	6
	m
o	
of
	li
fe
	o
n	
5	
al
le
rg
ic
	o
ut
co
m
es
:	d
oc
to
r‐
di
ag
no
se
d	
ec
‐

ze
m
a,
	a
st
hm
a	
an
d	
al
le
rg
ic
	rh
in
iti
s	
an
d	
se
ns
iti
za
tio
n	
to
	a
er
oa
lle
rg
en
s	
an
d	
fo
od
	a
lle
rg
en
s.

A
ss
es
sm
en
t	M
et
ho
ds
:

Se
lf‐
ad
m
in
is
te
re
d	
bi
an
nu
al
	p
ar
en
ta
l	q
ue
st
io
nn
ai
re
s	
on
	th
e	
ch
ild
re
n'
s	
he
al
th
	a
nd
	o
n	
lif
e‐

st
yl
e	
fa
ct
or
s	
fr
om
	b
irt
h	
to
	2
	y
	a
nd
	a
t	4
	y
	a
nd
	6
	y
.	B
lo
od
	s
am
pl
es
	fo
r	s
pe
ci
fic
	Ig
E	
at
	2
	a
nd
	

6	
y,
	le
ve
ls
	>
	0
.3
5	
K
U
/L
	w
er
e	
de
fin
ed
	a
s	
se
ns
iti
za
tio
n.

A
t	1
2	
m
o	
of
	a
ge
,	p
ar
en
ts
	w
er
e	
as
ke
d	
ab
ou
t	b
re
as
tf
ee
di
ng
	p
ra
ct
ic
es
	a
nd
	a
bo
ut
	th
e	
tim
in
g	

of
	s
ol
id
	fo
od
	in
tr
od
uc
tio
n.
	P
os
si
bl
e	
an
sw
er
	c
ho
ic
es
	in
cl
ud
ed
:	“
1s
t	u
nt
il	
4t
h	
m
on
th
,”	

“5
th
/6
th
	m
on
th
,”	
“7
th
	to
	1
2t
h	
m
on
th
,”	
an
d	
“s
ol
id
	fo
od
	it
em
	n
ot
	y
et
	in
tr
od
uc
ed
.”

Fo
rt
y‐
ei
gh
t	f
oo
d	
ite
m
s	
w
er
e	
gr
ou
pe
d	
in
to
	8
	fo
od
	g
ro
up
s:
	(1
)	v
eg
et
ab
le
s(
av
oc
ad
o,
	

ca
ul
ifl
ow
er
,	b
ea
ns
,	b
ro
cc
ol
i,	
pe
as
,	c
uc
um
be
rs
,	c
ar
ro
ts
,	p
ot
at
oe
s,
	w
hi
te
	c
ab
ba
ge
,	t
ur
ni
p,
	

ca
bb
ag
e,
	le
ns
es
,	c
el
er
y,
	a
sp
ar
ag
us
,	s
pi
na
ch
,	t
om
at
oe
s,
	o
ni
on
,	v
eg
et
ab
le
	ju
ic
es
);	
(2
)	f
ru
it	

(a
pp
le
s,
	p
in
ea
pp
le
s,
	a
pr
ic
ot
s,
	b
an
an
as
,	p
ea
rs
,	s
tr
aw
be
rr
ie
s,
	p
ea
ch
es
,	c
itr
us
	fr
ui
t,	
fr
ui
t	

ju
ic
es
);	
(3
)	c
er
ea
l	(
br
ea
d/
pr
et
ze
ls
/r
ol
ls
,	c
oo
ki
es
/c
ak
es
/r
us
k,
	ro
lle
d	
oa
ts
,	m
ue
sl
i,	
m
ill
et
,	

co
rn
m
ea
l/c
or
n	
st
ar
ch
,	w
he
at
	s
em
ol
in
a/
st
ar
ch
,	n
oo
dl
es
,	r
ic
e/
ric
e	
st
ar
ch
,	s
pe
lt)
;	(
4)
	m
ea
t	

(p
ou
ltr
y,
	la
m
b,
	v
ea
l/
be
ef
,	p
or
k,
	s
au
sa
ge
s)
;	(
5)
	e
gg
;	(
6)
	d
ai
ry
	p
ro
du
ct
s	
(c
ow
	m
ilk
/c
re
am
,	

yo
gh
ur
t/
qu
ar
k/
ch
ee
se
);	
(7
)	f
is
h;
	a
nd
	(8
)	o
th
er
	(n
ut
s,
	s
oy
	p
ro
du
ct
s,
	c
oc
oa
/	
ch
oc
ol
at
e)
.

A
ss
es
sm
en
t	o
f	D
D
	a
ge
:	D
D
	a
t	6
	m
o	
an
d	
12
	m
o	
of
	a
ge

A
lle
rg
ic
	o
ut
co
m
es
	a
t	2
	a
nd
	6
	a
nd
	1
5	
y	
of
	li
fe

A
ss
es
sm
en
t	M
et
ho
ds
:

Se
ve
ra
l	d
ef
in
iti
on
s	o
f	D
D
	(f
oo
d	
gr
ou
p	
an
d	
fo
od
	it
em
	d
iv
er
sit
y,	
ea
ch
	

tr
ea
te
d	
in
	q
ua
rt
ile
s	a
nd
	c
on
tin
uo
us
ly
)	d
ur
in
g	
th
e	
fir
st
	y
ea
r	o
f	l
ife
.	

A
ll	a
na
ly
se
s	w
er
e	
st
ra
tif
ie
d	
by
	th
e	
pr
es
en
ce
	o
f	a
	w
id
e	
ra
ng
e	
of
	

ea
rly
	sk
in
	sy
m
pt
om
s	t
o	
te
st
	th
e	
im
pa
ct
	o
f	r
ev
er
se
	c
au
sa
lit
y.

A
lle
rg
ic
	o
ut
co
m
es
	w
er
e	
as
se
ss
ed
	a
t	6
,	1
2	
an
d	
18
	m
o	
an
d	
ag
e	

2,
4,
	6
,	1
0	
an
d	
15
	y
.

Re
su
lts

C
hi
ld
re
n	
in
	th
e	
hi
gh
es
t	q
ua
rt
ile
	o
f	f
oo
d	
gr
ou
p	
di
ve
rs
ity
	h
ad
	

lo
w
er
	o
dd
s	
0.
61
	(0
.4
4‐
0.
85
)	o
f	a
lle
rg
ic
	s
en
si
tiz
at
io
n	
to
	

ae
ro
al
le
rg
en
s.

W
he
n	
fo
od
	g
ro
up
	d
iv
er
si
ty
	w
as
	tr
ea
te
d	
as
	a
	c
on
tin
uo
us
	v
ar
i‐

ab
le
,	t
ho
se
	w
ith
	a
	h
ig
he
r	D
D
	h
ad
	s
ta
tis
tic
al
ly
	s
ig
ni
fic
an
tly
	le
ss
	

al
le
rg
ic
	s
en
si
tiz
at
io
n	
to
	a
er
oa
lle
rg
en
s	
in
	th
e	
to
ta
l	p
op
ul
at
io
n	

an
d	
in
	c
hi
ld
re
n	
w
ith
	e
ar
ly
	s
ki
n	
sy
m
pt
om
s.
	0
.8
8	
(−
0.
80
‐0
.9
5)

W
he
n	
fo
od
	it
em
	d
iv
er
si
ty
	w
as
	u
se
d	
as
	a
n	
ex
po
su
re
	v
ar
ia
bl
e	
in
‐

st
ea
d	
of
	fo
od
	g
ro
up
	d
iv
er
si
ty
,	s
im
ila
r	a
ss
oc
ia
tio
ns
	fo
r	a
lle
rg
ic
	

se
ns
iti
za
tio
n	
to
	a
er
oa
lle
rg
en
s	
w
er
e	
ob
se
rv
ed
.

H
ig
he
st
	q
ua
rt
ile
	0
.8
2	
(0
.5
2‐
0.
98
);	
C
on
tin
uo
us
	v
ar
ia
bl
e	
0.
99
	

(0
.9
7‐
1.
00
)

C
on
fo
un
de
rs
:

C
on
fo
un
de
rs
	a
dj
us
te
d	
fo
r:	

at
op
ic
	e
cz
em
a

Li
m
ita
tio
ns
:

In
fo
rm
at
io
n	
on
	fr
eq
ue
nc
y	

an
d	
am
ou
nt
	o
f	f
oo
d	

in
ta
ke
	n
ot
	a
va
ila
bl
e.

Re
ve
rs
e	
ca
us
al
ity
	c
ou
ld
	

no
t	c
om
pl
et
el
y	
be
	ru
le
d	

ou
t

D
D
	s
co
re
	u
se
d	
no
t	

va
lid
at
ed

(C
on
tin
ue
s)
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St
ud

y 
an

d 
co

un
tr

y
D

ef
in

iti
on

 a
nd

 a
ss

es
sm

en
t o

f d
ie

t d
iv

er
si

ty
Re

su
lts

Co
m

m
en

ts

N
w
ar
u	
et
	a
l	(
20
13
)79

Fi
nn
is
h	
Ty
pe
	1
	D
ia
be
te
s	

Pr
ed
ic
tio
n	
an
d	
Pr
ev
en
tio
n	

st
ud
y	
Pr
os
pe
ct
iv
e	
C
oh
or
t	

St
ud
y

Fi
nl

an
d

Sa
m
pl
e	
Si
ze
:	

Ba
se
lin
e	
N
:	4
07
4

A
na
ly
tic
	N
:	3
78
1

A
tt
rit
io
n:
	9
3%

Se
x:
	1
64
6	
bo
ys
	(5
2%
),	
14
96
	

(4
8%
)	g
irl
s

Ra
ce
/E
th
ni
ci
ty
:	n
ot
	

m
en
tio
ne
d

A
to
pi
c	
D
is
ea
se
	R
is
k	
St
at
us
:	

16
%
	a
nd
	6
2%
	o
f	p
ar
en
ts
	

ha
d	
as
th
m
a	
an
d	
rh
in
iti
s	

re
sp
ec
tiv
el
y

In
te
rv
en
tio
n/
Ex
po
su
re
:	

Th
e	
ch
ild
's	
di
et
	w
as
	a
ss
es
se
d	
by
	u
si
ng
	a
ge
‐s
pe
ci
fic
	d
ie
ta
ry
	q
ue
st
io
nn
ai
re
s	
at
	a
ge
s	
3,
	4
,	6
	

an
d	
12
	m
o	
an
d	
a	
fo
llo
w
‐u
p	
‘‘a
ge
	a
t	i
nt
ro
du
ct
io
n	
of
	n
ew
	fo
od
s’
’	f
or
m
	fo
r	r
ec
or
di
ng
	th
e	

ag
e	
at
	in
tr
od
uc
tio
n	
of
	c
om
pl
em
en
ta
ry
	fo
od
s.
	

Lo
ok
ed
	a
t	t
he
	n
um
be
r	o
f	c
om
pl
em
en
ta
ry
	fo
od
s	
in
tr
od
uc
ed
	a
t	3
,	4
	a
nd
	6
	m
o	
of
	a
ge
.	4
	

ca
te
go
rie
s	
of
	fo
od
	d
iv
er
si
ty
	a
t	e
ac
h	
tim
e	
po
in
t	w
er
e	
de
fin
ed
	b
as
ed
	o
n	
th
e	
di
st
rib
ut
io
n	
of
	

th
e	
da
ta
	a
t	e
ac
h	
tim
e	
po
in
t:	

at
	3
	m
o,
	th
es
e	
w
er
e	
‘‘n
o	
fo
od
	it
em
,’’	
‘‘1
‐2
	fo
od
	it
em
s,’
’	a
nd
	‘‘
>2
	fo
od
	it
em
s’
’;	
at
	4
	m
o,
	th
es
e	

w
er
e	
‘‘n
o	
fo
od
	it
em
,’’	
‘‘1
‐2
	fo
od
	it
em
s,’
’	‘
‘3
‐4
	fo
od
	it
em
s,’
’	a
nd
	‘‘
>4
	fo
od
	it
em
s’
’;	
at
	6
	m
o,
	

th
es
e	
w
er
e	
‘‘0
‐4
	fo
od
	it
em
s,’
’	‘
‘5
‐6
	fo
od
	it
em
s,’
’	‘
‘7
‐8
	fo
od
	it
em
s,’
’	a
nd
	‘‘
>8
	fo
od
	it
em
s’
’.	

Fo
od
	g
ro
up
s	
us
ed
	a
s	
D
D
	d
ef
in
iti
on
:	c
ow
's	
m
ilk
	a
nd
	fo
rm
ul
a	
(a
s	
a	
co
m
bi
ne
d	
va
ria
bl
e)
;	

po
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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	LISAPlus	 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.81,82	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.83‐86	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.87 
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).88	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.89

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	
study16	and	the	Finnish	Type	I	Diabetes	Prediction	and	Prevention	
Study	Prospective	Cohort	Study.87	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	 I	 Diabetes	
Prediction	and	Prevention	Study)	or	6	(PASTURE).	In	the	PASTURE	
cohort,	Roduit	et	al16	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	 I	 Diabetes	 Prediction	 and	
Prevention	Study,	Nwaru	et	al87	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).

TA B L E  3  The	association	between	diet	diversity	and	food	allergy

Study and country

Definition and 
assessment of diet 
diversity Results Comments

Roduit	C	et	al	JACI	201416

Prospective	birth	cohort	study	
Protection	Against	Allergy	
Study	in	Rural	Environments	
(PASTURE/EFRAIM).
Stratified	in	farm	and	nonfarm	
children
See—food	sensitization

See—food	
sensitization

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:	FA	21.9%
4‐5:	FA	9.2%
6:	FA	5.7%
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%CI:	0.57‐0.86)	and	food	
sensitization	at	4.5/6	y	(adjusted	OR	for	
each	additional	food	items:	0.72,	95%CI:	
0.57‐0.90)

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)
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:
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em
	n
ot
	y
et
	in
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w
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itr
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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	score68,90‐95	or	the	adult	EPIC	score.69,96‐99	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	
meat66,91,100,101	and	milk67,97,101).

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	childhood101‐104	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	 al103	 sum‐
marized	twelve	studies	reporting	an	inverse	association	between	ad‐
herence	to	a	Mediterranean	dietary	pattern	and	asthma	in	children.	
Nurmatov	et	al102	reported	that	adherence	to	a	Mediterranean	diet	
was	protective	for	persistent	wheeze	(OR,	0.22;	95%	CI,	0.08‐0.58)	
and	 atopy	 (OR,	 0.55;	 95%	 CI,	 0.31‐0.97).	 Garcia‐Marcos	 et	 al101 
found	a	significant	negative	association	between	the	highest	tertile	
of	Mediterranean	diet	score	(OR	0.85,	95%	CI	0.75‐0.98;	P	=	.02)	and	
“current	wheeze.”	Lv	et	al104	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‐
tional	studies,66,68,90‐92,95,97,98,105,106	three	papers	from	two	(birth)	co‐
horts	from	Mediterranean	regions68,94,107;	five	cross‐sectional	studies	
from	non‐Mediterranean	 regions69,99,108‐110	 and	one	paper	on	using	
the	 International	 Study	on	Asthma	 and	Allergy	 in	Children	 (ISAAC)	
data	from	29	centres	in	20	countries.100	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‐
toms,68,69,90‐96,99‐101,106‐108,110	 sometimes	 including	 the	 development	

of	other	allergic	outcomes.	Only	a	few	studies	focussed	on	atopic	der‐
matitis,97	and	allergic	 rhinitis.94,98,105	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‐
ents69,90,93,95,97	 and	 semi‐quantitative	 questionnaires68,91,94,98,99	 to	
calculate	either	the	KIDMED	index90‐95	or	another	 index	to	assess	
adherence	 to	 a	Mediterranean	 diet.106	 The	 analysis	 of	 the	 ISAAC	
study100	 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	
index69,96‐99	 (developed	 by	 Psaltopoulou/Trichopoulou61,111).	 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	oil,	
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	
on	current	severe	asthma	in	girls105	and	a	protective	effect	on	asthma/
wheeze.69,96,100,110	 Alternatively,	 some	 studies	 showed	 no	 protective	
effect	on	asthma	and/or	rhinitis	symptoms98,99,108,109	or	atopic	dermati‐
tis.97	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,112‐115	two	cross‐
sectional	 in	design116,117	and	three	papers	on	a	case‐control	study	
within	a	cohort.114,118,119	Some	of	the	identified	publications	on	the	
Mediterranean	 diet	 also	 studied	 other	 dietary	 patterns.91‐94,97‐99 
Dietary	intake	was	assessed	using	FFQs,73,116,117	24	hour	recalls,113 
semi‐quantitative	 questionnaires112	 and	 prospective	 food	 dia‐
ries.114,118,119	(Table	S5).

Two	 studies	 showed	 that	 food	 intake	 relating	 to	 a	 Western	
dietary	 pattern	 was	 associated	 with	 an	 increased	 prevalence	 of	
wheeze/asthma.116,117	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.115	Grimshaw	et	al114,118,119	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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healthy	dietary	pattern	in	early	life	is	associated	with	a	lower	risk	of	
allergic	sensitization	or	atopic	diseases	in	childhood.112

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	prereq‐
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.120,121	This	 needs	 further	 clarification	

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.

TA B L E  5  The	association	between	diet	diversity	and	asthma/allergic	rhinitis

Roduit	et	al	(2014)16

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

Asthma/Allergic	Rhinitis	as‐
sessed	at	6	y
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	
up	to	age	6	y.	
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

Allergy outcome
Increased risk with 
higher DD

Reduced risk with 
higher DD No effect

Sensitization  +	(4.5	y)	[food]16

+	(6	y)	[food]16

+	(up	to	15	yrs)	
[aero‐allergens]78

+(year	5)79

+	(4.5	y)	[inhalant]16

+	(6	y)	[inhalant]16

Food	Allergy  +	(up	to	6	y)16  

Atopic	Dermatitis +(2	y)80

+	(6	y)80

+	(2	y)83

+	(3	y)84

+	(10	y)85,86,155

+	(2	y)81,82

+	(1	y)87

+	(5	y)87

+	(4	y)88

+(2	y)89

+	(4	y)80

+	(6	y)81,82

Asthma/Wheeze  +	(6	y)16

+	(5	y)87
 

Rhinitis  +	(5	y)87 +(6	y)16

TA B L E  6  Summary	of	diet	diversity	on	
Allergy	Outcomes
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It	
is
	u
nc
le
ar
	w
ha
t	"
Fo
r	a
lle
rg
y"
	m
ea
ns
	h
er
e.
	A
ls
o,
	th
e	
w
ho
le
	q
ue
st
io
n	
is
	

un
cl
ea
r.	
It	
is
	te
ch
ni
ca
lly
	p
os
si
bl
e,
	b
ut
	n
ot
	v
er
y	
fe
as
ib
le
	a
t	t
he
	p
oi
nt
	o
f	

ca
re
.	I
s	
it	
a	
ge
ne
ra
l	q
ue
st
io
n	
w
ha
t	w
e	
sh
ou
ld
	re
co
m
m
en
d	
to
	p
ur
su
e	
m
or
e	

in
	th
e	
fu
tu
re
?	

I	w
ou
ld
	a
ss
um
e	
th
at
	th
is
	c
an
	b
e	
ex
te
nd
ed
	to
	o
th
er
	fo
od
	re
la
te
d	
cl
in
ic
al
	

en
tit
ie
s,
	n
ot
	o
nl
y	
al
le
rg
ie
s.

5.
Fo
r	a
lle
rg
y	
(a
st
hm
a,
	fo
od
	a
lle
rg
y,
	e
cz
em
a,
	rh
in
iti
s,
	a
lle
rg
en
	s
en
si
tiv
ity
),	

th
er
e	
is
	th
e	
op
po
rt
un
ity
	to
	m
ea
su
re
	fo
od
	b
io
di
ve
rs
ity
	w
hi
ch
	re
la
te
s	
to
	th
e	

ta
xo
no
m
ic
	c
la
ss
ifi
ca
tio
n	
of
	fo
od
	in
ta
ke
,	f
or
	e
xa
m
pl
e	
cl
as
si
fy
in
g	
to
m
at
oe
s	
as
	

So
la
nu
m
	(g
en
us
)	o
pp
os
ed
	to
	v
eg
et
ab
le
s.
	

Fo
llo
w
in
g	
co
m
m
en
ts
	w
e	
ha
ve
	c
ha
ng
ed
	th
e	
w
or
di
ng
	to
::	
Th
er
e	
is
	th
e	
op
‐

po
rt
un
ity
	to
	m
ea
su
re
	fo
od
	b
io
di
ve
rs
ity
	w
hi
ch
	re
la
te
s	
to
	th
e	
ta
xo
no
m
ic
	

cl
as
si
fic
at
io
n	
of
	fo
od
	in
ta
ke
,	f
or
	e
xa
m
pl
e	
cl
as
si
fy
in
g	
to
m
at
oe
s	
as
	S
ol
an
um
	

(g
en
us
)	o
pp
os
ed
	to
	v
eg
et
ab
le
s.

21
1

95
.5
%

1.
	T
hi
s	
is
	s
til
l	a
	m
ag
ic
	a
re
a	
su
rr
ou
nd
ed
	b
y	
ec
ho
	c
ha
m
be
rs
	e
ve
n	
am
on
g	

ex
pe
rt
s.
	

2.
	S
ol
an
um
—
W
ow
—
yo
u	
pi
ck
ed
	a
	g
oo
d	
on
e	
he
re
.	T
om
at
oe
s	
ar
e	
a	
fr
ui
t,	
an
d	

ot
he
r	m
em
be
rs
	o
f	t
he
	g
en
us
	in
cl
ud
e	
po
ta
to
—
ve
ge
ta
bl
e	
an
d	
au
be
r‐

gi
ne
—
fr
ui
t.	
I	b
el
ie
ve
	th
at
	in
	th
e	
U
S	
da
ta
	p
ot
at
o	
(fr
ie
s)
	a
nd
	to
m
at
o	
(s
au
ce
)	

ac
co
un
t	f
or
	a
bo
ut
	4
0%
	o
f	f
ru
it	
an
d	
ve
ge
ta
bl
e	
in
ta
ke
	in
	c
hi
ld
re
n.

3.
	w
hy
	w
ou
ld
	th
is
	b
e	
on
ly
	tr
ue
	fo
r	a
lle
rg
y?
	w
ha
t	w
ou
ld
	b
e	
th
e	
ad
va
nt
ag
e	

ov
er
	d
iv
er
si
ty
	o
f	v
eg
s?

4.
	It
	is
	u
nc
le
ar
	w
ha
t	"
Fo
r	a
lle
rg
y"
	m
ea
ns
	h
er
e.
	P
le
as
e	
se
e	
m
y	
co
m
m
en
t	

ab
ov

e.
(C
on
tin
ue
s)
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St

at
em

en
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A
gr

ee
D

is
ag

re
e

Pe
r c

en
t 

A
gr

ee
m

en
t 

be
tw

ee
n 

th
os

e 
w

ho
 v

ot
ed

Co
m

m
en

ts

6.
Fo
r	a
lle
rg
y	
(a
st
hm
a,
	fo
od
	a
lle
rg
y,
	e
cz
em
a,
	rh
in
iti
s,
	a
lle
rg
en
	s
en
si
tiv
ity
),	
th
er
e	

is
	th
e	
op
po
rt
un
ity
	to
	m
ea
su
re
	fo
od
	a
lle
rg
en
	d
iv
er
si
ty
	w
hi
ch
	re
la
te
s	
to
	th
e	

nu
m
be
r	a
nd
/o
r	a
m
ou
nt
	o
f	f
oo
d	
al
le
rg
en
s	
in
tr
od
uc
ed
	in
	a
	g
iv
en
	p
er
io
d	
of
	

tim
e,
	fo
r	e
xa
m
pl
e	
th
e	
fir
st
	y
ea
r	o
f	l
ife
.	I
t	i
s	
im
po
rt
an
t	t
o	
un
de
rs
ta
nd
	th
at
	

al
le
rg
ic
	fo
od
	d
iv
er
si
ty
	m
ay
	n
ot
	re
fle
ct
	d
ie
t	d
iv
er
si
ty
	a
s	
an
	e
m
ph
as
is
	o
n	
al
‐

le
rg
ic
	fo
od
	in
ta
ke
,	m
ay
	le
ad
	to
	a
n	
ov
er
al
l	r
ed
uc
ed
	d
ie
t	d
iv
er
si
ty
.	

Fo
llo
w
in
g	
co
m
m
en
ts
	w
e	
ha
ve
	c
ha
ng
ed
	th
e	
w
or
di
ng
	to
:	F
or
	a
lle
rg
y	
(a
st
hm
a,
	

fo
od
	a
lle
rg
y,
	e
cz
em
a,
	rh
in
iti
s,
	a
lle
rg
en
	s
en
si
tiv
ity
),	
th
er
e	
is
	th
e	
op
po
rt
un
ity
	

to
	m
ea
su
re
	a
lle
rg
en
ic
	fo
od
	d
iv
er
si
ty
	w
hi
ch
	re
la
te
s	
to
	th
e	
nu
m
be
r	a
nd
/o
r	

am
ou
nt
	o
f	f
oo
d	
al
le
rg
en
s	
in
tr
od
uc
ed
	in
	a
	g
iv
en
	p
er
io
d	
of
	ti
m
e,
	fo
r	e
xa
m
pl
e	

th
e	
fir
st
	y
ea
r	o
f	l
ife
.	I
t	i
s	
im
po
rt
an
t	t
o	
un
de
rs
ta
nd
	th
at
	a
lle
rg
en
ic
	fo
od
	

di
ve
rs
ity
	m
ay
	n
ot
	re
fle
ct
	d
ie
t	d
iv
er
si
ty
	a
s	
an
	e
m
ph
as
is
	o
n	
al
le
rg
en
ic
	fo
od
	

in
ta
ke
,	m
ay
	le
ad
	to
	a
n	
ov
er
al
l	r
ed
uc
ed
	d
ie
t	d
iv
er
si
ty
.

22
0

10
0%

1.
	T
hi
s	
po
in
t	i
s	
no
t	c
le
ar
.	p
re
ci
se
ly
,	f
oo
d	
al
le
rg
en
	m
ea
ns
	a
ra
	h
	1
,	c
or
	a
	9
	e
tc
	

w
ha
t	y
ou
	m
ea
n	
is
	fo
od
s	
w
hi
ch
	a
	lo
t	o
f	c
hi
ld
re
n	
ar
e	
al
le
rg
ic
	to
.	t
he
re
	is
	

ha
rd
ly
	a
	fo
od
	w
hi
ch
	c
an
no
t	e
lic
it	
al
le
rg
ic
	re
ac
tio
ns
.

2.
	P
le
as
e	
co
ns
id
er
	a
ls
o	
co
nt
ac
t	w
ith
	fo
od
	a
lle
rg
en
s	
ot
he
r	t
ha
n	
by
	th
e	
or
al
	

ro
ut
e‐
	th
is
	c
an
	b
e	
ex
po
su
re
	b
y	
in
ha
la
tio
n	
or
	v
ia
	s
ki
n—
so
	th
e	
m
ea
su
re
‐

m
en
t	o
f	a
lle
rg
en
	in
ta
ke
	m
ay
be
	n
ot
	s
uf
fic
ie
nt
	if
	c
on
tr
ol
	o
f	e
xp
os
ur
e	
is
	th
e	

qu
es
tio
n.

7.
It	
is
	n
ot
	p
os
si
bl
e	
at
	p
re
se
nt
	to
	d
ef
in
e	
th
e	
m
in
im
um
	a
m
ou
nt
	o
f	a
lle
rg
en
ic
	

pr
ot
ei
n	
th
at
	s
ho
ul
d	
be
	c
on
su
m
ed
	in
	o
rd
er
	to
	b
e	
su
ff
ic
ie
nt
	w
ith
in
	th
e	
fo
od
	

al
le
rg
en
	d
iv
er
si
ty
	m
ea
su
re
.	

Fo
llo
w
in
g	
co
m
m
en
ts
	w
e	
ha
ve
	c
ha
ng
ed
	th
e	
w
or
di
ng
	to
:	I
t	i
s	
no
t	p
os
si
bl
e	
at
	

pr
es
en
t	t
o	
de
fin
e	
th
e	
m
in
im
um
	a
m
ou
nt
	o
f	a
lle
rg
en
ic
	p
ro
te
in
	th
at
	s
ho
ul
d	

be
	c
on
su
m
ed
	in
	o
rd
er
	to
	b
e	
su
ff
ic
ie
nt
	w
ith
in
	th
e	
al
le
rg
en
ic
	fo
od
	d
iv
er
si
ty
	

m
ea
su
re
.	I
n	
fu
tu
re
,	t
he
re
	m
ay
	b
e	
an
	in
de
x	
th
at
	c
ou
ld
	d
es
cr
ib
ed
	th
e	
al
le
r‐

ge
ni
c	
po
te
nt
ia
l	o
f	f
oo
ds
	w
ith
in
	th
e	
co
nt
ex
t	o
f	d
ie
t	d
iv
er
si
ty
	b
et
te
r.

21
2

91
.3
%

1.
	B
as
ic
al
ly
	a
gr
ee
d,
	m
ay
be
	in
	a
	s
ho
rt
	ti
m
e	
w
e	
w
ill
	b
e	
ab
le
	to
	d
ev
el
op
	a
	

so
rt
	o
f	“
in
de
x”
	s
pe
ci
fic
	b
y	
an
y	
sp
ec
ifi
c	
pr
ot
ei
n,
	th
at
,	i
n	
co
m
bi
na
tio
n	
w
ith
	

th
e	
fo
od
	a
lle
rg
en
	d
iv
er
si
ty
	m
ea
su
re
,	c
ou
ld
	g
iv
e	
a	
m
or
e	
pr
ec
is
e	
id
ea
	o
f	

th
e	
al
le
rg
en
ic
	p
ot
en
tia
l	o
f	t
ha
t	p
ro
te
in
	w
ith
	in
	a
	m
ea
su
re
	o
f	a
n	
al
le
rg
en
	

di
ve
rs
ity
	p
at
te
rn
s.
	A
	s
or
t	o
f	“
di
et
	a
lle
rg
en
	in
de
x”
	c
on
ce
pt
ua
lly
	s
im
ila
r	t
o	

th
e	
gl
yc
em
ic
	in
de
x	
an
d	
ag
ai
n	
si
m
ila
rly
,	w
ith
	tw
o	
de
fin
iti
on
s	
as
	“a
lle
rg
en
ic
	

in
de
x”
	a
nd
	a
n	
“a
lle
rg
en
ic
	lo
ad
”.	
Fi
na
lly
	(I
	h
av
e	
a	
dr
ea
m
)	t
hi
s	
co
ul
d	
le
ad
	to
	

a	
“p
er
so
na
liz
ed
	a
lle
rg
en
ic
	d
ie
t”
	b
as
ed
	o
n	
th
e	
in
di
vi
du
al
ly
	d
ef
in
ed
	n
um
‐

be
rs
,	o
n	
th
e	
w
ay
	o
f	t
he
	p
er
so
na
liz
ed
	d
ie
t	d
ep
ic
te
d	
by
	E
lin
av
	a
nd
	c
o.
	a
t	

th
e	
W
el
zm
an
	o
ne
	d
ou
bt
s:
	h
as
	s
om
eo
ne
	a
lre
ad
y	
de
sc
rib
ed
	th
is
	p
at
hw
ay
?	

Su
ff
ic
ie
nt
	fo
r	a
lle
rg
y	
pr
ev
en
tio
n?
	

2.
	A
gr
ee
—
m
ay
	b
e	
a	
qu
es
tio
n	
of
	p
re
se
nt
/a
bs
en
t	o
r	t
he
	a
m
ou
nt
	a
nd
	fr
e‐

qu
en
cy
	a
nd
	ti
m
in
g	
of
	th
at
.

3.
	I	
do
n'
t	u
nd
er
st
an
d	
"t
o	
be
	s
uf
fic
ie
nt
	w
ith
in
	th
e	
fo
od
	a
lle
rg
en
	d
iv
er
si
ty
	

m
ea
su
re
."

8.
W
he
n	
po
ss
ib
le
,	s
tu
di
es
	re
po
rt
in
g	
da
ta
	o
f	d
ie
t	d
iv
er
si
ty
	s
ho
ul
d	
in
cl
ud
e	
se
n‐

si
tiv
ity
,	s
pe
ci
fic
ity
,	t
ru
e	
an
d	
fa
ls
e	
po
si
tiv
e/
ne
ga
tiv
e	
va
lu
es
	to
	a
ss
is
t	f
ut
ur
e	

m
et
a‐
an
al
ys
es
	a
nd
	c
om
pa
ris
on
s	
bu
t	s
ho
ul
d	
de
‐e
m
ph
as
iz
e	
re
po
rt
in
g	
of
	a
	

cu
t‐
of
f	v
al
ue
	fo
r	a
	s
am
pl
e.

20
1

95
.2
%

1.
	D
iff
er
en
tia
tin
g	
be
tw
ee
n	
se
ns
iti
za
tio
n	
an
d	
al
le
rg
y	
w
ou
ld
	b
e	
m
or
e	

he
lp
fu
l

2.
	G
et
tin
g	
th
is
	in
to
	p
ra
ct
ic
e	
w
ill
	d
ep
en
d	
on
	c
ut
‐o
ff
	v
al
ue
s	
th
at
	a
re
	c
lin
i‐

ca
lly
	m
ea
ni
ng
fu
l.	
So
,	n
ee
d	
th
em
.	P
ap
er
	w
ou
ld
	th
ou
gh
	p
re
se
nt
	th
e	
ba
si
c	

da
ta
	to
	a
llo
w
	la
te
r	m
et
a‐
an
al
ys
is
.	

3.
	A
ga
in
,	n
ot
	v
er
y	
cl
ea
r	t
o	
m
e.
	T
he
re
	a
re
	tw
o	
qu
es
tio
ns
	w
ith
in
	o
ne
	s
en
‐

te
nc
e.
	I	
ag
re
e	
w
ith
	th
e	
fir
st
	p
ar
t.

4.
	B
ut
	I	
do
	n
ot
	u
nd
er
st
an
d	
cl
ea
rly
	th
e	
se
co
nd
	p
ar
t.	

5.
	N
ot
	s
ur
e	
ho
w
	th
is
	c
an
	b
e	
do
ne
	in
	re
al
ity
	d
ur
in
g	
a	
st
ud
y?
	

6.
	S
en
si
tiv
ity
,	s
pe
ci
fic
ity
,	t
ru
e	
an
d	
fa
ls
e	
po
si
tiv
e/
ne
ga
tiv
e	
va
lu
es
	a
re
	

va
lu
es
	u
se
d	
fo
r	v
al
id
at
io
n	
st
ud
ie
s.
	it
	is
	u
nc
le
ar
	w
ha
t	t
he
ir	
pu
rp
os
e	
he
re
	

w
ou
ld
	b
e	
an
d	
ho
w
	th
ey
	c
an
	b
e	
de
riv
ed
.

TA
B

LE
 7

 
(C
on
tin
ue
d)

(C
on
tin
ue
s)
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St
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em
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A
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is
ag
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Pe
r c

en
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A
gr

ee
m

en
t 

be
tw

ee
n 

th
os

e 
w

ho
 v

ot
ed

Co
m

m
en

ts

9.
Fo
r	p
re
gn
an
t	w
om
en
	w
e	
re
co
m
m
en
d	
a	
m
in
im
um
	re
ca
ll	
pe
rio
d	
of
	2
	w
ee
kd
ay
s	

an
d	
1	
w
ee
ke
nd
	d
ay
,	m
ea
su
re
d	
at
	re
pe
at
ed
	in
te
rv
al
s	
th
ro
ug
ho
ut
	p
re
gn
an
cy
.	

W
he
n	
po
ss
ib
le
,	p
or
tio
n	
si
ze
s	
sh
ou
ld
	b
e	
co
lle
ct
ed
	a
nd
	re
po
rt
ed
.

20
2

90
.9
%

1.
	A
gr
ee
	w
ith
	th
e	
ne
ed
	to
	m
ea
su
re
	d
ie
ta
ry
	e
xp
os
ur
e	
at
	m
or
e	
th
an
	o
ne
	

in
te
rv
al
	&
	re
co
rd
	p
or
tio
n	
si
ze
s,
	b
ut
	n
ot
	n
ec
es
sa
ril
y	
th
e	
us
e	
a	
re
ca
ll	
pe
rio
d	

of
	2
	w
ee
k	
da
ys
	a
nd
	1
	w
ee
ke
nd
	d
ay
—
th
is
	ru
le
s	
ou
t	t
he
	u
se
	o
f	F
FQ
s	
an
d	

24
	h
	re
ca
lls
,	w
hi
ch
	m
ay
	b
e	
m
or
e	
pr
ac
tic
al
	m
et
ho
ds
	th
an
	a
	fo
od
	d
ia
ry
	

m
et
ho
d.

2.
	A
ny
	s
ta
nd
ar
d	
us
ed
	to
	d
ef
in
e	
th
e	
2‐
w
ee
k	
pe
rio
d?
	If
	m
ot
he
rs
	c
an
	re
ca
ll	

up
	to
	s
ev
er
al
	m
on
th
s	
fo
r	t
he
	c
hi
ld
	(a
s	
qu
es
tio
n	
2	
be
lo
w
),	
th
en
	th
ey
	c
an
	

al
so
	g
iv
e	
re
ca
ll	
of
	th
ei
r	o
w
n	
di
et
	o
ve
r	s
ev
er
al
	m
on
th
s.
	Is
	th
er
e	
an
y	
ev
i‐

de
nc
e	
th
at
	2
	w
ks
	is
	a
n	
ac
ce
pt
ab
le
	p
er
io
d	
of
	ti
m
e?

10
.

Fo
r	i
nf
an
ts
,	w
e	
re
co
m
m
en
d	
fo
od
	re
ca
ll	
pe
rio
ds
	w
ith
in
	th
e	
fir
st
	y
ea
r	o
f	l
ife
.	

Th
es
e	
re
ca
ll	
pe
rio
ds
	m
ay
	in
cl
ud
e	
th
e	
fir
st
	fo
ur
	m
on
th
s	
of
	li
fe
,	t
he
	fi
rs
t	

si
x	
m
on
th
s	
of
	li
fe
	o
r	t
he
	fi
rs
t	y
ea
r	o
f	l
ife
.	R
ep
ea
te
d	
m
ea
su
re
	o
f	i
nt
ak
e	
is
	

re
co
m
m
en
de
d	
to
	im
pr
ov
e	
th
e	
qu
al
ity
	o
f	d
at
a,
	ra
th
er
	th
an
	ju
st
	c
on
su
m
in
g	

a	
pa
rt
ic
ul
ar
	fo
od
/f
oo
d	
gr
ou
p	
on
ce
.	W
he
n	
po
ss
ib
le
,	p
or
tio
n	
si
ze
s	
sh
ou
ld
	b
e	

co
lle
ct
ed
	a
nd
	re
po
rt
ed
.

Fo
llo
w
in
g	
co
m
m
en
ts
	w
e	
ha
ve
	c
ha
ng
ed
	th
e	
w
or
di
ng
	to
:	F
or
	in
fa
nt
s,
	w
e	

re
co
m
m
en
d	
fo
od
	re
ca
ll	
pe
rio
ds
	w
ith
in
	th
e	
fir
st
	y
ea
r	o
f	l
ife
.	T
he
se
	p
er
io
ds
	

m
ay
	in
cl
ud
e	
th
e	
fir
st
	fo
ur
	m
on
th
s	
of
	li
fe
,	t
he
	fi
rs
t	s
ix
	m
on
th
s	
of
	li
fe
	o
r	t
he
	

fir
st
	y
ea
r	o
f	l
ife
.	R
ep
ea
te
d	
m
ea
su
re
	o
f	i
nt
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2.4.9 | Delphi consensus

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.28,122‐124	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),125 we 
endorse	 a	 “	 complementary	 approach	 to	 traditional	 monitoring	 

St
at

em
en

t
A

gr
ee

D
is

ag
re

e

Pe
r c

en
t 

A
gr

ee
m

en
t 

be
tw

ee
n 

th
os

e 
w

ho
 v

ot
ed

Co
m

m
en

ts

12
.

A
ge
	o
f	i
nt
ro
du
ct
io
n	
of
	s
ol
id
	fo
od
s,
	fo
od
	a
lle
rg
en
s	
an
d	
in
fa
nt
	fo
rm
ul
a	
sh
ou
ld
	

be
	c
le
ar
ly
	in
di
ca
te
d	
in
	s
tu
di
es
	in
ve
st
ig
at
in
g	
th
e	
as
so
ci
at
io
n	
be
tw
ee
n	
di
et
	

di
ve
rs
ity
	a
nd
	a
lle
rg
y	
ou
tc
om
es
.

Fo
llo
w
in
g	
co
m
m
en
ts
	w
e	
ha
ve
	c
ha
ng
ed
	th
e	
w
or
di
ng
	to
:	A
ge
	o
f	i
nt
ro
du
c‐

tio
n	
of
	s
ol
id
	fo
od
s,
	a
lle
rg
en
ic
	fo
od
s	
an
d	
in
fa
nt
	fo
rm
ul
a	
sh
ou
ld
	b
e	
cl
ea
rly
	

in
di
ca
te
d	
in
	s
tu
di
es
	in
ve
st
ig
at
in
g	
th
e	
as
so
ci
at
io
n	
be
tw
ee
n	
di
et
	d
iv
er
si
ty
	

an
d	
al
le
rg
y	
ou
tc
om
es
.

22
0

10
0%

1.
	D
iff
ic
ul
t	t
as
ks
	fo
r	t
he
	s
am
e	
re
as
on
s	
ex
pl
ai
ne
d	
be
fo
re
.	P
ar
en
ts
	s
ho
ul
d	

no
t	p
er
ce
iv
e	
th
es
e	
su
rv
er
ys
	a
s	
a	
so
rt
	o
f	“
dr
ug
‐u
s”
	in
di
ca
tio
n.

2.
	A
gr
ee
	b
ut
	th
e	
te
rm
	"f
oo
d	
al
le
rg
en
s"
	s
ho
ul
d	
be
	c
ha
ng
ed
	a
s	
co
m
m
en
te
d	

be
fo
re
.

13
.

In
tr
od
uc
tio
n	
of
	in
fa
nt
	fo
rm
ul
a	
ca
nn
ot
	b
e	
cl
as
sif
ie
d	
on
	it
s	o
w
n	
as
	d
ie
t	d
iv
er
sit
y	

bu
t	s
ho
ul
d	
be
	in
cl
ud
ed
	in
	m
ea
su
rin
g	
di
et
	d
iv
er
sit
y	
of
	fo
od
	a
nd
	fo
od
	g
ro
up
s.
	

Fo
llo
w
in
g	
co
m
m
en
ts
	w
e	
ha
ve
	c
ha
ng
ed
	th
e	
w
or
di
ng
	to
:	I
nt
ro
du
ct
io
n	
of
	in
fa
nt
	

fo
rm
ul
a	
ca
nn
ot
	b
e	
cl
as
si
fie
d	
on
	it
s	
ow
n	
as
	d
ie
t	d
iv
er
si
ty
	b
ut
	s
ho
ul
d	
be
	

in
cl
ud
ed
	in
	m
ea
su
rin
g	
di
et
	d
iv
er
si
ty
	o
f	f
oo
d	
an
d	
fo
od
	g
ro
up
s.
	In
tr
od
uc
tio
n	

of
	in
fa
nt
	fo
rm
ul
a	
m
ay
	in
	fa
ct
	re
du
ce
	d
ie
t	d
iv
er
si
ty
	a
s	
br
ea
st
m
ilk
	p
ot
en
tia
lly
	

ex
po
se
s	
an
	in
fa
nt
	to
	th
e	
di
ve
rs
ity
	o
f	t
he
	m
at
er
na
l	d
ie
t,	
w
he
re
as
	fo
rm
ul
a	
is
	

un
ifo
rm
.

23
0

10
0%

1.
	T
hi
s	
is
	d
iff
ic
ul
t.	
Pe
rh
ap
s	
th
is
	s
ta
te
m
en
t	n
ee
ds
	a
	c
av
ea
t?
	U
si
ng
	th
is
	

de
fin
iti
on
,	i
t	w
ou
ld
	m
ea
n	
th
at
	a
n	
in
fa
nt
	w
ho
	is
	fo
rm
ul
a	
fe
d	
w
ou
ld
	b
e	

cl
as
si
fie
d	
as
	h
av
in
g	
a	
m
or
e	
di
ve
rs
e	
di
et
	th
an
	a
n	
in
fa
nt
	w
ho
	is
	e
xc
lu
si
ve
ly
	

br
ea
st
fe
d?
	B
re
as
tm
ilk
	p
ot
en
tia
lly
	e
xp
os
es
	a
n	
in
fa
nt
	to
	th
e	
di
ve
rs
ity
	o
f	

th
e	
m
at
er
na
l	d
ie
t,	
w
he
re
as
	fo
rm
ul
a	
is
	u
ni
fo
rm
.

a T
hr
es
ho
ld
	fo
r	c
on
se
ns
us
	w
as
	s
et
	a
t	1
8	
vo
te
s	
in
	fa
vo
ur
	o
f	t
he
	s
ta
te
m
en
t	(
75
%
	o
f	t
he
	2
4	
pa
ne
l	m
em
be
rs
).

TA
B

LE
 7

 
(C
on
tin
ue
d)



     |  519VENTER ET al.

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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