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ABSTRACT
In the last decades the exponential increase in frequency of Caesarean sections is being observed. At the same 
time, there is growing amount of epidemiologic data showing higher lifetime risk of incidence of several diseases 
in offspring who do not experience natural labour. These fi ndings lead to investigation of mechanisms which 
are responsible for maladaptation of several organ systems. Authors of this article describe these mechanisms, 
focusing especially on epigenetic programming, production of microbiome and positive effect of peripartal stress 
on successful beginning of extrauterine life.
The best prevention strategy is following the strict indications of elective Caesarean sections. The current trend 
worldwide is to prepare the chronically ill patient for vaginal birth instead of indicating elective Caesarean sec-
tion. From obstetric point of view it is possible to offer the external version of the foetus in breech presentation, 
the possibility of vaginal birth after Caesarean section and leave out controversial indications. The inevitable 
elective Caesarean sections should be planned close to term or after the beginning of spontaneous labour. The 
composition of intestinal microbiome could be partially infl uenced by application of vaginal secretion on new-
born born by Caesarean section but there is not enough data proving long term positive outcomes (Ref. 48).
Text in PDF www.elis.sk.
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Introduction

Caesarean section is probably the most common major sur-
gery performed nowadays. According to the estimation of 10 % 
infants being born by Caesarean section worldwide, it is possible 
to estimate that 13 million of these procedures are performed ev-
ery year. That indicates the amount of 24 Caesarean deliveries 
performed every minute (1).

It is well known that the rate of Caesarean sections in devel-
oped countries is constantly rising. This trend is also observed in 
Czech Republic (12.5 % Caesarean delivery rate reached in 1998 
went up to 25.6 % in 2013) and Slovakia (13.43 % rate reached in 
1998, up to 31.0 % in 2013) (source: www.uzis.cz, www.nczisk.
sk). Czech Republic and Slovakia together with Hungary, Ireland 
and Austria have shown the highest incline of the Caesarean de-
livery rate among developed countries during 1992–2007. The rate 
increased more than twice during this period (2).

As a result of exponential growth of Caesarean delivery rate, 
there is accumulation of epidemiologic data worldwide showing 
increased risk of severe lifetime complications in offspring born 
by Caesarean section. It is assumed that vaginal birth is associ-
ated with important physiological mechanisms in newborn which 
positively affect the occurrence of several disorders during the 
lifetime, mainly related to the immune system. 

Attempting to analyze the problem

Three pathophysiologic mechanisms are thought to contribute 
to a greater risk of developing disorders in infants born by Cae-
sarean section: the type of microbiome the newborn is exposed to 
depending on the mode of delivery, the absence of adaptive stress 
during the Caesarean delivery and alterion epigenetic regulation 
of gene expression. Another important factor is scheduled timing 
of elective Caesarean section. The calculation of due date may be 
incorrect and in addition, there is an individual gestational age and 
interindividual variability in maturing of organ systems in every 
foetus. According to published data, 9 % of newborns is born im-
mature because of incorrectly calculated due date (3).

Microbiome

Newborns delivered vaginally are colonized by bacteria spe-
cies originating from the birth canal and perianal region of the 
mother, while newborns born by Caesarean section are colonised 
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by bacteria species from the hospital environment (4). Early con-
tact of the newborn with bacteria permanently modifi es immu-
nological development (5). Neonatal intestinal colonization by 
bacteria allows fi nishing of maturation of the newborn immune 
system and changes the balance between type 1 and type 2 helper 
T-cells. Different intestinal colonization of children born by Cae-
sarean section prolongs postnatal immaturity of their immune sys-
tem causing increased risk of occurrence of immune disorders in 
their later lives (6). It was demonstrated that infants born by Cae-
sarean section have their intestined colonized by higher numbers 
of clostridia and lower numbers of bifi dobacteria and bacteroides. 
These abnormal changes in bacterial intestinal microfl ora remain 
until 7 years of age (7). Recent study has shown high levels of 
intestinal colonization by bacteria originating from the hospital 
environment such as Citrobacter, Clostridium, Enterobacter and 
Klebsiella (8). This kind of intestinal microfl ora can persist until 
the adult age (9).

The peripartal stress

Contraction of the uterus causes decreased blood fl ow in uter-
ine arteries which leads to limited gas exchange between foetus 
and mother. The temporary physiologic hypoxia of the foetus 
stimulates a stress response characterized by high catecholamine 
and corticoids levels in newborns. Levels of these stress hormones 
are signifi cantly lower in neonates born by Caesarean section (10). 
Higher levels of corticoids play an important role in maturing of 
various organ systems, mainly lungs and intestines. They are also 
used therapeutically in pharmacologic induction of fetal lung matu-
rity during the preterm delivery. Lower levels of thyroid hormones 
in umbilical cord blood in infants born by Caesarean section are 
probably the cause of impaired thermoregulation. Infants born 
by Caesarean section suffer more often from hypothermia in fi rst 
90 minutes after the birth (11). Poor activation of hypothalamic-
pituitary-adrenal axis along with unfi nished intrauterine fetal de-
velopment caused by earlier due date plays an important role in 
developing chronic illnesses in later life.

Prenatal programming

Important factor of epigenetic programming is the interference 
of environmental factors into transmission of biological signals 
from genetic material by affecting the gene transcription and thus 
allowing the modifi cation of the phenotype. During the period of 
prenatal life and fi rst years after the birth there is high sensitivity 
to epigenetic alterations and histone modifi cations through DNA 
methylation (12). Corticoids are strong DNA methylators which 
shut down the fetal genes during delivery. Methylation of DNA 
loci of CD 34 lymphocytes shows different levels in infants born 
by Caesarean section and those delivered vaginally. This process 
affects directly production of antibodies, glycolysis regulation 
and regulation of response to food allergens (13). The perinatal 
programming is probably the reason for higher risk of metabolic 
disorders such as obesity and diabetes mellitus in infants born by 
Caesarean section.

Caesarean section and development of immune system

Physiological stress during the labour infl uences the composi-
tion and function of immune cells in blood plasma. Infants born 
by elective Caesarean section have lower levels of leukocytes in 
peripheral blood (14, 15). It mainly applies to neutrophils, mono-
cytes and NK cells. In addition, leukocytes harvested from umbili-
cal cord blood of infants born by Caesarean section show decreased 
migration activity and lower expression of adhesion molecules on 
their membranes such as CD11b and CD18 (16, 17). The overall 
activity of leukocytes is decreased as well, such as the ability to 
release the proinfl ammatory cytokines, for example IL4r, IL1beta, 
IL-6 and TNF alfa (18). Infants born by Caesarean section produce 
increased levels of IgA and IgG in one year of age in comparison 
to infants delivered vaginally. The increased antibodies response 
is also characteristic for those affected by atopic reaction (19).

Autoimmune disorders

The large Danish study performed in 750 000 infants unveiled 
higher risk of developing asthma, allergic laryngitis, gastroenteri-
tis, ulcerative colitis, celiac disease and juvenile idiopathic arthritis 
in infants born by Caesarean section (20). The metaanalysis of 23 
studies has shown that infants born by elective Caesarean section 
have 20 % higher risk of developing bronchial asthma later in their 
lives (21). This relation stays unchanged even after exclusion of 
other factors such as smoking of the mother, low birthweight and 
duration of breastfeeding. Higher risk is proven to exist for early 
onset of bronchial asthma, which shows up before fi fth year of 
age (22). Elective Caesarean section often leads to early neonatal 
respiratory morbidity. This represents the fi rst insult of the lung 
tissue, which is then more susceptible to pathological condition 
in later life (23). Furthermore, in children born by Caesarean sec-
tion the higher risk of atopy and allergic rhinitis has been observed 
(24). A few studies discovered a connection between food allergy 
and Caesarean delivery, especially in children with atopic parents 
(25, 26). The risk of avascular necrosis of the femoral head is 36 % 
higher in children born by Caesarean delivery than in those born 
vaginally, even after exclusion of breech delivery (27).

Oncologic disorders

Infants born by Caesarean section are in greater risk of several 
cancer diseases. The exact reasons remain unknown, the malad-
aptation of immune system is being considered. Older study dem-
onstrated 2.5 times higher risk of childhood myeloid leukemia in 
offspring born by Caesarean section with exclusion of those with 
Down syndrome (28). Elective Caesarean section increases the 
risk of developing childhood acute myeloid leukemia by 79 %, 
the risk increase is related mostly to the precursor B-ALL (29). 
Recent analysis of registers from 9 different countries proved 23 
% higher risk of developing acute lymphocytic leukemia in infants 
born by Caesarean section. The connection between the mode of 
delivery and acute myeloid leukemia was not proven (30). Elective 
Caesaren section appears to be one of the risk factors for neuro-
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blastoma. In infants older than is 18 months the risk elevated to 
40 % (31) recent study demonstrated that the risk is even 72 % 
higher (32). Caesarean delivery increases the risk of nonseminoma 
testicular cancer more than twice (33). Metaanalysis of 3 studies 
from USA found out there is 67 % higher risk of discovering this 
type of cancer in boys born by Caesarean section (34).

Metabolic disorders

The abnormal intestinal microfl ora in offspring born by Caesar-
ean section might be the reason of higher prevalence of certain meta-
bolic abnormalities. Children born by Caesarean section have in their 
11 years of age 1.83 times higher prevalence of overweight and obesi-
ty (35). Metaanalysis of 28 studies has shown that the risk of obesity in 
offspring born by Caesarean section is by 39 % higher with no connec-
tion to overweight of mother or other perinatal factors (36). Likewise, 
metaanalysis of 12 studies demonstrated that the risk of developing 
diabetes mellitus type I in children born by Caesarean sections is by  
19 % higher even after clearing other factors (age of mother, breast-
feeding, birthweight, gestational age, history of the mother) (37).

Mental disorders and psychiatric conditions

Infants born by Caesarean section have 2.5 times higher risk 
of developing bipolar disorder in their later lives (38). Also, those 
born by elective Caesarean section have 13 % higher risk of devel-
oping and revealing affective and non-affective psychosis includ-
ing schizophrenia in adulthood (39). Metaanalysis of 13 studies 
has shown 23 % higher risk of developing autistic spectrum dis-
orders in offspring born by Caesarean section (40). Other study 
demonstrated higher risk of developing autistic spectrum disorders 
only when general anaesthesia is being administered during the 
surgical procedure (41). At the age of three months children born 
by Caesarean section show slower reactivity to external stimuli 
while their cognitive functions and attention stay untouched (42).

The connection between the composition of intestinal microbi-
ome and behaviour disorders, mainly autistic spectrum disorders, 
is well known. An experimental study on mice proved that subjects 
born by Caesarean section have different composition of intestinal 
microbiome and show markedly higher levels of anxious behaviour 
and signs of depression (43). In children with autism a lower count 
of fermenting bacteria in the intestinal tract was detected (44). The 
infl uence of impaired immune mechanisms, neuronal signals trans-
mitted via nervus vagus and the production of neurotransmitters 
(GABA) by bacteria is being considered to affect directly the func-
tions of the brain (45). Lower levels of uncoupling proteins type 2 
(UCP-2) were found in umbilical cord blood of offsprings born by 
Caesarean section. These proteins are found on superfi cial mem-
branes of mitochondria and it is anticipated that they are protecting 
the brain neurons from damage caused by oxidative stress (46). 

The main prevention strategy

The best prevention strategy is following the strict indications 
of elective Caesarean sections. The current trend worldwide is to 

prepare the chronically ill patient for vaginal birth instead of indi-
cating elective Caesarean section. For example, bronchial asthma 
is not an indication for elective Caesarean section anymore. On the 
contrary, atopic mother signifi cantly increases the risk of disease 
in the infant. Also, there is not an ophthalmological indication for 
Caesarean section anymore. 

The inevitable elective Caesarean sections should be planned 
as close to the calculated due date as possible, preferably after 
completed 39th week of pregnancy. Administration of corticoids 
to the mother before elective Caesarean section in term decreases 
the risk of early respiratory morbidity of the foetus and the need 
of mechanical ventilation in neonate (47). This approach is not yet 
approved as routine by accredited by gynecological and obstetri-
cal societies. The composition of intestinal microbiome could be 
partially infl uenced by application of vaginal secretion on newborn 
born by Caesarean section but there is not enough data proving 
long term positive outcomes (48).
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