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Abstract

Objectives: Previous cohort studies have found a positive association between pro-
longed breastfeeding (212months) on dental caries, but few of them analysed the
mediated effect of sugar consumption on this association. This study investigated
whether prolonged breastfeeding is a risk factor for caries at 2-year follow-up assess-
ment (21-27 months of age) and whether this effect is mediated by sugar consumption.
Methods: A birth cohort study was performed in the Brazilian Amazon (n = 800).
Dental caries was assessed using the dmf-t index. Prolonged breastfeeding was the
main exposure. Data on baseline covariables and sugar consumption at follow-up vis-
its were analysed. We estimated the OR for total causal effect (TCE) and natural in-
direct effect (NIE) of prolonged breastfeeding on dental caries using the G-formula.
Results: The prevalence of caries was 22.8% (95% Cl: 19.8%-25.8%). Children who
were breastfed for 12-23 months (TCE = 1.13, 95% Cl: 1.05-1.20) and for >24 months
(TCE=1.27,95% Cl: 1.14-1.40) presented a higher risk of caries at age of 2 years than
those breastfed <12 months. However, this risk was slightly mediated by a decreased
frequency of sugar consumption at age of 2years only for breastfeeding from 12 to
23months (NIE; OR = 0.95, 95% ClI: 0.91-0.97).

Conclusions: In this study, the effect of prolonged breastfeeding on the increased risk
of dental caries was slightly mediated by sugar consumption. Early feeding practices
for caries prevention and promoting breastfeeding while avoiding sugar consumption
should be targeted in the first 2 years of life.

KEYWORDS
birth cohort, dental caries, infant sugar consumption, prolonged breastfeeding

at 2years of age, showing that its prevalence increases with age.

2

Moreover, dental caries consistently has a negative impact on the oral
Dental caries is the most common noncommunicable disease.! Data health-related quality of life of preschool children and their families.®
from 72 worldwide studies have estimated the mean caries prev- Dental caries affects very young children and lasts through ado-

alence in young children to range from 17% among infants to 36% lescence and adulthood into later life.* A dose-dependent association

A full list of members of the MINA-Brazil Study Working Group is provided in the Acknowledgements section.
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among free-sugar consumption, dental caries development and other
noncommunicable chronic diseases (NCDs) has been previously rec-
ognized.S'6 According to the World Health Organization (WHO),! free-
sugar intake is an essential dietary factor in dental caries development,
as the disease does not occur in the absence of dietary sugars.

On the other hand, there is evidence indicating that prolonged
breastfeeding after 12months is associated with an increased risk of
dental caries. The results were found in two systematic reviews regard-

k.78 However, while a

ing prolonged breastfeeding and dental caries ris|
systematic review and meta-analysis has shown an increased risk of car-
ies in children breastfed after 12months,” another systematic review
has indicated that only breastfeeding beyond 24 months leads to an in-
creased risk of caries.® Nonetheless, the quality of evidence from both
reviews was low due to the limited number of included cohort studies
at that time. The prolonged breastfeeding and dental caries results vary
due to differences in study designs, different cut-off points for breast-
feeding duration, different statistical analyses and differences in adjust-
ment for potential confounders and/or mediating factors.

To date, most birth cohort studies have found positive associ-
ations between prolonged breastfeeding beyond 12months of age

and dental caries,c”'13

although a recent study has reported contra-
dictory results, as prolonged breastfeeding practices were not as-
sociated with dental caries,** even after statistical adjustment for
socioeconomic factors and sugar intake.

In addition, few of the published birth cohort studies'?*® per-
formed data analysis using marginal structural models (MSMs),
which has been recommended for studies on breastfeeding and
dental caries,'” as they are useful to address intermediate confound-
ers affected by the exposure. The MSMs are a class of causal mod-
els that estimates the causal effect of the exposure in the presence
of time-dependent covariates that can act simultaneously as con-
founders and intermediate variables, from observational data. 618

Therefore, the aim of this population-based birth cohort study
was to investigate whether prolonged breastfeeding is a risk factor
for dental caries at age of 2 years and whether this effect is mediated

by sugar consumption using MSMs.

2 | METHODS
2.1 | Data setting and sample selection

This population-based birth cohort, the Maternal and Child Health
and Nutrition in Acre (MINA-Brazil Study), started in 2015 in
Cruzeiro do Sul, Acre State, Western Brazilian Amazon. The public
water supply in this region is not fluoridated. The MINA-Brazil co-
hort profile has been published in detail elsewhere.'? Briefly, base-
line data collection for the entire birth cohort included 1881 children
who were born from July 2015 to June 2016 at the Women's and
Children's Hospital of Jurua Valley, the only maternity hospital in the
region, where 96% of the deliveries take place. After delivery, upon
the acceptance of the invitation to participate in the study, 1246
live babies from families living in the urban area were eligible for

follow-up visits at 6, 12 and 24 months of age. At the 2-year follow-
up visit, when the study children had 21 to 27 months of age, two
research paediatric dentists (JA and EP) performed dental caries
examinations.

For the present analysis, we excluded twins (n = 20), children with
special needs such as cognitive and/or motor disability (n = 6), and
craniofacial malformations (n = 1), resulting in 800 children (92.2%

of the participants) with complete dental caries risk (Figure 1).

2.2 | Outcome

Dental caries was assessed according to the WHO criteria®® and cal-
culated in terms of decayed, missing and filled primary teeth (dmft).
Decayed teeth were assessed as lesions extending into dentin. Then,
the following categories were defined as outcome: absence of dental
caries (dmft equals zero) and presence of dental caries (dmft equals
at least one), as previously described.?! Children were examined in
dental offices in a knee-to-knee position under artificial light using a
flat mouth mirror, WHO probes (blunt-tip probe) and sterile gauze to
clean and dry the teeth.

2.3 | Main explanatory variable

Breastfeeding duration was the main explanatory variable, and in-
formation was collected at 6-month, 1- and 2-year follow-up vis-
its by using the following questions: ‘Is the child being currently
breastfed? If “No”, at what age did the child stop being breastfed?’.
Breastfeeding duration was categorized as follows: <12 months (ref-

erence category for comparison), 12-23 and 224 months.

24 | Covariates

Socioeconomic status (SES) baseline confounders were obtained
through face-to-face interviews and included the family wealth
index, estimated based on household assets using principal compo-
nent analysis,22 maternal education (years of schooling), maternal
age at delivery (years) and self-reported skin colour (defined by the
Demographic Census of the Brazilian Institute of Geography and
Statistics as white, mulatto, black and indigenous).

At the 2-year follow-up visit, information on sugar consump-
tion was obtained. The mother/guardian was asked to record each
food/drink item or food group consumed in the 24 h before the
interview. The 24-h food record was adapted from a previous
study,?® grouping the food items as follows: (1) breast milk, (2)
water, (3) tea, (4) cow milk, (5) milk powder, (6) powdered choco-
late milk drinks, (7) yogurt, (8) coffee, (9) porridge, (10) fruits, (11)
natural juice, (12) industrialized juice, (13) soft drinks, (14) cook-
ies, (15) candies, (16) lollipops, (17) chocolate, (18) sweet and salty
snacks, (19) meat, (20) eggs, (21) beans, (22) rice, (23) bread, (24)
vegetables/green leaves, (25) potatoes, (26) instant noodles, (27)
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FIGURE 1 Flowchart of participants
in the MINA-Brazil birth cohort study for Cohort
analysis of breastfeeding duration and n= 1,246
dental caries L
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Baby deaths (n= 04)
Refusals (n=17)
Losses (n=430):

» | *Not found (n=293)

!

6-month follow-up
Eligible: n= 1,242
Interviewed: n= 795
Response rate: n = 64.0%

T

*Moved to another city (n= 17)
*Moved to ruralarea (n= 19)
*Not attended the evaluation (n=101)

[ Refusals (n=25)
Losses (n= 433):
*Not found (n= 285)

1-year follow-up
Eligible: n = 1,242
Interviewed: n= 784
Responserate: n =63.1%

*Moved to another city (n= 33)
*Moved to ruralarea (n= 0S)
*Not attended the evaluation (n=110)

Baby death (n = 01)
Refusals (n= 42)
Losses (n=331):
*Not found (n= 154)

>

!

2-year follow-up
Eligible: n= 1,241
Interviewed: n= 868

*Moved to another city (n=65)
*Moved to ruralarea (n= 17)

*Not attended the evaluation (n=94)
* Maternal death (n = 01)

Response rate: n = 69.9%

Refusals (n= 41)

Twins (n=20)
Down syndrome (n= 3)
Baby with cleft palate (n = 1)

L e Mental severity deficit (n=1)
n= 800 (92.2% of Autism (n=2)
interviewed) :
hamburger, (28) nuggets and (29) sausage. Information on sugar 2.6 | Statistical analyses

added by the family to items 2 to 11 from this food list was also
collected. Food items 2-11 with added sugars and items 12-18
were combined in a new variable and categorized into two differ-
ent approaches for analyses: (a) the number of times per day that
the child consumed sugar as a continuous variable (mean = 4.67,
SE = 2.82), and (b) sugar consumption frequency, categorized
as 0-5 times/day or 26times/day.?* Information on oral hygiene
practices (frequency of tooth brushing and use of fluoride tooth-

paste) and the use of bottle feeding (no/yes) was also collected.

2.5 | Data quality control

Follow-up interviews were repeated in a random sample of 10% of
study participants for quality control checks. The two research pae-
diatric dentists (JA and EP), with previous experiences in oral health
surveys, underwent two training and calibration exercise sessions
for a 5-h period with pictures of 20 clinical cases and 20 extracted
human primary teeth for the studied clinical conditions, with an in-
terval of 1week between sessions to obtain intra- and interexaminer
reliability kappa values (k>0.94). All data were entered into tables
using the Census and Survey Processing System (CSPro, U.S. Census
Bureau, ICF International).

Study participant baseline characteristics were analysed using propor-
tions (%) for categorical variables according to the prevalence of caries
with 95% confidence intervals (Cls). Poisson regression models with
robust variance were used to estimate the prevalence ratios (PRs) with
95% Cls. Participants with few missing values in some covariates were
maintained in adjusted models by creating a missing-value category.
A directed acyclic graph (DAG) for the effects of breastfeeding
duration on dental caries at 2years is shown in Figure 2. We as-
sumed that breastfeeding duration has a direct effect (DE) on the
probability of having caries at age of 2years and an indirect effect
(IE) mediated through sugar consumption. In the DAG, we used
breastfeeding duration as the exposure and sugar consumption as
the mediator. Although oral hygiene variables have been reported

to be highly correlated to SES,**1°

they were not included in the
mediation analysis due to their high frequencies in our study popu-
lation. Thus, the wealth index, maternal education, age and skin co-
lour were considered baseline confounders (variables for SES) in this
analysis. Bottle-feeding at age of 2years was classified as an inter-
mediate confounder, that is a confounder of the mediator-outcome
association that is on the causal pathway between the exposure and
outcome, as the use of bottle-feeding comes after the initiation of

breastfeeding and can contribute to sugar intake.
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To estimate the DE of breastfeeding duration on dental caries
at age of 2years and the |IE mediated through sugar consumption,
we used parametric g-computation using Monte Carlo simulations
performed by the Stata G-formula command. In this study, we con-
sidered that the use of bottle-feeding at the 2-year follow-up is an
intermediate confounder as it is affected by the exposure (breast-
feeding duration) and acts as a confounder for the association be-
tween the mediator (sugar consumption) and the outcome (caries)
at 2years. In this case, the standard methods are not appropriated,
as conditioning on the bottle-feeding would bias the natural direct
effect of breastfeeding duration on caries occurrence, as part of
the mediating effects through bottle-feeding would be blocked.
Similarly, not conditioning on the bottle-feeding would also in-
troduce bias on the mediator-outcome association.’*™*® The g-
computation procedure is part of the MSM and it was suggested as
an alternative to overcome the limitations of the traditional meth-
ods in estimating the causal effects of an exposure on the outcome
while dealing with the presence of time-varying confounders.?° The
G-formula approach has several advantages compared to the tradi-
tional mediation methods, as it handles intermediate confounders
(in our case, bottle feeding at 2years) and allows the inclusion of
exposure-mediator interaction.?®?” We calculated the (i) natural
DE (NDE), characterized by the effect of breastfeeding duration
on caries that is not explained by sugar consumption (mediator); (ii)
natural IE (NIE), which represents the effect of breastfeeding dura-
tion on dental caries through sugar consumption frequency and (iii)
controlled DE (CDE), corresponding to the DE of the exposure on
the outcome when the categorized mediator (ie 0-5 times/day and
26 times/day) is maintained constant at a level of interest. In this
study, we examined the effect of breastfeeding duration on den-
tal caries if all children had low frequencies of sugar consumption
(ie 0-5 times/day). The total causal effect (TCE) was calculated by
the sum of the NDE and the NIE. We included exposure-mediator
interaction terms in the analysis. Bootstrapping with 1000 rep-
lications was used to calculate the 95% bootstrap-corrected Cl

(95% BC-CI). As the Stata G-formula command implements logis-
tic regression for binary outcomes with estimates corresponding
to the log of the odds ratio (OR), we exponentiated the results to
present ORs. All analyses were performed in Stata version 14.0
(StataCorp).

3 | RESULTS

The overall prevalence of caries at age of 2years was 22.8% (95%
Cl: 19.8%-25.8%). Almost half of the study sample (49.3%) had an
ideal brushing frequency (22 times a day) at age of 2years, while
81.2% used toothpaste with 21000 ppm fluoride (results not shown
in tables). Table 1 shows the prevalence and 95% ClI for dental car-
ies according to baseline socioeconomic characteristics, feeding
and oral hygiene practices at age of 2years. Among all study par-
ticipants (n = 800), 14.3% and 60% were breastfed and bottle fed
at age of 2years, respectively. Sugar consumption up to 5 times per
day (66.7%) was reported for most of the children at age of 2years,
while only 2.8% had never consumed sugar. Overall, the frequency
of tooth brushing was 96.9%. However, among those who brushed
their teeth (n = 775), 82.9% and 17.1% brushed daily and weekly,
respectively. Of them, 81.2% reported the use of fluoride tooth-
paste. The use of bottle-feeding at age of 2years was inversely as-
sociated with dental caries, which can be explained with the positive
association between bottle use and wealth index (mean and SD of
wealth index z-scores: 1.82+0.04 vs 1.93+0.04 for not use and
use of bottle-feeding, respectively, Student t test, p =.037; data not
shown in Tables). The associations between breastfeeding and sugar
consumption, and between sugar consumption and dental caries,
adjusted for the confounders (family wealth index, maternal educa-
tion, maternal age and maternal skin colour) suggested that a longer
duration of breastfeeding could be related to lower frequency of
sugar consumption, although not statistically significant (p>.05)
(Table S1).

SES
consumption at
2 years old
Breastfeeding Dental caries at
duration 2 years old
Bottle feeding

at 2 years old

FIGURE 2 Directacyclic graph for breastfeeding and dental caries at age of 2years old. Breastfeeding (BF) duration was analysed as any
type of BF duration (days) categorized as <12, 12-23 and 224 months. Socioeconomic status (SES) baseline confounders included wealth
index, maternal education, maternal age and skin colour. Bottle feeding at the 2-year follow-up was considered an intermediate confounder.
An interaction term between exposure x mediator (breastfeeding duration x sugar consumption) was included.
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TABLE 1 Baseline socioeconomic characteristics, feeding practices and prevalence ratio (PR) for dental caries (DC) at 2 years of age

Variables® Sample n (%)

Family wealth index at delivery (n = 800)

1° tertile (lowest) 218 (27.7)
2° tertile 264 (33.6)
3° tertile (highest) 305 (38.7)

Maternal education level at delivery (n = 787)

<=9years 222 (28.2)
10-12years 406 (51.6)
>12years 159 (20.2)

Maternal age at delivery (n = 799)

<19years 124 (15.5)
19-24years 269 (33.7)
2529 years 182 (22.8)
>30vyears 224 (28.0)

Maternal skin colour (n = 787)

White 103 (13.1)

Black/indigenous 70(8.9)

Brown 614 (78.0)
Breastfeeding duration (n = 800)

<12months 247 (30.9)

12-23 months 439 (54.8)

>24 months 114 (14.3)

Frequency of sugar consumption at 2 years old (n = 800)

Without consumption 22(2.8)

1-3 times a day 277 (34.6)

>4 times a day 501 (62.6)
Use of bottle feeding at 2years old (n = 800)

No 320 (40.0)

Yes 480 (60.0)

Toothbrushing presence (n = 800)

No 25(3.1)

Yes 775 (96.9)
Toothbrushing frequency (n = 800)

Daily 641 (82.9)

Weekly 132 (17.1)
Use of fluoride toothpaste (n = 648)

No 122 (18.8)

Yes 526 (81.2)

*Totals differ due to missing values for covariates.

% DCP (95% Cl) PR (95% CI) p-value
31.2(25.1-37.8) 1

26.1(20.9-31.9) 0.84(0.63-1.11) 221
13.4(1.0-17.8) 0.43(0.30-0.61) <.001
36.9 (30.6-43.7) 1

17.9 (14.3-22.1) 0.49 (0.37-0.64) <.001
14.4 (10.0-20.9) 0.39 (0.256-0.59) <.001
30.7 (22.7-39.6) 1

20.4 (15.7-25.7) 0.66 (0.47-0.95) .025
20.9 (15.2-27.5) 0.68 (0.46-1.00) .052
22.8(17.4-28.9) 0.74 (0.52-1.06) 104
18.5 (11.5-27.3) 1

22.8(13.7-34.4) 1.24 (0.69-2.24) 478
23.3(20.0-26.8) 1.26 (0.82-1.94) .289
11.7 (0.8-16.4) 1

25.1(21.1-29.4) 2.13(1.46-3.11) <.001
37.7 (28.8-47.3) 3.21(2.12-4.87) <.001
13.6 (0.3-34.9) 1

21.2 (16.6-26.6) 1.56 (0.53-4.58) 417
23.9 (20.3-27.9) 1.76 (0.61-5.09) .299
30.6 (25.6-36.0) 1

17.5(14.2-21.2) 0.57 (0.44-0.74) <.001
52.0 (31.3-72.2) 1

21.8 (18.9-24.9) 0.42 (0.28-0.63) <.0001
20.9 (17.8-24.2) 1

25.8(18.5-34.1) 1.23(0.89-1.71) .210
18.9 (12.3-26.9) 1

21.7 (18.2-25.4) 1.15 (0.77-1.72) 497

PDental caries was assessed according to the WHO criteria (WHO, 2013) for primary teeth that were decayed, missing due to caries, or filled.

Table 2 shows the TCE, NDE and NIE of the association between
breastfeeding duration and dental caries at 2years. Compared to
children who were breastfed up to 12months, children who were
breastfed from 12 to 23 months presented an OR 13% higher of
having caries at age of 2years (TCE; OR = 1.13, 95% BC-CI: 1.05-
1.20). There was a NIE through sugar consumption (OR = 0.95, 95%
BC-Cl: 0.91-0.97). The mediated protective effect (OR< 1) suggests

that children who were breastfed from 12 to 23 months presented
reduced sugar consumption at age of 24months when compared
with children in the reference category. This lower sugar consump-
tion, in turn, slightly reduced the risk of prolonged breastfeeding
on dental caries. Taken together, the natural direct effect is detri-
mental and the natural indirect effect is protective. In other words,
the prolonged breastfeeding (from 12 to 23 months of age) affected

85U8017 SUOWIWOD aA1e8ID (el (dde au Aq peusenob afe sejonre O 8sn Jo seini Joj AriqiT8uluO 8|1 UO (SUORIPUOD-pU-SWLR} W00 A3 1M Afeiq el |Uo//:SANY) SUORIPUOD pUe swie 1 8y} 89S " [£202/20/0T] Uo AriqiTaulluo 4|1 Bogsiad eAON apepseAlun Aq ET8ZT20po/TTTT OT/I0p/L0D A8 |IM AeIq Ul |uo//Sdhy WOy pepeoumoq ‘0 ‘82G0009T



ABANTO ET AL.

* L WiLEY-Sese

ORALE!:{PYIDEMIOLOGY

Breastfeeding duration Relative effects® Odds ratio

12-23 months Total causal effect 1.13
Natural direct effect 1.19
Natural indirect effect 0.95

224 months Total causal effect 1.27
Natural direct effect 1.27
Natural indirect effect 1.00

Abbreviation: 95% BC-Cl, 95% bootstrap-corrected confidence intervals.

TABLE 2 Estimated odds ratio for

95%BC-C the total causal effect and natural direct
1.05-1.20 effect of breastfeeding duration (reference
1.15-1.27 category: <1year of age) and dental

caries at the 2-year follow-up and natural
0.91-0.97 - . L

indirect effect of this association by sugar
1.14-1.40 consumption (continuous variable) at
1.13-1.41 2years of age in the MINA-Brazil Study
0.94-1.04 Group

“Relative to the reference category (<1year of age); adjusted for family wealth index, maternal
education, maternal age and maternal skin colour as baseline confounders and bottle feeding at the

2-year follow-up as an intermediate confounder.

the occurrence of caries through pathways other than lower sugar
consumption, but there was a protective effect mediated by lower
sugar consumption. Similarly, compared to the reference group
(breastfeeding duration <12months), children who were breastfed
for 224 months presented a higher risk, at 27%, of having caries at
2years of age (TCE; OR = 1.27, 95% BC-Cl: 1.14-1.40). No evidence
of a mediating effect through sugar consumption was found for this
exposure category (NIE; OR = 1.00, 95% BC-Cl: 0.94-1.04).

A similar pattern of effects was observed when using the di-
chotomized mediator, that is sugar consumption categorized as 0-5
times/day and 26 times/day (Table S2). The CDEs were CDE,, = 1.17
(95% BC-Cl: 1.1.29) and CDE, = 1.37 (95% BC-CI: 1.27-1.63) for
12-23 and 224 months of age for breastfeeding duration, respec-

tively, when compared to the reference category (<12 months).

4 | DISCUSSION

In this study, the observed dental caries risk in children who were
breastfed for prolonged periods from 12 to 23months of age was
slightly mediated by sugar consumption during the first 2 years of life.
However, this mediating effect was not observed when compared
with breastfeeding from 224 months, probably related to lack of sta-
tistical power (as very few children were breastfed 224 months of age;
n = 114). It is well known from previous cohort studies that early intro-
duction of sugar intake during the first year of life places children on a
trajectory of a high risk of severe dental caries.?®?’ Thus, in a popula-
tion exposed to sugar in childhood, our study confirmed the positive
impact of prolonged breastfeeding on the risk for caries.

In the current context of scientific understanding, high sugar
consumption results in increasing proportions of saccharolytic, ac-
idogenic and aciduric species that contribute to a cariogenic den-
tal biofilm. Within this cariogenic biofilm, human milk can ferment,
provoking enamel demineralization; however, it is sugar consump-
tion that initiates this process, thereby setting off a causal chain.®°
Sugar-rich diets and the type and virulence of biofilm bacteria could
plausibly account for the cariogenicity of prolonged breastfeed-
ing.15 Based on our findings, the sugar consumption mediated the
association between breastfeeding beyond 12months and the risk
for dental caries at 2years of age. The increased risk of prolonged

breastfeeding on dental caries was probably related to cariogenic
biofilm exposed to human milk in high frequency.

On the other hand, our analysis also observed a weak direct ef-
fect of prolonged breastfeeding on dental caries risk; however, this
result could be overestimated since our sample is from a popula-
tion exposed to sugar in childhood. Therefore, our study would have
been better able to observe and confirm this effect on dental caries
if we had included a category of children aged 212 months with no
sugar exposure. While prospective birth cohort studies including an
adequate proportion of infants with no sugar consumption at early
ages in their samples would be ideal, such population-based cohorts
would require larger sample sizes than ours, and it is currently un-
known whether there are infant populations with this characteristic
worldwide. In our study, only 7.6% and 2.8% of the participants had
no sugar consumption at 1 and 2years, respectively, and this is prob-
ably the main reason why most previous birth cohort studies have
found an association between prolonged breastfeeding and dental
caries with high sugar exposure in childhood.”*® An Australian birth
cohort study did not find an association between breastfeeding
beyond 12 months and dental caries.* Although that study did not
include infants who consumed no sugar, one reason for its contra-
dictory result could be related to the fact that almost 30% of the
study children under the age of 2years had a <5% free-sugar daily
intake.’ This explanation is supported by a recent laboratory study
showing a low cariogenic potential for enamel in isolated dental bio-
films when breast milk is the exclusive nutrition source.3!

In our study, the mediation analysis added new evidence of a
NIE on sugar consumption in those who were breastfed beyond
12months of age, suggesting that children who were breastfed for
12-23 months had reduced sugar consumption at 2 years. This lower
sugar consumption reduced some of the risk of breastfeeding on
dental caries. Our results corroborate those of another cohort study
that showed that children who were breastfed beyond 6 months
had, on average, a lower intake of sugar-sweetened beverages than
those who were never breastfed.>2

The WHO recommends exclusive breastfeeding for up to 6 months
and continued complementary breastfeeding thereafter, for up to
2years or more.%® This recommendation is based on the well-known
robust evidence for breastfeeding health benefits for the mother-child
binomial, which expand into the life cycle regardless of socioeconomic
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position. Moreover, the WHO currently supports recommendations
for very young children to avoid free-sugar consumption,®* and other
international agencies also recommend limiting free-sugar consump-
tion, particularly among infants and toddlers younger than 2years of
age. 53¢ These recommendations are based on evidence for a strong
association between free-sugar consumption and the development of
NCDs, such as dental caries, overweight/obesity, type 2 diabetes and
cardiovascular diseases, in children and adults.>®

This study has several strengths. Because information about
breastfeeding practices was obtained early, the possibility of recall
bias in our study is decreased. A prospective birth cohort design is the
best observational epidemiological design to provide causal evidence.
In addition, DAGs and MSMs are recommended statistical analysis
techniques to study the causal association between breastfeeding and
dental caries.” However, some limitations should be noted. Causal
mediation analysis relies on strong assumptions that no confounding
among exposure-outcome, exposure-mediator and mediator-outcome
associations exists. Although we adjusted the analysis for several mea-
sured confounders, the presence of unmeasured confounders cannot
be ruled out. Moreover, mediators (sugar consumption and bottle-
feeding) and outcome were estimated at the same time, which may
compromise the validity and precision of the casual inference assess-
ment. In this study, dental caries was assessed as dmft, which did not
allow a comparison in terms of disease severity.*"** We considered
only cavitated caries lesions, and it is possible that, in some children,
the occurrence of the outcome preceded the consumption of sugar.
However, the literature suggested that the consumption of sugar at

28,29 and

2years of age can be similar to that in the first year of life,
for the causal analyses between breastfeeding and cavitated caries

lesions, this does not influence the results.

5 | CONCLUSION

In this study, prolonged breastfeeding was a weak risk factor for dental
caries. A decreased frequency of sugar consumption at 2 years of age
associated with prolonged breastfeeding slightly reduced breastfeed-
ing effects on dental caries. The 22.8% occurrence of early childhood
caries in our study highlights the need to implement focused actions
and interventions to ensure healthy feeding practices for NCD pre-
vention in the first 1000 days of life, from pregnancy through the first
2years of life. We suggest targeting feeding practices for caries pre-
vention and promoting breastfeeding while avoiding sugar consump-

tion for at least the first 2 years.
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