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Abstract

Our organism and the expression of our genetic inheritance are
conditioned by the environment. This is demonstrated by experimental
models on animals, but more and more evidence shows similarities also
in humans. Evidence now supports that neonatal and maternal health also
depends on the interactions between the environment and the DNA itself.
Even though the DNA sequence remains the same over the years, some
genetic traits of human beings can be affected by the silencing or activation
of some nucleotide sequences, for example by DNA methylation. Today,
epigenetics is much more important than we used to think in 1942 when
Waddington used the word “epigenetics” for the first time. The environment
can modify DNA sequence methylation, affecting protein production and
the phenotype. Examples of how epigenetics affects childbirth phenomenon
are given and mechanisms are discussed. Four biological mechanisms of
epigenetics are presented: genomic imprinting and silencing of the paternal
set of chromosomes, the unpredictable “on/off” expression patterns of
wild type genes, paramutations, and alternative states of protein folding.
Some genes are triggered by stress, maternal nutrition, drugs (namely
oxytocin, fentanyl), childbirth modalities, labor, environmental behavior,
microorganism colonization. Imprinting theory is a good scientific basis, to
explain the permanence of some biological effects at a considerable time
after birth. Imprinting is an important mechanism of DNA expression, and
different types of imprinting are described. The consequences of antibiotic
use in the childbirth period are discussed, along with the importance of
awareness in the use of antibiotics for maternal prophylaxis. Prenatal
antibiotics and cesarean sections do affect neonatal microbiome considerably
and, therefore, may be the causes of inflammatory intestinal disorders,
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asthma, obesity, diabetes. Mode of delivery, labor,
breastfeeding, and skin-to-skin practice are strictly
related to future neonatal health, and the effects are
shown here. One of the most important factors to
explain the diseases mentioned above is probably
the lack of “bacterial contamination” through
the birth canal. However, this mechanism cannot
be the only one to act, and, in fact, here we also
discuss other mechanisms that contribute to the
development of future pathologies. Last but not
least, the culture and education of the operators,
as well as maternal and providers’ attendance
behavior during childbirth, can change the relative
outcomes of children’s long-term health.
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Definitions

Environment: “The circumstances, objects, or
conditions by which one is surrounded” [1]; “the
air, water, and land in or on which people, animals,
and plants live” [2]; “the surroundings or con-
ditions in which a person, animal, or plant lives or
operates” [3]. By analogy, in this paper, we could
define the place of childbirth as the surroundings or
conditions in which women give birth.

Childbirth period: About the period immediately
before and after birth. The perinatal period is defined
in diverse ways. Depending on the definition, it
starts at the 20" to 28" week of gestation and ends
1 to 4 weeks after birth. According to the WHO,
it commences at 22 completed weeks (154 days)
of gestation and ends 7 completed days after birth
[4]. However, for our review, we have coined a
new definition: “Childbirth period”. We will only
deal with the period closest to the childbirth, which
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begins at the beginning of the woman’s labor (latent
phase) and ends the 1** day after childbirth (24 hours
after childbirth). In this period, the staff who assist
childbirth, represents, together with the place where
the childbirth occurs and those who accompany the
woman, the environment of childbirth. We define
this period as the childbirth period.

Imprinting: “Rapid learning that occurs during a
brief receptive period, typically soon after birth or
hatching, and establishes a long-lasting behavioral
response to a specific individual or object, such as
attachment to parents, offspring, or site” [5]. In this
paper we will go beyond the ethological definition
of imprinting, also considering this phenomenon at
the cellular level, both for unicellular with receptors
located on the cell walls, and for multicellular, with
intra- and extra-cellular receptors [6]. In this paper,
we will analyze the phenomena of environmental,
biological imprinting during the childbirth period.

Epigenetics: Epigenetics deals with the study
of inheritable modifications that lead to variations
in gene expression, without altering the DNA
sequence, and without causing changes in the
sequence of the nucleotides that compose the DNA.
Epigenetics studies the mechanisms that can vary
the phenotype, without modifying the genotype.
Epigenetic instructions, when they involve germ
cells, can be transmitted to offspring.

Biological mechanisms underlying imprinting
and cellular memory

We know that neonatal and maternal health
depends on the interaction between the environment
and DNA itself. Even though the DNA sequence
does not change over the years, some genetic
characteristics of human beings can be affected
by silencing or activation of some nucleotide
sequences. In another word, today epigenetics does
matter much more than we used to think in 1942
when Waddington (1905-1975) used the word
epigenetics for the first time [7].

The term epigenetics is used to explain the
molecular processes through which genetic traits
persist during cell division, without changing the
nucleotide sequence of DNA. These are processes
that result from the silencing or activation of genes,
through modifications of the function of DNA,
RNA and proteins. In practice, it is understood
that the environment can change the expression
of DNA. It is easy to understand what epigenetics
means, thinking that all the body cells have the
same nucleotide sequence, yet every cell becomes
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something different: the liver cells (hepatocytes),
the cerebral cells (neurons), the skin cells and so
on. It is clear that the differences in expression
at the phenotypic level depend on the context in
which the genes express themselves and not only
on the nucleotide sequence. The environment can
modify the activation of the DNA sequence, with
changes in protein production and the phenotype.
Epigenetic modifications can also be transmitted to
future generations. In the case of maternal stress
or dietary problems, under- or over-eating will
lead to epigenetic modifications of somatic tissue
(including that of the brain), and the modifications
will be limited to this. If stress or modifications act
on primordial embryonic cells, these epigenetic
modifications are transmitted to successive
generations.

Epidemiological evidence of “programming” as
a cause of metabolic diseases in adulthood has been
suggested by the work of Barker and colleagues
[8]. Although the concept of programming had
been discovered previously, it was Barker’s
epidemiological studies in the late 1980s that led
to the clear formulation that events in fetal life
can influence the long-term risk of developing
metabolic disease [9-11]. Using a cohort of 64-year-
old men, all born in Hertfordshire (UK), Barker
identified an inverse relationship between systolic
blood pressure, increased cardiovascular mortality,
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and birth weight. Using the same cohort of men,
he also demonstrated an inverse link between birth
weight, glucose tolerance, and insulin resistance.
Individuals with the lowest birth weights were 6
times more likely to develop type 2 diabetes or
reduced glucose tolerance. These results were
replicated in a large variety of populations of
different ethnic groups. In reality, both excessively
high birth weight and too low birth weight have
been associated with cardiovascular risk factors in
adulthood. Therefore, it is the body composition at
birth, rather than the weight itself, which represents
an indicator for predicting future diseases. Maternal
weight before gestation and during pregnancy is
significant in this regard, as both are associated
with intrauterine fetal growth. The fetus monitors
the external environment through the mother’s
organism. Fetal weight is modulated by the fetus
itself, according to maternal nutrition: the fetus
can modulate fetal weight gain adapting itself to
maternal nutrition, without changing his genetic
heritage, modulating and changing the expression
of its DNA. Diseases that arise in adult life are
determined not only by genetic factors but also by
numerous epigenetic factors that come into play
already during fetal life, during childbirth period
and after birth [12].

There are numerous epigenetic mechanisms, the
main epigenetic phenomena being (Fig. 1):
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Figure 1. Pregnancy, labor and birth as complex systems. They are characterized by a huge amount of interdependencies.
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1. genomic imprinting and silencing of the paternal
set of chromosomes [13];

2. the unpredictable “on” or “off” expression

patterns of wild-type geneses, position-effect

variegation, transgenes, etc.;

paramutation [14];

4. alternative states of protein folding that can
be propagated from one protein molecule to
another.

All these phenomena have cellular memory in
common [15, 16]: once a gene is triggered by stress,
maternal nutrition, drugs, childbirth modalities,
presence or absence of labor, environmental
behaviors, microorganism colonization, it can
completely change its expression. For example
early or delayed clamping of the umbilical cord or,
once again, type of breastfeeding, etc., determine
a change in gene expression. Hormone imprinting
theory is an excellent scientific basis to explain
the permanence of some biological effects at a
considerable time after birth. As Csaba writes:
“Birth is a milestone in a person’s life. Before
birth, the mother’s body protects the fetus, and
the mother’s hormones, which pass through the
placenta, influence the fetal endocrine system. After
birth, the infant starts its life, and the brain-controlled
endocrine system chemically directs the actions of
the organism. This requires the setting of the relation
between the receptor and the hormone system” [17].
The fetal to neonatal transition is one of the most
complex processes in biological existence. Very
little is known about this transition at molecular
and biochemical levels. The transition of the fetus
from a hypoxic in utero environment to an oxygen
environment is not without consequences. We do,
however, know something more about this delicate
transition phase in non-human primates [18].

In this animal model, during the first 3 days of
life, Beckstrom and others observed an increase
in substances related to the reduction-oxidation
pathways of the electron transport chain. In
particular, myoinositol and glutamic acid undergo
necessary changes in this transition phase. Both
of these substances are essential for intracellular
homeostasis [19], gene expression [20, 21], and
fat metabolism [22]. Once again, the changes
determined at the time of birth remain in adulthood,
thanks to the epigenetic mechanism and cellular
memory. This mechanism is mediated above all, but
not only, by the modeling of the newborn’s immune
system. The immune system of the newborn
undergoes an enormous change that begins from
the moment of the breaking of the membrane in

e
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labor (PROM), which is of both metabolic [23] and
immunological nature.

Currently, we do not know if the fetus lies in
a sterile environment during gestation, as some
authors believe [24] or in an environment colonized
by prokaryotes of various kinds, as others claim
[25]. In any case, before PROM, the fetus may
be subject to contact with a small number of
prokaryotes, if any, or even no microorganisms at
all. As soon as the mother’s waters break, this is
the moment in which the primordial relationship
with the prokaryotes is established, at least from
the quantitative point of view: it is the moment
of the PROM. At this moment: “This continues a
chain of maternal heritage that stretches through
female ancestry for thousands of generations, if
all have been vaginally born and breastfed. This
means a child’s microbiome, that is the trillions
of microorganisms that live on and in him or her,
will resemble the microbiome of his/her mother, the
grandmother, the great-grandmother and so on, if
all have been vaginally born and breastfed” [26].

In intrauterine life, low Th1/Th2 cell ratio
defend the fetus against rejection by the maternal
immune system, the endocrine factors contribute to
Th2 dominance in the fetus [27] during labor, after
PROM, and in extrauterine life because of exposure
to microorganisms, increased Thl cytokine
production, along with high Th1/Th2 ratio, are
required to maintain an efficient immune response
[28]. Also, after birth, maternal hormone supplies
of estrogen, progesterone, testosterone, and anti-
inflammatory prostaglandins cease rapidly to be
present in the neonatal circulation.

The switch from Th2 dominance to Thl is de-
termined by a complex cellular and humoral net-
work, if we alter this delicate passage artificially;
it takes place right at the moment when the fetus
passes from fetal to neonatal circulation and must
be prepared for complex, unpredictable and long-
term consequences.

The term imprinting was conceived by the
Austrian ethologist Konrad Lorenz (1903-1989), in
the 1940s, following the experience that he had with
a goose named Martina. When Martina came out of
the egg, the first living being she saw was Lorenz, so
she identified him as her mother and began to follow
Lorenz everywhere. All attempts to reunite Martina
with her birth mother failed, and Lorenz realized
that imprinting is an irreversible phenomenon. In
ethology, imprinting is a particular form of early
learning, found primarily in the infants of birds and
mammals in a short growth phase called “sensitive
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period”, during which they recognize and follow the
mother or her surrogate, e.g., another animal or any
moving object.

Similarly, the term “hormonal imprinting” was
coined by Csaba in the 1980s [29]. In the original
first experiments by Csaba, newborn rats were
treated with thyrotropic hormone or gonadotropic
hormone, then, in the adult age group, the blood
thyroxin level after treatment was measured. The
neonatal gonadotropin treatment decreased the
adults’ thyroxin level by 70% and TSH treatment by
40% [30]. The scientist analyzed this phenomenon
in numerous subsequent works [6, 31-33]. Other
authors have subsequently confirmed the work of
Csaba; however, to our knowledge, no published
results have questioned the work on perinatal
imprinting [34, 35]. When a hormone comes
into contact with its receptor for the first time, it
establishes a relationship that will last for the whole
life of the individual, but the system is redundant, and
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the type of relationship that the receptor establishes
with its reference hormone can change flexibly, to
favor progressive adaptation to the environment
of the new living being. Functional systems of the
organism develop from open loop systems without
feedback control into closed systems controlled by
a feedback mechanism. This delicate mechanism
is very flexible and can be continuously modified
throughout life (Fig. 2), but it is particularly
sensitive in the perinatal period. Receptors are
programmable for only a brief developmental
period, after which time the tissue/organ becomes
permanently unresponsive to imprinting [36].
When this change is pathological (for example,
due to the administration of hormone analogs, related
hormones, drugs, and environmental contaminants,
such as endocrine disruptors or pollutants [12],
also by quantitative alterations, e.g. when the
physiological hormone is present in too high or too
small amounts) imprinting will be pathological.
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Figure 2. The diagram shows, in a simplified way, how complex interaction with the environment can modulate genetic

expressivity throughout the entire course of life.
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These different mechanisms can assume the overall
name of faulty hormonal imprinting [37]. Cells of
multicellular organisms have plasma membrane
receptors and intracellular receptors. Both types
of receptors require imprinting in the perinatal
period and are subject to faulty imprinting. We
can, however, provide some terminological clarity.
The original term, reported by Csaba as “hormonal
imprinting”, has been successively called “metabolic
imprinting” or “epigenetic imprinting”. In our
case, all these definitions must be replaced by the
term “childbirth imprinting”, describing hormonal
imprinting-like phenomena caused by hormonal or/
and non-hormonal factors. All of these phenomena
are, of course, different from “genome imprinting”
[38], which is a differential expression of a gene or
genes as a function of whether they were inherited
from the male or the female parent, e.g., a deletion on
chromosome 15 that causes Prader-Willi syndrome
if inherited from the father, causing Angelman’s
syndrome instead if inherited from the mother.

The childbirth period commences at the
beginning of labor and ends 1 completed day
after birth. Childbirth imprinting is a fundamental
biological phenomenon that underlies the relations
among drugs, hormones, nutrition, endocrine
disruptors, pollutants environmental contaminants,
experiences of early life and the future development
of later diseases. Imprinting, in this context, is
an integral part of cellular memory and learning.
Ultimately, these early imprints can form in-utero,
during birth and immediately after birth. Naturally,
the outcome of the perturbations of the perinatal
environment is also highly dependent upon the
genetic background of the individual [39].

Moreover, randomness also plays a fundamental
role; epigenome can modulate the effects of
stochastic noise to facilitate phase transitions in
development and disease, but these random effects
could change direction depending on events during
childbirth (use of synthetic oxytocin, antibiotics,
cesarean section, etc.) [40]. Stochasticity, referring
to the nondeterministic nature of specific dynamic
systems, ultimately stems from the fact that
biological processes are fundamentally driven
by random collisions between small numbers
of macromolecules with multiple potential
conformational states [41, 42]. A few proposed
mechanisms for the underlying stochasticity of
cellular phenotypes include: ‘“bursting” due to
stochastic remodeling (opening and closing) of
promoters; variable amplification at translational
level; and influences from upstream components
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(e.g., morphogens, signaling molecules, and the
extracellular matrix), which are often variable
across cellular microenvironments and are subject
to noise themselves [43, 44]. The picture emerging
from these recent studies is that noise systems offer
the significant advantage of generating nongenetic
cell-to-cell variability — that is, cells that behave
uniquely despite being genetically identical to each
other [45, 46].

An excellent example of the close relationship
between environment, genotype, and phenotype
are the so-called Small for Gestational Age
(SGA) newborns or IUGR (IntraUterine Growth
Restriction) fetuses. Due to this interaction that
can lead to pathologies, these infants have a low
birth weight because the uterine environment was
very poor, and did not provide enough energy for
different reasons. Only those fetuses who can adjust
to this hostile environment will survive. After birth,
if these newborns grow up in an environment rich
in energy, a higher percentage of them develop
cardiovascular disease compared to newborns with
appropriate birth weight [47]. Maternal weight
before gestation also affects the newborn, who
adapts to this environment [48].

Complex systems are characterized by the
enormous amount of interdependencies, and by
non-linear reactions, often difficult to detect at first
[49]. Non-linear reactions are distinguished from
linear reactions; if we double the dose of a drug or
a radiation dose, we do not merely get double the
effect, but a more significant effect of the double
or minor; sometimes, if we exceed the lethal dose
or the subject is particularly sensitive, we even
determine his death. In practice, if we trace these
reactions on a graph, they form a curved line and
not a straight line (linear) [50]. We should not think
only of simple causal associations: administer the
antibiotic and account for the adverse reactions
and success with the disease. We should think,
administer the antibiotic, count adverse reactions
and success against the disease, but also long-term
actions and those on the other components of the
organism, not only on the disease. We must enter
into the concept of complexity.

The question that this paper asks is the following:
is all that we have seen regarding the perinatal
period also valid for the childbirth period? There
is indeed a clear association between what happens
in the perinatal period and diseases such as obesity,
diabetes, autism, asthma, allergy, schizophrenia,
autoimmune diseases, inflammatory bowel diseases
[51]. Is this influence also true for events occurring
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in the childbirth period? Can drugs, attitudes,
nutrition, mode of delivery, characteristic of the
childbirth period, affect the future health of the
newborn? In the embryo, the primordial germ cells
(i.e., the precursors of spermatozoa or egg cells)
undergo a process regarding the reprogramming of
epigenetic information from the 2™ week of life of
the embryo and until the 9" week. In practice, all
the processes that make methylation (which is the
main epigenetic mechanism) effective are inhibited;
however, this process does not erase the entire
epigenome: about 5% of our DNA is resistant to
reprogramming [52]. The regions that resist contain
particularly active genes in neurons, where they can
perform essential functions during development.
Analysis of human disease data indicates that
these genes are associated with disorders such as
schizophrenia, metabolic disorders, and obesity.
These genes could be very susceptible to change in
the childbirth period.

Epidemiological data

Many women experience, at the first meeting
with their baby, a feeling of joy, which they can not
define; it is a state of intense bliss, accompanied by
a feeling of creative omnipotence often followed by
a moment of disbelief: “Did I do this?” In the exact
momentthey see the newborn for the first time, many
women can experience Kairos (»ou06g), a word
that in ancient Greece meant “right or opportune
moment” or “supreme moment” or even “a time in
the middle”, a moment of an indeterminate period
of time, in which something special happens. As
a deity, Kairos was semi-unknown in Greece, and
even today the fleeting joy, represented by Kairos,
is neglected. In international scientific literature,
very few articles are describing this joy [53] while
there is a multitude that speaks of the pain and
fatigue of childbirth. Women, if requested, have
a great capacity for describing pain, fatigue, and
suffering. They can use a myriad of synonyms
and metaphors, the complexity of which depends
only on their cultural level, but they have only a
few terms to describe joy. The time of Kairos at
birth is precious and powerful, but vulnerable.
It needs to be safeguarded to ensure that its
presence continues to emerge. This means that
gynecologists, midwives, and other birth attendants
have the task of protecting Kairos’ time from the
sometimes harsh and potentially gruesome births.
The overwhelming majority of women believe
that birth and the transition to motherhood are
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difficult. The exasperation for “safety” and the
organizational needs of institutional places where
labor/delivery takes place [54] mean that operators
do not limit interventions (limited supply of water
and food, use of synthetic oxytocin, antibiotic
prophylaxis, amniotomy, episiotomy, excessive
use of cesarean section, etc.), all of which involve
iatrogenic effects on reasonable conditions, to
cases where there is a real medical indication.
This has also been recognized in Italy; the Italian
Health Ministry has released a detailed and
exhaustive document in this regard [55]. This
document concludes with the recommendation to
reduce unnecessary interventions during labor and
delivery.

Nutrition in the childbirth period

The nutrition of the mother and secondarily of
the fetus during gestation is an important modality
which affects adult health. In pregnancy, compared
with extra-gravidic condition, blood sugar levels
remain high after meals, and lower on fasting,
despite the 30% increase in neoglucogenesis. The
increase in peripheral insulin resistance (maximum
peak at 32 weeks) remains constant until the end of
pregnancy. As a consequence, there is a decrease in
the use of glucose, the induction of glycogenolysis
and neoglucogenesis and the active use of fats.
Ketosis develops extremely rapidly, especially
during labor [56]. Evidence shows no benefits or
harm connected to the restriction of fluids and food
in labor; there is no justification for women at low
risk of complications to the restriction of fluids and
food in labor. Unfortunately, to our knowledge,
there are no studies specifically regarding women
with increased risks of complications, but since
there is no evidence to support restrictions in this
group of women, it seems reasonable not to restrict
the intake of fluids or food even in this category
[57]. Of course, all this must be balanced with the
risk of pneumonia ab ingestis, and ultimately with
the risk of urgent cesarean section. Although some
persist in conducting studies on the subject, neither
increased intravenous hydration nor oral hydration
or administration of dextrose in intravenous fluids
during labor improves labor performance [58-
60]. Rather than being dehydrated, which is what
happens if we do not allow women to drink during
labor, it is better to be attached to a drip. However,
the best solution is to allow women to drink during
labor. Women may prefer to increase their oral
intake rather than being attached to a drip, and we
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have to consider whether it is justifiable to persist
with a policy of “nil by mouth”. Furthermore, at
least one trial raised concerns about the safety of
dextrose [61].

A new approach to the treatment of dystocia
that originates from prolonged and exhausting labor
seems, on the other hand, more promising. It is
well-known that in sports medicine, lactic acid can
affect strong performance and can be decreased by
bicarbonate given orally before physical activity.
Similarly, the authors evaluated whether the oral
intake of bicarbonate changes the amniotic fluid
levels and enhances delivery outcome in dystocic
deliveries [62]. This approach did not require
an intravenous drip, and the first results seem
promising. Unfortunately, we know nothing of the
effect that the intake of certain foods/nutrients given
in labor, or immediately after birth, could have on
the health of the newborn, but we believe this is an
exciting topic for future studies.

Drugs in the childbirth period

Synthetic oxytocin administration during labor
decreases neonatal suction during the 1% hour of
breastfeeding and the probability of a successful
skin-to-skin phase [63]. Moreover, when synthetic
oxytocin was given to mice perinatally in a single
dose, a “hormone imprinting” phenomenon was
observed, changing their social and sexual behavior.
These experiments show how a single dose of
synthetic oxytocin, administered at birth, will affect
the whole future adult life of the mouse [64]. This
happens because synthetic oxytocin, administered
at birth, influences the metabolism of dopamine and
serotonin in the hypothalamus. There is a decrease
in the turnover in the hypothalamus of these two
neurotransmitters that can act on the development
of future diseases such as autism and schizophrenia.
Naturally, the development of complex diseases
such as autism or schizophrenia is multifactorial
and requires the complex interweaving of numerous
factors that act synergistically. Indeed it cannot be
argued that the administration of oxytocin in labor
determines, for itself, the onset of diseases.

A multifactorial genesis disease, not yet
fully understood, is Prader-Willi syndrome; this
neurogenetic disorder also is caused by the alteration
of several imprinted contiguous genes including
Magel2. Infants affected by Prader-Willi syndrome
present various clinical manifestations, including
poor suckling behavior and feeding problems. Using
Magel2-deficient mice with 50% neonatal mortality
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and the altered onset of suckling activity and
subsequent impaired feeding, the researchers were
able to demonstrate that a single oxytocin injection,
3-5 hours after birth, can save the mutant pups
with the Magel2 phenotype, allowing all them to
survive. Furthermore, the injection of a specific OT
receptor antagonist in wild-type pups recapitulated
the feeding deficiency seen in Magel2 mutants, and
a single injection of OT, 3-5 hours after birth saved
the phenotype of Magel2 mutant pups, allowing all
of them to survive. The administration of a drug
(in this case synthetic oxytocin) in a period rich in
changes and adjustments for the mammals’ body,
such as the childbirth period, can have unexpected
effects in the short- and long term.

We must also take into account the fact that
synthetic oxytocin administered in labor could have
negative consequences on the mother, for example
by increasing the incidence of hemorrhage [65,
66]. This happens because oxytocin used to induce
or augment labor may desensitize the oxytocin
receptors, thereby impairing oxytocin’s post-
delivery effects on uterine contractility [67].

The administration of synthetic oxytocin during
labor may increase postpartum depression [68]
and reduce the woman’s ability to breastfeed [69],
problems that, in turn, can affect the health of
the newborn. The adverse effects of this drug are
still evident two months after giving birth; non-
exclusively breastfeeding, greater depressive,
anxious, and somatization symptoms were
associated with higher synthetic oxytocin dose
administration in labor [70].

A recent study shows that maternal oxytocin
changes the parent-partner relationship during
the perinatal transition period. The authors have
analyzed data from a longitudinal study of 269
child-bearing women in which endogenous
oxytocin was measured in blood plasma during the
1*t and 3™ trimesters and at 7-9 weeks postpartum;
relationship status was assessed at the outset and
2.5 years postpartum. Lower maternal oxytocin
was associated with a higher risk for relationship
dissolution by the time the child was a toddler [71].
For every standard unit increase in the mothers’
mean level of endogenous oxytocin, the odds
were 5.9 times greater than the relationship would
survive the transition to parenthood. Moreover,
analyses of 1%, 3 trimesters and at 7-9 weeks
postpartum time points revealed a similar pattern
of results. In practice, the authors have shown that
the blood concentration of endogenous oxytocin
predicts relationship survival in dating couples
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a long time after birth. The equation is therefore
simple: the more synthetic oxytocin is administered
in labor, the less the new mother can produce during
postpartum [72]; the less oxytocin produced during
postpartum, the more likely the couple will have
emotional problems in the future. Of course, this
parallelism cannot be confirmed at present, because
oxytocin is a hormone placed at the center of a
very archaic, complex and evolutionarily network
[73]. Consequentially its effect on the relational
and effective system of mammals also depends
on many other factors (genetic, environmental,
relational) and not exclusively on the administration
of synthetic oxytocin. However, these preliminary
results are exciting and require further caution in
the administration of synthetic oxytocin. In a recent
study, salivary levels of oxytocin were measured
in 40 low-income mothers at 34- to 48-months
postpartum. Mother-child dyads were observed in
an interaction task in their home, and videos were
later coded for parenting behavior [74]. Mothers’
early stress was assessed using the Adverse
Childhood Experiences Scale. The results showed
that in mothers with low Adverse Childhood
Experiences Scale results, higher oxytocin secretion
was associated with more positive parenting. On
the contrary, mothers with high Adverse Childhood
Experiences Scale results higher oxytocin secretion
was associated with lower levels of positive
parenting. This is an extraordinary result since
it demonstrates that oxytocin acts with different
effects in different contexts and therefore questions
many results of longitudinal studies, even with
numerous samples, where the different substrate of
the population is not taken into account.

A strong inverse correlation was found between
the amount and duration of exposure to fentanyl, used
for epidurals, and the sucking capacity of newborns
during the 1* hour after vaginal delivery. The more
the newborns are exposed to fentanyl, the higher
difficulties they have. These results also suggest
that intrapartum exposure to fentanyl significantly
decreases the infant’s chance of performing skin
on skin with the mother during the 1* hour after
delivery [63].

From 19-44% pregnant women are prescribed
antibiotics during pregnancy [75]. We know that the
use of some antibiotics during pregnancy increases
the risk of spontaneous abortion [76, 77]. Macrolide
prescribed in pregnancy can even increase the risk
of cerebral palsy or epilepsy [75, 78].

These data suggest caution before prescribing
an antibiotic during gestation; we must be sure
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that the cost-benefit ratio, in the specific case, is in
favor of the benefits; but what do we know about
the consequences of antibiotic use in the childbirth
period? Cesarean section and exposure to antibiotics
in the 2™ or 3" trimester of pregnancy were
independently associated with higher offspring risk
of childhood obesity [79]. The results of this study
are exciting, although it can not be ruled out that
they are due to another possibility, i.e. that childhood
obesity could be related not to the use of antibiotics,
but rather to underlying maternal infections that
required antibiotic use. Unfortunately, most studies
in the obstetrics field have focused on the benefits
of antibiotics for short-term maternal and neonatal
complications, but with very little interest in long-
term consequences. However, there is a clear dose-
effect relationship with regards to exposure to
antibiotics in pregnancy and obesity in childhood
[80]. In particular, in the latter study, the magnitude
of association was most active for repeated
exposure during the 2™ trimester. However,
some studies prove the opposite, namely that the
relationship with the development of obesity and
the administration of antibiotics is more significant
the earlier the administration, being the maximum
if it occurred during the 1* trimester [81]. The use
of antibiotics is in the childbirth period is associated
with increased antibiotic resistance in infantile late-
onset bacterial severe infections [82]. Antibiotic
resistance has become a severe problem; in Italy,
the percentage of E. coli with resistance to third-
generation cephalosporins has exceeded 50% [83].
The analyses of specific antibiotic resistance genes
showed a higher occurrence of some [-lactamase
coding genes in infants whose mothers received
intrapartum antibiotic prophylaxis [84].

The problem does not lie in the use of antibiotics
for therapy; generally, if there is a disease,
physicians make careful choices, accurately
balancing the cost/benefit ratio. The problem is
the rampant and excessive use of antibiotics for
prophylaxis, a condition in which the disease does
not exist, but physicians want to prevent a disease
that could appear. Let us take the example of group B
streptococcus (GBS) prophylaxis. The first problem
is screening. How accurate is testing for GBS? 91%
of pregnant women who screened negative for GBS
at 35-36 weeks were still GBS-negative when the
standard gold test was performed during labor.
The remaining 9% became GBS positive. These
9% were “missed” GBS cases, and did not receive
antibiotics. 84% of pregnant women who screened
positive for GBS at 35-36 weeks were still GBS
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positive when the standard gold test was performed
during labor. However, 16% of the GBS-positive
women became GBS-negative by the time they
went into labor. These 16% received unnecessary
antibiotics [85].

Furthermore, identification of group B-ag-
glutinating isolates as S. agalactiae, based on latex
assays only, is responsible for false reports of GBS
carriage, then for useless intrapartum antibiotic
prophylaxis [86]. Today it would be possible, at low
cost, to improve the appropriateness of screening,
using already available technologies [87]. The Xpert
GBS test is a rapid polymerase chain reaction (PCR)
test for detecting GBS colonization in women who
are about to give birth. The Xpert GBS test could
be used to identify GBS colonization at the onset of
labor and could potentially reduce the unnecessary
use of intrapartum antibiotic prophylaxis. The assay
detects GBS from combined vaginal and rectal
swab specimens, and results are given in 50 minutes
or less, compared with 24-48 hours for conventional
bacterial culture techniques. The individual test
cartridges cost £38.80 [88].

The problem is the bias of the present, also called
hyperbolic discounting, during which decisions are
made to obtain immediate gratification, ignoring
the possibility of gain deferred over time [89]. This
attitude influences our behavior, above all, in three
critical areas of our life: nutrition, professional life,
and savings. In the case of intrapartum antibiotic
prophylaxis, the professional and scientific
community evaluated only the short-term costs
and benefits of antibiotic prophylaxis, while,
unfortunately, studies on long-term beneficial costs
are lacking [90].

However, essential data are beginning to emerge,
in a longitudinal, prospective study of a cohort
of Canadian infants born in 2010-2012, which
evaluated infant gut microbiota, the authors found
that at 3 months of life neonatal microbiota differed
significantly depending on intrapartum antibiotic
prophylaxis exposures, and differences persisted up
to 12 months for infants delivered by emergency
cesarean section. The taxon-specific composition
also differed, with Bacteroides and Parabacteroides
under-represented, and Enterococcus and Clostridium
over-represented at 3 months, following maternal
intrapartum antibiotic prophylaxis. Microbiota
differences were especially evident following
intrapartum antibiotic prophylaxis with emergency
cesarean section, with some changes, increased
Clostridiales and decreased Bacteroidaceae,
persisting up to 12 months, particularly among non-
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breastfed infants [91]. The study demonstrates the
complexity of relationships between intrapartum
antibiotic prophylaxis, mode of delivery and
subsequent breastfeeding; to this complexity, we
must also take into consideration maternal diet
throughout pregnancy [92]. The development of the
human infant intestinal microbiota is a sequential
process that begins in utero and continues during the
first 3 years of life. We certainly know that microbiota
is altered in children who are delivered by cesarean
section, fed formula, or treated with antibiotics,
compared to babies born vaginally, breastfed, or
unexposed to antibiotics. We are not yet sure if
these disturbances can influence the future health
of these babies. The ecosystem of the human gut
consists of trillions of bacteria forming a bioreactor
that is fuelled by dietary macronutrients to produce
bioactive compounds, and evidence is now emerging
that, through interactions with the gut-brain axis,
the bidirectional communication system between
the central nervous system and the gastrointestinal
tract, the gut microbiome can also influence neural
development, cognition and behavior [93].

Furthermore, intrapartum use of antibiotic is
associated with pediatric eosinophilic esophagitis
[94]. Use of antibiotics is considered a potential
risk factor for the development of inflammatory
bowel disease [95]. This evidence is consistent with
the concept of perinatal programming of intestinal
inflammatory disorders. Animal models have
shown that the early-life environment affects the
development of the gastrointestinal tract [96].

Ultimately, there is no convincing evidence of
benefit for mothers or newborns from the routine
use of antibiotics for PROM at or near term, and
“Given the unmeasured potential adverse effects of
antibiotic use, the potential for the development of
resistant organisms, and the low risk of maternal
infection in the control group, the routine use of
antibiotics for PROM at or near term in the absence
of confirmed maternal infection should be avoided”
[97]. Prophylactic antibiotics are associated with
significantly lower rates of chorioamnionitis by
51% and endometritis by 88% only in women with
latency longer than 12 hours [98].

The evidence does not allow definitive
conclusions to be drawn regarding antibiotic
prophylaxis for GBS: “Despite a wide range of
adverse events reported in 17 observational studies
and 13 randomized controlled trials, the evidence
was inconsistent and at high risk of bias” [99].
However, the numerous side effects seen in the short
term and, above all, the association with altered
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neonatal microbiome, and the consequences, some
probable, others certain, regarding the development
of diseases in the future, should suggest adopting
the precautionary principle [100, 101] and therefore
adopting the prophylaxis only in the case of positivity
for GBS, of course having used an effective method
for its detection, or in the case of PROM greater
than 12 hours.

Breastfeeding

Breastfeeding is associated with health benefits
not only in childhood but also in adulthood. In
children who are breastfed, there is a reduction in
the incidence of infections of the gastrointestinal
tract, respiratory tract and otitis media, along
with protective effects against chronic diseases
such as celiac disease, diabetes, obesity, and
chronic inflammatory diseases of the intestine. In
adulthood, breastfeeding is associated with a lower
risk of developing type 2 diabetes, hypertension,
hypercholesterolemia, some types of cancer, osteo-
porosis [101-106]. There are positive effects on
neurodevelopment and cognitive abilities. Nutrients
in breast milk do not have an exclusively nutritive
function; molecular biology studies have shown
that nutrients can modify, directly or indirectly, via
hormones, the expression of many genes [107]. We
will not elaborate much on the long-term effects of
breastfeeding since this paper deals only with the
childbirth period. However, it is in these early hours
after birth that attendants have the opportunity to
influence the future of maternal breastfeeding
positively.

In 1989, WHO and UNICEF published a joint
declaration entitled: “Protecting, promoting and
supporting breastfeeding. The special role of
maternity services” [108]. This document describes
how the staff working in labor wards may encourage
breastfeeding. The 10 steps are a summary of the
main recommendations of the joint declaration. All
of these steps are, of course, important, but some
are to be implemented immediately after birth in the
childbirth period:

* help mothers initiate breastfeeding within a half-
hour of birth;

¢ show mothers how to breastfeed, and how
to maintain lactation even if they should be
separated from their infants;

e give newborn infants no food or drink other than
breast milk, unless medically indicated;

e practice rooming-in, allow mothers and infants
to remain together 24 hours a day;
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* encourage breastfeeding on demand;
e give no artificial teats or pacifiers to breast-
feeding infants.

Ultimately, breast milk is one of the most
important epigenetic factors after birth; it can
influence gene expression and therefore also the
phenotype. Perhaps breast milk can modulate
different physiological functions and protection
of the newborn against various diseases. For
example, about obesity, a study evaluated how
breastfeeding can counteract the harmful effects of
PPARG? gene polymorphism in adolescents [109].
Furthermore, in children predisposed to otitis media,
breastfeeding is a protective factor [110]. Last but
not least, breastfeeding is a protective factor for the
development of many diseases even in the mother
[111].

Mode of delivery

Cesarean sections can effectively reduce
maternal and perinatal mortality and morbidity
if they are performed due to precise medical
indications [112], but no scientific evidence proves
the benefits of cesarean sections for mothers and
newborns when there is no clinical justification
[112]. On the contrary, the cesarean section has
been proved to increase maternal death, maternal
morbidity, peripartum hysterectomy, hospital
admissions during puerperium, amniotic fluid
embolism, placental malposition during successive
pregnancies [113]. Therefore, a cesarean section
always has to be cautiously considered [114]. If
we consider neonatal health, a cesarean section
increases perinatal iatrogenic lacerations, respi-
ratory disorders, difficult cardiovascular adaptation,
lower breastfeeding prevalence, anemia, asthma,
laryngitis, gastroenteritis, ulcerative colitis, celiac
disease, lower respiratory tractinfections, idiopathic
juvenile arthritis, death, obesity, type 1 diabetes,
metabolic syndrome, cancer, leukemia [115-121].
The latter risk, leukemia, is likely to be explained
by the fact that birth stress predisposes newborns
through a complex biochemical mechanism to
improve preneoplastic cell clearance capabilities
[122]. One of the most important factors to explain
the diseases mentioned above is probably the lack
of “bacterial contamination” along the birth canal
[123].

An increased body of evidence has shown
that early microbiota colonization exerts a strong
influence on the later health status of the individual
[124]. However, this mechanism cannot be the
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only one to act, as, for example, in newborns from
cesarean section, who have been exposed to labor,
many of the previously described adverse effects,
which occur in adult life, are much less pronounced
[125]. One study divided three main groups of
bacteria into newborns from vaginal birth: in
the first group, there was a high prevalence of
Bifidobacterium spp., in the second of Streptococcus
spp. and in the third of Bacteroides spp., while in
the cesarean section the first group was mainly
composed of Bifidobacterium, the second was
characterized by high levels of Clostridium
spp. Moreover, low levels of Streptococcus
spp., in the third, mainly Enterobacteriaceae,
Ruminococcus spp. and Lachnospiraceae [126].
It is interesting to note that the same authors did
not show differences in the microbiota, related to
the delivery mode, at the age of 6 and 12 months;
the multiple mechanisms that determine the
differences of future health probably act at birth
(first relationship with the receptor, modulation
of the immune system, recognition of antigens,
etc). Subsequently, the plasticity typical of young
organisms can remodulate colonization, which
also depends on other factors (maternal nutrition,
breastfeeding, weaning, etc.). The fact of having
been in labor or not before performing a cesarean
section can change the attitude and the response to
external agents of the newborn’s immune system.
Labor, above all after PROM, can result in different
exposure to specific microbes and this leads to an
increase in the number of neutrophils and natural
killer cells, an increase in 1L.-13 and INF-gamma
and IL-20 levels. The decrease of these factors,
as in the elective cesarean section, can alter the
relationship between Thl and Th2 with the higher
risk of developing immunological diseases [127].

Rat pups born by cesarean section demonstrate
long-term reciprocal changes in dopamine levels
and metabolism in the nucleus accumbens and
prefrontal cortex [128]. Adrenaline administration
to rats at birth following cesarean section prevents
these long-term neurological changes as well as
an increase in tyrosine hydroxylase activity, in
response to a stress challenge in adulthood [129].
The interactions are very complex.

Moreover, cesarean sections reduce breast-
feeding attitudes, which can contribute to the
difficulties that can exist in the first months of life
[130].

Labor and delivery are not mere mechanical
events, on the contrary, they represent a highly
refined mechanism, evolving over millions of years
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of selective competition and mutations to ensure the
future health of those who manage to move down
the birth canal, at the highest risk of their entire
existence (Fig. 3). The primary mechanisms by
which all this happens are hormonal surges or stress
response associated with labor and vaginal delivery;
transfer of the maternal microbiome to the infant
during parturition; transgenerational transmission
of disease traits through epigenetics [45].

Allinterventions must be evaluated from a “first,
do not harm” perspective. Just because a cesarean
section is a relatively safe procedure, potential
long-term consequences cannot be ignored [131].
The interactions occurring at the time of birth
are very complex; only recently researchers have
begun to try to clarify them. For example, nutrition
interacts in a structured way with the mode of
delivery; elevated levels of Streptococcus were
present in the feces of children whose mothers
consumed high amounts of fish and seafood, born
by spontaneous delivery, and low levels of neonatal
Clostridium spp., if born by cesarean section [132].
High fruit consumption was associated, however,
with low levels of Bifidobacterium in vaginal
births; high levels of the latter are observed if the
mother consumed large quantities of red meat in
cesarean sections [132].

Of course, among offspring of women with
first births, planned cesarean delivery, compared
with vaginal delivery, was associated with a small
absolute increased risk of asthma requiring hospital
admission, salbutamol inhaler prescription at 5
years of age, and all-cause of death by age 21 years
[133]; this was not found in unscheduled cesarean
delivery.

Recently, the mode of delivery has been
related to the academic skills of adolescents [134].
These authors, analyzing a cohort of 1,489,925
births, extracted from the Swedish Medical Birth
Register and National School Register, were able
to demonstrate, using logistic regression analysis,
with quantile regression, a slight association
between birth by cesarean section and school
performance. Elective cesarean sections were
associated with a 1-3 point decrease in scores, while
an emergency cesarean section was associated
with a 2-5 point decrease in scores. Despite the
high number of individuals involved, these results
are to be considered very preliminary and need
further confirmation. The authors themselves are
aware that: “the effect was quite small and given
the complex nature of the relationship, should be
interpreted with caution”.
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Figure 3. The three biological mechanisms explain why
mode of childbirth can change the profile of future health
of newborns.

Movement in the childbirth period

Unrestricted movement during labor allows the
mother to find a position that is more comfortable
for her [135]. Women who walked were so satisfied
that 99% of them stated that they would like to walk
during future labors [136]. However, can walking or
moving during childbirth affect the infant’s future
health? Unfortunately, to our knowledge, there are
no studies that evaluate this issue. However, there are
theoretical assumptions that movement during the
childbirth period can change future neonatal health.
Parturition imposes an increased energy demand
on the laboring woman. Labor is characterized by
increased concentrations of nutrients including
glucose [137, 138], ketone bodies [139] and lactic
acid [140].

Much of the control of energy homeostasis is
mediated by central neural systems, which are
genetically determined. However, these systems
are also highly flexible and readily modified by
environmental inputs. Energy homeostasis is the
balance between energy intake, expenditure, and
storage [35]. The childbirth period could be a
crucial time during which extrinsic factors can
permanently alter the set-point around which body
weight is regulated.

Maternal movements during childbirth can
change the magnitude of the imbalance between
energy inputs and outputs. Reduced physical
activity in labor might be a cause of this imbalance.
Neuronal plasticity occurs within the central
nervous systems with the formation of new neural
connections as much as during the formation of
long-term memories [141, 142]. Some neurons of the
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central nervous system are susceptible to metabolic
and hormonal changes. These neurons are located
mainly, but not exclusively, in the nucleus tractus
solitarius, in the postrema area, in the raphe pallidus
and obscurus [143, 144]. Some of these neurons
receive and send information from the periphery to
hypothalamic areas, in this way they can mediate
feeding metabolic and behavior processes involved
in the control of energy homeostasis and affect
the forebrain and limbic structures involved in the
affective and rewarding properties of food [145-148]

The setting and subsequent change in cellular
memory that occurs at high degree at the time of
birth could determine a different ability for these
hormones to produce and respond to the action of
their central mediators (adrenaline, noradrenaline,
and 5HT). A single injection of norepinephrine in
the paraventricular nucleus increases food intake,
while chronic administration causes hyperphagia
and obesity in rats [149, 150]. Movement, in turn,
can change the production and consumption of
leptin and insulin in mother and fetus. Given their
strong neurotrophic properties, both excess or lack
of insulin and leptin during the childbirth period are
likely to be effectors of developmental changes in
metabolism homeostasis that could ultimately lead
to enhanced metabolic efficiency, which predisposes
the individual to become obese.

Recent studies have evaluated the first urine of
newborns from vaginal birth or elective cesarean
section, in which the authors were able to confirm
that fetuses whose mothers did not undergo labor
have a different metabolic pattern, showing lower
fatty acid omega oxidation, as evidenced by lower
urinary excretion of dicarboxylic acids [151]. It
would be interesting to know if these differences
can be partially due to the mother’s movement.

Movement during labor could initiate important
physiological trajectories, and the absence of
this stimulus could have effects on adult health.
Nevertheless, these conclusions are only inferential,
since we lack definitive studies that establish
the critical periods and underlying factors in
the childbirth environment, which promote this
resetting. However, the short-term benefits of
movement during labor are known [152], and we
know that in pregnancy, intrapersonal issues were
the most frequently reported barriers and enablers
regarding physical activity during pregnancy [153].
Even during childbirth, the most crucial element to
allow free movement to women in labor is probably
the attitude of those who attend the birth. In practice,
we should give women permission to move and use
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the positions they find most comfortable. Innate
behaviors should not be limited unless there is a
medical need and the woman giving birth has chosen
to comply with the recommended restrictions.
The area where the birth takes place must be big
enough to accommodate the person in labor and the
medical support team. There should be bathtubs
and showers for water therapy, birth balls and other
objects that encourage movement, and the delivery
bed should not be placed in the middle of the room.
Practices that limit mobility, such as the adoption of
continuous electronic monitoring of fetuses or the
administration of intravenous fluids, should not be
used, unless necessary. If these practices become
necessary, doctors and midwives should try to
reduce their impact on the woman’s mobility. For
example, portable electronic monitors, equipped
with telemetry, could be used so that the woman
can move around, rather than ask her to stay in bed.

Maternal and providers’ attendance behavior

The epigenetic mechanisms can cause the
characteristic phenotypic traits of the parents to be
transmitted either directly, through the microRNA,
or indirectly to the progeny. For example, mothers
of rats who give more parental care (good parenting
skills) give birth to offspring capable of greater
parental care, vice versa mothers who give little care
(bad parenting skills) will give birth to offspring
with low parental care attitude. This transmission
of behavior can be completely overturned if the
pup born from a caring mother is entrusted to an
uncaring mother; the behavior of the pup will be
that of the mother to whom it has been entrusted,
demonstrating that the acquisition of this behavioral
trait is acquired and not genetic [154]. The rat
pups, in fact, if exposed to “high care” will reduce
the processes of DNA methylation in a particular
position of their genetic code. This modification
is activated immediately after birth and persists
throughout life [155]. Mice that are cared for by
their mother react well to stress: they are capable
of activating the hypothalamic-hypophysis-adrenal
axis (HPA) and the subsequent production of
corticosteroids. The balance of the HPA axis causes
the corticosteroids to inhibit the hypothalamic
hormones, while preventing an excess of it, on
the other hand, influences the immune system.
What determines this balance is the number of
glucocorticoid receptors in the hypothalamus,
determined by genetic and epigenetic factors, and
on which the future health of the mouse will depend
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[156]. By analogys, it is good practice that, whenever
possible, mothers and babies should be in direct
contact for at least the first 1-2 hours after birth. In
skin-to-skin care, the baby is naked and is placed
on the mother’s bare chest, between her breasts.
Benefits of skin-to-skin care during infancy may
persist for years [157]. It has been demonstrated
that childhood stress and adversity can lead to
hypomethylation of retrotransposons in humans
[158, 159]. Moreover, early life experience, in
mice, can drive structural variations of the genome
via long interspersed nuclear element-1 (LINE-1
or L1) retrotransposons, since maternal care alters
methylation of the YY1 binding site in the L1
promoter. All this is mediated by the mobilization
of L1 retrotransposons in the hippocampus of the
mouse brain [160].

These few examples show the responsibility
that obstetricians have when they witness the birth,
going well beyond a single moment. In fact, during
the first moments of life, many nucleotide sequences
are activated and de-activated, the modalities with
which this process takes place will determine long-
term consequences. A fascinating example is the
one that occurs by varying the time of clamping the
umbilical cord at birth. Randomizing uncomplicated
newborns into two groups — delayed clamping (>
180 seconds postpartum) or early clamping (< 10
seconds postpartum) — Swedish researchers found
that, at 4 years of age, the infants who had undergone
delayed clamping, especially if they were male,
had better motor and social skills, indicating that
the optimization of the timing of umbilical cord
clamping can affect long-term neurodevelopment
in a low-risk population of children born in a high-
income nation [161].

Style of the ward where childbirth occurs

What do women want? A positive experience
that fulfills or exceeds their prior personal and
socio-cultural beliefs and expectations. This
includes giving birth to a healthy baby in a
clinically and psychologically safe environment
with practical and emotional support from birth
companions, and competent, reassuring, kind
clinical staff [162]. However, we should not
think that what is seen above is “only” the desire
of pregnant women and their companions; vice
versa, giving birth in a place where operators try
to comply with these wishes has significant effects
on the outcome of childbirth and ultimately on
the future of neonatal health. The attitude towards
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cesarean sections [163] and episiotomies [164]
leads to highly significant differences in terms
of rates of episiotomies and cesareans, and these
differences are not due to different populations
treated, but to the different cultures of the operators
[165, 166]. The attitude towards vaginal operative
birth lends itself well to exemplify the importance
of the operators’ cultural factors in determining
different approaches to childbirth. The percentages
of assisted vaginal delivery show a wide inter- and
intra-national geographic variation. The average
rates currently reported stand at 10-15% in the USA
[167]. Fluctuations, however, are very marked. In
the United Kingdom, percentages have fluctuated
between 10% and 13% in recent years [168]. In
the USA an inverse linear relationship is observed
between the use of operative birth and cesarean
section [167]; over the years the skills necessary
to access a vaginal operative birth in this nation
have been reduced, and the percentage of cesarean
sections has been raised. In Italy, the use of
vaginal operating techniques is historically much
less frequent, even if with reported percentages
that vary from place to place [169]. In Italy
childbirth assistance is radically different from
that existing in the USA: the system is generally
public and, in most cases, it is the midwives and
not the doctors who assist the birth. The culture of
care is profoundly different, and in Italy there is
not an inverse relationship between the percentage
of cesarean sections and operative vaginal births
[169].

On the contrary, places of childbirth that favor
fewer interventionist approaches generally have
lower percentages of cesarean sections and lower
rates of recourse to operative vaginal birth [169].
There is a widespread culture in some hospital
departments that presupposes the ability of women
to give birth spontaneously in most cases if assisted
correctly and with empathy from the staff. From
individual circumstances, it is possible to assist the
woman and the newborn better. As we have seen
in this brief review, the convictions, the culture
and the education of the operators can change the
relative outcomes of childbirth, with subsequent
and vital effects on the long-term health of the
newborn. What has been said leads to excellent
educational opportunities that can be put in place by
the teams that assist labor and delivery [170, 171].
Unfortunately, to our knowledge, no randomized
controlled trials or cluster-randomized trials have
been carried out to evaluate long-term perinatal
outcomes about the style of care of the operators
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during childbirth. There is insufficient evidence to
determine the effectiveness of maternity facilities
and operators’ attitude to improve maternal and
neonatal outcomes. However, this could be an
active field of study.

Conclusion

There is an accumulation of epidemiological
studies detecting risk factors in the childbirth
period for health conditions such as type 1 diabetes,
obesity, atopy, cancer, and obesity.

We have known for a long time that: “estrogen
and progesterone prepare the uterus for embryo
implantation and placental development. Prolactin
stimulates milk production, whereas oxytocin
initiates labor and triggers milk ejection during
nursing. These same molecules, interacting with
dopamine, also activate specific neural pathways
to motivate parents to nurture, bond with, and
protect their offspring. Parenting in turn shapes
the neural development of the infant social
brain” [172]. However, recent evidence suggests
that not only parenting can shape the health of
newborns, but the teams that attend the birth in
the childbirth period can also play a significant
role in determining the future health of the fetal-
maternal dyad, for example, by disrupting the
childbirth environment and by administering
non-essential drugs.

We know that more than 90% of the cells of
the human body are made of non-human cells.
These microorganisms constitute the so-called
“microbiome”. Microorganisms are essential for
the development of the human immune system.
Lacking a healthy microbiome, intrapartum anti-
biotic prophylaxis, cesarean section, or bottle-
feeding may affect the healthy development of the
human immune system.

The mechanism through which changes in care
during the childbirth period determine long-term
changes in the health of the unborn child, could be
mediated by the response to stochastic perturbations
that can be changed, incentivized or reduced
by interventions during childbirth. Recently an
interesting study found that in the first 2 and a half
years of a newborn’s life the composition of its
intestinal bacteria is determined, while the changes
that will take place after this point are quite limited
[173]. Pujadas and Feinberg described an exciting
model, starting from the original and primal
Waddington model [40]. However, Waddington
viewed the epigenetic landscape in a deterministic
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model, more precisely, in his model genes always
determined the changes: “with changes arising
only through genetic mutation and with new paths
carved by the forces of evolution”. The model
proposed by Pujadas and Feinberg is interesting
because the authors claim that: “the stochastic part
of the function is regulated by the developmental
state of the cell, and it also depends on the cell’s
microenvironment when it is in that particular
developmental state. This means that the epigenome
can developmentally regulate the degree to which
external (environmental) noise can influence its
landscape and can explain in a theoretical way the
high frequency of transitions arising normally during
development and disease”. In this way, nongenetic
phenotypic heterogeneity may arise by chance,
or it could evolve by artificial induced selection
to a distribution of phenotypes that confers less
fitness. If confirmed, this model would lend itself
perfectly to explain why the modifications induced
by assistance during childbirth (use of synthetic
oxytocin, antibiotics, cesarean section, etc.) can
lead to long-term health changes. Maladaptation
carried out during birth may establish physiological
set points for a developmental trajectory for future
cardiovascular dysfunction and disease. For this
reason, the teams assisting during childbirth should
take into account not only short-term health but
also how the necessary actions performed during
childbirth assistance will influence the infant’s
future life.

It is intuitive that an organism is strongly
influenced by the messages it receives in
intrauterine life. These environmental messages
are the tools that the new organism needs to
face the external environment. In the moment of
“revolution” that is birth, in which we stop living
in the aquatic environment to move on to external
life, where oxygen is obtained by breathing,
everything changes: blood circulation, light,
gravity, nutrition, etc. The mode of birth is strongly
conditioned by the culture and practice of the place
in which we are born. The awareness of this power
and the possible implications in the future life of
an organism should guide our choices. We must
do better, also because better health for individual
adult organisms means better health of the system,
reduction of costs for medical assistance and
the possibility of extending useful care to an
increasing portion of the world population (Fig.
4). Knowledge, sharing of evidence, respect and
empathy are the tools that can guide us to do the
best we can.
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Figure 4. The improvement of appropriateness is
obtained by giving each clinical gesture a profound
meaning, which does not only include immediate, but
also long-term effects. The figure illustrates how, by
paying more attention to four of the main items in the
labor room, and improving educational aspects, a general
improvement of the future conditions of individuals could
be achieved.
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