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Abstract
Introduction: Breastfeeding (BF) can be a protective factor against obesity and its associated metabolic complications. Objective: To determine the association between breastfeeding history and present
obesity, metabolic syndrome (MS) and insulin resistance (IR). Patients and Methods: Cross-sectional study in 20 public schools in Santiago, Chile. Anthropometry and blood pressure were assessed.
Blood lipids, glucose, insulin and HOMA index were measured in a fast blood sample. Parents answered a survey on BF. MS was defined according to Cook´s criteria and IR as HOMA > 90th percentile.
Parents answered a survey about the antecedent of breastfeeding. Chi2 and Fischer tests were used
(SSPS). Results: 3,278 surveys were valid. Average age: 11.4 ± 1 years, 52.3% were female. Most of
them (98.2%) were breasted, with a 15.9% prevalence of obesity versus 18.6% in the group that was
not breastfed (p = 0.039). There was a non-significant trend of higher prevalence in MS and its components (except IR) in the non-breastfed group. The group breastfed from three to six months had
a lower prevalence of obesity and MS components than the 0 to 3 months group ; the effect was the
opposite when BF lsted longer than nine months. Conclusions: The prevalence of obesity was higher
in children that did not received breastfeeding. A longer breastfeeding time during the first semester
of life was associated with lower prevalence of obesity and metabolic complications.
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Introduction
Chile is experiencing an accelerated epidemiological transition, characterized by an epidemic of chronic
non-communicable diseases, present in most of the
world. The majority begins in childhood and favors
early atherosclerosis1-5. Therefore, it is essential to promote preventive strategies, among which breastfeeding
(BF) emerges as a protective factor6-7.
BF is optimal for the newborn and infant, a situation that has led the World Health Organization to recommend it as the exclusive food during the first six
months of life and up to two years or more, supplemented with a healthy diet. Due to its composition in
nutrients, trophic and immunomodulatory factors, it
could also protect against obesity, chronic diseases8-10
and Metabolic Syndrome (MS). The latter is associated
with a high cardiovascular risk and has been defined
as the coincidence of at least three out of five components: abdominal obesity, systolic or diastolic hypertension, hypertriglyceridemia, low cholesterol linked
to high-density lipoprotein (HDL-C) and fasting hyperglycemia11. According to these criteria adapted to
pediatric age, the prevalence of MS in Chilean schoolchildren aged 10 to 14 years is 7.3%12. It main etiopathogenic factor is insulin resistance (IR), mediated
by signals from adipocytes and with a greater impact
on genetically susceptible individuals13.
In 2015, obesity reached a prevalence of 24.2% in
children starting the first year of primary education14.
Its treatment requires permanent lifestyle changes at
the individual, family and social level and although the
child has physiological advantages for a better response
than the adult, the performance of the therapy has been
deficient, especially associated with low adherence15-16.
In this scenario, prevention is the best approach
and BF can be an excellent cost-effective strategy. A
Chilean study previously showed that predominant BF
at the first six months of life is a protective factor against obesity in a retrospective cohort of preschoolers12.
However, in our country, there is a lack of studies with
a possible projection to the general population that
considers the metabolic complications associated with
obesity. The objective of this study was to study in a
population sample of schoolchildren the association
between the antecedent and the duration of BF and the
nutritional status, the MS, its components and the IR.

Patients and Methods
The present corresponds to a secondary analysis
of a cross-sectional study that investigated the early
origins of MS13. Participants were recruited between
2009 and 2011 in 20 public schools in the commune
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of Puente Alto, Santiago, Chile. Children who were in
5th and 6th grade were included and those with health
conditions that affected the results were excluded during the previous 15 days.
A nurse and a nutritionist visited each school to
make measurements and samples taking. Weight and
height were determined using a Seca® scale with stadiometer. Children were measured barefoot and dressed in light clothing, subtracted later. Each measurement was made twice, averaging the obtained values.
The body mass index (BMI = weight in k/height in
meters2) was calculated to determine the nutritional
status, with reference NCHS-CDC 2000, expressed in
percentiles (p) Normal: p5 to p84; overweight: p85 to
p94; Obesity: ≥ p95; and low weight: <p5. The waist
circumference (WC) was measured standing, with an
inextensible tape measure around the waist, on the
iliac crest and at the end of a normal expiration. Three
measurements were averaged, and it was considered
abnormal if ≥ p9019. Blood pressure was measured
with the Critikon ® Dinamap Pro100 pressure monitor, with three averaged measures. It was considered
abnormal if ≥ p90 of the reference20.
Each child was asked for a private self-report of
the pubertal state, with photographs of breast development in women, genital development in males and
pubic hair in both.
Samples of venous blood were extracted with 12
hours of fasting to measure glycemia (GLY) (Glucoquant method, Glucose/Hexokinase, Roche Diagnostics GmbH, Manheim) and insulinemia (direct chemoluminometric immunoassay, ADVIA Centaur® XP.
Bayer HealthCare LLC, Kyowa Medex Co, Japan). The
HOMA (Homeostasis Model Assessment) index was
calculated and IR was defined as> p90 of a Chilean reference21. Triglycerides (TG), HDL cholesterol (HDLC) and total cholesterol (TC) were obtained by an
enzymatic-colorimetric method (Modular P-800, Roche Diagnostics GmbH, Mannheim, Germany). LDL
cholesterol (LDL-C) was calculated with Friedewald’s
formula. SM was defined according to modified Cook
criteria12, such as the presence of three or more of five
components: Waist circumference (WC) ≥ p90, systolic blood pressure (SBP) or diastolic blood pressure
(DBP) ≥ p90, HDL-C ≤ 40 mg/dL, TG ≥ 110 mg/dL
(22) and GLY ≥ 100 mg/dL23.
The parents and/or guardians answered a survey
on breastfeeding (self-administered) that included the
following questions: 1. Was your child breastfed? (Answer Yes/No); 2. How long did you receive only breast
milk, without formula and without food? (Response in
number of months); 3. How much time did you receive in total? (Alternatives: a) Less than three months, b)
Between three and six months, c) Between six and nine
months and e) More than nine months).

Original Article
Metabolic Syndrome - M. F. Oyarzún et al

The socioeconomic level (SEL) was estimated
through the maternal educational level, an indicator
that has been associated with the SEL of the family and
access to health services in Chilean and foreign studies24-26.
The statistical analysis was carried out with the
SPSS 17 software. The distribution of the variables
was evaluated through Shapiro-Wilk test, averages
and standard deviation (SD) were used for description. To evaluate the association between BF and
obesity, SM, its components, IR or others, Student’s
T-test (averages) or Chi-square test (proportions)
were used. Any p value <0.05 was considered significant.
The parents or guardians signed an informed consent and the children an informed assent. The study was approved by the Research Ethics Committee
of the Faculty of Medicine of the Pontifical Catholic
University of Chile and the National Fund for Scientific and Technological Development (FONDECYT #
1090594), Chile.

Results
The total number of students in 5th and 6th grade in the 20 primary schools was 5,614 children, 2,616
(46.6%) women and 2,998 men (53.4%). 3,523 accepted to participate and 2,289 refused to participate
(38.5% women and 61.5% men, p <0.0001), with no
difference in age or maternal education between both

groups. 3,521 families answered the survey, with a
99.9% return rate, 243 (4.3%) surveys were excluded
because they were incomplete and finally 3,278 were
included. Out of these, 31.5% were girls and 68.5%
boys (p < 0.0001).
Table I shows the general characteristics, anthropometry and main measurements for the total group
and according to the antecedent of having received (or
not) BF.
The girls presented higher H/Az: 0.041 ± 0.9 vs.
-0.43 ± 0.9 (p = 0.01); WC: 73.7 ± 10.2 vs. 72.9 ± 10.7
cm (p = 0.044); TG: 99.5 ± 61.3 vs. 85.4 ± 57 mg/dl
(p = 0.000); insulinemia: 16.5 ± 9.9 vs 12.7 ± 9.3 uU/mL
(p = 0.000), HOMA: 3.6 ± 2.2 vs. 2.8 ± 2.2 (p = 0.000)
and proportion of MS: 8.6% vs. 5.7% (p =, 0001) than
men. Conversely, girls had lower HDL-C: 50.7 ± 11.9
mg/dl vs. 53.4 ± 12.2 mg/dl (p = 0.000), glycemia: 88.8
± 6.5 mg/dl vs 91 ± 6.5 mg/dl (p = 0.000) and prepubertal proportion: 11.1% vs 31.8% (p = 0.000). There
was no difference in BMIz, W/Az, SBP, DBP, Total C
or LDL-C according to gender.
Prevalence and duration of breastfeeding
It was observed that in the total sample (n = 3,278),
98.2% (n = 3,219) received BF at some time and 1.8%
(n = 59) was never breastfed, without difference according to gender or maternal education. Regarding the
duration of BF, 14.5% received BF between one day
and 2.9 months, 20.9% between 3 and 5.9 months,
29.7% between 6 and 8.9 months and 34.7% for ≥9
months.

Table 1. General characteristics, anthropometry and cardiovascular risk factors# according to breastfeeding, in 3278
school-age children of Puente Alto County. Santiago, Chile (2009-2012)
Measurements

Total (n = 3278)

BF (n = 3219)

Non-BF (n = 59)

Girls (%)

52.30

52.50

44.00

Age in years

11.43 ± 1

11.35 ± 1

11.50 ± 1

Pre-pubertal (Tanner I) (%)

21.00

20.90

23.70

Weight/Age z-score

0.40 ± 1

0.40 ± 1

0.29 ± 1

Height/Age z-score

0.00 ± 0.9

0.00 ± 0.9

0.06 ± 0.5

BMI z-score

0.58 ± 1

1.07 ± 1.06

0.35 ± 1.2

Waist Circumference (cm)

73.34 ± 10.5

73.30 ± 10.5

71.20 ± 9.7

Systolic Blood Pressure (mmHg)

110.30 ± 7.7

110.30 ± 7.7

110.80 ± 8.5

Diastolic Blood Pressure (mmHg)

57.59 ± 7

57.50 ± 7*

59.00 ± 6*

HDL Cholesterol (mg/dL)

52.03 ± 59.7

52.06 ± 12

50.05 ± 11.1

Triglycerides (mg/dL)

92.82 ± 28.2

93.00 ± 60

87.60 ± 47.8

Glycemia (mg/dL)

89.91 ± 6.6

90.00 ± 6.6

90.20 ± 8.4

HOMA index

3.29 ± 2.2

3.28 ± 2.2

3.37 ± 3.5

Metabolic Syndrome (%)

7.20

7.20

8.50

#
Average ± ED or percentage. *p < 0.05 (Pearson Chi-squared test). Differences between children that were breastfed (BF) and
non-breastfed (non-BF).
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Regarding the question about EBF, 83.5% answered having received it at some time, with a duration of
6.6 ± 7.5 months (Range 1 day to 72 months). These
responses are discordant with the usual feeding practices of the infant since the indication to initiate the
complementary feeding is between the 5th and 6th
month and its compliance exceptionally exceeds seven
months. For this reason, in subsequent analyzes, this
question was excluded.
Prevalence of malnutrition by excess according to
the history of BF
Table II describes the prevalence of obesity and
overweight for the total sample and by gender. There
is a lower prevalence of obesity and higher overweight

in the group that was breastfed. Boys (breastfed or not)
had higher obesity than girls, but in the overweight
group, it only occurred in non-breastfed.
Cardiovascular risk factors according to the history
of BF
Table I shows the averages of the cardiovascular
risk factor (CVRF) measurements, according to the
antecedent of having received or not BF; the breastfed
only had lower SBP, with limited significance. However, as shown in Figure 1, a non-significant trend was
observed with a higher prevalence of all CVRF in nonbreastfed (except IR). The prevalence of MS was 8.5%
in the non-breastfed versus 7.3% in those who received
BF (p = 0.71). There was no difference by gender.

Table 2. Obesity and overweight prevalences according to sex and breastfeeding antecedent in 3278 school-age
children of Puente Alto County. Santiago, Chile (2009-2012)
All

BF

Non-BF

p*

Total (%)

22.4

22.5

16.9

0.039

Girls (%)

24.4

24.6

11.5

0.122

Boys (%)

20.1

20.1

21.2

0.862

Total (%)

15.9

15.9

18.6

0.039

Girls (%)

13.1

13.0

15.4

0.724

Boys (%)

19.1

19.0

21.2

0.751

Overweight (IMC p85-94)

Obesity (IMC ≥ p95)

*p < 0.05 (Pearson Chi-squared test). Differences between children that were breastfed (BF) and non-breastfed (non-BF).

Figure 1. Prevalences of cardiovascular risk factors and Metabolic
Syndrome, according to the breastfeeding (BF) antecedent. GLI: Glycemia ≥ 100 mg/dL; TG: Triglycerides
≥ 110 mg/dL; HDL: Cholesterol HDL
≤ 40 (mg/dL); WC: Waist circumference ≥ percentile 90; BP: Blood
pressure (systolic or diastolic) ≥ 90th
percentile; CT: Total cholesterol
≥ 200 mg/dL; LDL-C: LDL cholesterol > 130 mg/dL; IR: insulin resistance ≥ 90th percentile; MS: Metabolic
Syndrome. Sin differences significative entre ambos groups. Pearson
Chi squared test (P > 0.05).

176

Original Article
Metabolic Syndrome - M. F. Oyarzún et al

Malnutrition by excess and its association with the
duration of the BF:
Figure 2 shows a lower prevalence of obesity in
the group that received BF for three to 5.9 months
versus those breastfed for less than three months and
lower than those breastfed for more than nine months
(p = 0.046). Finally, the joint prevalence of overweight

and obesity was higher in the latter group than in the
rest (p> 0.05).
Association between duration of BF and
cardiovascular risk factors:
Table III shows the prevalence of CVRF and MS,
according to the duration of the BF, finding a trend to

Figure 2. Prevalence of obesity and
overweigth according to breastfeeding length in months. Overweigth:
BMI p85 to 94th percentile. Obesity:
BMI ≥ 95v percentile. Weigth excess: ≥ 85th percentile (NCHS-CDC
2000). *p= 0.046. Pearson Chi
squared test.

Table 3. Prevalences of cardiovascular risk factors and Metabolic Syndrome, according to breastfeeding (BF) length,
in 3278 school-age children of Puente Alto County. Santiago, Chile (2009-2012)
Variables

BF length (months)

P value*

0

<3

3-5.9

6-8.9

≥9

59

467

675

958

1119

BMI p85-94

16.9

20.1

23.5

21.8

23.3

0.046

BMI ≥ p95

18.6

15.7

13.5

14.9

17.9

0.046

BMI ≥ p85

35.6

36.6

36.7

36.7

41.4

0.037

WC ≥ p90 (%)

15.3

22.5

19.6

18*

24.4*

0.001

SBP o DBP ≥ p90 (%)

13.6

10.5

9.6

14.9

8

0

TC ≥ 200 mg/dL

10.2

6.2

7.6

8.9

6.4

ns

HDL-C ≤ 40 mg/dL (%)

16.9

14.6

15.4

18

17

ns

LDL-C ≥ 130 mg/dL

10.2

3.4

4.6

7.3*

4.5*

0.033

TG ≥ 110 mg/dL (%)

28.8

35.9

25.3

27.1

27.1

ns

GLI ≥ 100 mg/dL (%)

11.9

7.7

5.5*

9.8*

5.6

0.001

Insulinemia uUI/dL (%)

11.9

15.8

12.4

12.9

13.2

ns

HOMA ≥ p90 (%)

10.2

13.7

12.1

12.2

12.2

ns

MS (%)

8.5

8.4

6.1

7.6

7.1

ns

N

BMI: body mass index, WC: waist circumference, SBP systolic blood pressure, DBP: diastolic blood pressure, TC: total cholesterol,
TG: triglycerides, GLI: glycemia, MS: Metabolic Syndrome. Test de Chi cuadrado de Pearson, *p < 0.05.
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lower prevalence of WC, TG, BP, GLY, MS and high
insulinemia, as well as IR and obesity in the group who
received BF between three and six months, compared
to those who received BF for less time. This difference
was significant for high WC, GLY, and LDLC. Children breastfed for more than six months had a higher
prevalence of most CVRF.

Discussion
This study demonstrates an association between
the history of having received BF and lower prevalence
of obesity, as well as a tendency to lower prevalence of
MS, its components, and other CVRF. To our knowledge, this is the first work that studies this interaction in a
population sample of Chilean schoolchildren.
The BF rate (98.2%) found was higher than expected; according to data from the Ministry of Health, the
percentage of EBF at the sixth month is 46% nationally
and 28.5% in the commune of Puente Alto, where the
sample comes from27-28. This high rate of BF could be
influenced by the predominance of low or middle-low
socioeconomic level, a segment in which breastfeeding
is higher (29-30). Historically, the duration of the EBF
was very low in Chile between the 30’s and 80’s. Since
the 90’s, thanks to the promotion and the Innocenti
Declaration which promotes, protects and supports
the BF, it was observed an increase in the duration of
the EBF as indicated by national surveys from 1993 to
2005. This has been supported by maternal postnatal
leave, a protective factor whose duration has increased
from 1.5 months in 1925 to three months in the 1950s
and up to six months since 2011.
The protective effect of the BF against future obesity found is consistent with other international epidemiological studies8,11,31,32. This was addressed in a systematic review in 2010 that included more than 69,000
subjects and demonstrated a reduction in the risk of
obesity33. Finally, in 2015 another extensive review that
included 20 meta-analyses demonstrated a consistent
role of BF in the prevention of childhood obesity34.
Unlike our study, these studies were carried out mostly
in English-speaking countries, where the size of the
groups that received BF were comparable to the nonbreastfed, which favored demonstrating differences.
Other studies have not been able to demonstrate
this protective effect of the BF on obesity or CVRF and
report risk factors such as maternal age, birth weight,
obesity in parents, maternal smoking, increased weight
gain and/or gestational diabetes35-37. The confusing
effect of other protective factors should be considered
since mothers who breastfeed would also have a greater
awareness of health and promotion of healthy habits.
Moreover, the importance that the mother gives to
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breastfeeding and the duration of breastfeeding modulate the effect of maternal weight, constituting key
points for policies that favor the BF and the lesser use
of artificial feeding in the child38.
Regarding the protection of the BF for CVRF, a
systematic review of the year 2013 showed a moderate
protective effect for SBP and DBP. For high cholesterol, no effect was found and in type II diabetes, a protective effect was observed in adolescents7. In our sample, the tendency of the protective effect of BF existed
for almost all the CVRF, but it did not reach significance, possibly due to the low proportion of children who
were not breastfed.
Regarding the duration of breastfeeding, we found
a protective effect of the BF against obesity for the
period between 3-6 months, in relation to the one of
shorter duration. However, the effect was the opposite for those breastfed for longer; we think that this
paradoxical effect could be explained because after the
introduction of complementary feeding at six months,
other obesity risk factors can be added, such as: the
start of hypercaloric milk formulas, higher protein,
sodium, sugary drinks and/or juices intake, as well as
the incorporation to less healthy family habits. In the
literature, the evidence regarding the effect of duration
is discordant: although a greater benefit of BF has been
found, which lasts beyond six months and up to two
years39-40, it has also been raised that the BF, even for a
short time, is effective in preventing obesity41. Others
report a protective effect with EBF of 4-6 months or
BF for more than 12 months42 and recently, two systematic reviews showed that BF reduces by 15% the
risk of overweight in children who have ever received
it in comparison with children not breastfed, with a
protective effect if they received it for more than seven
months43.
The analysis of the long-term effect of the BF presents other difficulties that could explain the disparity
in the results; there is no unanimity in defining the duration or exclusivity of the BF and most consider the
duration of the total BF or EBF for six months, moreover, the study of the EBF is often reduced to four
months, to reduce confusing.
Together with the factors analyzed above, like ours,
most of the population studies are cross-sectional and
with the antecedent of retrospective BF, therefore, they
show an association and not causality. They also present possible failures in the collection of information,
along with the important memory bias that generates
difficulties not always considered. Prospective studies
overcome these limitations, such as the recently published cohort in Chile, but are based on smaller samples
that are difficult to project to the general population16.
The mechanisms by which the BF can protect from
obesity and CVRF are not entirely clear. There are
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several hypotheses and probably its effect on appetite and satiety through a modulation in the release of
ghrelin and leptin are the main44. This is how children
with EBF at free demand self-regulate their intake better, which is difficult to achieve in those with artificial
formula. Also, the EBF has been related to a lower rate
of weight gain of the child, which may be associated
with the lower protein content of the BF, since the higher consumption of proteins through artificial formulas may increase the risk of future obesity.
The main strengths of this study are the sample
size, the homogeneity of the measurements in the field,
the conditions of taking the blood samples and their
reliable processing. However, we have noted the limitations discussed above, particularly in the responses
of the parents on the EBF, a question ruled out by the
inconsistency of the answers with the usual practices.
The self-application and insufficient validation of the
questions should be considered, as well as the important memory bias of a retrospective study. Finally, the
overrepresentation of the middle and lower-middle
SEL population limits, although it does not exclude, its
extrapolation to the national reality.
In conclusion, most of this population sample of
schoolchildren received EBF, who had a lower prevalence of obesity than those who did not receive it, as
well as a trend towards a lower prevalence of cardiometabolic complications. As for the duration of the BF,
there is a protective effect during the first semester if
it is received for more than three months. This information is useful for studies after the extension in Chile
of postnatal maternity leave from three to six months.
Our results contribute to the national epidemiological
knowledge to promote the BF, which plays a critical
role in the regulation of appetite and metabolic pro-
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