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Infant feeding practices have a vital role to play in shaping the eating behaviour and
overall health of individuals in both childhood as well as adulthood. A lesser-known
advantage of breastfeeding in the global obesogenic environment, is its role in
self-regulation of an infant’s appetite. Research demonstrates that children fed
exclusively from the breast (that is, they are never bottle fed) develop the capacity for
self-regulation of breastmilk intake — after all, mothers cannot possibly observe the
quantity of milk the infant ingests. This encourages the infant to gain control, thus
avoiding any overconsumption. On the other hand, bottle fed infants (whether mother’s
milk or formula milk) are subjected to mother’s or other caregivers encouragement of
bottle emptying. Since the regulation largely lies externally with the parent/caregiver on
scheduled or timed feeding versus a cue feeding, this dllows the possibility of such
children being prevented from developing their own appetite responsiveness
independently. Studies do find differences in satiety responses of children fed human
milk with a bottle and those who were directly breastfed. Research has shown that
directly breast-fed infants do not consume extra milk once their appetite stimulation
phase ends. However, the teaching of bottle emptying during early infancy is positively
associated with the weight gain. Such distinctions clearly emphasize the importance of
breast feeding, but whether it is the milk composition (human or formula) or the mode of
feeding (directly from breast or using bottle) that plays a bigger role in signalling
appetite control warrants further examination. Considering that an infant’s weight gain
or growth has a multifactorial causation, this review will highlight the association of
direct breastfeeding with appetite signalling in infancy.

INTRODUCTION

Self-regulation consists of automatic (bottom-up) and de-
liberate (top-down) processes focused on adjustment of
one’s mental and physiological state, thereby altering emo-
tion, cognition, or behaviour adaptively to context. How-
ever, inclusion of homeostatic processes in self-regulation
remains debatable (Nigg 2017). Appetite regulation in-
volves homeostatic and hedonic mechanisms through in-
teractions between the brain, gut and the adipose tissue
(Russell and Russell 2021). Its biological elements include
nutrient sensing and availability, long-term energy re-
serves, food and taste preferences, metabolic requirements,
genetic predispositions, neurocognitive and neuroen-
docrinological processes, along with the homeostatic
processes responsible for energy balance through regula-
tion of intake and expenditures. All of this influences the
development of appetite self-regulation (ASR) in children.
Both homeostatic and non-homeostatic factors interact.

Breastfed infants appear to have a unique ability to self-
regulate both the breast milk intake and energy intake from
solid foods (Agostoni 2005).

ASR can be conceptualised in terms of a “Satiety cas-
cade” consisting of three phases: (1) pre-consumption, in-
volving hunger cues, food choices and food cue respon-
siveness; (2) during consumption, involving satiation and
habituation; and (3) post-consumption, that includes cen-
tral and peripheral post-ingestive and post-absorptive
mechanisms influencing satiety and satiety cues. Both sati-
ation and satiety are significant processes involved in reg-
ulation of appetite. Russell and Russell (2021), have pre-
sented six components of ASR: (1) eating when not hungry,
(2) delay of gratification, (3) responsiveness to food cues,
(4) calorie compensation, and (5) fussy eating (6) dysreg-
ulated eating. Similar to general self-regulation (GSR), de-
velopment of ASR also involves both automatic and de-
liberate avoidance processes. ASR development across
childhood exhibits large inter-individual differences and
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seems to decline particularly with respect to regulation of
food approach responses, in contrast to GSR which is re-
tained (Russell and Russell 2021). Some children continue
to be picky eaters into middle childhood which suggests
that they struggle to control their bottom-up avoidance re-
actions to some foods while some children are able to self-
regulate their eating (Francis and Riggs 2018).

Research demonstrates that children fed exclusively
from the breast develop the capability for self-regulation
of breastmilk intake, as mothers possibly cannot observe
the amount of milk the infant consumes (DiSantis et al.
2011). Breastfed babies have demonstrated short-term and
long-term control over their appetite. Images of breast milk
ejection of nursing mothers have shown that infants stop
ingesting more milk despite the availability of additional
milk, as shown by multiple milk ejections after a breast-
feeding session. It has been found that only 67% of the
available breastmilk is ingested by an infant while feeding
from the breast, suggesting that babies do not consume ex-
tra milk once the stimulation phase of their appetite cas-
cade ends (Dewey and Lonnerdal 1986; Kent et al. 2006).

In contrast to artificially-fed babies, breast fed babies
must expend effort suckling on the breast to initiate the
Milk Ejection Reflex (MER) (Nommsen et al. 1991; Pérez-
Escamilla et al. 1995). Breastfeeding and bottle feeding,
when they have nutritional benefits for the child, are cat-
egorised as nutritive sucking. Non-nutritive sucking occurs
on the breast and provides comfort to the child. For bottle-
feeding infants, this is more likely to take place via thumb
sucking or the use of pacifiers (Ling et al. 2018).

There is not much milk available until the MER occurs
and therefore in a sense, at first the infant needs to suck
non nutritively at the breast (Mepham 1983; Alekseev,
Omelianuk, and Talalaeva 2000; Ramsay et al. 2004). On
being attached to the breast, infants demonstrate short,
rapid bursts of sucking (Inch and Garforth 1989) and this
pattern of sucking changes to a long, slow, continuous pat-
tern after the milk begins to flow. On the contrary, with bot-
tle-feeding, an infant obtains milk flow as soon as the teat
is inserted into the mouth. Wolff (1968) demonstrated that
infants possess a quick ability to switch from NNS to NS
and found that sucking frequency was 120 sucks/min during
NNS and 60 sucks/min during NS. In addition, the ampli-
tude of sucking in NNS was lower than in NS. Mizuno and
Ueda (2006) discovered that, while the suck cycle had the
same duration for breast and bottle-feeding during the NNS
phase, during the NS period, the duration was shorter and
the frequency was higher for breast-feeding. This is likely
due to the artificial teat’s more rapid milk flow. During NS
the sucking pressure was not found to be significantly dif-
ferent between bottle and breast feeding. However, sucking
duration is significantly shorter during the NS period for
both.

In conclusion, infant sucking behaviour both while
breastfeeding and when given a bottle, changed after the
milk entered the mouth. Despite industry efforts to create
a resemblance between feeding directly from the breast and
using a bottle, it is quite clear from the research studies
that bottle-feeding is a totally different feeding technique.

APPETITE REGULATING SUBSTANCES IN
BREASTMILK

Protein, fatty acids, oligosaccharides and hormones in
breast milk can impact infant feeding behaviour (Ballard
and Morrow 2013) due to differences in physiologic sig-
nalling between the infants fed breastmilk and formula
milk (human milk substitute, HMS). Breast milk contains
foremilk and hind milk that differ in fat concentration. It
is speculated that since hind milk is higher in fat content
it might initiate the termination of the feeding session
(Karatas et al. 2011). Conversely, the contents in HMS re-
main the same throughout the feeding episode. Even
though mature human milk has a lower protein content
than cow’s milk and HMS (Franke, Bruhn, and Lawrence
1988; Agostoni 2005), yet it is sufficient for the optimal
growth requirements of the infants. The higher protein
content of HMS, though it may result in faster growth, may
cause adiposity (Taylor et al. 2005). Further, owing to a
higher casein-whey ratio, HMS has a slower rate of gas-
tric emptying than breast milk (Van Den Driessche et al.
1999). Many authors have also reported differences in the
plasma amino acid pattern between the two groups. The
higher plasma levels of the three branched-chain amino
acids (leucine, isoleucine and valine) in bottle-fed infants
have been associated with increased levels of insulin in
plasma and C-reactive peptides in urine, possibly explain-
ing the pro-anabolic effect of the high protein supply
(Agostoni 2005).

APPETITE REGULATING HORMONES IN
BREASTMILK

Aside from the fat content of human milk, some hormones
in human milk have roles in energy metabolism, appetite,
and food intake. Indeed, breastmilk is a source of several
bioactive compounds that are responsible for metabolic
balance (Savino et al. 2011). It contains substances that
are appetite regulatory hormones in adults, including lep-
tin, ghrelin, adiponectin, resistin, cystokinin, and others
(Agostoni 2005; Mazzocchi et al. 2019). The serum profile
of appetite regulatory hormones in infants is not only dif-
ferent depending on milk type but also by the mother’s
serum concentrations of these hormones. There is a com-
plex interplay of signals and hormones regulated by ghrelin
that lead to differences in the neurometabolic pattern of
breastfed and formula fed infants and thereby their growth
curves. In addition, it is not only the gastrointestinal or-
gans but an existence of unequivocal involvement of adi-
pose tissue and brain (Agostoni 2005).

Vasquez-Garibay et al. (2019) showed that appetite-reg-
ulating hormones are significantly and directly correlated
in mother-infant dyads that practiced exclusive breastfeed-
ing, but not in those who received HMS. In addition, breast-
fed infants had higher levels of GLP-1 and peptide YY as
compared to infants fed HMS. Also, there are significantly
higher leptin levels in mothers belonging to the HMS group
compared to breastfed group, which may be due to higher
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adiposity typically seen in the HMS group. Further, leptin
levels are higher and hunger hormone, ghrelin and IGF-1
levels are lower in breastfed infants when compared to
HMS-fed infants (Savino et al. 2005). In the first few
months after birth, the serum levels of the orexigenic hor-
mone, ghrelin, is higher in HMS-fed infants than in breast
fed infants, leading to a higher appetite (Savino et al. 2011).

A network or linkage extends between the gastrointesti-
nal organs to adipose tissue and brain, denoting the com-
plex nature of appetite regulation. Recent research has
shown that adiponectin and IGF-1 have positive correla-
tions with weight gain and BMI in infants; however, this
warrants further research (Weyermann, Brenner, and
Rothenbacher 2007; Savino et al. 2005). The level of
adiponectin in breast milk has been found to be higher than
other hormones and has shown a significant role in regu-
lation of weight gain in new-borns even going forward in
their early years of life (Woo et al. 2012). Obestatin present
in breastmilk could also be associated with less overfeed-
ing and suppression of the new-borns’ appetite (Aydin et al.
2008).

Ghrelin is another hormone found in human milk. It is
produced in the gastrointestinal tract and acts on the cen-
tral nervous system to regulate appetite and weight. The
presence of ghrelin in human milk was first described by
Aydin et al. (2006). A portion of ghrelin has a unique fatty
acid modification (n-octanoylation) at Ser 3. Of the two
forms of ghrelin, acylated and deacylated ghrelin, the acy-
lated form (known as active ghrelin) is thought to be essen-
tial for binding to the growth hormone secretagogue recep-
tor la. Deacylated ghrelin, however, is not totally inactive.
It has influences on both cell proliferation and adipogenesis
and counteracts the metabolic effects of active ghrelin. The
total ghrelin level is the sum of the acylated and deacylated
ghrelin levels.

Reduced levels of both total and active ghrelin in the
hindmilk may cause satiety, reduce appetite, and indicate
the completion of breastfeeding (Karatas et al. 2011). The
cause of this decrease in breast milk during feeding is un-
clear. According to several researchers, a glucose infusion
and higher-than-normal fat levels reduce ghrelin levels.
Low levels of total ghrelin, which employs HDL-C as a
transporter, are caused by low levels of high-density
lipoprotein cholesterol (HDL-C), which coincides with low
levels of total cholesterol, according to one theory (Karatas
et al. 2011). Recent studies have shown that the mother’s
breast tissue or maternal plasma are two potential sources
of ghrelin in human milk

Leptin is a signalling protein that informs the brain
about body fat stores and, at the hypothalamic level, is a
hormone that increases the metabolic rate and decreases
appetite. Leptin may be produced by different cell types in
mammary tissue. In addition to leptin synthesis, mammary
tissue epithelial cells may transfer leptin from the blood,
and these two mechanisms may account for the presence of
leptin in milk. Even if ghrelin were added to HMS, it would
be at constant levels during feeding and thus might not af-
fect appetite control. Similarly, like fat, leptin concentra-
tions in HMS would be stable during feeding. Gastric lep-

tin is involved in the short-term regulation of digestion; in
contrast, the leptin that is secreted by white adipocytes pri-
marily acts on the hypothalamus for the long-term regula-
tion of food intake (Karatas et al. 2011). Savino et al. (2005)
have reported higher leptin and lower ghrelin and IGF-1
levels in infants being breastfed than in HMS-fed infants.

Studies have demonstrated that breast milk and formula
milk also elicit different responses with respect to insulin
secretion, adipose tissue deposition and inflammation (Ail-
haud and Guesnet 2004; Bergeron et al. 2007; Ailhaud et
al. 2006). Gastric emptying (GE) influences satiety, so the
human milk components that influence emptying such as
adiponectin, whey protein, casein:whey ratio, lactose, total
CHO and oligosaccharides potentially influence milk intake
thereby impacting growth and development in the early
phase of life. In breastfed infants, appetite regulating hor-
mones, macronutrients along with feed volume influences
GE and feeding patterns. Breast milk components such as
adiponectin, whey protein, casein:whey ratio influence GE;
wherein feed volume tends to determine effect of ca-
sein:whey ratio and lactose concentrations on GE such that,
faster GE rate results from larger feed volumes. Hence, both
feed volume as well as the composition of the milk play a
significant role in appetite regulation through their effect
on gastric function (Gridneva et al. 2016).

Infants who are breastfed exhibit different feeding be-
haviours than those who are bottle-fed, in part because
breastfed babies are more likely to start and stop feeding
sessions (Crow, Fawcett, and Wright 1980). This impact
prompts the essential question of how much infants who
freely suckled at the breast differ from infants who were fed
formula in terms of their intake of macronutrients (Lucas,
Lucas, and Baum 1980). Infants who freely suckled at the
breast appear to self-regulate intake. Breast milk contains
a high number of proteins, cytokines, growth factors and
potentially bioactive hormones, which give rise to changes
that go far beyond those caused by the macronutrient com-
position (Gale et al. 2012). In addition, the CHILD study
researchers show that consuming only breast milk reduces
the risk of obesity the most. Bottles of expressed human
milk added to direct breastfeeding reduce the protective ef-
fects of breastfeeding (Holmes 2018).

CONCLUSIONS

This review reinforces the need for formulation of infant
feeding guidelines addressing the behavioural factors
linked with exclusive breastfeeding, emphasising on infant
led feeding with minimal influence of the caregiver and
avoidance of pressurising feeding styles. Also, novel strate-
gies are needed for effective early life interventions and to
improve maternal feeding practices (such as type of bottle
while bottle feeding infants) in order to reduce the global
paediatric obesity pandemic and promote well-being (Azad
et al. 2018; DiSantis et al. 2011; Ventura and Pollack Golen
2015). Further, longitudinal studies in natural settings are
required to study the impact of the caregiver’s behaviour in
the formation of food preferences and anthropometric mea-
sures of the infant in later life. Precise causal mechanisms
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associated with feeding practices and obesity risk need to
be explored (Azad et al. 2018).

The present review summarised the multitude of effects
on infant’s appetite self-regulation caused by a myriad of
factors like the feeding style, composition of milk and ma-
ternal control. Thus, in addition to choosing the method of
feeding perhaps mothers should also start paying close at-
tention to the infant initiated bottle emptying feeding be-
haviour. Given children are living largely in a global obe-

sogenic environment and it is known that individuals
suffering from obesity in their childhood tend to become
obese adults, this could play a minor yet significant role in
reducing the paediatric obesity epidemic.
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