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their interaction to breastfeeding and
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Abstract

Background: Evidences suggest that early processed food (PF) consumption may cause harm to infant health.
During the first 6 months of life, it is not known whether the timing and quantity of this food group can impact
breastfeeding and growth. The aim of the study was to analyze the associations between time of introduction and
quantity of infant PF consumption with duration of breastfeeding and infant growth at 6 months of age.

Methods: Data were longitudinally collected in six interviews, from birth to 6 months, in a sample of Brazilian
newborns with adverse intrauterine environments. PF consumption was calculated by gravity score of processed
foods (GSPF) in relation to feeding supply quality and time. For the analysis, the scores were divided into tertiles,
making scores severities: Null, Mild, Moderate, and Severe. The interaction between GSPF and breastfeeding
(exclusive and non-exclusive) and growth parameters (analyzed in Z-scores, by weight for height, weight for age,
and body mass index for age) was tested.

Results: A total of 236 infants were included in the study. Greater GSPF were associated with better rates of
breastfeeding practices and higher growth indicators scores in the sixth month of infants. These findings were
confirmed after adjustment for family income, maternal age, pre-gestational body mass index, and growth z scores
at birth.

Conclusion: The harms of eating PF in relation to breastfeeding and infant growth are more evident the greater
and earlier they are consumed. Future studies should explore interventions to reduce and delay the consumption
of these foods to prevent adverse health outcomes in later life.
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Background
Nutritionally adequate feeding in the first year of life is
critical for satisfactory growth and development of the
child [1]. Inadequate nutrition, especially in childhood,
can cause important repercussions to an individual’s
health throughout the course of life and is intrinsically

linked to cognitive and social development [2]. It was ev-
idenced that the best feeding practice for infants during
their first months of life is breastfeeding (BF) [3], since it
provides several benefits to the infant, like protecting
against allergic and respiratory diseases [4] and prevent-
ing the development of type 2 diabetes mellitus (DM)
and obesity at short- and long-term [5], among others.
It is known that, after the sixth month of life, comple-

mentary feeding (CF) is necessary for both nutritional
and developmental factors and they are an important
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transition from milk supply to family feeding [6]. There
are large changes in diet during this period, with expos-
ure to new foods, tastes, textures, and feeding experi-
ences [6–8], and the duration of exclusive breastfeeding
(EBF) could be associated with CF. It can be seen that
solid food introduction at the right time, considered be-
tween 4 and 6months of age, is correlated to EBF in the
first month of life [9]. Studies have shown, in the same
way, that duration of EBF for 4 months is related to
higher daily consumption of vegetables, and EBF for less
than 4 months is associated with lower consumption of
fruits and vegetables and higher consumption of ultra-
processed foods [10].
Children at around 6months of age, especially in soci-

eties undergoing nutritional transition, generally receive
a low-quality CF, with high consumption of ultra-
processed foods and sweetened drinks [11]. Inappropri-
ate infant feeding practices, such as early interruption of
BF, the unsuitable introduction of CF and excessive con-
sumption of industrialized products high amounts of
sugar, fat, and sodium, can lead to feeding inadequacies
throughout childhood [12].
Food processing contributes to food security, by ensur-

ing that sufficient food is available for the population,
and to nutrition security, by ensuring that its quality
meets human nutrient needs. However, its excessive
consumption contributes to the diet in a negative way,
offering an unrestricted amount of energy, saturated fat,
sugar, and sodium [13]. Among the processed foods
most consumed by children under 6 months of age are
gelatin and juice from cartons; followed by filled biscuits
and salty snacks at the subsequent months of age [14].
Several factors may affect the infant nutritional devel-

opment, such as the intrauterine environment. Fetus ex-
posure to different intrauterine environments, such as
DM [5, 15, 16], hypertensive disorders (HD) [17], intra-
uterine growth restriction (IUGR) [18], and smoking
[19] may affect, posteriorly, BF practices, the offer of
other kinds of milk, introduction of CF and child
growth, by influencing birth weight and infant weight
gain over the months.
It is not well known whether depending on the time of

introduction and quantity of processed foods (PF) of-
fered, they may act differently in health or breastfeeding
practices, being more or less harmful to children in early
childhood. Therefore, the aim of this study is to analyze
the associations between time of introduction and quan-
tity of infant processed food consumption with duration
of breastfeeding and infant growth at 6 months old.

Methods
Participants
This is a longitudinal observational study performed
with a convenience sample of mother-child pairs,

selected between September 2011 to December 2016.
The study is part of a larger prospective controlled pro-
ject entitled Impact of Perinatal Environment Variations
on the Health of the Newborn in the First Six Months of
Life (IVAPSA) study. Further details about the IVAPSA
study [20], as well as some baseline results [21] were
previously published.
According to the IVAPSA study, the final sample size es-

timated was 521mother-child pairs, being 87 for each group
of intrauterine environments and 174 pairs for the control
group. The sample size calculation was described in detail
in a previous publication [20]. Newborns were recruited at
three hospitals in the city of Porto Alegre: Hospital de Clín-
icas de Porto Alegre (HCPA), Hospital Fêmina and Hos-
pital Nossa Senhora da Conceição, the latter two belonging
to the Grupo Hospitalar Conceição (GHC) (Fig. 1).
The infants were randomly selected based on hospital

medical records. The data collection was carried out
with interviews at 6 different times after delivery; 24–48
h, 7 days, 1 month, 3 months, and 6 months. These inter-
views occurred in the infants’ home or the Clinical Re-
search Center of HCPA. Inclusion criteria consisted of
pairs attended in the hospitals and belonging to the area
covered by Porto Alegre city, Rio Grande do Sul.
Mothers with HIV (Human Immunodeficiency Virus)
positive test, newborn twins, who had congenital dis-
eases at birth, gestational age less than 37 weeks, those
who required hospital admission, those with a birth
weight below 500 g, and pairs who did not attend the
six-month interview were excluded from the study.
The IVAPSA sample consisted of mother-child pairs

who had different backgrounds of adverse intrauterine
environments exposure, such as tobacco, determined by
affirmative answer for smoking during pregnancy, re-
gardless of the number of cigarettes used per day; DM,
defined as gestational diabetes, type 1 DM or type 2
DM; HD, designated by hypertensive disorders during
pregnancy, whether it was classified as preeclampsia and
eclampsia, preeclampsia superimposed on chronic
hypertension, chronic hypertension; control, represented
by mothers who did not have hypertension or DM, as
well as those who were non-smokers; and IUGR, charac-
terized by mothers with term infants small for gesta-
tional age who were below the percentile 5, according to
Alexander curve parameters [22], whose causes were not
smoking, HD, or DM. Women with more than one
background were excluded from the study. The ques-
tionnaires used in this study were specially developed for
the IVAPSA research, and are available as supplemen-
tary material (Supplementary Files 1, 2, 3 and 4).

Covariates
Covariates were collected in the first and sixth inter-
views, using structured questionnaires on maternal

Neves et al. BMC Public Health         (2021) 21:1512 Page 2 of 11



demographic and socioeconomic information, preg-
nancy, childbirth and the infant variables. Maternal data
were age (in years), education (years of study) and total
family income (in Reais – Brazilian currency) and the
number of past pregnancies (prior live births). Gesta-
tional data consisted of pre-gestational body mass index
(BMI), expressed in kilogram by stature squared, Kg/m2,
and the group of gestational clinical conditions (DM,
HD, tobacco, IUGR and control). Infant data included
sex, growth z-scores at birth, the pacifier and bottle-
feeding use at 6 months, as well as the timing of intro-
duction of cow’s milk or formula milk (in days).

Feeding practices
For infant feeding practices analysis, data were collected
from the second to the sixth interview, referring to
infant feeding at hospital discharge; time in minutes
of initiation of BF at postpartum, questions related to
BF (e.g., Did the child breastfeed on the first day of
life? If don’t, what did he receive? What was the feed-
ing at hospital discharge? Does your baby breastfeed?
If don’t, when did you stop breastfeeding?), weaning
and introduction of CF.
The recommendations of infant nutrition analyzed

were those proposed by “Feeding Guide for Brazilian
Children Under Two Years” [23] and “Dietary Guide-
lines for the Brazilian Population” [24], both publications
of the Ministry of Health of Brazil.

The BF variables were elaborated according to the
World Health Organization (WHO) [25]: EBF, when
the child received exclusively BF until 6 months,
without any other liquid or solid, except for supple-
ments and medicine and non-exclusive (non-EBF),
when the child was breastfeeding, independent of
other liquids or feeding offered. Then, a compute of
the days of EBF-duration and non-EBF-duration was
performed.
Foods consumed in the 24-h dietary recall, col-

lected from the third to the sixth interview regarding
all foods consumed in the day before, were trans-
posed in Excel® version 2101 (Microsoft Office® Pro-
fessional Plus pack), and categorized according to
the degree of food processing (NOVA classification),
proposed by “Dietary Guidelines for the Brazilian
Population”, according to Monteiro and collaborators
[26]:
- Natural or minimally processed foods: foods obtained

directly from plants or animals, and may or may not be
subjected to minimum changes;
- Culinary ingredients: products extracted from natural

foods or directly from nature and used for seasoning,
cooking, and create culinary preparations;
- Processed foods: products made essentially from the

addition of salt or sugar to a natural or minimally proc-
essed food;
- Ultra-processed foods: products whose manufactur-

ing involves various stages and processing techniques

Eligible infants
(n=509)

Infants included in the 
final analysis

(n=236)

Loss of missing data
(n=108)

Loss of follow-up
(n=56)

Parents who agreed to 
participate in the study

(n=400)

Refuses
(n=109)

Fig. 1 Infant selection flowchart, IVAPSA sample, Porto Alegre, 2011–2016
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and various ingredients, many of them exclusively for in-
dustrial use.
The last 3 categories of processing (culinary ingredi-

ents, processed and ultra-processed foods) were grouped
as “processed foods” (PF) for analyzes. After the compil-
ation of the three groups of PF, a weighting was carried
out by the numbers of items consumed, scoring more
severity the earlier the consumption.
The gravity score of processed foods (GSPF) calcula-

tion occurred as follows: infants who consumed PF dur-
ing the first 6 months of life were categorized according
to the time of introduction of reported PF. To perform
this categorization, a weighting was made by pointing
each reported food item considered as PF with 10 points
in the third interview, which represented the intake from
the first 15 days of life; 7 points in the fourth interview,
which represented the intake from 15 to 30 days of life;
5 points in the fifth interview, which represented the in-
take from 30 to 90 days of life; and 3 points in the sixth
interview, which represented the intake from 90 to 180
days of life.
That is, the same food, if it was offered in more than

one data collection, would be scored every time it was
mentioned. Afterward, a sum of all points was per-
formed and divided into tertiles, generating groups of
mild severity (1–12 points), moderate (13–30 points),
and severe (more than 30 points). Infants who did not
consume any type of PF during the first 6 months of life,
obtained null weighting.

Child growth
Measurements of weight (in kilograms) and height (in
centimeters) were collected at birth and in the 6-month
interview. Child growth was assessed by WHO Anthro®
software (Switzerland, 2005). The growth parameters
were evaluated according to the anthropometric indi-
ces weight for height (WHZ), body mass index for
age (BAZ), and weight for age (WAZ), proposed by
WHO [27].

Statistical analysis
Data were processed and analyzed with the statistical
program SPSS®, version 18.0 (PASW Inc., Chicago, IL,
EUA). Qualitative variables were expressed by absolute
number and percentage, and Pearson’s chi-square test
was used to detect differences between proportions. The
Shapiro-Wilk test was used to test the normality of
quantitative variables. Quantitative variables were
expressed by the median values [interquartile range],
and analyzed by the Kruskal-Wallis test with the Dunn
Post Hoc test.
To compare the averages of growth variables between

the different GSPF, it was performed an analysis of vari-
ance test (ANOVA), with the Tukey Post Hoc test. For

asymmetric variables, the distribution of BF duration
(exclusive and non-exclusive) was compared using the
Kruskal-Wallis test; when significant, it was compared
by Dunn Post Hoc test.
To perform the adjusted comparison for variables age,

maternal pre-gestational BMI, income, and growth z-
scores at birth, the BF time variables (exclusive and non-
exclusive) were transformed into logarithms, correcting
the values asymmetry. The comparison of growth vari-
ables and BF time logs were performed using the
ANCOVA test. Results was presented by geometric
mean and 95% confidence interval. For all analyzes, a
significance level of 5% was considered.

Ethical aspects
The mothers signed, in duplicate, the Free and Clarified
Consent Term, at the time that preceded the first inter-
view in the first 48 h after delivery. An identification
number was defined for each child, maintaining the ano-
nymity of the participants. The study was approved by
the Research Ethics Committee of HCPA and GHC,
under protocol numbers 11–0097 and 11–027,
respectively.

Results
A total of 236 infants were included in this sample.
When comparing the characteristics from the included
and excluded participants, most mothers from infants
included in the sample were living with their partner
(p = 0.047), had higher maternal education (p = 0.006),
higher maternal age (p = 0.001), and a higher number of
prenatal consultations (p = 0.004) (data not shown in
tables).
Descriptive data according to the GSPF groups are

shown in Table 1. Of the 236 infants, 28 were in the
Null severity score group, 74 in the Mild severity score
group, 66 in Moderate severity score group, and 68 were
in the Severe group. The monthly family income of the
Null group was significantly higher than the Moderate
and Severe groups, as well as the Mild group in relation
to the Severe group (p < 0.001). In the same way, the
Null and Mild groups were differentiated by higher ma-
ternal education when compared to the other two scores
groups (p < 0.001). Women of the Severe group were
younger than the Null and Mild groups (p = 0.003). The
Moderate group presented a significantly higher pre-
gestational BMI than the Null group (p = 0.010). Regard-
ing the different backgrounds of adverse intrauterine
environments, controls showed a higher percentage in
the Mild scores, when compared to the tobacco and DM
groups. In contrast, the Severe group controls presented
a lower percentage of participants compared to tobacco.
In the Moderate severity, DM obtained a higher propor-
tion in relation to HD (p = 0.013). The number of past
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pregnancies, the same as children-related variables,
presented no significant differences between GSPF
(p > 0.05).
In the crude analysis of growth and BF variables and

their relationship with the GSPF (Table 2 and Figs. 2
and 3), it was perceived that the Moderate group ob-
tained a higher WHZ, BAZ, and WAZ, compared to the
Null severity (p = 0.040 and p = 0.041, respectively).

Likewise, the Null and Mild scores demonstrated better
rates at the BF variables. The duration of EBF was higher
in the Null group in contrast to the Severe one, and in
the Mild group compared to the Moderate and Severe
(p < 0.001). Both the Null and Mild scores presented a
greater general non EBF rate, in relation to the others
(p < 0.001). The adjusted analysis for the total family in-
come, maternal age, the maternal pre-gestational BMI,

Table 1 Characteristics of study participants according to severity scores of processed feeding, Porto Alegre, 2011–2016
Variables Total

(n = 236)
Gravity score food (GSF)

Null
(n = 28)

Mild
(n = 74)

Moderate
(n = 66)

Severe
(n = 68)

p

Family variables

Family income (reais) *
(median [25; 75])

1800 [1200; 2718] 2750 [1500; 3126]a 2.000 [1463; 2800]ab 1.500 [1072; 2200]bc 1.336 [0,976; 2313]c < 0.001

Maternal education (years)
(median [25; 75])

11.00 [8.00; 11.00] 11.00 [10.25; 12.37]d 11.00 [10.00; 11.00]d 9.00 [7.00; 11.00]e 8.50 [7.00; 11.00]e < 0.001

Maternal age (years)
(median [25; 75])

27.00 [21.00; 33.00] 29.00 [25.00; 34.75]f 28.50 [23.75; 33.00]f 26.00 [21.00; 33.25]fg 23.50 [19.00; 30,75]g 0.003

Pre-gestational BMI (Kg/m2) *
(median [25; 75])

25.0 [21.6; 28.9] 22.52 [20.41; 26.82]h 25.04 [21.68; 28.16]hi 27.64 [22.97; 31.84]i 24.43 [21.71; 26.99]hi 0.010

Number of past pregnancies (n (%))

Primiparous 92 (39.0) 15 (53.57) 30 (40.54) 28 (42.42) 19 (27.94) 0.094

Multiparous 144 (61.0) 13 (46.43) 44 (59.46) 38 (57.57) 49 (72.06)

Adverse intrauterine environments (n (%))

DM 49 (20.8) 7 (25.00) 10 (13.51)A 20 (30.30)B 12 (17.65) 0.013

HD 25 (10.6) 1 (3.57) 11 (14.86) 3 (4.55) 10 (14.71)

Tobacco 43 (18.2) 7 (25.00) 6 (8.11)A 12 (18.18) 18 (26.47)B

IUGR 25 (10.6) 3 (10.71) 8 (10.81) 5 (7.58) 9 (13.24)

Control 94 (39.8) 10 (35.72) 39 (52.71)B 26 (39.39) 19 (27.93)A

Infant variables

Growth variables at birth (z-score) (mean (SD))

WHZ 0.42 (1.09) 0.52 (1.17) 0.44 (0.90) 0.56 (1.12) 0.22 (1.22) 0.319

BAZ 0.15 (1.09) 0.26 (1.19) 0.22 (0.94) 0.28 (1.03) −0.1 (1.22) 0.169

WAZ −0.15 (1.06) −0.11 (1.22) −0.003 (0.96) −0.12 (1.00) −0.36 (1.12) 0.235

Cow’s milk introduction (days)
(median [25; 75])

60 [17; 120] 27 [27; 27] 90 [22; 157] 90 [16; 133] 60 [16; 90] 0.109

Formula milk introduction
(days) (median [25; 75])

22 [5; 81] 10 [1; 103] 15 [3; 90] 16 [4; 81] 30 [10; 75] 0.282

Sex distribution (n (%))

Female 128 (54.2) 15 (53.6) 46 (62.2) 30 (45.5) 37 (54.4) 0.272

Male 108 (45.8) 13 (46.4) 28 (37.8) 36 (54.5) 31 (45.6)

Pacifier at 6 months* (n (%))

No 84 (35.9) 16 (57.14) 25 (34.25) 24 (36.92) 19 (27.94) 0.058

Yes 150 (64.1) 12 (42.86) 48 (65.75) 41 (63.08) 49 (72.06)

Bottle feeding at 6 months* (n (%))

No 20 (8.5) 5 (17.86) 8 (10.96) 3 (4.62) 4 (5.88) 0.136

Yes 214 (91.5) 23 (82.14) 65 (89.04) 62 (95.38) 64 (94.12)

Subtitle: BMI body mass index, DM diabetes mellitus, HD hypertensive disorders, IUGR intrauterine growth restriction, WHZ weight for height z-score, BAZ BMI for
age z-score, WAZ weight for age z-score
Different overwritten letters correspond to significantly different results
Statistical tests: chi-square of proportions, for qualitative variables, and Kruskal Wallis with Dunn Post Hoc, or ANOVA one-way, with Tukey Post Hoc test, for
quantitative variables. Some variables, highlighted with an asterisk (*), may not totalize 236 participants, due to missing data
In the “adverse intrauterine environments” variable, the analysis of adjusted standardized residues smaller than 1.96 are overwritten with the capital letter A; and
those greater than 1.96 are overwritten with the capital letter B
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and growth z-scores at birth confirmed the crude find-
ings. Relative to growth, the Null severity had a lower
WHZ, BAZ and WAZ than the Moderate severity (p =
0.025 and p = 0.030, respectively). The findings of non-
EBF also confirmed the crude analysis, in which the Null
and Mild scores statistically differed from the Severe,
and the Mild from Moderate, in the EBF duration
(p < 0.001); while the Null and Mild severities demon-
strated better rates of non-EBF, compared to the Moder-
ate and Severe groups (p < 0.001).

Discussion
The present study found that higher infant PF consump-
tion, analyzed by GSPF, was associated with higher
WHZ, BAZ, and WAZ, as well as lower EBF and non-
EBF duration in the sixth month of infants. It should be
emphasized that there was a meticulous division of feed-
ing introduction, with regard to the degree of food pro-
cessing, due to the fact that the literature shows that
consumption of ultra-processed foods, as well as sweet-
ened beverages, has their start early, in a frequent way,
even before the age of 6 months [11].

In this survey sample, there were a large number of in-
fants in Null, Moderate, and Severe scores, demonstrat-
ing the current food situation. As in other studies [28,
29], the early childhood eating practices were confirmed
to be inadequate, compared to the recommendations for
this age group [23], when replacing foods considered
natural and healthy for the processed ones. The high
consumption of PF by infants has shown to reflect a nu-
tritionally poor diet with high amounts of carbohydrates,
sugar, sodium, total and saturated fats, and energy dens-
ity, and low amounts of proteins, fibers, vitamins, and
minerals [30].
Researches have shown that the factors most strongly

associated with this early and large PF consumption by
infants are maternal education and age, family income,
number of past pregnancies, BF in the first month of life,
and the main caregiver not being the mother [28, 29]. In
the present study, the sample descriptive characteristics
corroborated with the literature, on what Null score,
represented by infants that did not consume PF, had
higher family income in comparison to Moderate (13–
30 points) and Severe (more than 30 points) scores, as

Table 2 Crude and adjusted averages comparison of growth and breastfeeding duration variables, between different processed
feeding severity scores of IVAPSA sample included on analysis, Porto Alegre, 2011–2016

Variables Gravity score of processed food (GSPF)

Null
(n = 28)

Mild
(n = 74)

Moderate
(n = 66)

Severe
(n = 68)

P

Growth variables (in z-scores)

Crude averagesI (mean (SD))

WHZ −0.16a (1.15) 0.32ab (1.24) 0.63b (1.13) 0.18ab (1.46) 0.040

BAZ −0.24c (1.18) 0.22cd (1.25) 0.54d (1.13) 0.08cd (1.46) 0.041

WAZ −0.37 (0.83) 0.11 (1.05) 0.24 (1.12) 0.02 (1.34) 0.129

Adjusted averagesIII (mean (SD))

WHZ −0.28e [− 0.84; 0.27] 0.21ef [− 0.12; 0.54] 0.78f [0.42; 1.13] 0.21ef [− 0.16; 0.58] 0.011

BAZ −0.29g [− 0.83; 0.25] 0.12gh [− 0.21; 0.46] 0.61h

[0.27; 0.96]
0.12gh [− 0.25; 0.49] 0.037

WAZ − 0.40i [− 0.85; 0.06] 0.03ij [− 0.31; 0.25] 0.36j

[0.07; 0.64]
0.16ij [− 0.18; 0.43] 0.049

Breastfeeding variables (in days)

Crude averagesII (median [25; 75])

EBF time 17.50kl [3.25; 149.75] 32.00k [5.00; 120.00] 6.00lm [1.00; 30.00] 2.00m [1.00; 19.25] < 0.001

Non EBF time 180.00n [180.00; 180.00] 180.00n

[180.00; 180.00]
180.00o [60.00; 180.00] 180.00o [60.00; 180.00] < 0.001

Adjusted averagesIV (mean (SD))

EBF timeV 19.20pq [9.50; 39.10] 23.80p [15.60; 36.30] 7.23qr [4.68; 11.15] 3.27r [2.07; 5.16] < 0.001

Non EBF timeV 175.40s [120.70; 254.40] 162.60s [129.10; 205.00] 91.60t [72.60; 115.40] 86.70t [67.30; 111.60] < 0.001

Subtitle: I ANOVA one-way test, with Tukey Post Hoc test
II Kruskal-Wallis test, with Dunn Post Hoc test
III ANCOVA test, with Bonferroni Post Hoc test. Adjusted by total family income, maternal age, maternal pre-gestational BMI and baseline score of growth
IV ANCOVA test, with Bonferroni Post Hoc test. Adjusted by total family income, maternal age and maternal pre-gestational BMI
V Geometric means
Different letters represent categories with statistically different means
Breastfeeding duration variables were reported in days
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Fig2.1: WHZ growth crude means between 
groups (p=0.040).

Fig2.2: BAZ growth crude means between 
groups (p=0.041)

Fig2.3: WAZ growth crude means between 
groups (p=0.129).

Fig2.4: WHZ growth adjusted means 
between groups (p=0.011).

Fig2.5: BAZ growth adjusted means 
between groups (p=0.037)

Fig2.6: WAZ growth adjusted means 
between groups (p=0.049).

Fig. 2 (See legend on next page.)
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well as did Mild (1–12 points) score in relation to Se-
vere. Maternal education and age were also higher in
lower severity score groups. In contrast, women with
Moderate scores presented higher pre-gestational BMI
than Null ones. In the EDEN cohort, it was found that
mothers who offer ultra-processed foods tend to be
younger, with higher educational levels, and more likely
to be obese [31].
Referring to adverse intrauterine environments, infants

from the control group revealed greater number on the
Mild severity, compared to tobacco and DM. In Moder-
ate score, the infants from the diabetic group were in a
higher proportion in relation to HD; and in Severe, the
tobacco group predominated above control ones. In fact,
these adverse intrauterine environments caused by dif-
ferent gestational clinical conditions had already been
related to BF, by reducing the volume of milk produced
and child response to breast milk in smoking [32, 33],
leading to less BF duration in mothers who smoke, had
gestational DM [34] and HD [35]; even as early intro-
duction of CF, before 4 months of life [19]. However,
relative to PF supply, studies are still scarce. A recent
study observed that, in children exposed to gestational

DM, BF only maintain its protection against childhood
obesity if processed foods, like sugar-sweetened bever-
ages intake, were also low [36].
Regarding child growth, in this research, the z scores

were higher in Moderate severity score (13–30 points).
However, these values did not exceed the normal range
of eutrophic, and these data may not have great clinical
relevance. A possible explanation would be that the
period of child growth monitoring was considered short,
being necessary more time so that greater differences
could be noticed, being able, similarly, to relate to the
PF; such as in pre-school age, which its consumption is
a predictor of increased waist circumference in school-
age [37].
Moreover, the consumption of PF, together with early

introduction of wheat, cow’s or formula milk and shorter
duration of BF interfere with diet quality, which may
affect nutritional status at 2 years of age [38]. In the
present study, the scores with the lowest PF intake dem-
onstrated better rates of general and EBF and non-EBF
duration, evidencing possible mutual protective effect.
Breast milk reduced the chances of consuming non-

recommended foods, like cookies and crackers for

(See figure on previous page.)
Fig. 2 Crude and adjusted means distributions of growth, between different processed feeding severity scores, of IVAPSA sample included in the
analysis, Porto Alegre, 2011–2016. Subtitle: WHZ =weight for height z-score; BAZ = BMI for age z-score; WAZ = weight for age z score. Adjusted
means by total family income, maternal age, maternal pre-gestational BMI and baseline score of growth. Different letters represent categories
with statistically different means

Fig3.1: EBF crude time distribution between 
groups (p<0.001)

Fig3.2: Non EBF crude time distribution 
between groups (p<0.001)

Fig3.3: EBF adjusted time distribution 
between groups (p<0.001)

Fig3.4: Non EBF adjusted time distribution 
between groups (p<0.001)

Fig. 3 Crude and adjusted means distributions of duration of breastfeeding variables, between different processed feeding severity scores, of
IVAPSA sample included in the analysis, Porto Alegre, 2011–2016. Subtitle: EBF = exclusive breastfeeding. Adjusted means by total family income,
maternal age and maternal pre-gestational BMI. Different letters represent categories with statistically different means
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children under 6months old, industrialized yogurt be-
tween 6 and 12months old, and soft drinks between 12
and 24months of age [39]. Although surveys indicated the
adverse effects of PF on daily basis, and government agen-
cies strongly recommend not consuming them, it is
known that, with globalization, it could be increasingly dif-
ficult to completely extinguish processed foods. On the
other hand, while total exclusion is difficult to achieve, re-
ducing consumption, with it not being part of the routine,
can be a viable alternative for the population.
Furthermore, the study of the impact of ultra-

processed foods on human health is essential, since
they could impact the prevalence of autoimmune dis-
eases, by inducing gut dysbiosis and promoting a pro-
inflammatory response [40].
Among the strengths of the study can be highlighted

the data collection in 6 interviews, in an important
period of life, the first 6 months; making it possible to
identify potential crucial periods for interventions. The
analysis of feeding practices was performed meticulously
and managed to encompass all aspects of infant feeding,
by counting on a variety of collection instruments, in-
creasing reliability of data, and reducing information bias
given by the interviewees. Finally, the severity scores
allowed an accurate analysis of PF consumption, provid-
ing different scores according to the moment and num-
ber of times offered. And also, pioneering research on
infant feeding in the first 6 months considering, besides
breastfeeding, the classification by type of food
processing.
Instead, this study has shown limitations. The longitu-

dinal character study generated a 41% loss of follow-up,
decreasing the sample. This may have occurred due to
the great housing mobility, characteristic of the most
vulnerable social classes in Brazil; although, the analysis
showed sufficient sample power, demonstrated by the
significance of the main results. Because the sample has
specific adverse intrauterine environments resulting
from gestational clinical conditions, these results may
not be generalized for the general population. Despite
this, since this research used a sample of varied intra-
uterine environments with high prevalence, it is possible
that the relations observed here may be interesting for
the population of children of Brazil.

Conclusion
The high and early consumption of processed foods by
infants demonstrated a relationship with shorter breast-
feeding duration and higher growth scores at their 6
months of life. Less supply from this food group, or its
postponement, may reduce the harms of PF consump-
tion at young ages. It is of great value, for a better un-
derstanding of the subject, that further studies be carried
out with a longer period of follow-up.

Abbreviations
BAZ: Body Mass Index for Age Z-Score; BF: Breastfeeding; BMI: Body Mass
Index; CF: Complementary Feeding; DM: Diabetes Mellitus; EBF: Exclusive
Breastfeeding; GHC: Grupo Hospitalar Conceição; GSPF: Gravity Score of
Processed Food; HCPA: Hospital de Clínicas de Porto Alegre;
HD: Hypertensive Disorders; IUGR: Intrauterine Growth Restriction; IVAP
SA: Impact of Perinatal Environment Variations on the Health of the
Newborn in the First Six Months of Life; PF: Processed Foods; WHO: World
Health Organization; WAZ: Weight for Age Z-Score; WHZ: Weight for Height
Z-Score

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-021-11539-5.

Additional file 1: Supplementary File 1. - IVAPSA Postpartum
Questionnaire. Questionnaire applied 24–48 h after birth.

Additional file 2: Supplementary File 2. - IVAPSA 7-Days Question-
naire. Questionnaire applied 7 days after birth.

Additional file 3: Supplementary File 3. - IVAPSA 15, 30- and 90-Days
Questionnaire. Questionnaires applied 15, 30 and 90 days after birth.

Additional file 4: Supplementary File 4. - IVAPSA 180-Days Question-
naire. Questionnaire applied 180 days after birth.

Acknowledgements
The authors thank for the commitment of all researchers of IVAPSA cohort,
and the willingness of all participants.

Authors’ contributions
VLB, CHS, MZG and JRB idealized and coordinated the IVAPSA cohort. JRB
and RON developed the study and participated in data collection. RON
wrote the manuscript. RON and LSPG performed the statistical analysis. VLB,
CHS, MZG, JRB, LMN, LSPG, and RON reviewed and approved the final paper.

Funding
This research was supported by FIPE/HCPA (Fundo de Incentivo à Pesquisa e
Eventos do Hospital de Clínicas de Porto Alegre), with funds to the purchase
of materials for data collection, and CAPES (Comissão de Aperfeiçoamento
de Pessoal do Nível Superior), with scholarships for undergraduate and
graduate students.

Availability of data and materials
The questionnaires used for the research are available as Supplemental File.
Data can be requested from the responsible researcher, by email
renataoliveiraneves@gmail.com.

Declarations

Ethics approval and consent to participate
The study was approved by the Research Ethics Committee of Hospital de
Clínicas de Porto Alegre and Grupo Hospitalar Conceição, under protocol
numbers 11–0097 and 11–027, respectively. All participants signed the
Informed Consent Form.

Consent for publication
Not applicable.

Competing interests
None of the authors have any potential financial relationship or conflict of
interest related to this study to disclose.

Author details
1Graduate Program in Child and Adolescent Health, Universidade Federal do
Rio Grande do Sul, Porto Alegre, Brazil. 2Biostatistics Unit, Research, and
Graduate Studies, Hospital de Clínicas de Porto Alegre, Porto Alegre, Brazil.
3Graduate Program in Food, Nutrition, and Health, Universidade Federal do
Rio Grande do Sul, Porto Alegre, Brazil. 4Department of Nutrition,

Neves et al. BMC Public Health         (2021) 21:1512 Page 9 of 11

https://doi.org/10.1186/s12889-021-11539-5
https://doi.org/10.1186/s12889-021-11539-5
mailto:renataoliveiraneves@gmail.com


Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil. 5Department
of Pediatrics, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil.

Received: 20 August 2020 Accepted: 23 July 2021

References
1. Patel N, Dalrymple KV, Briley AL, Pasupathy D, Seed PT, Flynn AC, et al.

Mode of infant feeding, eating behaviour and anthropometry in infants at
6-months of age born to obese women - a secondary analysis of the
UPBEAT trial. BMC Pregnancy Childbirth [internet]. 2018;18(1):355 Available
from: https://doi.org/10.1186/s12884-018-1995-7.

2. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al.
Maternal and child undernutrition and overweight in low-income and
middle-income countries. Lancet. 2013;382(9890):427–51. https://doi.org/1
0.1016/S0140-6736(13)60937-X.

3. Hobbs AJ, Mannion CA, Mcdonald SW, Brockway M, Tough SC. The impact
of caesarean section on breastfeeding initiation, duration and difficulties in
the first four months postpartum. BMC Pregnancy Childbirth. 2016;16(90).
https://doi.org/10.1186/s12884-016-0876-1.

4. Brandão HV, Vieira GO, Vieira TO, Cruz ÁA, Guimarães AC, Teles C, et al.
Acute viral bronchiolitis and risk of asthma in schoolchildren: analysis of a
Brazilian newborn cohort. J Pediatr. 2017;93(3):223–9. https://doi.org/10.101
6/j.jped.2016.08.004.

5. Mitanchez D, Yzydorczyk C, Siddeek B, Boubred F, Benahmed M. Simeoni U.
The offspring of the diabetic mother – Short- and long-term implications.
Best Pract Res Clin Obstet Gynaecol [Internet]. 2015;29(2):256–69 Available
from: http://www.ncbi.nlm.nih.gov/pubmed/25267399.

6. Fewtrell M, Bronsky J, Campoy C, Domellof M, Hojsak I. Complementary
feeding: a position paper by the European Society for Paediatric
Gastroenterology, hepatology, and nutrition (ESPGHAN) committee on
nutrition. J Pediatr Gastroenterol Nutr. 2017;64(1):119–32. https://doi.org/10.1
097/MPG.0000000000001454.

7. Coulthard H, Harris G, Fogel A. Exposure to vegetable variety in infants
weaned at different ages. Appetite. 2014;78:89–94. https://doi.org/10.1016/
j.appet.2014.03.021.

8. Qasem W, Fenton T, Friel J. Age of introduction of first complementary
feeding for infants: a systematic review. BMC Pediatr [Internet]. 2015;15(1):
107 Available from: http://www.ncbi.nlm.nih.gov/pubmed/26328549.

9. Helle C, Hillesund ER, Øverby NC. Timing of complementary feeding and
associations with maternal and infant characteristics: A Norwegian cross-
sectional study. Wiley AS, editor. PLoS One [Internet]. 2018;13(6):e0199455.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/29949644.

10. de A FPC, de CCA, de CVA, Ribeiro AQ, Priore SE, do CC FS, et al. Maternal
smoking during pregnancy and early development of overweight and
growth deficit in children: an analysis of survival. Rev Bras Saúde Matern
Infant [Internet]. 2018;18(2):361–9 Available from: http://www.scielo.br/scielo.
php?script=sci_arttext&pid=S1519-38292018000200361&lng=en&tlng=en.

11. Contreras M, Zelaya Blandón E, Persson L-Å, Ekström E-C. Consumption
of highly processed snacks, sugar-sweetened beverages and child
feeding practices in a rural area of Nicaragua. Matern Child Nutr
[Internet]. 2016;12(1):164–76 Available from: http://www.ncbi.nlm.nih.
gov/pubmed/25134722.

12. de Carvalho CA, de A FPC, Priore SE, do CC FS, de NJF. Consumo alimentar
e adequação nutricional em crianças brasileiras: revisão sistemática. Rev Paul
Pediatr. 2015;33(2):211–21. https://doi.org/10.1016/j.rpped.2015.03.002.

13. Weaver CM, Dwyer J, Fulgoni VL III, King JC, Leveille GA, MacDonald RS,
et al. Processed foods: contributions to nutrition. Am J Clin Nutr [Internet].
2014;99(6):1525–42. Available from: https://www.ncbi.nlm.nih.gov/pmc/a
rticles/PMC6410904/. https://doi.org/10.3945/ajcn.114.089284.

14. Neves AM, Madruga SW. Complementary Feeding, Consumption of
Industrialized Foods and Nutritional Status of Children Under 3 Years Old in
Pelotas, Rio Grande Do Sul, Brazil, 2016: A Descriptive Study. Epidemiol Serv
Saude [Internet]. 2019;28(1) Available from: https://pubmed.ncbi.nlm.nih.
gov/30970067/.

15. Laving AR, Hussain SR, Atieno DO. Overnutrition: does complementary
feeding play a role? Ann Nutr Metab [internet]. 2018;73(1):15–8 Available
from: http://www.ncbi.nlm.nih.gov/pubmed/30196296.

16. Armengaud J-B, Ma RCW, Siddeek B, Visser GHA, Simeoni U. Offspring of
mothers with hyperglycaemia in pregnancy: the short term and long-term
impact. What is new? Diabetes Res Clin Pract. 2018;145:155-66.

17. Pinheiro TV, Brunetto S, Ramos JGL, Bernardi JR, Goldani MZ. Hypertensive
disorders during pregnancy and health outcomes in the offspring: a
systematic review. J Dev Orig Health Dis [Internet]. 2016;7(04):391–407
Available from: http://www.journals.cambridge.org/abstract_S204017441
6000209.

18. Kopec G, Shekhawat P, Mhanna M. Prevalence of diabetes and obesity in
association with prematurity and growth restriction. Diabetes Metab Syndr
Obes Targets Ther [Internet]. 2017;10:285–95 Available from: http://www.
ncbi.nlm.nih.gov/pubmed/28740412.

19. Castro PD, Kearney J, Layte R. A study of early complementary feeding
determinants in the Republic of Ireland based on a cross-sectional analysis
of the Growing Up in Ireland infant cohort. Public Health Nutr [Internet].
2015;18(02):292–302 Available from: http://www.ncbi.nlm.nih.gov/
pubmed/24642376.

20. Bernardi JR, Ferreira CF, Nunes M, Silva CH, Bosa VL, Silveira PP, et al.
Impact of perinatal different intrauterine environments on child growth
and development in the first six months of life - IVAPSA birth cohort:
ratinale, design, and methods. BMC Pregnancy Childbirth [Internet].
2012;12(25) Available from: http://www.biomedcentral.com/content/
pdf/1471-2393-12-25.pdf.

21. Werlang ICR, Bernardi JR, Nunes M, Marcelino TB, Bosa VL, Michalowski MB,
et al. Impact of Perinatal Different Intrauterine Environments on Child
Growth and Development: Planning and Baseline Data for a Cohort Study.
JMIR Res Protoc [Internet]. 2019;8, 11 Available from: https://pubmed.ncbi.
nlm.nih.gov/31714249/.

22. Alexander G, Himes J, Kaufman R, Mor J, Kogan M. A United States national
reference for fetal growth. Obstet Gynecol. 1996;87(2):163–8. https://doi.
org/10.1016/0029-7844(95)00386-X.

23. Ministério da Saúde. Guia Alimentar Para Crianças Brasileiras Menores de 2
Anos. In Brasília; 2019. Available from: http://189.28.128.100/dab/docs/porta
ldab/publicacoes/guia_da_crianca_2019.pdf

24. Ministério da Saúde. Guia alimentar Para a população Brasileira [internet].
2014. Available from: www.saude.gov.br/bvs

25. WHO. Indicators for assessing infant and young child feeding practices:
WHO [Internet]; 2008. Available from: http://apps.who.int/iris/bitstream/1
0665/43895/1/9789241596664_eng.pdf

26. Monteiro CA, Levy RB, Claro RM, de Castro IRR, Cannon G. Uma nova
classificação de alimentos baseada na extensão e propósito do seu
processamento. Cad Saúde Pública. 2010;26(11):2039–49. https://doi.org/10.1
590/S0102-311X2010001100005.

27. WHO Child Growth Standards. Methods and development [internet]: WHO.
World Health Organization; 2006. Available from: http://www.who.int/
childgrowth/standards/technical_report/en/

28. Giesta JM, Zoche E, Correa RDS, Bosa VL. Associated Factors With Early
Introduction of Ultra-Processed Foods in Feeding of Children Under Two
Years Old. Cien Saude Colet [Internet]. 2019;24(7) Available from: https://
pubmed.ncbi.nlm.nih.gov/31340258/.

29. Lopes WC, de Pinho L, Caldeira AP, do C LA. Consumption of Ultra-
Processed Foods By Children Under 24 Months of Age and Associated
Factors. Rev Paul Pediatr [Internet]. 2020;38 Available from: https://pubmed.
ncbi.nlm.nih.gov/32074226/.

30. Moubarac J-C, Batal M, Louzada ML, Steele EM, Monteiro CA. Consumption of
Ultra-Processed Foods Predicts Diet Quality in Canada. Appetite [Internet].
2017;108:512–20 Available from: https://pubmed.ncbi.nlm.nih.gov/27825941/.

31. Betoko A, Charles M-A, Hankard R, Forhan A, Bonet M, Saurel-Cubizolles M-J,
et al. Infant feeding patterns over the first year of life: influence of family
characteristics. Eur J Clin Nutr. 2013;67(6):631–7. https://doi.org/10.1038/
ejcn.2012.200.

32. Napierala M, Mazela J, Merritt TA, Florek E. Tobacco smoking and
breastfeeding: effect on the lactation process, breast Milk composition and
infant development. A Critical Review. Environ Res [Internet]. 2016;151:321–
38 Available from: https://pubmed.ncbi.nlm.nih.gov/27522570/.

33. Muñiz CL, Zulueta MP-, Río ECD, Sota SM, Adana MS de, Pérez MM, et al.
Impact of Maternal Smoking on the Onset of Breastfeeding Versus Formula
Feeding: A Cross-Sectional Study. Int J Environ Res Public Health [Internet].
2019;16(24):4888 Available from: https://pubmed.ncbi.nlm.nih.gov/31817170/.

34. Pinheiro TV, Goldani MZ, IVAPSA group. Maternal pre-pregnancy
overweight/obesity and gestational diabetes interaction on delayed
breastfeeding initiation. Spracklen CN, editor. PLoS One [Internet]. 2018;
13(6):e0194879. Available from: http://www.ncbi.nlm.nih.gov/pubmed/2
9912885.

Neves et al. BMC Public Health         (2021) 21:1512 Page 10 of 11

https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.1186/s12884-016-0876-1
https://doi.org/10.1016/j.jped.2016.08.004
https://doi.org/10.1016/j.jped.2016.08.004
http://www.ncbi.nlm.nih.gov/pubmed/25267399
https://doi.org/10.1097/MPG.0000000000001454
https://doi.org/10.1097/MPG.0000000000001454
https://doi.org/10.1016/j.appet.2014.03.021
https://doi.org/10.1016/j.appet.2014.03.021
http://www.ncbi.nlm.nih.gov/pubmed/26328549
http://www.ncbi.nlm.nih.gov/pubmed/29949644
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1519-38292018000200361&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1519-38292018000200361&lng=en&tlng=en
http://www.ncbi.nlm.nih.gov/pubmed/25134722
http://www.ncbi.nlm.nih.gov/pubmed/25134722
https://doi.org/10.1016/j.rpped.2015.03.002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6410904/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6410904/
https://doi.org/10.3945/ajcn.114.089284
https://pubmed.ncbi.nlm.nih.gov/30970067/
https://pubmed.ncbi.nlm.nih.gov/30970067/
http://www.ncbi.nlm.nih.gov/pubmed/30196296
http://www.journals.cambridge.org/abstract_S2040174416000209
http://www.journals.cambridge.org/abstract_S2040174416000209
http://www.ncbi.nlm.nih.gov/pubmed/28740412
http://www.ncbi.nlm.nih.gov/pubmed/28740412
http://www.ncbi.nlm.nih.gov/pubmed/24642376
http://www.ncbi.nlm.nih.gov/pubmed/24642376
http://www.biomedcentral.com/content/pdf/1471-2393-12-25.pdf
http://www.biomedcentral.com/content/pdf/1471-2393-12-25.pdf
https://pubmed.ncbi.nlm.nih.gov/31714249/
https://pubmed.ncbi.nlm.nih.gov/31714249/
https://doi.org/10.1016/0029-7844(95)00386-X
https://doi.org/10.1016/0029-7844(95)00386-X
http://189.28.128.100/dab/docs/portaldab/publicacoes/guia_da_crianca_2019.pdf
http://189.28.128.100/dab/docs/portaldab/publicacoes/guia_da_crianca_2019.pdf
http://www.saude.gov.br/bvs
http://apps.who.int/iris/bitstream/10665/43895/1/9789241596664_eng.pdf
http://apps.who.int/iris/bitstream/10665/43895/1/9789241596664_eng.pdf
https://doi.org/10.1590/S0102-311X2010001100005
https://doi.org/10.1590/S0102-311X2010001100005
http://www.who.int/childgrowth/standards/technical_report/en/
http://www.who.int/childgrowth/standards/technical_report/en/
https://pubmed.ncbi.nlm.nih.gov/31340258/
https://pubmed.ncbi.nlm.nih.gov/31340258/
https://pubmed.ncbi.nlm.nih.gov/32074226/
https://pubmed.ncbi.nlm.nih.gov/32074226/
https://pubmed.ncbi.nlm.nih.gov/27825941/
https://doi.org/10.1038/ejcn.2012.200
https://doi.org/10.1038/ejcn.2012.200
https://pubmed.ncbi.nlm.nih.gov/27522570/
https://pubmed.ncbi.nlm.nih.gov/31817170/
http://www.ncbi.nlm.nih.gov/pubmed/29912885
http://www.ncbi.nlm.nih.gov/pubmed/29912885


35. Strapasson MR, Ferreira CF, JGL R. Feeding practices in the first 6 months
after delivery: Effects of gestational hypertension. Pregnancy Hypertens
[Internet]. 2018;13:254–9 Available from: http://www.ncbi.nlm.nih.gov/
pubmed/30177062.

36. Vandyousefi S, Whaley SE, Widen EM, Asigbee FM, Landry MJ, Ghaddar R,
et al. Association of Breastfeeding and Early Exposure to Sugar-Sweetened
Beverages With Obesity Prevalence in Offspring Born to Mothers With and
Without Gestational Diabetes Mellitus. Pediatr Obes [Internet]. 2019;14(12)
Available from: https://pubmed.ncbi.nlm.nih.gov/31389196/.

37. Costa CS, Rauber F, Leffa PS, Sangalli CN, Campagnolo PDB, Vitolo MR. Ultra-
processed food consumption and its effects on anthropometric and
glucose profile: a longitudinal study during childhood. Nutr Metab
Cardiovasc Dis [Internet]. 2019;29(2):177–84. Available from: https://pubmed.
ncbi.nlm.nih.gov/30660687/. https://doi.org/10.1016/j.numecd.2018.11.003.

38. Ribas SA, de Rodrigues MCC, Mocellin MC, Marques ES, da RGPC, Maganha
CR. Quality of Complementary Feeding and Its Effect on Nutritional Status
in Preterm Infants: A Cross-Sectional Study. J Hum Nutr Diet [Internet]. 2020;
Available from: https://pubmed.ncbi.nlm.nih.gov/32337779/.

39. Spaniol AM, da Costa THM, Bortolini GA, Gubert MB. Breastfeeding Reduces
Ultra-Processed Foods and Sweetened Beverages Consumption Among
Children Under Two Years Old. BMC Public Health [Internet]. 2020;20(1):330
Available from: https://pubmed.ncbi.nlm.nih.gov/32171266/.

40. Patrón SVA-, Barca AMC de la. Old Fashioned vs. Ultra-Processed-Based
Current Diets: Possible Implication in the Increased Susceptibility to Type 1
Diabetes and Celiac Disease in Childhood. Foods (Basel, Switzerland)
[Internet]. 2017;6(11):100 Available from: https://pubmed.ncbi.nlm.nih.gov/2
9140275/.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Neves et al. BMC Public Health         (2021) 21:1512 Page 11 of 11

http://www.ncbi.nlm.nih.gov/pubmed/30177062
http://www.ncbi.nlm.nih.gov/pubmed/30177062
https://pubmed.ncbi.nlm.nih.gov/31389196/
https://pubmed.ncbi.nlm.nih.gov/30660687/
https://pubmed.ncbi.nlm.nih.gov/30660687/
https://doi.org/10.1016/j.numecd.2018.11.003
https://pubmed.ncbi.nlm.nih.gov/32337779/
https://pubmed.ncbi.nlm.nih.gov/32171266/
https://pubmed.ncbi.nlm.nih.gov/29140275/
https://pubmed.ncbi.nlm.nih.gov/29140275/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Participants
	Covariates
	Feeding practices
	Child growth
	Statistical analysis
	Ethical aspects

	Results
	Discussion
	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

