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Abstract: Evidence for the association between breastfeeding (BF) duration and later body mass
index (BMI) is inconsistent. We explored how BF duration and BF type (exclusive or partial) related
to BMI from childhood to young adulthood in a Chilean cohort. Infants were recruited at 6 months
between 1994 and 1996 in Santiago, Chile (n = 821). Mothers reported date of first bottle and last
BF; anthropometry was measured at 1, 5, 10, 16, and 23 years. We tested whether: (1) type of BF at
6 months (none, partial, exclusive) and (2) duration of exclusive BF (<1 month, 1 to <3 months, 3 to
<6 months, and >6 months) related to BMI. At 6 months, 35% received both breastmilk and formula
(“partial BF”) and 38% were exclusively breastfed. We found some evidence of an association between
longer BF and lower BMI z-scores at young ages but observed null effects for later BMI. Specifically,
BF for 3 to <6 months compared to <1 month related to lower BMI z-scores at 1 and 5 years (both
p < 0.05). Our results are in partial accordance with others who have not found a protective effect of
longer BF for lower BMI.
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1. Introduction

The conditions of overweight and obesity relate to increased risk of a number of
negative health outcomes, including cardiovascular diseases (e.g., heart disease and
stroke), diabetes, and some cancers (e.g., breast, ovarian, prostate, and liver, among oth-
ers) [1]. In 2016, it was estimated that 39% of adults globally were overweight (body mass
index [BMI] > 25) or obese (BMI > 30), with important differences between countries
based on income and level of development [1,2]. For example, in the United States, almost
70% of adults are overweight or obese, while the prevalence is closer to 20% in South
Asia [2]. Childhood overweight and obesity is particularly worrying, considering that
weight status often tracks into adulthood. Similar to time trends among adults, childhood
overweight and obesity has increased at an astonishing rate in the past 40 years. The
World Health Organization (WHO) reports that the prevalence of overweight (weight-for-
height > 2 standard deviations above growth standards) and obesity among children and
adolescents (aged 5-19) has increased from 4% in 1975 to 18% in 2016, with similar increases
for boys and girls [1]. For obesity (weight-for-height > 3 standard deviations above growth
standards), in 1975, only 1% of the pediatric population was considered obese, while in
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2016 the prevalence was around 7% [1]. These alarming statistics highlight the need for
evidence on effective interventions for overweight and obesity.

There is a growing body of evidence that markers for increased risk for later car-
diometabolic health, including obesity, begin in early life. Early life nutrition and its
associated factors represent potentially important points of intervention for lifelong car-
diometabolic benefits. Breastfeeding (BF) is an example of an early life nutritional factor
that is related to increased risk of obesity and blood pressure in childhood in some, but not
all, studies. The WHO recommends breast milk as the sole source of nutrition for infants up
to 6 months (m) of age and continued BF with complementary food from 6 m to 2 years [1].
There is strong evidence of the benefits of BF for infant and mother in both the short-
and long-term. In the short term, BF is associated with lower risk of common childhood
infections (e.g., otitis and diarrhea) and the mother’s feelings of greater attachment and
closeness to her baby [2]. In the long term, for the child, BF is associated with a lower risk of
asthma (independent of family history of asthma) and type 2 diabetes; and for the mother,
a lower risk of breast and ovarian cancer [2].

The relationship between BF and later BMI and obesity risk remains controversial.
Some studies, mostly from developed countries, find a protective relationship (i.e., longer
BF associated with lower BMI or lower risk of obesity) [3-5], while others from developing
countries do not [6,7]. For example, a study conducted in Australia with follow-up at
20 years found that infants with <6 m BF had about a 1-point higher BMI at 17 years,
compared to those who received breastmilk for >6 m [4]. However, another study con-
ducted in the Pelotas region of Southern Brazil found that BF was unrelated to BMI at
11 years [6]. Thus, the question remains as to whether BF is causally associated with later
BMI or whether the relation is sometimes observed due to residual confounding. In gen-
eral, duration of exclusive BF (breastmilk as the sole source of milk) is longer in low- and
middle-income countries than in high-income countries [8]. Within both developed and
developing countries there is often a socioeconomic status (SES) divide such that women
with higher levels of education generally BF longer than women with less education [9,10].
Given the potential for confounding both between and within countries based on SES, it is
important to continue to evaluate the relation between BF and BMI in countries of various
levels of SES.

Comparisons between studies are also difficult given that BF is often defined differ-
ently. For example, some studies specify exclusive lactation whereas others do not, and
some categorize duration of lactation differently (e.g., as >3, 6, 7 m or total BF). Other
studies compare exclusive BF to no BF: comparing infants who never received bottle sup-
plementation to infants who were never breastfed (i.e., exclusively bottle fed), which is
likely appropriate in contexts where BF is uncommon. The current study took place in
Chile, a country with high rates of BF. Recent nationally representative data reveal that
most Chilean infants (80%) are exclusively breastfed for 1 m and 56% for 6 m [11]. Fur-
thermore, comparing exclusive BF to exclusive bottle feeding (no BF) essentially ignores
the potential effects of partial or mixed feeding (i.e., bottle feeding with infant formula
while continuing to BF). Understanding the potential health benefits of a variety of BF
experiences is important given that many women struggle to meet WHO recommendations
and begin bottle supplementation with or without continued BF before 6 m [12,13].

The objective of the current analysis was to evaluate the relation between BF and BMI
as measured in childhood, adolescence, and adulthood, using a birth cohort from Santiago,
Chile. Chile is a particularly interesting context to study this research question, as it has
undergone rapid development beginning in the 1990s [14,15] and has high rates of BE.
Furthermore, having detailed information of BF duration and introduction of first bottle
of supplemental milk collected in the first year of life allows for exploration of the effect
of partial BF and duration of exclusive BE. We hypothesized that exclusive and partial BF
at 6 m, compared to no BF and longer exclusive BF (>1 m), would relate to a lower BMI
throughout childhood and young adulthood among Chilean children born between 1994
and 1996. The findings of our study may help to clarify the potential protective effect that
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longer duration of BF may have in relation to lower BMI in childhood, adolescence, and
young adulthood in a context of rapid economic development and high BF rates.

2. Materials and Methods

The current study involved participants who were recruited from the second half of
an infancy study (1994-1996) of iron deficiency anemia (IDA) when there was no minimum
intake of formula required (n = 821) and followed up at 5 years (n = 538), 10 (n = 534), 16
(n =508, mean age 16.2 y) and 23 years (n = 511, mean age 23 y). Infants were enrolled in
either a preventive trial of IDA [16] or a neuromaturation study [17] and recruited from
community clinics in four low- and middle-income neighborhoods of Santiago, Chile.
Inclusion criteria included: singleton and uncomplicated vaginal birth at term (>37 weeks’
gestation) with birthweight > 3 kg, no major congenital abnormality, and no prior iron
therapy. Infants without IDA entered the preventive trial, while IDA infants, along with
the next nonanemic control, entered the neuromaturation study. For the preventive trial,
infants were randomly allocated to either an iron supplementation or usual nutrition
group. Infants in the neuromaturation study received medicinal iron. All participants
were recruited around 6 m of age and followed intensively until 1 year of age for the
infancy iron study [16]. Follow-ups were conducted at 5 years in a subset of the original
cohort, due to a substantial budget cut, and the full cohort was invited to participate in
follow-up evaluations roughly every 5-7 years thereafter, starting at age 10. Institutional
Review Boards at the participating universities approved this study in accordance with the
Declaration of Helsinki. Written informed consent was provided prior to study enrollment.
Specifically, parental consent was obtained in infancy, 5, 10, and 16 years. Participants
provided assent at 10 and 16 years and informed consent at 23 years.

Data collection. Between 6 and 12 m, infants were measured (weight and length)
monthly in community clinics, and the primary caretaker completed evaluations that
included basic demographic information (e.g., highest level of education and age). Medical
records were used to obtain information prior to 6 m, including gestational age, birth
weight and sex at birth. At all subsequent follow-ups, participants were weighed and
measured at the Institute of Nutrition and Food Technology (INTA), University of Chile,
using standardized procedures.

Exposure. For infants receiving formula/cow milk supplementation at 6 m, mothers
retrospectively reported date of first bottle. For all other infants, mothers were asked
weekly, between 6 and 12 m, if they continued to BF and if infants had received bottle
supplementation. Because expressed human milk feeding by bottle was rare in Chile, date
of first bottle was considered equivalent to the end of BF as the sole source of milk [18].
Initiation of BF was almost universal in this sample, with only 3 participants never breast-
fed. We studied BF as type of BF at 6 m and duration of exclusive BE. Type of BF at
6 m was categorized as: none (exclusively bottle fed, date of first bottle and date of last
BF < 180 days), partial (both BF and bottle fed, date of first bottle < 180 and date of last
BF > 180), and exclusive (no bottle feeding, date of first bottle and date of last BF > 180).
Duration of exclusive BF was studied as having a date of first bottle <1 m, 1 to <3 m, 3
to <6 m, and >6 m. For both BF variables, the lowest BF group (no BF at 6 m; exclusive
BF <1 m) was chosen as the reference for ease of comparisons with other studies [4,6].

Outcome. Body mass index (BMI) z-score was calculated based on WHO criteria [19]
and used as the outcome at ages 1, 5, 10, and 16 years. At 23 years, BMI (kg/m?) was used.

Statistical analysis. Variables were described with mean (standard deviation) or
frequency, overall and by BF group. To compare means of BMI by BF group, we used
analysis of variance (ANOVA). We tested two linear regression models at age 1, 5, 16,
and 23 years. Model 1 examined type of BF at 6 m (none, partial, or exclusive) with BMI
and Model 2 examined duration of exclusive BF with BMI. Both models adjusted for the
following covariates: child sex, maternal education, maternal age, gestational age, and
birth weight. We also tested for a linear trend of BF category. All analyses were con-
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ducted in Statistical Package for the Social Sciences (SPSS) and a p-value of <0.05 indicated
statistical significance.

3. Results

Infants weighed on average 3.58 kg (standard deviation (SD) = 0.3) at birth, with
slightly more males (53%) than females in the cohort. Mothers were on average 26.5
(SD =6.1) years of age, with 9.5 (SD = 2.6) years of education. With respect to type of BF
at 6 m, 26% had no BF, 34% partial BF, and 38% exclusive BF. For duration of exclusive
BF, most were breastfed for 3-6 (30%) or 6 m or greater (38%), with approximately equal
proportions for lower durations of exclusive BF (16% in both <1 m and 1-3 m groups).
Additional details can be found in Table 1.

Table 1. Descriptive statistics of a subset of participants from the Santiago Longitudinal Study
(n = 821): 1994-2017.

Missing Mean (SD)

Parental characteristics
Maternal age, years 0 26.5(6.1)

Maternal highest education completed, years 0 9.5 (2.6)
Infancy characteristics

Male sex 0 436 (53.1%)

Birth weight 4 3.5(0.3)

Gestational age 4 394 (1.0)
Type of BF at 6 months 11

No 218 (26.9%)

Partial 283 (34.9%)

Exclusive 309 (38.1%)
Duration of exclusive BF, months 6

<1 134 (16.4%)

1to<3 130 (16.0%)

3to <6 242 (29.7%)

>6 309 (37.9%)
BMI z-score, years

1 5 0.8 (0.9)

5 283 1.0(1.1)

10 287 1.0(1.1)

16 313 0.9 (1.1)

231 310 26.7 (5.5)

1 BMI = kg/ m?; BF = breastfeeding.

Table 2 shows mean (SD) BMI at all ages evaluated by BF group (type of BF at 6 m
and duration of exclusive BF). No differences shown in Table 2 were statistically significant
(all p > 0.05), however some patterns could be observed. Partially BF infants (those who
received bottle supplementation along with BF at 6 m) consistently had lower average BMI
(at1,5,10, 16, and 23 years) compared to the no BF group, although some differences were
nominal (26.3 versus 27.2 at 23 years). Additionally, the exclusive BF group had a slightly
lower BMI z-score than those with no BF at 1 year (0.84 compared to 0.91), but a higher BMI
z-score later in life (BMI z-score at 16 y of 1.05 versus 0.83). For duration of BF, infants who
received supplementary milk for the first time between 3 and 6 m of age had the lowest
BMI at all time points compared to the other duration groups, but differences were modest
especially at later ages. We observed no clear patterning of BMI by longer duration of BE.

Table 3 shows that, compared to the no BF group, the partial BF (mixed BF and
bottle feeding) and exclusive BF groups had lower BMI z-score at ages 1 and 5 years, after
adjusting for covariates. However, the relations reached statistical significance at age 5
for the partial BF group only (Table 3). Specifically, infants who were partially BF at 6 m
had 0.31 lower BMI z-score (95% confidence interval: —0.57, —0.05) at 5 y, compared to
infants who were not BF at 6 m. With respect to duration of exclusive BF, a clear trend was
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not observed. However, we note that more BF appeared to relate to lower BMI at all time
points, although most comparisons contained the null value. We found that compared to
<1 m of exclusive BF, exclusive BF for between 3 and 6 m was associated with lower BMI at
all time points and statistically significant at 1 and 5 years. Infants who were BF exclusively
for between 3 and 6 m (3 to <6 m group), compared to those who received < 1 m exclusive
BF, had a 0.22 (95% confidence interval: —0.41, —0.00) and 0.31 (95% confidence interval:
—0.61, —0.01) lower BMI z-score at 1 and 5 years, respectively. We found no evidence of a
linear relationship between type of BF at 6 m or duration of exclusive BF and BMI at any
age evaluated.

Table 2. BMI at 1, 5, 10, 16, and 23 years in early childhood (1 year), childhood (5 and 10 years),
adolescence (16 years), and young adulthood (23 years) by BF type and duration in a sample of
Chilean participants !.

BMI z-Score BMI
1 5 10 16 23
n =805 n =531 n =526 n =501 n =466
Type of BF at 6 months
No 0.91 (0.87) 1.11 (1.19) 1.01 (1.21) 0.83 (1.20) 26.2 (5.45)
Partial 0.72 (0.96) 0.85 (1.17) 0.96 (1.15) 0.85 (1.15) 26.3 (5.14)
Exclusive 0.84 (0.96) 1.11 (1.17) 1.20 (1.11) 1.05 (1.03) 27.2 (5.03)
Duration of exclusive BF, months

<1 0.92 (0.83) 1.14 (1.37) 1.14 (1.21) 1.01 (1.13) 26.9 (6.37)
1to <3 0.91 (0.92) 0.98 (1.16) 0.98 (1.08) 0.86 (1.09) 26.5 (4.95)
3 to <6 0.69 (0.96) 0.83 (1.05) 0.90 (1.20) 0.75 (1.24) 25.8 (4.70)
>6 0.84 (0.96) 1.10 (1.17) 1.20 (1.11) 1.06 (1.03) 27.2 (5.03)

! Unadjusted mean (SD); BF = breastfeeding.

Table 3. Adjusted linear regression models 1% of the relationships between BF (type and duration)
and BMI in different years of childhood, adolescence, and young adulthood in a sub-set of the
Santiago Longitudinal Study.

BMI z-Score BMI
1 5 10 16 23
Type of BF at 6 months (No BF, reference group)

Partial —-0.25 —0.31 —0.07 <0.01 0.10
—0.41, 0.08 —0.57, —0.05 —0.33,0.18 —0.25,0.25 -1.10, 1.30

Exclusive —0.12 —0.04 0.18 0.22 1.00
—0.28, 0.05 —-0.29,0.22 —0.07,0.43 —0.04, 0.47 -0.19,2.18

p-value of 0.27 0.93 0.11 0.07 0.13

linear trend
Duration of exclusive BE, month (<1 month, reference group)

Lto <3 0.05 ~0.13 —0.12 —0.12 ~0.29
~0.17,0.27 ~049,0.22 —0.46,0.23 —0.46,0.22 ~1.95,1.37
3t <6 —022 —0.31 —0.22 —0.26 ~1.10
—041,-0.02 —0.61,—0.01 —0.52,0.07 —0.55, 0.04 250,030
6 ~0.07 ~0.03 0.09 0.06 0.30
= ~0.25,0.12 ~0.32,0.25 —0.20,0.37 ~0.22,0.01 ~1.05,1.66
p-value of 0.22 0.91 0.43 0.58 0.92

linear trend

1 Adjusted for child sex, maternal education, maternal age, gestational age, and birth weight. 2 Values shown are
unstandardized coefficients (95% confidence intervals) unless otherwise stated. Bolded values represent p < 0.05.

4. Discussion

In our cohort of Chilean infants born in the 1990s and followed up in childhood,
adolescence, and young adulthood, we observed limited evidence of an inverse relationship
between BF (type at 6 m and duration of exclusive BF) and lower BMI later in life. We
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hypothesized that more BF (partial and exclusive BF at 6 m) and longer exclusive BF
(>1 m) would relate to lower BMI at later ages. Study findings indicated some seemingly
protective effects of more and longer BF for lower BMI at ages 1 and 5. Specifically, partial
compared to no BF at 6 m related to a lower BMI z-score at 5 years and exclusive BF for
3-6 m, compared to <1 m, related to lower BMI z-scores at 1 and 5 years. We note that
while statistically significant, the magnitude of these effects was small and, thus, clinical
significance is likely limited. However, results did not support a clear linear dose-response
relation and there were no significant effects for exclusive BF at 6 m or >6 m duration.
Additionally, no significant BF effects were found at later childhood, adolescence, or
early adulthood.

With respect to duration of BE, our results are similar to those reported among infants
in the Pelotas cohort of Southern Brazil evaluated at 11 years of age. Compared to infants
who received <1 m of BF, those who received 1 to <3 m and 3 to <6 m had a lower BMI at
11 years [6]. However, confidence intervals for these relations contained the null value and,
thus, may have been due to chance. The lack of statistical significance in the Pelotas study
may be because BF was defined as any BF, as opposed to exclusive BF as in the current study.
That said, the Pelotas study similarly did not observe a clear dose-response relation, with
the highest BMI observed among those who received the most BF (>6 m). Another study
conducted in Finland with the Helsinki Birth Cohort (offspring born between 1934 and
1944) reported a U-shape association between BF and later BMI. Specifically, individuals
with a shorter duration of human milk feed (<2 m) and those with longer duration (>8 m)
had a higher BMI in adulthood and those with between 3 and 4 m had lower BMI compared
to those who received between 5 and 7 m of BF [20]. In the current study, the protection of
BF for later BMI was similarly not linear and did not continue beyond 5 years of age. In fact,
at later ages (10, 16, and 23), in partial concordance with the results of the Helsinki study,
the group that received the most exclusive BF (>6 m) seemed to have higher BMI compared
to those with the least BF, although the relationship was not statistically significant. While
some trends seemed in accordance, exact comparisons between our findings and those of
the Helsinki cohort should be made with caution, as many differences likely exist between
the two. Further studies of long-term relations between BF and BM], especially studies that
can delineate duration of BF, are warranted.

The same article that reported results from the Pelotas cohort found a lower BMI
at 7 years of age associated with longer BF among participants of the ALSPAC cohort
from England. The authors concluded that the potential protective effect of BF with later
BMI is not causal, but rather the result of residual confounding that is more common in
high-income settings [6]. That is, BF habits may be more likely to be socially determined
in high-income settings. One systematic review that attempted to compare results of
hypothesized relations between BF and weight, height, and BMI in early life between
developed and developing countries found that the strongest and most consistent inverse
relations (i.e., more BF, lower BMI) came from the developed world (e.g., Australia [4]
and the Netherlands [21]), with inconsistent findings from developing countries such as
South Africa [22]. Although Chile is now considered a high-income and developed country,
it was categorized as middle-income and developing when participants of the current
study were infants and throughout their childhood. In fact, in Chile, the 1990s are often
used as a point of comparison for several markers of development. For example, poverty
was 38.6% in 1990 and was reduced to 13.7% by 2002 [23]. That said, it is important to
mention that while the 1990s marked the beginning of an economic transition for Chile, the
same was not true for social and educational changes that came later [14,15]. It is possible
that this explains our somewhat unexpected results of a lack of clear relation between
more and longer BF and lower BMI. Furthermore, there is evidence indicating some social
patterning of BF habits in Chile. One government report summarizing information from
prevalence studies of BF conducted between 1992 and 2002 shows a clear difference in BF
duration by whether a woman works outside of or within the home [24]. A more recent
study, conducted in 2011-2012 reported similar differences in duration of exclusive BF by



Nutrients 2023, 15, 3121

7 of 10

years of education among women attending preventive appointments in the public health
system [11]. Our sample does not include the full range of SES; families were recruited
from low- to middle-income neighborhoods in the southeastern area of the capital [16].
While other analyses conducted in this sample have been able to appreciate changes in
SES levels over time [25], most families were similar with respect to resources available
during infancy. Had we had the full range of SES we may have found a clearer dose—
response relation.

One potential mechanism proposed to explain how BF influences later health is the
composition of breastmilk. Breastmilk contains a complex community of bacteria [26]
that is nutrient rich. Another mechanism proposed is that BF is more “baby-led”, which
facilitates a healthy satiety response that persists as an infant develops [27,28]. While BF is
baby-led, even in the presence of continued BE, bottle feeding and the habits associated
with the behavior may disrupt satiety response mechanisms. For example, caregivers,
whether consciously or not, may encourage finishing of a bottle regardless of satiety, which
has been associated with maternal encouraging of older children to finish all food on the
plate [29]. Thus, we might expect a mixed or partial BF group to be more similar to a no
BF group in terms of relations with later BMI, as both groups introduced bottles before
those in the exclusive BF group. For this reason, we tested for a linear trend, as we would
expect that as the amount of BF increased (exclusive BF > partial BF > no BF), so would the
protection for later BMI. We found no evidence of a dose-response relation, but found that
partial BF, but not exclusive BF at 6 m, related to lower BMI. The protective effects of more,
versus less BF, we observed were only at the youngest ages. Thus, our results only partially
support these hypotheses, although additional studies, potentially with larger sample sizes,
are needed for further validation.

The results of this study should be interpreted considering its limitations. There was
no data on age at introduction of other liquids (e.g., juice or water) or solid food. While we
know that pureed fruits were often introduced after 4 m [30], the specific timing of intro-
duction was not available. Thus, testing whether the introduction of solid foods or other
liquids might have affected this study’s findings. While our analyses adjusted for some im-
portant variables known to influence BF and BM], including infant sex, maternal education,
gestational age, and birth weight, we were unable to adjust for other important factors. For
example, we lacked information on maternal health during pregnancy, pregnancy weight
gain, and mothers’ pre- and post-natal BMI, all of which represent potential unmeasured
confounding variables. Maternal obesity in particular has been shown to influence the
composition of breastmilk, which in turn may relate to early infant growth trajectory [31,32].
Taken together, it is possible that these two limitations explain the somewhat unexpected
findings of our work. Another consideration is how exclusive BF was categorized. A study
conducted in Canada comparing, in part, medical records with maternal reports showed
that among infants categorized by mothers to have been “exclusively BF” many received
small amounts of supplementary milk in the hospital [33]. The study further showed that
this group had slightly higher BMI z-scores at 1 year compared to infants who were BF
exclusively with no hospital supplementation. In Chile, the practice of providing supple-
mentary milk during the short hospital stay is widespread, and often, as in Canada, parents
are not even aware that it happens. Future studies should attempt to ascertain this level of
information. Future studies might also consider evaluating the connections between BF and
additional anthropometric indicators, as BMI does not differentiate between fat and muscle
mass and BMI z-scores might be particularly problematic during certain developmental
periods [34].

Some strengths should also be noted. Our study was conducted in Santiago, Chile at a
time when Chile was considered a developing country. Given the possibility previously
proposed of residual confounding explaining the relation between longer BF and lower BMI
later in life, it is important to evaluate evidence from a variety of contexts. Furthermore,
the measurement of duration of BF and introduction of the first bottle (equivalent, in the
current study, to the end of exclusive BF), allowed us to differentiate between exclusive
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BE, no BEF, and partial BF (combined bottle and BF). In addition, while recall bias is still
possible, it was minimized as mothers were asked about feeding habits (continued BF
and date of first bottle) on a weekly basis starting at 6 months of age and continuing until
1 year. Thus, in our study, if a mother provided the first bottle to her infant at 4 months of
age and continued BF, she would only have to remember 2 months previous. Finally, the
ability to evaluate relations at multiple time-points in infancy, childhood, adolescence, and
young adulthood was a strength as it is possible that longer BF may relate to lower BMI at
younger ages only, as was the case in the current study.

5. Conclusions

In conclusion, the study findings provide limited evidence of a protective effect of
longer BF for lower BMI in childhood. While we observed some statistically significant
results implying lower BMI z-scores at 1 and 5 y among infants who were partially BF,
compared to those who were not BF at 6 m, and those who were BF for between 3 and
6 months, compared to <1 m, given the magnitude of the effect and the lack of a clear
dose-response relationship, we caution against over-interpretation. The current results
from low- to middle-income Chilean infants are in partial agreement with other studies
conducted in developing countries and imply that BF may not be causally related to later
BMI. Our findings may reflect the importance of other, unmeasured variables that influence
later BMI (e.g., child physical activity, maternal characteristics, social environment). Despite
the lack of evidence of a clear protective effect of BF for lower BMI, the benefits of BF for
other child and maternal health outcomes in both the short- and long-term are unequivocal
and BF should continue to be encouraged for all.

Author Contributions: Conceptualization, E.B. and S.G.; formal analysis and data curation, E.B.;
writing—original draft preparation; writing—review and editing, SM.M., PE., R.B., PC.-B., B.L. and
S.G.; funding acquisition, S.G. and B.L. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was funded the National Heart, Lung, and Blood Institute (RO1HL088530 and
KO01HL129087) and the National Institute of Child Health and Human Development (R0OIHD33487,
RO3HD097295). E.B. acknowledges ANID-MILENIO-NCS2021_013. R.B. and P.C-B. received financial
support from ANID through grants FONDECYT#1210283 and ACT210006. The funders had no role
in the design, conduct, analysis, or decision to publish results from this study.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Boards of UC San Diego (#100747, 05/2022),
the University of Michigan, and the Institute of Nutrition and Food Technology (INTA), University
of Chile.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Signed informed consent was obtained from mothers at the infancy, 5, 10, and 16-year assessments.
Assent was obtained from children at age 10 and 16. Participants provided informed written consent
at the 23-year follow-up.

Data Availability Statement: The data presented in this study are available in the article.

Acknowledgments: The authors gratefully acknowledge the volunteers who took part in the Santiago
Longitudinal Study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

1. WHO. Infant and Young Child Feeding; WHO: Geneva, Switzerland, 2009.
2. US Department of Health and Human Services. The Surgeon General’s Call to Action to Support Breastfeeding; US Department of
Health and Human Services: Washington, DC, USA, 2011.



Nutrients 2023, 15, 3121 90of 10

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Arenz, S.; Riickerl, R.; Koletzko, B.; Von Kries, R. Breast-Feeding and Childhood Obesity—A Systematic Review. Int. J. Obes. 2004,
28,1247-1256. [CrossRef] [PubMed]

Oddy, W.H.; Mori, T.A.; Huang, R.C.; Marsh, ].A ; Pennell, C.E.; Chivers, P.T.; Hands, B.P; Jacoby, P.; Rzehak, P.; Koletzko, B.V,;
et al. Early Infant Feeding and Adiposity Risk: From Infancy to Adulthood. Ann. Nutr. Metab. 2014, 64, 262-270. [CrossRef]
[PubMed]

Ma, J.; Qiao, Y.; Zhao, P; Li, W,; Katzmarzyk, P.T.; Chaput, J.; Fogelholm, M.; Kuriyan, R.; Lambert, E.V.; Maher, C,; et al.
Breastfeeding and Childhood Obesity: A 12-country Study. Matern. Child Nutr. 2020, 16, €12984. [CrossRef]

Brion, M.J.A.; Lawlor, D.A ; Matijasevich, A.; Horta, B.; Anselmi, L.; Aratjo, C.L.; Menezes, A.M.B.; Victora, C.G.; Smith, G.D.
What Are the Causal Effects of Breastfeeding on IQ, Obesity and Blood Pressure? Evidence from Comparing High-Income with
Middle-Income Cohorts. Int. ]. Epidemiol. 2011, 40, 670-680. [CrossRef] [PubMed]

Patro-Gotab, B.; Zalewski, B.M.; Polaczek, A.; Szajewska, H. Duration of Breastfeeding and Early Growth: A Systematic Review
of Current Evidence. Breastfeed. Med. 2019, 14, 218-229. [CrossRef]

Victora, C.G.; Bahl, R.; Barros, A.J.D.; Fran¢a, G.V.A.; Horton, S.; Krasevec, J.; Murch, S.; Sankar, M.J.; Walker, N.; Rollins, N.C.
Breastfeeding in the 21st Century: Epidemiology, Mechanisms, and Lifelong Effect. Lancet 2016, 387, 475-490. [CrossRef]
Xiang, A.H.; Chow, T.; Mora-Marquez, ].; Martinez, M.P.; Wang, X.; Yu, W.; Panganiban, M.B.; Richter, PM.; Schneider, D.I.
Breastfeeding Persistence at 6 M: Trends and Disparities from 2008 to 2015. ]. Pediatr. 2019, 208, 169-175.e2. [CrossRef]

Vieira, T.O.; Vieira, G.O.; de Oliveira, N.F.; Mendes, C.M.C.; Giugliani, E.R.J; Silva, L.R. Duration of Exclusive Breastfeeding in a
Brazilian Population: New Determinants in a Cohort Study. BMC Pregnancy Childbirth 2014, 14, 175. [CrossRef]

Ministerio de Salud. Informe Técnico: Encuesta Nacional de Lactancia Materna En La Atencion Primaria (ENALMA). Available
online: https://www.minsal.cl/sites/default/files/INFORME_FINAL_ENALMA_2013.pdf (accessed on 17 February 2016).
Glisser, M.B.; Barragan, T.D.C.; Weisstaub, G. Breastfeeding Indicators Produced at Time of Vaccination in Four Primary Care
Centres in Southern Santiago, Chile. Rev. Chil. Pediatr. 2015, 87, 11-17. [CrossRef]

American Academy of Pediatrics. Breastfeeding and the Use of Human Milk. Pediatrics 2012, 129, e827-e841. [CrossRef]
Albala, C.; Vio, E; Kain, J.; Uauy, R. Nutrition Transition in Latin America: The Case of Chile. Nutr. Rev. 2001, 59, 170-176.
[CrossRef]

Albala, C.; Vio, F; Kain, J.; Uauy, R. Nutrition Transition in Chile: Determinants and Consequences. Public Health Nutr. 2002, 5,
123-128. [CrossRef]

Lozoff, B.; De Andraca, I.; Castillo, M.; Smith, ].B.; Walter, T.; Pino, P. Behavioral and Developmental Effects of Preventing
Iron-Deficiency Anemia in Healthy Full-Term Infants. Pediatrics 2003, 112, 846-854. [CrossRef]

Roncagliolo, M.; Garrido, M.; Walter, T.; Peirano, P.; Lozoff, B. Evidence of Altered Central Nervous System Development in
Infants with Iron Deficiency Anemia at 6 Mo: Delayed Maturation of Auditory Brainstem Responses. Am. J. Clin. Nutr. 1998, 68,
683-690. [CrossRef]

Blanco, E.; Burrows, R.; Reyes, M.; Lozoff, B.; Gahagan, S.; Albala, C. Breastfeeding as the Sole Source of Milk for 6 M and
Adolescent Bone Mineral Density. Osteoporos. Int. 2017, 28, 2823-2830. [CrossRef]

WHO. WHO Child Growth Standards: Length/Height-for-Age, Weight-for-Age, Weight-for-Length, Weight-for-Height and Body
Mass Index-for-Age: Methods and Development. Rev. Chil. Pediatr. 2009, 80, 379-380. [CrossRef]

O'Tierney, P.E; Barker, D.J.P.; Osmond, C.; Kajantie, E.; Eriksson, J.G. Duration of Breast-Feeding and Adiposity in Adult Life. .
Nutr. 2009, 139, 4225-425S. [CrossRef]

Gubbels, ].S.; Kremers, S.P; Stafleu, A.; de Vries, S.I; Goldbohm, R.A.; Dagnelie, P.C.; de Vries, N.K.; van Buuren, S.; Thijs, C.
Association between Parenting Practices and Children’s Dietary Intake, Activity Behavior and Development of Body Mass Index:
The KOALA Birth Cohort Study. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 18. [CrossRef] [PubMed]

Budree, S.; Goddard, E.; Brittain, K.; Cader, S.; Myer, L.; Zar, H.J. Infant Feeding Practices in a South African Birth Cohort-A
Longitudinal Study: Infant Feeding SA. Matern. Child Nutr. 2017, 13, e12371. [CrossRef] [PubMed]

Gitlin, L.N.; Fuentes, P. The Republic of Chile: An Upper Middle-Income Country at the Crossroads of Economic Development
and Aging. Gerontologist 2012, 52, 297-305. [CrossRef] [PubMed]

Ministerio de Salud. Efectividad Del Programa de Lactancia: Resultado Encuestas Nacionales 1993-2000; Ministerio de Salud: Santiago,
Chile, 2004.

Madewell, Z.].; Blanco, E.; Burrows, R.; Lozoff, B.; Gahagan, S. Changes in Socio-Economic Status and Lipoproteins in Chilean
Adolescents: A 16-Year Longitudinal Study. Public Health Nutr. 2019, 22, 344-353. [CrossRef]

Moossavi, S.; Sepehri, S.; Robertson, B.; Bode, L.; Goruk, S.; Field, C.J.; Lix, L.M.; de Souza, R.J.; Becker, A.B.; Mandhane, PJ.; et al.
Composition and Variation of the Human Milk Microbiota Are Influenced by Maternal and Early-Life Factors. Cell Host Microbe
2019, 25, 324-335.e4. [CrossRef]

Rogers, S.L.; Blissett, J. Breastfeeding Duration and Its Relation to Weight Gain, Eating Behaviours and Positive Maternal Feeding
Practices in Infancy. Appetite 2017, 108, 399—-406. [CrossRef] [PubMed]

Brown, A.; Lee, M. Breastfeeding during the First Year Promotes Satiety Responsiveness in Children Aged 18-24 M. Pediatr. Obes.
2012, 7, 382-390. [CrossRef] [PubMed]

Li, R,; Scanlon, K.S.; May, A.; Rose, C.; Birch, L. Bottle-feeding practices during early infancy and eating behaviors at 6 years of
age. Pediatrics 2014, 134, S70-S77. [CrossRef] [PubMed]


https://doi.org/10.1038/sj.ijo.0802758
https://www.ncbi.nlm.nih.gov/pubmed/15314625
https://doi.org/10.1159/000365031
https://www.ncbi.nlm.nih.gov/pubmed/25300269
https://doi.org/10.1111/mcn.12984
https://doi.org/10.1093/ije/dyr020
https://www.ncbi.nlm.nih.gov/pubmed/21349903
https://doi.org/10.1089/bfm.2018.0187
https://doi.org/10.1016/S0140-6736(15)01024-7
https://doi.org/10.1016/j.jpeds.2018.12.055
https://doi.org/10.1186/1471-2393-14-175
https://www.minsal.cl/sites/default/files/INFORME_FINAL_ENALMA_2013.pdf
https://doi.org/10.1016/j.rchipe.2015.07.020
https://doi.org/10.1542/peds.2011-3552
https://doi.org/10.1111/j.1753-4887.2001.tb07008.x
https://doi.org/10.1079/PHN2001283
https://doi.org/10.1542/peds.112.4.846
https://doi.org/10.1093/ajcn/68.3.683
https://doi.org/10.1007/s00198-017-4106-0
https://doi.org/10.4067/S0370-41062009000400012
https://doi.org/10.3945/jn.108.097089
https://doi.org/10.1186/1479-5868-8-18
https://www.ncbi.nlm.nih.gov/pubmed/21401954
https://doi.org/10.1111/mcn.12371
https://www.ncbi.nlm.nih.gov/pubmed/27696743
https://doi.org/10.1093/geront/gns054
https://www.ncbi.nlm.nih.gov/pubmed/22534464
https://doi.org/10.1017/S1368980018003087
https://doi.org/10.1016/j.chom.2019.01.011
https://doi.org/10.1016/j.appet.2016.10.020
https://www.ncbi.nlm.nih.gov/pubmed/27756634
https://doi.org/10.1111/j.2047-6310.2012.00071.x
https://www.ncbi.nlm.nih.gov/pubmed/22911888
https://doi.org/10.1542/peds.2014-0646L
https://www.ncbi.nlm.nih.gov/pubmed/25183759

Nutrients 2023, 15, 3121 10 of 10

30.

31.

32.

33.

34.

Walter, T.; Pino, P; Pizarro, E; Lozoff, B. Prevention of Iron-Deficiency Anemia: Comparison of High- and Low-Iron Formulas in
Term Healthy Infants after Six M of Life. J. Pediatr. 1998, 132, 635-640. [CrossRef]

Ellsworth, L.; Perng, W.; Harman, E.; Das, A.; Pennathur, S.; Gregg, B. Impact of Maternal Overweight and Obesity on Milk
Composition and Infant Growth. Matern. Child Nutr. 2020, 16, €12979. [CrossRef]

Isganaitis, E.; Venditti, S.; Matthews, T.J.; Lerin, C.; Demerath, E.W.; Fields, D.A. Maternal Obesity and the Human Milk
Metabolome: Associations with Infant Body Composition and Postnatal Weight Gain. Am. J. Clin. Nutr. 2019, 110, 111-120.
[CrossRef]

Azad, M.B.; Vehling, L.; Chan, D.; Klopp, A.; Nickel, N.C.; McGavock, ] M.; Becker, A.B.; Mandhane, PJ.; Turvey, S.E.; Moraes,
TJ.; et al. Infant Feeding and Weight Gain: Separating Breast Milk From Breastfeeding and Formula From Food. Pediatrics 2018,
142, €20181092. [CrossRef]

Peterson, C.M.; Su, H.; Thomas, D.M. Tri-Poneral Mass Index vs Body Mass Index in Estimating Body Fat During Adolesence.
JAMA Pediatr. 2017, 117, 629-636. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S0022-3476(98)70352-X
https://doi.org/10.1111/mcn.12979
https://doi.org/10.1093/ajcn/nqy334
https://doi.org/10.1542/peds.2018-1092
https://doi.org/10.1001/jamapediatrics.2017.0460

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

