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Abstract
Background: Diet	 has	 been	 of	 interest	 for	 asthma;	 however,	 it	 remains	 unknown	
whether	the	consumption	of	ultra‐processed	food	(UPF)	increases	the	risk	of	the	dis‐
ease.	Our	objective	was	to	investigate	whether	UPF	consumption	during	childhood	
was	associated	with	wheeze,	asthma,	and	severe	asthma	in	adolescence.
Methods: We	included	2190	11‐year‐old	children	from	the	2004	Pelotas	Birth	Cohort	
Study,	without	asthma	at	the	age	of	6	years.	Consumption	of	UPF	was	assessed	by	
Food	Frequency	Questionnaires	at	6‐	and	11‐year	follow‐ups.	Wheeze,	asthma,	and	
severe	asthma	data	were	assessed	at	11‐year	follow‐up.	We	classified	foods	accord‐
ing	to	the	processing	degree	in	ultra‐processed	food.	We	used	logistic	regression	to	
estimate	the	odds	ratio	(OR)	and	95%	confidence	intervals	(CIs),	for	the	association	
between	UPF	consumption	and	the	asthma	outcomes.
Results: Cumulative	incidence	of	wheeze	and	asthma	between	6	and	11	years	was	
12.7%	and	23.2%,	 respectively.	 In	prospective	analyses,	comparing	children	 in	 the	
highest	and	the	lowest	quintile	of	UPF	consumption	at	age	6,	we	found	no	association	
with	wheeze	(OR	=	0.85;	95%	CI	=	0.54‐1.34),	asthma	(OR	=	0.84;	95%	CI	=	0.58‐1.21),	
or	 severe	 asthma	 (OR	=	1.12;	 95%	CI	 =	 0.62‐2.03)	 in	 early	 adolescence.	 In	 cross‐
sectional	analyses,	comparing	adolescents	in	the	highest	and	lowest	quintile	of	UPF	
consumption	 at	 11	 years,	we	 found	no	 association	with	wheeze	 (OR	=	1.12;	 95%	
CI	=	0.72‐1.75),	asthma	(OR	=	1.00;	95%	CI	=	0.7‐1.44),	or	severe	asthma	(OR	=	1.05;	
95%	CI	=	0.59‐1.86).
Conclusion: Our	study	provided	evidence	that	UPF	consumption	during	childhood	or	
adolescence	is	not	associated	with	asthma	or	wheeze	among	adolescents.

K E Y W O R D S
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1  | INTRODUC TION

Asthma	 is	 the	 most	 prevalent	 chronic	 respiratory	 disease1	 and	 is	
among	the	top	ten	causes	of	years	lost	due	to	disability	among	ad‐
olescents.2	Although	 asthma	prevalence	 is	 stable	 or	 decreasing	 in	
developed	countries,	it	is	increasing	in	developing	countries,	which	
could	be	influenced	by	increasing	adherence	to	a	Western	diet.3

A	Western	 diet	 could	 influence	 the	 risk	 of	 asthma	 indirectly,	
through	 obesity‐related	 mechanisms,4	 or	 directly	 through	 pro‐in‐
flammatory	 nutrients,	 additives,	 and	 diets	 low	 in	 antioxidants.5,6 
One	component	of	a	Western	diet	is	ultra‐processed	food	(UPF)	that	
consists	of	foods	and	additives	combined	in	multiple	processing	se‐
quences.	UPF	includes,	for	example,	fast	foods,	savory	snacks,	soft	
drinks	 and	 artificial	 juice,	 reconstituted	meat	 products,	 ice	 cream,	
cookies,	confectionery,	among	other	pre‐prepared	frozen	dishes.7	It	
is	often	rich	in	salt,	fat,	and	sugar8	and	could	contribute	to	the	above‐
mentioned	mechanisms.

The	 results	 from	previous	 studies	 on	 the	 association	 between	
specific	UPF	items	with	asthma	have	been	inconsistent.	A	cross‐sec‐
tional	study	found	that	consumption	of	specific	UPF	items	was	pos‐
itively	 associated	with	 asthma	 and	wheezing	 among	 adolescents.9 
However,	a	cohort	study	found	no	association	between	early	child‐
hood	 consumption	 of	 soft	 drinks	 or	 sugar‐sweetened	 beverages	
and	asthma.10	A	recent	systematic	review11	based	mainly	on	case‐
control	 and	 cross‐sectional	 studies	 found	 that	 fast	 foods,	 mainly	

hamburgers,	 were	 associated	 with	 asthma,	 while	 soft	 drinks	 and	
takeaway	food	were	not.	The	lack	of	adjustments	for	socioeconomic	
status,	parental	allergy,	smoking,	and	other	dietary	factors	that	could	
act	as	negative	confounders,11	in	addition	to	the	possibility	of	recall	
bias,	could	explain	the	associations	found.	Further,	 it	 is	difficult	 to	
address	the	temporality	in	the	associations	in	cross‐sectional	design.	
Thus,	it	remains	unknown	whether	UPF	increases	the	risk	of	asthma.

Key Message
This	is	the	first	study	to	use	longitudinal	data	to	assess	the	
association	between	ultra‐processed	food	(UPF)	consump‐
tion	in	childhood	with	wheeze,	asthma,	and	severe	asthma	
in	 early	 adolescence.	 Findings	 from	previous	 studies	were	
inconsistent	and	 limited	by	cross‐sectional	or	 case‐control	
designs	 and	 insufficient	 adjustment	 for	 confounders.	 We	
analyzed	data	of	2190	11‐year‐old	children	from	the	2004	
Pelotas	Birth	Cohort	Study	and	overcome	these	limitations.	
Our	results	suggest	that	UPF	consumption	during	childhood	
or	adolescence	 is	not	an	 important	determinant	of	asthma	
among	adolescents.	More	evidence	 is	needed	 to	guide	di‐
etary	recommendation	about	UPF	consumption	on	asthma	
prevention.

F I G U R E  1  Flow	chart	of	participants	
in	the	study	–	2004	Pelotas	Birth	Cohort	
Study

4263 live births in 2004

losses and refusals: 34

Perinatal study
population: 4229

6-year follow-up
Eligible: 4136

Interviewed: 3722

11-year follow-up
Eligible: 4133

Interviewed: 3565

Deaths: 95
Losses and
Refusals*: 362

Participants included
in analyses

2190

Deaths:3
Losses and
Refusals*: 567

Exclusions:
Missing data on diet and outcome: 379**
Prevalent asthma cases: 1131

* Refusals are specific to each follow-up
**135 individuals overlapped with prevalent asthma cases
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Therefore,	 our	objective	was	 to	 investigate	whether	UPF	 con‐
sumption	 during	 childhood	 and	 adolescence	 was	 associated	 with	
wheeze,	asthma,	and	severe	asthma	in	early	adolescence.

2  | METHODS

2.1 | Study population

We	used	data	from	the	2004	Pelotas	Birth	Cohort	Study.	All	 live	
births	from	mothers	resident	 in	the	urban	area	of	Pelotas,	a	me‐
dium‐sized	city	in	the	south	of	Brazil,	were	eligible	for	inclusion/
participation.	 Participants	 were	 recruited	 at	 the	 five	 maternity	
hospitals	 covering	more	 than	98%	of	 all	 deliveries	 in	 the	 city.	A	
total	 of	 4231	 mothers	 were	 enrolled	 in	 the	 cohort	 study	 with	
their	 newborns	 (response	 rate	 of	 99.3%,	 4229	 children).	 Six	 fol‐
low‐up	 assessments	were	 performed	 at	 home	 at	 ages	 3,	 12,	 24,	
and	48	months,	and	at	a	 research	clinic	at	mean	ages	of	6.8	and	
11.0	years	(follow‐up	rates	87%‐96%).	In	this	study,	we	used	data	
from	 the	baseline	 (perinatal	 interview),	 and	 from	 the	6‐	 and	11‐
year	follow‐ups.	At	11‐year	follow‐up	3565	participants	were	 in‐
terviewed	(follow‐up	rate	=	86.6%,	taking	into	account	the	deaths).	
The	study	flowchart	 in	Figure	1	shows	the	included	participants,	
losses,	and	exclusions.	Details	of	 the	methodology	can	be	found	
elsewhere.12

2.2 | Assessment of exposures

The	mothers	reported	the	child's	diet	at	6‐	and	at	11‐year	follow‐ups	
for	a	12‐month	recall	period	using	validated	semi‐quantitative	food	
frequency	questionnaires	(FFQ).	The	adolescents	assisted	with	the	
FFQ	 report.	 The	FFQs	were	 developed	based	on	24‐hours	 recalls	
among	children	and	among	adolescents.	Among	6‐year‐old	children,	
the	diet	had	less	variety	of	foods	than	among	11	years	old,	and	for	
that	reason,	the	FFQs	included	54	and	88	food	items,	respectively,	at	
ages	6	and	11.13	Despite	the	different	number	of	food	items,	we	clas‐
sified	the	extra	food	items	from	the	11‐year	FFQ	in	each	of	the	four	
groups	of	NOVA	 (in	 natura/minimally	 processed	 food,	 culinary	 in‐
gredients,	processed	food,	and	ultra‐processed	food),	and	they	were	
homogeneously	distributed	among	all	groups	in	both	FFQ;	therefore,	
the	FFQs	were	not	calibrated.	For	each	food,	the	frequency	(per	day,	
month,	or	year)	and	the	portion	size	consumed	(small,	medium,	large,	
or	 extra‐large)	 compared	 to	 medium	 portion	 size	 were	 reported.	
Food	 amounts	 were	 converted	 into	 grams	 or	 milliliters	 based	 on	
a	 food	portion	 table,14	 and	energy	 intake	was	estimated	based	on	
the	 Brazilian	 food	 composition	 table	 (TACO)15	 or	 USDA	 Nutrient	
Database	 for	 Standard	 Reference,16	 when	 not	 available	 in	 TACO.	
NOVA	classification	(a	name,	not	an	acronym)	was	used	to	identify	
the	UPF,8	as	previously	described.17	Most	of	the	UPF	items	were	as‐
sessed	at	6‐	and	11‐year	follow‐up	(sweet	and	salty	biscuits,	yogurt,	
ham,	 mortadella,	 sausage,	 margarine/butter,	 mayonnaise,	 candy,	
chocolate	 bar	 and	 powder,	 ice	 cream,	 soft	 drinks,	 artificial	 juice,	
salty	baggage	 snacks);	 some	 foods	were	 included	only	 in	 the	FFQ	
of	the	6‐year	follow‐up	(gelatin),	while	others	were	included	only	in	

the	11‐year	 follow‐up	 (corn	 flakes,	cereal	bar	and	granola,	 spread‐
able	cheese/cream	cheese,	instant	noodles,	Hamburger	or	nuggets,	
Pizza,	“bauru”—toasted	sandwich	with	cheese,	beef,	pickles,	and	to‐
mato—cheeseburger	or	hot	dogs).

In	 addition	 to	 the	 assessment	 of	 total	 UPF,	we	 assessed	 the	
consumption	 of	 specific	 UPF	 items,	 such	 as	 sugar‐sweetened	
beverages	 (artificial	 fruit	 juice	 and	 soft	 drinks),	 soft	 drinks,	 and	
ultra‐processed	meat	(ham,	sausage,	and	mortadella),	because	an	
association	between	these	foods	and	asthma	has	previously	been	
reported.6,18,19

We	assessed	body	weight	using	a	digital	scale	(TanitaVR	BC‐558,	
maximum	 150	 kg,	 and	 100	 g	 precision),	 and	 height	 using	 a	 stadi‐
ometer	 (HarpendenVR)	 at	 the	 6‐year	 follow‐up.12	We	 determined	
BMI	(kg/m2)	and	standardized	BMI	(z	scores).	Children	were	classi‐
fied	as	normal	weight	(BMI	z	score	within	1SD),	overweight	(BMI	z 
score	+	1‐1.99	SDs),	or	obese	(BMI	z	score	≥	2	SDs)	following	z	score	
BMI‐for‐age	metrics	 as	defined	by	 the	World	Health	Organization	
(WHO).20

2.3 | Assessment of outcomes

To	 assess	 wheeze	 and	 asthma	 at	 11‐year	 follow‐up,	 we	 used	 the	
International	 Study	 of	Asthma	 and	Allergies	 in	Childhood	 (ISAAC)	
questionnaire.	 This	 questionnaire	 was	 validated	 in	 Brazilian	 chil‐
dren	 and	 adolescents,	 showing	 good	 sensitivity,	 reliability,	 and	 a	
significant	 agreement	 between	 adolescents’	 and	 their	 parents’	 re‐
sponse.21,22	 Parents	 reported	 adolescents’	 wheezing	 in	 the	 past	
12	months	through	the	question:	“Has	your	child	had	wheezing	or	
whistling	 in	 the	 chest	 in	 the	 past	 12	months?”	 (yes	 classified	 the	
adolescent	 as	 having	 wheeze).	 Asthma	 was	 defined	 according	 to	
parents	report	of	a	physician's	diagnosis	or	of	wheezing	in	the	past	
12	months.	Severe	asthma	was	defined	based	on	parents	report	of	
any	of	 the	 following,	 in	 the	past	12	months:	4	or	more	attacks	of	
wheeze,	at	 least	1	weeknight	of	disturbed	sleep	from	wheeze,	and	
one	episode	of	wheeze‐affected	speech.23

2.4 | Assessment of co‐variables

In	 the	 perinatal	 interviews,	 we	 gathered	 information	 on	 family	
income	 in	 the	 previous	 month	 (categorized	 in	 quintiles),	 mater‐
nal	 education	 (0‐4	 years,	 5‐8,	 and	 ≥	 9	 years	 of	 schooling),	 age	
(<20,	20‐34,	or	>	34	years),	 skin	 color/ethnic	background	 (white	
or	black/mixed),	asthma	(no,	yes),	smoking	during	pregnancy,	and	
parity	(number	of	previous	viable	pregnancies	0,	1,	and	≥	2),	as	well	
as	parental	smoking	at	the	6‐year	follow‐up	and	child's	sex	and	ex‐
clusive	breastfeeding	(0‐<2,	2‐<4,	4‐6	months).	We	also	assessed	
the	child's	total	energy	intake	(TEI),	and	the	child's	energy	intake‐
expenditure	 ratio	 (TEI:	 EEI),	 described	 by	 Leech	 et	 al24	 The	 ad‐
justment	by	this	ratio	reduces	the	misclassification	due	to	energy	
under‐	or	over‐reporting,	which	 is	 inherent	 to	FFQs.	The	energy	
expenditure	was	calculated	using	the	validated	sex‐	and	age‐spe‐
cific	 equations,	 taking	 into	 account	 the	 nutritional	 status	 and	
level	of	physical	activity.25	The	child's	physical	activity	 level	was	
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assessed	 by	 the	 Netherlands	 Physical	 Activity	 Questionnaire26 
at	 the	 6‐year	 follow‐up	 and	 by	 raw	 triaxial	 wrist	 accelerometry	
(GENEActiv;	ActivInsights,	Kimbolton,	UK,	and	Actigraph®	GT3X)	
at	the	11‐year	follow‐up.

2.5 | Statistical analyses

The	 proportion	 (in	 energy,	%calories/day)	 of	UPF	 (%UPF)	was	 es‐
timated	and	divided	into	quintiles	at	6	and	at	11	years.	We	also	as‐
sessed	specifically	the	proportion	of	energy	from	sugar‐sweetened	
beverages,	soft	drinks,	and	ultra‐processed	cured	meat	in	quintiles.	
The	distribution	of	quintiles	of	UPF,	according	to	parents	and	child	
characteristics,	was	compared	using	the	chi‐square	test.

We	 used	 logistic	 regression	 to	 estimate	 odds	 ratios	 (ORs)	 and	
95%	 confidence	 intervals	 (95%	 CIs)	 for	 the	 associations	 between	
UPF	at	age	6	and	at	age	11	with	wheeze	and	asthma	at	age	11.	For	
severe	symptoms	of	asthma	(no,	mild	+	moderate,	or	severe	symp‐
toms),	we	applied	multinomial	logistic	regression	models.	We	also	ran	
models	to	assess	the	association	between	quintiles	of	specific	UPF	
items	at	6	and	at	11	years	with	each	of	the	outcomes.	We	adjusted	
analyses	for	factors	that	could	potentially	confound	the	associations	
between	UPF	consumption	and	asthma.	We	included	an	interaction	
term	between	the	UPF	quintiles	and	sex	in	the	model.	Finally,	we	ran	
a	model	for	nutritional	status	as	exposure	to	the	asthma	outcomes.

A	hierarchical	conceptual	model	was	used	to	include	variables	in	
the	models.	 Initially,	energy	adjustments	obtained	 from	the	child's	
FFQ	and	the	child's	energy	expenditure	estimates	were	included	(TEI	
and	TEI:EEI).	Since	the	dietary	exposures	at	age	6	were	assessed	in	
a	separated	model	from	the	dietary	exposures	at	age	11,	the	energy	
adjustments	 were	 age‐specific.	 After	 that,	 we	 included	 socioeco‐
nomic	status	variables	(family	income,	maternal	education),	followed	
by	maternal	variables	 (age,	race,	parity,	smoking	during	pregnancy,	
perinatal	 asthma),	 and	 finally	 child‐related	 variables	 (sex,	 parental	
smoking	at	the	age	of	6).	Findings	at	P	<	.05	were	considered	signif‐
icant.	All	 analyses	were	performed	using	Stata	15	 software	 (Stata	
Corp.,	College	Station,	TX,	USA).

2.6 | Standard protocol approvals, registrations, and 
patient consents

The	 study	protocol	 and	 all	 follow‐ups	of	 the	2004	Pelotas	 cohort	
studies	 were	 approved	 by	 the	 Medical	 Ethics	 Committee	 of	 the	
Federal	University	of	Pelotas,	affiliated	with	the	Brazilian	National	
Commission	 for	 Research	 Ethics	 (CONEP).	 Mothers	 signed	 an	 in‐
formed	consent	form	at	each	follow‐up,	after	being	informed	of	the	
study	objectives.	At	the	11‐year	follow‐up,	adolescents	also	signed	
an	informed	consent	form.

3  | RESULTS

Complete	dietary	and	wheeze	data	were	available	for	3186	children	
at	 11	 years,	 out	 of	 3565	 interviewed.	 After	 excluding	 those	 who	

had	asthma	at	age	6	 (1131	children,	135	overlapped	with	children	
without	 complete	 data),	we	 included	 a	 total	 of	 2190	 participants.	
These	children	had	similar	characteristics	compared	to	children	with	
information	at	11‐year	visit	and	all	respondents	at	baseline	(Table	1).	
Baseline	characteristics	of	children	with	information	at	11‐year	visit	
and	those	who	were	lost/refused	to	participate	are	available	in	Table	
S1.	Those	who	were	lost	had	lower	socioeconomic	status,	mothers	
with	a	higher	prevalence	of	 smoking	during	pregnancy	and	higher	
parity.	 Cumulative	 incidence	 of	 wheeze	 and	 asthma	 between	 6	
and	11	years	of	age	was	12.7%	 (CI	95%:	11.4‐14.2)	and	23.2%	 (CI	
95%:	21.4‐25.0),	respectively.	Severe	asthma	was	reported	by	7.2%	
(CI	 95%:	 6.1‐8.3)	 of	 the	 participants.	 The	 proportion	 of	 total	 en‐
ergy	intake	contributed	by	UPF	was	42.3%	at	6	years	and	33.7%	at	
11	years.	The	caloric	contribution	from	the	UPF	 items	 is	shown	 in	
Table	S2.	We	found	no	evidence	of	modification	in	our	associations	
by	sex	(data	not	shown),	and	thus,	our	models	are	presented	for	the	
total	sample.

Children	 and	 adolescents	 in	 the	 top	 quintile	 of	 percentage	 of	
caloric	 intake	from	UPF	were	more	 likely	to	have	mothers	with	an	
intermediate	 level	of	education	compared	to	 the	bottom	quintiles,	
where	mothers	with	either	the	highest	or	the	lower	level	of	educa‐
tion	were	more	prevalent	(Table	2).	These	children	and	adolescents	
were	also	more	 likely	 to	have	younger	mothers	at	 the	 time	of	de‐
livery,	have	mothers	with	lower	parity,	as	well	as	being	exposed	to	
smoking	during	pregnancy	and	at	age	6.

In	 the	prospective	 analyses,	UPF	 consumption	 at	 the	 age	of	 6	
was	not	associated	with	wheeze	or	asthma	at	age	11	(Table	3).	The	
estimates	 did	 not	 materially	 change	 after	 we	 adjusted	 for	 poten‐
tial	confounders.	Comparing	children	in	the	highest	and	the	lowest	
quintile	of	UPF	consumption,	we	found	no	association	with	current	
wheeze	(OR	=	0.85;	95%	CI	=	0.54‐1.34),	asthma	(OR	=	0.84;	95%	
CI	=	0.58‐1.21),	or	severe	asthma	(OR	=	1.12;	95%	CI	=	0.62‐2.03)	in	
early	adolescence.

The	results	were	similar	in	cross‐sectional	analyses	on	UPF	con‐
sumption	and	asthma	 risk	at	 the	age	11	 (later	exposure)	 (Table	4).	
Comparing	adolescents	in	the	highest	and	lowest	quintile	of	UPF	con‐
sumption,	we	found	no	association	with	current	wheeze	(OR	=	1.12;	
95%	CI	=	0.72‐1.75),	asthma	(OR	=	1.00;	95%	CI	=	0.7‐1.44),	or	severe	
asthma	(OR	=	1.05;	95%	CI	=	0.59‐1.86)	in	the	multivariable	models.

The	subanalysis	for	specific	UPF	items,	such	as	sugar‐sweetened	
beverages,	soft	drinks,	and	cured	meat,	 is	shown	in	the	Tables	S3‐
S6.	Regardless	of	the	timing	of	the	exposure	(at	age	6	or	11	years),	
higher	consumption	of	these	foods	was	not	associated	with	current	
wheeze,	asthma,	nor	severe	asthma.

Table	5	 shows	 the	 association	between	 childhood	obesity	 and	
asthma	 in	 early	 adolescence.	 Obese	 children	 were	 more	 likely	 to	
have	asthma	in	adolescence	(OR	=	1.77,	95%	CI	=	1.20‐2.60).

4  | DISCUSSION

Using	data	 from	a	 longitudinal	 study,	we	 found	no	association	be‐
tween	the	consumption	of	UPF	during	childhood	or	adolescence	and	
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TA B L E  1  Maternal	and	adolescents’	characteristics	among	those	included	and	not	included	in	the	study—2004	Pelotas	cohort	study

Variables

Respondents at Baseline 
(4229)

Participants with complete 
data at 11 y (3186)

Previous, excluding those with physi‐
cian diagnosis of asthma at 6 y (2190)

n (%) n (%) n(%)

Child	sex

Female 2034	(48.1) 1555	(48.8) 1109	(50.6)

Male 2195	(51.9) 1631	(51.2) 1081	(49.4)

Family

Family	income	(quintiles)

1st	quintile	(poorest) 872	(20.62) 610	(19.1) 383	(17.5)

2nd	to	5th	quintile 3357	(79.4) 2576	(80.9) 1807	(82.5)

Maternal	schooling	(y)

<4 645	(15.6) 462	(14.7) 283	(13.0)

4‐7 1731	(41.4) 1324	(42.0) 888	(40.9)

8‐11 1381	(33.0) 1061	(33.6) 776	(35.7)

>11 420	(10.0) 306	(9.7) 226	(10.4)

Maternal	age	(y)

<20 799	(18.9) 597	(18.8) 390	(17.8)

20‐34 2865	(67.8) 2147	(67.4) 1471	(67.2)

>34 563	(13.32) 440	(13.8) 329	(15.0)

Maternal	skin	color

white 2581	(61.7) 1960(62.2) 1390	(64.0)

black	or	others 1600	(38.3) 1189	(37.8) 781	(36.0)

Parity

0 1665	(39.4) 1268	(39.1) 868	(39.6)

1 1110	(26.3) 861	(27.3) 616	(28.1)

≥2 1453	(34.4) 1056	(33.2) 706	(32.2)

Smoking	during	pregnancy

No 3067	(72.5) 2344	(73.6) 1664	(76.0)

Yes 1162	(27.5) 842(26.4) 526	(24.0)

Maternal	asthma	perinatal

No 3355	(79.4) 2508	(78.7) 1818	(83.0)

Yes 873	(20.7) 677	(21.3) 372	(17.0)

Exclusive	breastfeeding

0‐<2.0	mo 1776	(45.5) 1403	(45.4) 933	(43.8)

2‐<4	mo 945	(24.2) 744	(24.0) 516	(24.3)

4‐6	mo 1185	(30.3) 947	(30.6) 679	(31.9)

Maternal	smoking	at	6	y

No  2305	(72.8) 1638	(75.4)

Yes  861	(27.2) 535	(24.6)

Paternal	smoking	at	6	y

No  2127	(71.2) 1483	(72,2)

Yes  860	(28.8) 572	(27.8)

Nutritional	status

Normal  1905	(64.7) 1337	(65.6)

Overweight  532	(18.1) 349	(17.1)

Obese  509	(17.3) 352	(17.3)

(Continues)
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wheeze,	asthma,	or	severe	asthma	among	young	adolescents.	The	
lack	 of	 association	was	 consistent	 for	 specific	UPF	 items,	 such	 as	
sugar‐sweetened	beverages,	soft	drinks,	and	cured	meat.	Childhood	
obesity	was,	however,	significantly	associated	with	asthma	in	early	
adolescence.

Our	results	differ	from	the	only	study	among	adolescents	on	
UPF	 and	 asthma.	 In	 this	 previous	 study,	 the	 authors	 found	 that	
a	higher	 intake	of	UPF	was	associated	with	a	higher	risk	of	both	
asthma	and	wheeze.9	The	 inconsistent	 results	could	 to	some	ex‐
tent	be	explained	by	differences	 in	study	designs,	as	well	as	 the	
assessment	of	UPF	intake.	First,	the	cross‐sectional	design	of	the	
previous	 study	 is	 prone	 to	 recall	 bias,	 as	 the	 outcome	 asthma/
wheeze	has	already	occurred	and	can	influence	how	case	answer	
compared	to	non‐case.	In	addition,	the	exposure	was	a	score	cre‐
ated	from	the	sum	of	consumption	frequency	of	6	UPF	items,	while	
we	included	a	total	of	18	and	21	items	at	6	and	11	years,	respec‐
tively,	 to	 calculate	 the	 amount	 of	UPF.	Moreover,	while	we	 also	
used	the	portion	size	to	estimate	 intake	of	UPF,	this	 information	
was	not	available	in	the	previous	study,	which	might	have	led	to	an	
underestimation	of	 the	 total	 intake.	When	 comparing	 the	 cross‐
sectional	 analysis	 of	 our	 study	 with	 this	 previous	 finding	 from	
Melo	 et	 al,9	 the	 different	 number	 of	 UPF	 items	mentioned,	 the	
lack	of	adjustment	 for	 total	caloric	 intake	and	a	wider	age	range	
(from	11	to	19	years,	mean	age	14	years),	could	account	for	some	
variability	 in	 the	 results.	 Older	 adolescents	 tend	 to	 have	 more	
autonomy	 in	 their	 dietary	 choices;	moreover,	 having	 a	wide	 age	
range	they	could	have	been	able	to	capture	late	adolescent‐onset	
asthma,	not	yet	manifested	in	our	sample.

Our	findings	are	consistent	with	those	of	a	previous	cohort	study	
among	children,	which	reported	that	consumption	of	sugar‐sweet‐
ened	beverages	or	 juices	 in	early	 childhood	 (at	 age	3.3	years)	 and	
mid‐childhood	(at	age	7.7	years)	was	not	associated	with	asthma.10 
Other	 cross‐sectional	 studies	 found	 that	 soft	 drinks	 consump‐
tion18,19	and	100%	fruit	juice	were	associated	with	increased	asthma	
risk.18

Our	 results	 do	 not	 support	 an	 association	 between	 UPF	 con‐
sumption	and	severe	asthma.	A	study	 following	adults	 for	7	years	
found	 a	 worsening	 of	 asthma	 symptoms	 among	 those	 who	 ate	
cured	meat.6	It	is	possible	that	cured	meat	plays	a	role	in	worsening	

symptoms	among	those	who	already	have	asthma,	while	not	playing	
a	role	in	the	development	of	the	disease	itself.	It	is	also	possible	that	
the	 complexity	 and	 heterogeneity	 of	 asthma	 in	 both	 children	 and	
adults3	could	explain	the	divergent	results.

There	are	plausible	biologic	mechanisms	 for	 a	detrimental	 ef‐
fect	UPF	on	 respiratory	 health	 that	warranted	 this	 investigation.	
The	UPF	often	contains	high	proportions	of	free	sugars	and	total,	
saturated	and	trans	fats,	salt,	and	cosmetic	and	other	additives.27 
Fatty	acid	composition	in	diet	could	modulate	immune	reactions	by	
regulating	T‐helper	(Th)2	(proallergic)	immune	responses	that	could	
lead	to	airway	inflammation.28	On	the	other	hand,	food	preserva‐
tives	in	soft	drinks,	such	as	sodium	benzoate	or	sulfites,	could	me‐
diate	an	association	between	soft	drinks	and	asthma.19	The	nitrite	
present	 in	 high	 amounts	 in	 cured	meat	 could	 lead	 to	 nitrosative	
stress‐related	airway	inflammation,	which	is	involved	in	asthma.29 
Using	 the	 NOVA	 classification	 to	 define	 UPF	 or	 assessing	 food	
sources	of	these	compounds	in	diet	(eg,	cured	meat),	we	were	not	
able	to	identify	any	evidence	of	asthma	triggers.	Unfortunately,	we	
did	not	have	data	to	conduct	further	analyses	for	these	underlying	
compounds	that	might	play	a	role	in	asthma.	Among	NOVA	groups,	
processed	food	could	also	be	associated	with	asthma	due	to	a	po‐
tential	pro‐inflammatory	effect.	However,	we	conducted	analyses	
on	the	association	between	the	percentage	caloric	intake	from	pro‐
cessed	food	(data	not	shown)	and	asthma	and	found	no	evidence	
of	an	association.	Obesity	could	also	link	UPF	to	asthma.	Despite	
the	lack	of	association	between	UPF	and	asthma,	we	found	an	as‐
sociation	between	childhood	obesity	and	a	higher	 risk	of	 asthma	
during	adolescence,	which	has	been	established	in	the	literature.30 
This	adds	support	to	the	validity	of	the	reports	and	measurements	
in	our	study.

The	strengths	of	our	study	were	as	follows:	a	large	prospective	
birth	cohort	with	a	high	response	rate;	the	use	of	validated	measures	
of	exposure	and	outcomes;	adjustment	for	important	confounders;	
to	 explore	 the	 association	 between	 adolescence	 consumption	 of	
UPF	and	asthma	outcomes	because	from	childhood	to	adolescence	
food	consumption	might	change	considerably,	and	maybe	a	later	in‐
stead	of	early	diet,	could	be	related	to	asthma	outcomes;	the	high	
proportion	of	UPF	consumption	and	the	wide	variability	among	the	
quintiles	of	UPF.

Variables

Respondents at Baseline 
(4229)

Participants with complete 
data at 11 y (3186)

Previous, excluding those with physi‐
cian diagnosis of asthma at 6 y (2190)

n (%) n (%) n(%)

Asthma  1272	(39.94) 507	(23.2)

Current	wheeze	(at	11	y)  698	(21.91) 279	(12.7)

Asthma	severitya  459	(14.4) 156	(7.1)

%UPF	total	kcal	(95%	CI)  42.2	(41.80	‐	42.6) 42.2	(41.8	‐	42.7)

Mean	total	kcal	(95%	CI)  3603.1	(3555.9‐3650.2) 3533	(3478.2‐3587.8)

aSevere	symptoms	of	asthma	were	defined	as	participants	who,	in	the	past	12	months,	had	≥	4	attacks	of	wheeze	or	≥	1	night	per	week	sleep	distur‐
bance	from	wheeze	or	wheeze	affecting	speech.	

TA B L E  1   (Continued)
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TA B L E  2  Participants	characteristics	by	quintiles	of	ultra‐processed	food	(UPF)	as	a	percentage	of	total	energy	intake,	at	6‐	and	at	11‐y	
follow‐ups

Variables

UPF quintiles at 6 y

* P‐value

UPF quintiles at 11 y

* P‐valueQ1 Q2 Q3 Q4 Q5 Q1 Q2 Q3 Q4 Q5

Median	UPF	intake

%TEI 26.9 36.2 42.1 48.0 57.8 18.4 26.9 33.1 39.3 50.7

Maternal	schooling	(years)

<4 18.3 11.8 11.5 13.2 10.6 .010 12.0 12.6 14.5 11.6 14.6 .130

4‐7 40.4 41.7 36.4 40.1 45.9 37.5 37.4 42.1 43.5 43.9

8‐11 31.3 34.9 40.0 36.3 35.8 37.8 38.8 36.0 33.6 32.7

>11 10.1 11.6 12.0 10.4 7.8 12.7 11.1 7.5 11.3 8.8

Income

Quintiles	1st 20.3 14.8 16.8 18.6 17.1 .138 17.1 15.7 17.4 18.0 19.0 .488

2 21.2 19.0 19.0 21.7 18.1 21.0 19.4 16.4 21.2 22.0

3 16.5 18.4 20.3 19.5 23.9 18.2 19.2 20.4 20.6 20.8

4 22.2 27.8 20.7 21.1 21.6 21.0 23.3 25.0 22.6 21.3

5 19.8 19.9 23.2 19.1 19.2 22.6 22.4 20.8 17.5 16.7

Maternal	age	(years)

<20 14.1 17.9 15.4 20.9 20.7 .002 12.7 15.4 20.4 20.1 20.6 .028

20‐34 65.2 69.1 71.9 65.7 63.6 69.3 69.6 66.2 65.8 64.8

>34 20.8 13.0 12.6 13.4 15.7 18 15 13.4 14.1 14.6

Maternal	skin	color

White 61.6 64.2 69.3 63.8 60.8 .075 66.2 63.6 62.6 67.6 59.3 .096

Black	or	others 38.4 35.8 30.7 36.2 39.2 33.8 36.4 37.4 32.4 40.7

Parity

0 37.7 39.0 39.1 43.9 38.3 .004 39 36.7 40.5 40.2 40.1 .804

1 23.6 26.7 30.7 31.2 28.2 25.9 30.9 27.3 28.9 28.2

≥2 38.7 34.3 30.2 24.9 33.6 35.1 32.3 32.2 30.9 31.7

Smoking	during	pregnancy

No 77.1 76.0 78.8 76.2 71.6 .149 80.1 78.5 77.3 74.1 69.9 .004

Yes 22.9 23.9 21.2 23.8 28.4 19.9 21.5 22.7 25.9 30.1

Maternal	asthma	perinatal

No 80.9 82.2 87.2 83.2 81.2 .088 83.8 84.8 80.1 84.5 82.4 .334

Yes 19.1 17.8 12.8 16.8 18.8 16.2 15.2 19.9 15.5 17.6

Maternal	Smoking	at	6	y

No 76.0 76.7 78.2 75.3 70.4 .084 80.0 77.7 77.9 70.0 72.1 .001

Yes 24.0 23.3 21.7 24.7 29.6 20.0 22.3 22.1 31.0 27.9

Paternal	smoking	at	6	y

No 72.3 74.3 74.8 70.3 68.7 .243 74.3 73 72.6 72.4 68.9 .516

Yes 27.6 25.7 25.2 29.7 31.3 25.7 27 27.4 27.6 31.1

Child	sex

Female 50.3 54.7 48.6 48.0 51.6 .269 51.7 49.7 50.0 52.2 49.8 .911

Male 49.6 45.3 51.4 52.0 48.4 48.3 50.3 50.0 47.8 50.2

Nutritional	status

Normal 67.0 67.0 63.6 63.1 67.6 .453 58.0 67.0 65.2 69.2 68.8 .022

Overweight 15.3 15.2 17.4 19.4 18.3 21.7 14.8 16.4 16.8 15.6

Obese 17.7 18.0 19.0 17.5 14.1 20.2 18.3 18.4 14.0 15.6

*Chi‐square	test.	
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Our	study	has	also	some	limitations.	First,	the	FFQ	was	not	devel‐
oped	for	evaluating	the	degree	of	food	processing.	Therefore,	we	lack	
information	on	 the	preparation	of	 some	 food	 to	enable	distinguish	
between	UPF	and	other	groups.	 In	these	cases,	we	adopted	a	con‐
servative	approach	and	not	classified	indistinguishable	foods	as	UPF.	
Also,	the	FFQ	was	administered	to	the	child's	mother,	representing	an	
indirect	measure	of	the	child's	food	consumption,	which	may	result	
in	measurement	error.	Despite	the	use	of	a	validated	instrument	to	
assess	asthma,	we	could	not	confirm	cases	through	medical	assess‐
ment	or	medical	record;	thus,	some	degree	of	misclassification	might	
have	occurred	in	the	assignment	of	cases.	The	exclusions	of	prevalent	
cases	of	asthma	at	 the	age	of	six	 reduced	the	 likelihood	of	 reverse	
causation;	however,	 this	has	also	reduced	the	sample	size	and	thus	
statistical	power.	Finally,	our	results	were	drawn	for	a	single	middle‐
sized	city	and	may	not	represent	the	Brazilian	population	as	a	whole.

Our	study	suggests	that	UPF	consumption	during	childhood	or	
adolescence	 is	not	associated	with	asthma	or	wheeze	among	ado‐
lescents.	 Future	 longitudinal	 research	 in	 different	 populations	 is	
needed	to	confirm	our	results.
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TA B L E  5  Odds	ratio	(OR)	of	asthma,	current	wheeze,	and	severe	asthma,	according	to	nutritional	status

 

OR for asthma, current wheeze, and severe asthma

Model 1 Model 2 Model 3 Model 4

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Asthma

Normal 1   1   1   1   

Overweight 1.01 0.76 1.34 1.03 0.77 1.38 1.06 0.79 1.43 1.26 0.88 1.80

Obese 1.37 1.05 1.79 1.45 1.10 1.91 1.46 1.11 1.93 1.77 1.20 2.60

Current	wheeze

Normal 1   1   1   1   

Overweight 0.89 0.62 1.29 0.90 0.62 1.31 0.92 0.63 1.34 1.08 0.69 1.68

Obese 1.34 0.97 1.87 1.41 1.01 1.97 1.41 1.00 1.98 1.58 0.99 2.53

Asthma	severity	(ref:	no	asthma)

Mild	+	moderate

Normal 1   1   1   1   

Overweight 0.86 0.49 1.51 0.80 0.45 1.42 0.82 0.46 1.46 0.93 0.48 1.80

Obese 1.47 0.92 2.35 1.38 0.86 2.22 1.42 0.88 2.29 1.40 0.71 2.77

Severe

Normal 1   1   1   1   

Overweight 0.93 0.58 1.48 1.00 0.62 1.62 1.02 0.63 1.65 1.27 0.71 2.24

Obese 1.26 0.82 1.94 1.44 0.93 2.24 1.42 0.91 2.21 1.81 0.98 3.35

Model	1	=	crude	analysis;	Model	2	=	Model	1	+	family	income	and	maternal	education	level;	Model	3	=	Model	2	+	maternal	age,	maternal	skin	color,	
parity,	smoking	during	pregnancy,	maternal	asthma;	Model	4	=	Model	3	+	child´s	sex,	parental	smoking	+TEI.
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