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Abstract

Childhood obesity has increased dramatically over the last decades, 
representing one of the most serious public health hazards of the 21st 

century. Efforts must be made by healthcare professionals to prevent it, 
as it is associated with short- and long-term risks for physical and mental 
health and because of the increased possibility to persist during adulthood. 
From antiquity human breast milk was considered the ideal nourishment for 
the newborn. Breastfeeding is beneficial for the mother-child dyad. Among 
others, existing data suggest that it reduces the risk for childhood and 
adolescence obesity. The mechanisms for this are numerous and include 
the feeding behavior breastfeeding infants acquire, their growth rate, the 
‘early protein hypothesis’, the role of leptin that is found in increased 
levels in human milk, the dietary choices the breastfed infants make during 
childhood and adolescence and finally the differences in their bowel flora. 
Meta-analyses provide sufficient evidence for this protective effect, with 
a dose-response effect as to the duration of breastfeeding. Healthcare 
professionals involved in the care of the mother-infant dyad must encourage 
and support mothers to breastfeed their infants for a long period of time, if 
obesity were to be prevented. Aim of this review is to provide an account 
of existing data on the association of breastfeeding and the reduced risk of 
obesity in childhood and adulthood.
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Historical data on breastfeeding

From antiquity human breast milk was 
considered to be the newborn’s ideal nourishment. 
In ancient Egypt, in ancient Greece and in the 
Roman time babies were breastfed for long. The 
Romans thought that the semen and the mother’s 
milk influenced the physical appearance and the 
character of the newborn. However, women from 
wealthy families or from the upper social class, or 
those incapable to breastfeed, used to employ the 
so-called ‘wet nurses’ to breastfeed their children. 
These women were wet nurses by profession and 
had to be healthy and of moral integrity. 

In the Byzantine time though, according to 
Aetios and Oribasios, the newborn’s first nutrition 
was honey, since they believed that colostrum was 
inappropriate food and breastfeeding should begin 
after the third day of life. Wet nurses were also 
employed during this period, even though Church 
was against this practice. 

Breastfeeding is presented in mythology of 
various civilizations as well. Zeus, the Father of 
Greek Gods was breastfed by the goat Amalthea; 
Romulus and Remus, the founders of Rome, were 
breastfed by a wolf.

Breastfeeding, as a practice, has been the theme 
of inspiration for many artists. Isis, the Egyptian 
goddess, is shown in a sculpture breastfeeding her 
son Horus. Maria Lactans paintings, i.e. Virgin 
Mary Nursing, were very popular especially in the 
12th through the 14th centuries. The Spanish painter 
Pablo Picasso created 2 magnificent paintings, 
spaced apart by almost 60 years, of a mother 
breastfeeding her child.

Breastfeeding was widespread until late in 
the 19th century; it then started to decline in 
the Western world, when commercial infant 
formula was manufactured, which soon became 
very popular and widely used. After a period of 
abandonment of breastfeeding for social reasons 
mainly, there was a resurgence of breastfeeding in 
the early 1960s, since the benefits of breastfeeding 
for the mother and child begun to be recognized 
by the scientific community worldwide. Since 
then, International Organizations like WHO and 
UNICEF have launched campaigns in an effort to 

spread widely breastfeeding through the increase 
of the awareness of its value. Maternal milk not 
only provides an ideal nutrition for the newborn 
but it represents the final part of the reproductive 
process [1-4].

 
Introduction

Breastfeeding is beneficial both for the 
child and the mother. Regarding the infant 
it is documented that it reduces the risk of 
infections such as acute otitis media, non-specific 
gastroenteritis and severe lower respiratory tract 
infections, but also the risk of atopic dermatitis, 
asthma, obesity, type 1 and 2 diabetes, childhood 
leukemia, sudden infant death syndrome (SIDS) 
and necrotizing enterocolitis [5]. In addition 
breastfeeding is associated with better cognitive 
development during childhood, and lower mean 
blood pressure and lower total cholesterol in 
adulthood [6].

Regarding the mother, breastfeeding has been 
associated with reduced risk of breast and ovarian 
cancer and of maternal type 2 diabetes [5]. 

Over the last decades the frequency of 
childhood obesity has risen dramatically and has 
become one of the most serious public health 
concerns of the 21st century. It is estimated that 
in 2010 more than 40,000,000 children aged 
less than 5 years old were obese worldwide [7]. 
Obesity is defined as abnormal or excessive fat 
accumulation in the body that may impair health 
[8]. Body Mass Index (BMI) is used in order to 
estimate obesity in children 2 years of age and 
older and adolescents. This is defined as a person’s 
weight in kilograms divided by the square of his/
hers height in meters (kg/m2). Growth Charts are 
used for children and adolescents (2-19 years old) 
to determine the matching BMI for age and gender 
percentile. Overweight children are those with a 
BMI for age and gender greater than the 85th and 
lower than the 95th centile. Obese children are 
those with a BMI for age and gender greater than 
the 95th centile [9].

Childhood obesity must be prevented because 
it is associated with an increased risk for 
cardiovascular disease (high blood pressure and 
dyslipidemia) [10], for coronary heart disease and 
metabolic syndrome [11, 12], for fatty liver disease 
[13], for hyperinsulinemia and insulin resistance 
and type 2 diabetes [14, 15]. Furthermore it is 
associated with increased risk for respiratory 
complications such as obstructive sleep apnea [16] 
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and asthma [17], increased frequency of fractures 
and musculoskeletal distress [18] and psychosocial 
consequences because of the discrimination and 
limitations that obese children and adolescents 
experience in everyday life [19-21].

In this review we aim at examining existing 
data in the literature supporting the protective 
role of breastfeeding against the risk of obesity in 
childhood and adolescence.

Possible mechanisms for the protective role 
of breastfeeding against the risk of obesity in 
childhood and adolescence 

Several studies suggest that breastfeeding is 
associated with a lower risk of obesity and several 
meta-analyses prove this positive association. 
The question, though, that must be answered is 
by which mechanism breastfeeding exerts this 
protective effect on childhood obesity. Many 
hypotheses have been made, however none has 
been completely proven so far.

Feeding behavior

There are differences between the feeding 
behavior of breastfed infants and of those who 
do not breastfeed. Infants who breastfeed have 
a higher control of their food intake and they 
develop self-regulation of energy intake [22]. 
They control the quantity, duration and frequency 
of their meals based on their feeling of hunger 
and satiation. Infants who are formula-fed tend 
to empty the bottle and usually the parents are 
those who decide on the amount of milk to be 
consumed, encouraging their infants to empty 
the bottle. Sievers et al. reported that 6-week old 
formula-bottled fed babies consumed 20-30% 
higher volume than breastfed babies and had less 
frequent meals [23]. Infants who are bottle-fed 
early in life are 2 times more likely to consume the 
whole quantity of the offered meal in later infancy 
[24]. Breastfeeding during early infancy is also 
associated with greater appetite regulation later 
in childhood when compared to that of bottle-fed 
infants [25]. 

Growth rate

Increased weight gain early in life is associated 
with obesity later in life. Rapid weight gain during 
the first 4 months of life was correlated with a 
higher risk of overweight at the age of 7 years, 

independent of birth weight and weight at the age 
of 1 year. Stettler and co-workers estimated that 
20% of the risk of obesity at age 7 years could be 
attributed to a rate of weight gain in the top quintile 
in the first 4 months of life [26]. 

Breastfed infants have a lower rate of weight 
gain, which is different from the one in infants 
who do not breastfeed. Formula milk compared 
to breast milk has a growth-accelerating influence 
on infants. [27, 28]. The difference in body weight 
is about 400 g and 600-650 g in infants breastfed 
for 9 and 12 months respectively at the age of 12 
months old [29].

The early protein hypothesis

High protein intake in formula-fed infants 
seems to be associated with increased risk of 
obesity through increased adipogenic activity and 
adipocyte differentiation. It may also decrease 
human growth hormone (hGH) secretion and 
lipolysis [30]. In a multicenter European study, 
formula-fed babies were randomized to receive 
formula with lower or higher protein content 
for the first year of life and were compared with 
babies that breastfed exclusively. Infants in the 
lower protein formula group presented lower 
weight-for length z score than that of the higher 
protein group and similar weight-for length z 
score with the breastfed reference group [31]. 

High protein intake early in life is positively 
associated with higher BMI during childhood and 
negatively associated with the age of adiposity 
rebound, adjusted for parental BMI [32, 33]. 
Heinig et al. reported that during the first 6 months 
of life the protein intake was 66-70% higher in 
infants of the formula-fed group than that in the 
breastfeeding group. The latter presented lower 
lean body mass and weight gain than infants in 
the formula-fed group from 3-9 months [34]. 

High protein intake is positively related with 
the risk of overweight and this may occur via 
the stimulation of insulin secretion. High protein 
supply leads to an augmentation in the circulation 
of insulin stimulating amino-acids [35]. Formula-
fed infants had higher postprandial plasma insulin 
levels and prolonged insulin response on day 6 of 
life compared to breastfed infants [36]. Higher 
insulin levels stimulate increased adipose tissue 
deposition increasing thus the risk of weight gain, 
obesity, and type 2 diabetes [37]. Moreover, high 
insulin like growth factor (IGF-I) concentrations 
in infancy were associated with obesity later in 

Breastfeeding and obesity in childhood and adolescence
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life. Lack of breastfeeding, and therefore formula 
feeding are related with higher serum IGF-1 
concentrations compared to breastfed infants (at 
6 and 9 months of life) [38, 39].

The role of leptin

Besides insulin, leptin seems to play a significant 
role in the protective role of breastfeeding against 
obesity. Leptin inhibits appetite and controls 
energy metabolism. Breast milk contains leptin 
whereas formula milk does not. Breast milk leptin 
concentration correlates positively with maternal 
plasma leptin concentration and with maternal 
BMI. The milk concentration of leptin during the 
first phases of lactation (1 month) may affect the 
infant’s body weight of non-obese mothers at 12 
and 24 months of age [40]. 

In addition, early diet of preterm infants 
is related to leptin concentrations at 13-16 
years old. Infants who had a higher intake of 
human milk presented significantly lower leptin 
concentrations relative to fat mass in adolescence, 
after adjusting for potential confounding factors 
(age, sex, fat mass). This indicates that early 
feeding mode may influence later obesity [41]. 

Dietary choices in childhood and adolescence

Early feeding mode may affect later dietary 
choices. Unlike formula milk, the human breast 
milk presents a significant variety in nutrient 
content, taste and smell daily, depending on factors 
such as maternal diet, duration of lactation and the 
degree of breast expression [42]. Early postnatal 
exposure to a flavor, encourages the infant’s 
acceptance and thus consumption of the same 
flavor [43]. Since a breastfeeding infant is exposed 
to a variety of flavors and smells, it is likely that 
it is programmed to a different food selection and 
to different dietary habits later in life. This link 
between breastfeeding and later dietary habits is 
also presented in a study by Burnier et al. showing 
that exclusive breastfeeding for at least 3 months, 
is a prognostic factor of higher consumption of 
vegetables in preschool children [44]. 

Hyh et al. compared breastfed and formula-fed 
infants and reported that the introduction of solid 
foods before the age of 4 months is associated 
with a 6-fold increase in the likelihood of obesity 
at the age of 3 years, only for the formula fed 
infants. No such an association was detected in 
breastfed babies [45]. 

Bowel flora

Differences in intestinal flora composition 
were reported to be related with an increased 
risk of obesity [46]. Breastfed infants have 
different gut microflora compared to that of 
formula-fed infants, which is characterized by a 
larger abundance of species of greater diversity 
[47, 48]. It seems that these differences in gut 
microflora are associated with certain diseases 
including obesity, but more research must be 
done. According to Kalliomaki et al., the possible 
link between breastfeeding and weight progress 
is the presence or not of bifidobacteria. Children 
of normal weight at the age of 7 years old, had a 
higher number of bifidobacteria than those who 
were overweight. Also, it has been shown that 
breast milk contains bifidobacteria, which consist 
the typical gut microflora of healthy breastfed 
infants [49]. 

Clinical studies on the protective role of 
breastfeeding against the risk of obesity in 
childhood and adolescence 

Arenz et al. in a meta-analysis in 2004 examined 
the relationship between breastfeeding and 
childhood obesity. Nine of the 28 studies reviewed 
met the eligibility criteria and were included in the 
study (n = 69,000). The meta-analysis showed that 
breastfeeding reduced the risk of childhood obesity 
significantly. In 4 studies a dose-dependent effect 
of the duration of breastfeeding on the prevalence 
of obesity was reported [50]. 

Harder et al., in 2005, attempted to link 
the duration of breastfeeding and the risk of 
overweight. Seventeen studies were included in the 
meta-analysis (n = 120,831) comparing breastfed 
infants versus exclusively formula-fed infants, 
where the duration of breastfeeding was reported. 
The duration of breastfeeding was inversely related 
with the risk of overweight. In addition, a dose-
response effect was reported. It was also shown 
that with each additional month of breastfeeding 
up to 9 months, the odds of overweight were 
reduced by 4% [51]. 

Owen et al., in 2005, investigated the influence 
of initial infant feeding on obesity later in life. 
Twenty-eight studies were included (n = 298,900). 
Breastfeeding was reported to be associated 
with a reduced risk of obesity, compared with 
formula feeding. In 6 studies that adjusted for 
3 confounding factors – socioeconomic status, 
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parental BMI, maternal smoking – the inverse 
association remained but it was reduced from 
0.86 (95% CI = 0.81, 0.91) to 0.93 (95% CI = 
0.88, 0.99). Four studies that included exclusively 
initial breastfeeding groups showed a stronger 
protective effect compared with all other studies 
(OR = 0.76, 95% CI = 0.70, 0.83). Longer 
duration of breastfeeding also exhibited a greater 
protective effect on obesity. The protective effect 
of breastfeeding compared to formula feeding 
was greater among infants breastfed for at least 
2 months, compared with those breastfed for any 
duration in the same studies [52]. 

In the AHQR report, the effects of breastfeeding 
on short- and long- term infant and maternal health 
outcomes in developed countries were examined. 
Breastfeeding was associated with a reduction in 
the risk of obesity [5].

Children, who did not breastfeed compared 
to those who did, presented a 32% excess risk of 
childhood obesity [53]. 

Finally, in a meta-analysis conducted by Horta 
et al., in 2007, 33 studies were included. Breastfed 
infants were less probable to be considered 
as overweight/obese. The protective effect of 
breastfeeding remained among small studies (< 500 
participants), studies with 500-1,500 participants 
and studies with more than > 1,500 participants 
although it was higher among small studies [6].

The results of the above mentioned studies may 
be due to confounding factors that haven’t been 
measured. Furthermore, these studies are based on 
observation and cannot prove causality.

Mothers who breastfeed, follow a healthier 
lifestyle, have healthier dietary habits and increased 
physical activity for them and their children. We 
are in need of randomized clinical trials but we 
cannot randomize infants in breastfeeding and 
non-breastfeeding group for ethical reasons and 
because of the known effects of breastfeeding for 
the infant’s well-being [54].

Metzger et al. investigated the relationship 
between infant feeding and BMI in late childhood 
or adolescence. They enrolled siblings whom 
only one of the two was breastfed. The breastfed 
sibling had lower BMI during adolescence, 
equivalent to a difference greater than 13 pounds 
(6 kg) for a child of 14 years, of average height. 
In addition breastfed siblings were less likely to 
reach dangerous levels of obesity BMI [55]. 

Crume et al. investigated the role of 
breastfeeding on body mass index (BMI) 
growth trajectory, from birth through 13 years 

of age among children of diabetic pregnancies 
and children of non-diabetic pregnancies. 
Breastfeeding was related with lower BMI growth 
trajectories during childhood in both groups. 
Thus, the positive influence of breastfeeding 
remains for the high-risk infants (infants of 
diabetic pregnancies who are exposed to over 
nutrition during pregnancy) [56]. 

Shorter duration of breastfeeding was associated 
with higher peripheral and total subcutaneous fat 
mass at the age of 6 months. Infants who were non-
exclusively breastfed had a higher central fat mass 
at the age of 24 months [57]. 

Childhood obesity must be prevented, as obese 
children are more likely to become obese adults. 
One third of obese preschool children developed 
obesity in adulthood, and about half of obese 
school-age children became obese adults [58]. 

In a more recent study, almost two third of the 
participants who were in the highest BMI quartile 
in childhood, remained in the highest BMI quartile 
in young adulthood [59].

Obesity and metabolomics

Obesity is a multifactorial disease but we don’t 
know in details the mechanisms by which genetic 
background, dietary habits and environment may 
interact with each other. New techniques need to 
be applied in the research of this global disease. 
Metabolomics, i.e. the study of small molecule 
metabolites in biological samples, is one of these 
techniques and they may contribute greatly not 
only in the understanding of these mechanisms 
but they may help to detect biomarkers associated 
with it. Until now, several metabolites that are 
associated with obesity have been identified in 
human (adults and pediatric obese individuals) 
and animal models. Metabolites related to glucose 
metabolism such as lactate, related to lipid 
metabolism such as free fatty acids, branched 
chain amino acids (BCAAs), leucine, isoleucine, 
and valine but also polyamines (putrescine, 
spermidine, and spermine) which are correlated 
to markers of oxidative-nitrosative stress and 
angiogenesis, seem to be associated with obesity. 
These biomarkers could serve as diagnostic 
tools in a personalized healthcare setting and 
could also serve as an alarming finding for 
prediction, prevention or treatment of the entity. 
In this respect, breastfeeding in combination with 
metabolomics analysis could be a weapon in 
disease prevention from early days in life [60-62].

Breastfeeding and obesity in childhood and adolescence
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Conclusions 

In conclusion, sufficient evidence exists to 
support the protective effect of breastfeeding on the 
risk of obesity in childhood with a dose-response 
effect. Healthcare professionals involved in the care 
of the mother-infant dyad must encourage mothers 
to breastfeed their infants for a long period of time, 
if obesity were to be prevented. The protective 
effect of breastfeeding seems to remain not only 
during childhood, but also during adolescence and 
perhaps during adulthood. Prevention of obesity 
in general is of great importance and reduces the 
burden of its complications that is put on healthcare 
systems. 
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