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Abstract
Objective: To investigate the relationship between ultra-processed food consump-
tion and early childhood caries.
Design: Cross-sectional analysis of baseline data from a cluster randomised con-
trolled study. Outcomes included the prevalence of children with non-cavitated
and cavitated caries. The main exposure was the total daily consumption of
ultra-processed foods (up to three times and four times or more), assessed through
a FFQ. Potential confounders were socio-demographic characteristics of the child
and caregiver/family, child breast-feeding, oral hygiene and use of dental services.
Poisson regression using robust variance adjustment was used to estimate preva-
lence ratios (PR) and their respective 95 % CI.
Setting: Primary Healthcare Centers in an urban area of Pelotas, Southern Brazil.
Participants: Children aged 0–3 years (n 309).
Results: Consumption of ultra-processed foods four times or more a day was found
in 67·6 % of children; 24·4 and 12·0 % presented non-cavitated and cavitated caries,
respectively. After adjustment, children who consumed ultra-processed foods four
times or more a day weremore likely to present both non-cavitated caries (PR 2·25,
95 % CI 1·19, 4·27, P = 0·013) and cavitated caries (PR 3·48, 95 % CI 1·18, 10·30,
P= 0·024) comparedwith those who have consumed them up to three times a day.
Conclusions: Consumption of ultra-processed foods is associated with early child-
hood caries. Interventions aiming at reducing ultra-processed food consumption
should be implemented to improve children’s oral health.
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Brazilian dietary habits are in the process of nutritional
transition(1). A decrease in the consumption of naturally
and minimally processed foods, such as rice, beans, fruit
and vegetables, and an increase in the consumption of
ultra-processed foods, rich in oils, sugars and synthetic sub-
stances, such as soft drinks, biscuits, processed meats and
instant pasta have been noticed (2).

TheNOVA systemwas created to classify foods based on
the extent and degree of processing used in their products
into four groups: unprocessed or minimally processed
foods (group 1), processed culinary ingredients (group
2), processed foods (group 3) and ultra-processed food
and drink products (group 4)(3). NOVA is a valid tool for
nutrition and public health and has been recognised by
the Brazilian Ministry of Health and international

organisations such as the Food and Agriculture
Organisation of the United Nations and the Pan
American Health Organisation(3). As these products are
easily accessible and prepared, ready or pre-prepared for
consumption and attractive to the palate, the consumption
of foods from the ultra-processed group has become
increasingly present in the food routine of the population
in Brazil and worldwide(4). Moreover, ultra-processed
foods have been produced at very low cost and heavily
marketed, particularly to low-income families(5).

Interest in research to monitor the consumption of ultra-
processed foods in the population, as well as their associ-
ation with health outcomes is growing. Consumed at high
frequency, these foods can contribute to the increased
prevalence of chronic non-communicable diseases and
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d
u
n
h
ealth

y
eatin

g
m
arkers

fo
r
th
e
B
razilian

p
o
p
u
latio

n
(29).

U
ltra-p

ro
cessed

fo
o
d
s
item

s
w
ere

d
etailed

in
o
u
r
FFQ

,given
th
atth

ese
w
ere

th
e
exp

o
su
res

o
fin

terest
to

o
u
r
stu

d
y.

T
h
e
p
erio

d
th
at

th
e
FFQ

refers
to

is
th
e
last

30
d
ays.

It
evalu

ated
th
e

n
u
m
b
er

o
f
tim

es
each

u
ltra-

p
ro
cessed

fo
o
d
w
as

co
n
su
m
ed

,
as

w
ell

as
its

p
erio

d
icity:

d
aily,

w
eekly

o
r
m
o
n
th
ly,

w
ith

a
co

n
tin

u
o
u
s
scale.

T
h
e

am
o
u
n
to

r
p
o
rtio

n
size

w
as

n
o
tasked

.T
h
e
u
ltra-p

ro
cessed

fo
o
d
s
in
vestigated

acco
u
n
ted

fo
r
fifteen

item
s:

ch
o
co

late
p
o
w
d
er,d

airy
sw

eeten
ed

b
everage,artificialju

ice,can
n
ed

fru
it
ju
ice,

in
stan

t
n
o
o
d
les,

salty
crackers,

sw
eet-filled

b
is-

cu
it/cracker,

sn
acks

(ch
ip
s),

h
am

b
u
rgers

an
d

sau
sages,

ch
o
co

late
b
ars/b

o
n
b
o
n
s,can

d
ies/caram

els,gu
m
/lo

llyp
o
p
,

regu
lar

so
d
as,

ligh
t
so
ft

d
rin

ks,
gelatin

,
an

d
ice

cream
/

p
o
p
sicle.T

h
ese

item
s
m
eet

th
e
criteria

fo
r
u
ltra-p

ro
cessed

fo
o
d
s
acco

rd
in
g
to

th
e
N
O
V
A
Fo

o
d
C
lassificatio

n
System

(3):
‘in

d
u
strial

fo
rm

u
latio

n
s
m
ad

e
en

tirely
o
r
m
o
stly

fro
m

su
b
-

stan
ces

extracted
fro

m
fo
o
d
s
(o
ils,

fats,
su
gar,

starch
,
an

d
p
ro
tein

s),
d
erived

fro
m

fo
o
d
co

n
stitu

en
ts

(h
yd

ro
gen

ated
fats

an
d
m
o
d
ified

starch
),

o
r
syn

th
esized

in
lab

o
rato

ries
fro

m
fo
o
d

su
b
strates

o
r
o
th
er

o
rgan

ic
so
u
rces

(flavo
u
r

en
h
an

cers,
co

lo
u
rs,

an
d

several
fo
o
d

ad
d
itives

u
sed

to
m
ake

th
e
p
ro
d
u
ct

h
yp

er-p
alatab

le)’.
T
h
e

u
ltra-p

ro
cessed

fo
o
d

co
n
su
m
p
tio

n
freq

u
en

cies
w
ere

ad
d
ed

to
geth

er
an

d
tran

sfo
rm

ed
in
to

th
e
d
aily

u
n
it,

catego
risin

g
to
tal

d
aily

co
n
su
m
p
tio

n
in
to

(i)
u
p
to

th
ree

tim
es

an
d
(ii)

fo
u
r
tim

es
o
r
m
o
re.

T
h
is
catego

risatio
n
w
as

ch
o
sen

fo
r
tw

o
reaso

n
s.
In
itially,

th
e
in
ten

tio
n
w
as

to
u
se

th
e
variab

le
in

fo
u
r
catego

ries
o
f
co

n
su
m
p
tio

n
:
n
o
t
co

n
-

su
m
ed

,co
n
su
m
ed

1
–2

tim
es

a
d
ay,co

n
su
m
ed

th
ree

tim
es

a
d
ay

o
r
co

n
su
m
ed

fo
u
r
tim

es
o
r
m
o
re

a
d
ay.

H
o
w
ever,

th
ere

w
ere

n
o
ch

ild
ren

w
ith

caries
in

th
e
‘d
id

n
o
tco

n
su
m
e
’

an
d
‘co

n
su
m
ed

1
–2

tim
es

a
d
ay
’catego

ries,w
h
ich

m
ad

e
it

im
p
o
ssib

le
to
p
erfo

rm
ad

ju
sted

an
alyses.T

h
u
s,th

e
d
ich

o
to
-

m
o
u
s
catego

risatio
n

(u
p

to
th
ree

tim
es

v.
fo
u
r
tim

es
o
r

m
o
re)

w
as

estab
lish

ed
b
ased

o
n
evid

en
ce

fro
m

o
ralh

ealth
p
ro
m
o
tio

n
stu

d
ies,

w
h
ich

d
iscu

ss
an

in
creased

risk
fo
r

caries
in

ch
ild

ren
w
h
en

fo
o
d
s
co

n
tain

in
g
su
cro

se
are

co
n
-

su
m
ed

fo
u
r
tim

es
o
r
m
o
re

a
d
ay

(30).

C
ova

ria
tes

a
n
d
p
oten

tia
l
con

fou
n
d
ers

So
cio

-d
em

o
grap

h
ic

ch
aracteristics

o
f

th
e

caregivers/
fam

ilies
an

d
ch

ild
ren

,
as

w
ell

as
o
ral

h
ygien

e
an

d
u
se

o
f

d
en

talservices
b
y
th
e
ch

ild
ren

,w
ere

assessed
as

co
variates

an
d

p
o
ten

tial
co

n
fo
u
n
d
in
g
facto

rs.
T
h
e
caregiver/fam

ily
so
cio

-d
em

o
grap

h
ic

variab
les

w
ere

d
egree

o
f
kin

sh
ip

w
ith

th
e

ch
ild

ren
(m

o
th
er

o
r
o
th
ers),

caregiver
age

(16
–29,

20
–44

an
d

45
o
r
m
o
re

years),
caregiver

m
arital

statu
s

(m
arried

o
r
livin

g
w
ith

a
p
artn

er;
sin

gle
o
r
w
ith

o
u
t
a
p
art-

n
er),

caregiver
ed

u
catio

n
al

attain
m
en

t
(0
–4,

5
–8

an
d
9
o
r

m
o
re

years
o
f
stu

d
y)

an
d
p
er

cap
ita

fam
ily

in
co

m
e.

T
h
e

so
cio

-d
em

o
grap

h
ic

variab
les

fo
r
ch

ild
ren

w
ere

gen
d
er

(fem
ale

an
d
m
ale),ch

ild
age

(≤
2
o
r>

2
to

3
years),skin

co
l-

o
u
r
(w

h
ite

an
d

b
lack/b

ro
w
n
)
an

d
b
reast-feed

in
g

statu
s

(m
ean

tim
e
in

m
o
n
th
s).

C
hild

o
ralh

ygiene
w
as

con
sidered

the
age

at
w
h
ich

the
child

started
b
ru
sh
in
g/clean

in
g
h
is/h

er
teeth

(at
12

m
on

th
s

o
r
earlier,

after
12

m
on

th
s
an

d
n
ever

b
ru
sh
ed

/clean
ed

).
C
hild

u
se

o
f
d
en

tal
services

w
as

characterised
b
y
h
avin

g
b
een

to
the

d
en

tist
o
r
n
ot,together

w
ith

the
reaso

n
for

the
lastvisit,categorised

into
:h
ave

b
een

to
the

d
en

tistforrou
tine

o
r
p
reven

tion
p
u
rp
o
ses,h

ave
b
een

to
the

d
en

tistfor
p
ain

o
r

treatm
ent

and
h
ave

n
ever

b
een

to
th
e
d
en

tist.

Sta
tistica

l
a
n
a
lyses

T
h
e
d
ata

w
ere

an
alysed

u
sin

g
th
e
Stata/IC

14.2
statistical

p
ro
gram

m
e.In

itially,a
d
escrip

tive
an

alysis
w
as

p
erfo

rm
ed

,
p
resen

tin
g
th
e
ab

so
lu
te

an
d
relative

freq
u
en

cies
o
fth

e
cat-

ego
rical

variab
les

an
d
th
e
average

o
f
to
tal

an
d
in
d
ivid

u
al

d
aily

co
n
su
m
p
tio

n
o
f
u
ltra-p

ro
cessed

fo
o
d
s
in

ch
ild

ren
w
ith

n
o
caries,n

o
n
-cavitated

caries
(w

h
ite

sp
o
ts)

an
d
cavi-

tated
caries

(d
m
f-s

in
d
ex).

B
ivariate

an
d
ad

ju
sted

P
o
isso

n
regressio

n
an

alyses
w
ere

co
n
d
u
cted

to
exam

in
e
th
e
asso

-
ciatio

n
b
etw

een
d
aily

co
n
su
m
p
tio

n
o
f
u
ltra-p

ro
cessed

fo
o
d
s
an

d
th
e

p
resen

ce
o
f
n
o
n
-cavitated

caries
(w

h
ite

sp
o
ts)

an
d

cavitated
caries

(d
m
f-s

in
d
ex).

T
h
e
an

alyses
u
sed

ro
b
u
st

varian
ce

ad
ju
stm

en
t,

o
b
tain

in
g

p
revalen

ce
ratio

s
(P
R
)
an

d
th
eir

resp
ective

95
%

C
I.
T
h
e
ro
b
u
st

vari-
an

ce
fitcan

b
e
co

n
sid

ered
an

ad
ju
stm

en
tfo

ro
verd

isp
ersio

n
o
fzero

s,so
m
eth

in
g
co

m
m
o
n
in
cro

ss
sectio

n
alstu

d
ies

w
ith

b
in
ary

o
u
tco

m
es

w
ith

greatin
eq

u
ality

in
d
istrib

u
tio

n
,su

ch
as

d
en

tal
caries

(31).
T
h
e
variab

les
fo
r
fittin

g
w
ere

ad
d
ed

at
th
ree

levels.O
n
th
e
firstlevel,so

cio
-d
em

o
grap

h
ic
variab

les
related

to
th
e
caregiver/fam

ily
w
ere

in
clu

d
ed

.O
n
th
e
sec-

o
n
d
level,

d
em

o
grap

h
ic

variab
les

related
to

th
e
ch

ild
an

d
b
reast-feed

in
g

statu
s

w
ere

in
clu

d
ed

.
Fin

ally,
variab

les
related

to
ch

ild
o
ralh

ygien
e
an

d
u
se

o
fd

en
talservices

w
ere

3324
M
S
d
e
So

u
za

et
a
l.
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in
clu

d
ed

.
O
n
ly

variab
les

w
ith

P
<
0·20

in
th
e

b
ivariate

an
alysis

w
ere

co
n
sid

ered
as

p
o
ten

tial
co

n
fo
u
n
d
in
g
varia-

b
les

o
f
th
e

relatio
n
sh
ip

b
etw

een
d
aily

co
n
su
m
p
tio

n
o
f

u
ltra-p

ro
cessed

fo
o
d
s

an
d

caries
an

d
,
th
erefo

re,
w
ere

in
clu

d
ed

in
th
e
m
o
d
elfo

r
ad

ju
stm

en
t.T

h
e
fin

alm
o
d
elco

n
-

sid
ered

th
e
valu

e
o
f
P
<
0·05

to
id
en

tify
th
e
in
d
ep

en
d
en

t
asso

ciatio
n

o
f
th
e
d
aily

co
n
su
m
p
tio

n
o
f
u
ltra-p

ro
cessed

fo
o
d
s

w
ith

th
e

an
alysed

o
u
tco

m
es.

T
h
e

in
teractio

n
b
etw

een
ch

ild
age

an
d

d
aily

u
ltra-p

ro
cessed

fo
o
d

co
n
-

su
m
p
tio

n
o
n

th
e

o
ccu

rren
ce

o
f
early

ch
ild

h
o
o
d

caries
w
as

estim
ated

.
T
h
e

ad
ju
sted

p
revalen

ce
o
f

n
o
n
-

cavitated
caries

(w
h
ite

sp
o
ts)

an
d
cavitated

caries
(d
m
f-s

in
d
ex)

w
as

p
resen

ted
acco

rd
in
g
to

d
ifferen

t
co

m
b
in
atio

n
s

b
etw

een
ch

ild
age

an
d

d
aily

u
ltra-p

ro
cessed

fo
o
d

co
n
su
m
p
tio

n
.

R
esu

lts

T
ab

le
1
p
resen

ts
th
e
d
istrib

u
tio

n
o
fth

e
sam

p
le
an

d
th
e
o
u
t-

co
m
es

co
n
cern

in
g
th
e
so
cio

-eco
n
o
m
ic

an
d
d
em

o
grap

h
ic

ch
aracteristics

o
f
th
e
p
articip

an
ts

an
d

ch
ild

ren
’s

b
eh

av-
io
u
rs.T

h
e
m
ajo

rity
o
fth

e
ch

ild
ren

’s
caregivers

w
ere

m
o
th
-

ers
(79·0

%
),

aged
b
etw

een
16

an
d

29
years

(52·4
%
),

m
arried

o
rlivin

g
w
ith

a
p
artn

er(87·7
%
)
an

d
w
ith

9
o
rm

o
re

years
o
fsch

o
o
lin

g
(52·8

%
).P

er
cap

ita
fam

ily
in
co

m
e
o
fth

e

T
ab

le
1

S
am

ple
and

outcom
es

distribution
according

to
caregiver/fam

ily
and

child
socio-econom

ic
and

dem
ographic

characteristics
and

child
health

behaviours
(n

309)
(P
elotas/R

S
,
B
razil,2015)

V
ariables

S
am

ple
distribution

N
on-cavitated

caries
(w

hite
spot)

C
avitated

caries
(dm

f-s
index)

n
%

%
95

%
C
I

P
-value

cru
d
e *

%
95

%
C
I

P
-value

cru
d
e *

C
aregiver/fam

ily
C
aregiver
M
other

244
79·0

20·5
15·9,26·1

0·931
9·0

6·0,13·3
0·666

O
thers

65
21·0

20·0
11·9,31·6

10·8
5·2,21·1

C
aregiver’s

age
(years)

16
–29

162
52·4

20·4
14·8,27·3

0·045
6·8

3·8,11·9
0·194

30
–44

130
42·1

17·7
12·0,25·3

11·5
7·0,18·3

45
or

m
ore

17
5·5

41·2
20·5,65·5

17·6
5·6,43·8

C
aregiver

m
aritalstatus

M
arried/living

w
ith

a
partner

271
87·7

20·7
16·2,25·9

0·751
9·2

6·3,13·3
0·796

S
ingle/w

ithouta
partner

38
12·3

18·4
8·9,34·0

10·5
3·9,25·2

C
aregiver

education
(years)†

0
–4

21
6·9

33·3
16·4,56·0

0·026
14·3

4·5,37·0
0·129

5
–8

123
40·3

26·0
19·0,34·5

13·0
8·1,20·3

9
or

m
ore

161
52·8

14·9
10·2,21·3

6·2
3·4,11·2

F
am

ily
incom

e
per

capita
(tertile)†

1
(average

R
$
19

054)
96

32·3
25·0

17·3,34·7
0·458

11·5
6·4,19·6

0·709
2
(average

R
$
36

498)
105

35·4
18·1

11·8,26·7
8·6

4·5,15·7
3
(average

R
$
74

289)
96

32·3
19·8

12·9,29·1
8·3

4·2,15·9
C
hildren
S
exF
em

ale
165

53·4
20·6

15·1,27·5
0·919

11·5
7·4,17·4

0·177
M
ale

144
46·6

20·1
14·3,27·5

6·9
3·8,12·5

A
ge

(years)
≤
2

159
51·5

10·7
6·7,16·6

<
0·001

3·1
1·3,7·4

0·001
>
2
to

3
150

48·5
30·7

23·8,38·6
16·0

10·9,22·8
S
kin

colour
W
hite

252
81·6

20·6
16·1,26·1

0·822
9·1

6·1,13·4
0·743

B
lack/brow

n
57

18·4
19·3

10·9,31·8
10·5

4·8,21·7
B
reast-feeding
M
ean

tim
e
in

m
onths

( S
D
)

14·6
14·0

17·1
13·5,20·7

0·102
18·8

13·2,24·5
0·086

W
hatage

did
you

startto
brush/clean

your
teeth?

†
A
t12

m
onths

or
before

191
62·0

19·9
14·8,26·2

0·103
9·9

6·4,15·1
0·186

A
fter

12
m
onths

58
18·8

29·3
19·0,42·4

13·8
7·0,25·4

N
ever

brushed/cleaned
59

19·2
13·6

6·9,25·0
3·4

0·8,12·8
D
entalservice

utilisation
R
outine

or
prevention

58
18·8

17·2
9·5,29·3

0·384
6·9

2·6,17·2
0·004

P
ain

or
treatm

ent
31

10·0
29·0

15·6,47·4
25·8

13·3,44·2
N
ever

been
to

the
dentist

220
71·2

20·0
15·2,25·8

7·7
4·8,12·1

T
otaldaily

ultra-processed
food

consum
ption

U
p
to

three
tim

es
100

32·4
12·0

6·9,20·0
0·017

4·0
1·5,10·3

0·037
F
our

tim
es

or
m
ore

209
67·6

24·4
19·0,30·7

12·0
8·2,17·1

*P
-value

refers
to

W
ald

’s
test.

†V
ariable

w
ith

tw
elve

(fam
ily

incom
e),five

(caregiver
education)

and
one

(age
started

to
brush/clean

your
teeth)

m
issing

data.

U
ltra-p

ro
cessed

fo
o
d
s
an

d
ch

ild
h
o
o
d
caries
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rich
esttercile

w
as

o
n
average

R
$
742·89

(eq
u
ivalen

tto
$U

S
187·59).

R
egard

in
g
ch

ild
ren

,
53·4

%
w
ere

girls
an

d
81·6

%
w
ere

o
f
w
h
ite

skin
co

lo
u
r.

A
verage

d
u
ratio

n
o
f
b
reast-

feed
in
g
w
as

14·6
(SD

14)
m
o
n
th
s.
M
o
re

th
an

h
alf

(62·0
%
)

started
b
ru
sh
in
g/clean

in
g
th
eir

teeth
at

12
m
o
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.
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caries

(d
m
f-s

in
d
ex).

T
h
e

p
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ro
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p
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caries
(w

h
ite

sp
o
t)
an

d
w
ith

cavitated
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p
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ro
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ro
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b
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p
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b
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ro
cessed
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p
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ap
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ro
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ro
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rem
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ro
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ro
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b
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ro
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=
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=
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3
years

w
ith

a
d
aily

freq
u
en

cy
o
ffo

u
rtim

es
o
r
m
o
re

o
f
u
ltra-p

ro
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ro
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b
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b
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ro
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ro
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p
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h
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p
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ro
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b
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d
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ro
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p
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ro
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p
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p
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p
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p
tio

n
o
f
u
ltra-p

ro
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ro
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d
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b
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caries
(dm

f-s
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on-cavitated caries (w

hite spots)*
0·0

10·0

20·0

32·2
27·6

18·6

8·1

20·0

4·2
4·5

5·8

30·0

40·0

50·0

60·0

Adjusted prevalence and 95 % CI

C
avitated caries (dm
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