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Abstract

Greece has one of the highest cesarean section rates in the European Union, far exceeding the 10-15%
benchmark recommended by the World Health Organization. This study aims to comprehensively analyze
this escalating trend by examining demographic and social factors that influence the delivery method.
Using unpublished nationwide data from the Hellenic Statistical Authority (ELSTAT) for 161,152 births
in 2021-2022, we explored the spatial distribution of cesarean sections across Greece's NUTS 2 regions
(Nomenclature des Unités Territoriales Statistiques, which is a geographical classification standard es-
tablished by the European Union (EU)) and applied an aggregated logistic regression to identify key de-
terminants. Our findings reveal a pervasive use of cesarean sections across all regions, with rates
consistently above 50%, and peaking at 69% in the lonian Islands. Statistical analysis confirms that ma-
ternal age is the most influential factor, with the odds of a cesarean section increasing dramatically with
age. Educational level and family status also play a role, with mothers with a secondary education and
those who are married or in a civil partnership showing higher cesarean rates. These findings highlight a
critical public health issue and provide an evidence-based foundation for policy interventions aimed at
promoting safer, more appropriate obstetric practices in Greece.
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Introduction uterus. In ancient times, it was performed only when
the woman was dead or dying, as an attempt to res-

Cesarean section (C-section for abbreviation) isa  cue the fetus. The first documented C-section on a
surgical procedure used to deliver a baby throughan living woman was performed in 1610, though she
incision made in the maternal abdominal wall and  died 25 days after the surgery. For centuries, C-sec-
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tions on living women almost invariably resulted in
the mother's death due to infection (sepsis) and
hemorrhage[1]. In the late 19th century with the in-
troduction of anesthesia and antiseptics, the survival
rates of both the fetus and the mother improved after
cesarean sections, and they were performed when a
medical condition required this kind of operation.
From the late 20th century C-sections are performed
customarily, without medically indicated reasons. In
the 21st century, the majority of childbirths are per-
formed with C-section in at least 6 countries (Do-
minican Republic, Brazil, Greece, Cyprus, Egypt and
Turkey), while by 2030 nearly a third of all births are
likely to take place by cesarean section world-
wide[2].

However, the increasing popularity of cesarean
births conceals potential adverse effects on maternal
health and on child’s neuropsychiatric development.
The relevant literature consistently highlights sev-
eral negative outcomes associated with C-sections,
encompassing both short-term morbidity and long-
term complications. In the immediate postpartum
period, mothers undergoing C-section are at an ele-
vated risk of various complications compared to
those experiencing natural childbirth. From a long-
term perspective, cesarean delivery is associated
with future subfertility and several subsequent preg-
nancy risks such as placenta previa, uterine rupture,
and stillbirth[3,4].

As far as mortality is concerned, C-sections are
commonly associated with higher maternal mortal-
ity rates compared to natural childbirth. Neverthe-
less, it is crucial to understand that directly
comparing maternal mortality rates for Cesarean
sections and natural childbirths can be complex due
to a phenomenon known as "indication bias." This
means that C-sections are often performed in situa-
tions where the mother or baby is already at higher
risk, meaning the C-section itself is not always the
cause of a higher mortality rate, but rather a neces-
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sary intervention for a pre-existing complication that
could otherwise lead to death. However, even with
this caveat, studies consistently show that in devel-
oped countries, maternal mortality rates are higher
for Cesarean sections. Maternal mortality in devel-
oped countries is generally very low, that is below 5
maternal deaths per 100,000 births. Cesarean sec-
tions are associated with a 3 to 5 times higher risk of
maternal death compared to natural childbirth for
low-risk women. A study in the Netherlands showed
that in low-risk women the risk of death for C-section
is approximately thirteen per 100,000 compared to
3.5 per 100,000 for natural childbirth([5].

In 1985 the World Health Organization (WHO) or-
ganized a meeting of reproductive health experts in
Fortaleza, Brazil focusing on “appropriate technology
for birth”. The key outcome of that meeting was a
widely cited statement by a panel of reproductive
health experts, setting a benchmark on the cesarean
section rates. The statement was that "there is no jus-
tification for any region to have a [cesarean section]
rate higher than 10-15%"[6]. In 2014 WHO con-
ducted two studies in order to address the need to
revisit the 1985 recommended rate. The first study
was a systematic review of available studies that had
sought to find the ideal cesarean rate within a given
country or population, and the second study was a
worldwide country-level analysis using the latest
available data. Based on these studies WHO con-
cluded once again that “At population level, cesarean
section rates higher than 10% are not associated
with reductions in maternal and newborn mortality
rates”[7]. Moreover, it concluded that Cesarean sec-
tions could cause significant and sometimes perma-
nent complications, and they should ideally only be
undertaken when medically necessary (ibid).

A significant factor contributing to the rise in C-
section rates without a clear medical necessity is the
convenience it offers to healthcare providers. A C-
section can be scheduled in advance, allowing doc-
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tors to manage their time more effectively. Moreover,
in many healthcare systems, especially in private
hospitals, C-sections are reimbursed at a higher rate
than natural deliveries. This creates a financial incen-
tive for both the physician and the hospital to favor
surgical delivery[8]. As for the expectant mothers
themselves, they may choose a cesarean section for
reasons of convenience, whether for scheduling or to
avoid the pain of a natural birth[9]. Nevertheless, in-
adequate information and a lack of informed con-
sent, which can amount to maternal coercion, may
constitute a reason for the expectant mother to re-
sort to a C-section. A study in Switzerland revealed
that over one-quarter of women (26.7%) reported
experiencing some form of informal coercion during
childbirth. Women who were pressured or coerced
into a C-section are more likely to develop postpar-
tum depression or another mental health disor-
der[10]. Similarly, an earlier survey conducted in the
United States found that 28% of women felt pres-
sured by a clinician to undergo labor induction or a
C-section[11].

Greece stands out within the European context for
its exceptionally high and continuously rising ce-
sarean section rates. Recent data indicate that
Greece's C-section rate is among the highest in the
European Union (62% of all births were delivered
with cesarean section in 2022, based on the data sent
to the author by ELSTAT), far exceeding the WHO
recommendations and the averages of many devel-
oped nations. This persistent upward trajectory, de-
spite advancements in obstetric care and increased
awareness of the potential downsides of non-med-
ically indicated C-sections, presents a complex public
health challenge. The reasons behind this alarming
trend are multidimensional, but they may encom-
pass a range of potential factors from an increasing
need of C-sections due to the fact that women bear
children at increasingly older ages, to pressure from
clinicians for cesarean delivery in the absence of

clear medical or obstetrical indication.

Despite the critical nature of this issue, compre-
hensive research specifically exploring the drivers of
the increasing C-section rates in Greece remains lim-
ited. There are plenty of published papers and very
noteworthy students’ dissertations, but the data they
use are limited, based mostly on surveys on specific
hospitals[12-15]. One published academic paper on
cesarean section rates in Greece uses nationwide
data on recorded births in 2019-2020 and the au-
thors calculate the C-section rates in the four NUTS1
Regions of Greece (1.Attica, 2.Aegean islands and
Crete, 3. Northern Greece, 4. Central Greece). No in-
formation on the demographic or social profiles of
the mothers are provided, nor an indication as to
what extent the cesarean sections were based on
medical or obstetrical need[16].

This paper aims to address this critical gap by
thoroughly investigating the rates of cesarean sec-
tions in Greece down to the level of NUTS 2 Regions
and identifying the demographic, educational and
social profile of the mothers. By examining demo-
graphic, socio-cultural, and systemic factors, this
study seeks to provide a comprehensive analysis that
can inform evidence-based policy interventions and
promote safer, more appropriate obstetric practices.

Material and Methods

Systematic compilation and publication of data on
the method of delivery at the national level started
only after 2016 in Greece. For this paper, data for two
years were requested by the author with a formal pe-
tition to ELSTAT[17]. Therefore, ELSTAT sent us data
on births for 2021 and 2022 broken down by age of
mother at birth, educational level of mother, family
status of mother (married, single, in civil partner-
ship), sex of the newborn, method of delivery, and
place of permanent residence of mother (NUTS-2
level). In total, 161,152 births were recorded in the
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two years under consideration, 85,231 in 2021 and
75,921 in 2022. The administrative division of the
Greek territory in the NUTS-2 level, as applied by Eu-
rostat, comprises 13 Regions as it can be seen in fig-
ure 1. There is also an autonomous area (Mount
Athos), which is a monastic community and was ex-
cluded from the analysis.

Data processing was performed through the use
of the statistical package Stata. Data visualization

was accomplished by the use of the GIS program
Qgis. The analysis and conclusions are based on de-
scriptive statistics and on multivariate statistical
analysis as well. To identify the strongest determi-
nant of the method of delivery (from the socio-de-
mographic variables available), we applied an
Aggregated Logistic Regression with Odds Ratios, a
specific application of logistic regression. This spe-
cific method of logistic regression is designed for use

Cesarean sections as percentage of all births, by Region. Greece 2021-2022.
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Figure 1. The spatial distribution of C-section rates in Greece in 2021-22. Geographical level NUTS 2.
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with aggregated data, rather than individual-level
data.

Results

The map (Figure 1) reveals a kind of spatial clus-
tering of C-section rates. The western part of Greece
(Ionian islands, part of Peloponnese, and Epirus) ap-
pears to have the highest percentages (over 62%).
Conversely, northern Greece (Thrace, Macedonia,
and the North Aegean islands) shows lower rates
(54.5% to 59.3%). The rest of Greece, including At-
tica (the Region encompassing Athens, the capital
and biggest urban center of Greece) falls within the
intermediate range of 59.5% to 64%. Nevertheless,
the differences are relatively small, and the fact is
that in every single Region of Greece the majority of
births are delivered by cesarean sections. The lowest
rate was in West Macedonia (54.7%) and the highest
rate was recorded in the Ionian islands (69%).

As it will be clarified further on with the logistic
regression, the most influential demographic vari-
able on the method of delivery is the age of mother
at birth (Figure 2). The majority of adolescent moth-
ers (56.4%) gave birth with vaginal delivery. This,
marginal indeed, preponderance of vaginal delivery

Method of delivery by age of mother. 2021-22.
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Figure 2. Method of delivery by age of mother. Greece, 2021-
2022. Source: Unpublished data provided by ELSTAT (own
elaboration). N=161152 live births.

Note: vaginal deliveries comprise both spontaneous deliveries
(natural childbirth) and vaginal deliveries after induced labor.

among adolescent women may be associated with
their socio-economic status. Usually, women at ages
below 20 years are of meagre economic condition,
and a lot of them are unmarried when they bear their
children[18]. Consequently, it is likely that they will
choose a public hospital for their childbirth, because
the cost is significantly lower than that of a private
clinic. Yet, in public hospitals the rates of vaginal de-
liveries are higher than they are in private clin-
ics[13,15]. It is plausible, therefore, that the lower
rate of C-sections (43.2%) among adolescent moth-
ers in Greece, might have to do with the different
rates between public and private hospitals, and is not
correlated with the age of mother. However, this is
only a working Hypothesis, and it needs further re-
search to be verified (or discharged).

The data at hand show that as the age of mother
progresses the rates of C-sections are increasing
(Figure 2). From the age of 20-24 the majority of de-
liveries (53.3%) take place with a C-section, while
this rate reaches 94% at the ages of 45+. This means
that it is extremely rare for a woman in Greece to
bear a child without a cesarean section if she is above
45 years of age.

Another determinant of the method of delivery is
the educational level of the mother (Figure 3). The

Method of delivery by educational level of morther. Greece
2021-22
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Figure 3. Method of delivery by educational level of mother.
Greece 2021-2022. Source: Unpublished data provided by EL-
STAT (own elaboration). N=161152 live births. 8493 women
do not declare their educational level.
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most likely women to resort to a cesarean section are
those who have graduated from the secondary or
post-secondary education (which in Greece com-
prises vocational and training schools after high
school). The percentage of women of this educa-
tional level who gave birth through C-section was
64.1%. llliterate or of low literacy women are less
likely to resort to a C-section, maybe because their
low educational level is associated with a lower eco-
nomic status and their choice of a public hospital for
the childbirth. University graduates and above are
in-between, with the rate of C-sections being 60.5%
among them.

Family status of the mother is associated with
variations in the delivery method, as well. Data indi-
cate (figure 4) that C-section rates are highest among
mothers who are married or in civil partnerships
(62%), and lower for unmarried mothers (56%). A
possible explanation for this disparity is the age dif-
ference between these groups, as unmarried moth-
ers are, on average, younger[16]. This demographic
trend may influence delivery outcomes, as younger
mothers typically experience fewer complications
that necessitate a cesarean section. Furthermore, so-
cioeconomic factors may play a role; unmarried
mothers, who often face greater financial disadvan-
tage, may be more likely to deliver in public hospitals,
where the overall rate of Cesarean sections is lower.

Method of delivery by family status of mother
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Figure 4. Method of delivery by family status of mother.
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Finally, the sex of the newborn does not appear to
be a significant factor in determining the method of
delivery. While C-section rates were marginally
higher for male births (61.7%) compared to female
births (60.6%), this difference is statistically negligi-
ble (Figure 5).

Table 1 shows a statistical model that examines
how social and demographic factors influence the
likelihood of a woman having a cesarean section. The
value labels of the variables included in the statistical
model are displayed in table 2. The model includes
three independent variables (age, educational level,
and family status of the mother) and one dependent
variable (method of delivery). When many parame-
ters are fitted to the model it is inevitable that there
will be an “interaction effect”, that is the relationship
between an independent variable (predictor) and
the dependent variable changes depending on the
value of another predictor variable. For example, in
our model, the family status of the mother may in-
teract with age and educational level. Unmarried
mothers in Greece tend to be of young age and of low
educational level[16]. Moreover, the more predictors
are fitted to the model, the greater the amount of
chance error will be. Therefore, we should pay atten-
tion to the level of statistical significance to ensure
that the outcome would not arise by random chance
or by interaction effect.

Method of delivery by sex of the newborn
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Figure 5. Method of delivery by sex of the newborn.

Source: Unpublished data provided by ELSTAT (own elabora-
tion). N=161152 live births.
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Table 1. Maternal age, education level, and family status as determinants of the method of delivery (Ag-

gregate logistic regression)

. xi: logistic delivery i.age i.educatio i.family_s [fw=greece]

i.age lage_1-7 (naturally coded; Iage_1 omitted)
i.educatio leduca_1-4 (naturally coded; Ieduca_1 omitted)
i.family_s Ifamil_1-3 (naturally coded; Ifamil_1 omitted)
Logit Estimates Number of obs =160936
chi2(11) = 4705.26

Prob > chi2 =0.0000
Log Likelihood = -105100.67 Pseudo R2 =0.0219
Delivery 0dds Ratio Std. Err. P>|z| [95% Conf. Interval]
lage_2 1.36358 .0529092 7.992 0.000 1.263725 1.471325
lage_3 1.559762 .0591482 11.723 0.000 1.448037 1.680107
lage_4 1.875074 .0709563 16.612 0.000 1.741034 2.019433
lage_5 2.366953 .0905292 22.527 0.000 2.196007 2.551207
lage_6 3.669582 1531175 31.157 0.000 3.381421 3.9823
lage_7 21.78717 2.029983 33.071 0.000 18.15062 26.15231
Ieduca_2 1.361817 .0355908 11.816 0.000 1.293817 1.433391
Ieduca_3 1.051951 .0282323 1.887 0.059 9980471 1.108767
leduca_4 1.027021 .033088 0.828 0.408 9641744 1.093963
Ifamil_2 1.039729 .0215995 1.875 0.061 9982452 1.082937
Ifamil_3 1.049519 .0199573 2.542 0.011 1.011123 1.089372

In interpreting the results of table 1, one should
first observe how well the model fits our data (Model
Fit). The chi-squared value (x?(11)=4705.26) with a
p-value< 0.001 indicates that the overall model is
statistically significant. This means that at least one
of the predictor variables (age, education, or family
status) is associated with the dependent variable
(method of delivery) in a non-random way. The
Pseudo R? of 0.0219 suggests that the predictors in
this model explain about 2.2% of the variation in the
outcome (method of delivery). While this value
seems low, it is common for models with a large sam-
ple size and can still be practically meaningful.

The omitted categories are agel (15-19), educa-
tion1l (illiterate, or primary school), family
status1(within marriage). This is the basis for inter-
preting the results of the logistic regression. There-

fore, the baseline is an adolescent illiterate married
woman. For example, the determinant “lage_2" is as-
sociated with an odds ratio of 1.36, meaning that a
woman aged 20-24 is 1.36 times more likely to have
a childbirth with C-section than a woman aged 15-
19, all other factors (educational level and family sta-
tus) being equal. It seems that age is the most
important of the three factors in the likelihood of a
woman having a C-section. A woman aged 45+
(Iage_7) is 22.8 times more likely to have a C-section
than her adolescent counterpart.

The educational level of the mother also plays a
role in determining the method of childbirth. It
seems that mothers with a secondary or post-sec-
ondary school education have approximately 1.36
times higher odds of having a cesarean section com-
pared to mothers who are illiterate or have low lit-
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Table 2. Codes and labels of the variables in-

cluded in the statistical model.
Delivery:

o

natural

[u=y

cesarean
Age:

15-19
20-24
25-29
30-34
35-39
40-44

45+

N O U W N

Education:

illiterate or primary school
secondary or post-secondary
graduate and upper

Bw N R

not declared
Family status:

[u=y

within marriage

N

out of marriage

w

in civil partnership

eracy, all other factors (age and family status) being
equal, and this outcome is statistically significant at
a=0.05. However, results for university graduates
and over (“leducatio_3") and for women who did not
declare their educational level (“leduca_4") are not
statistically significant at 0.05 level of significance.

As far as the family status of the mother is concerned,
there seems to be an interaction effect of unmarried
mothers (Ifamily_2) with age and education. That is
why table 1 indicates that unmarried mothers have
a slightly higher odds ratio for a cesarean section
(1.04) compared to married mothers, while in reality
the percentage of unmarried mothers who resorted
to C-section was lower than that of married ones (fig-
ure 4). To disentangle any kind of interaction effect,
table 3 presents the association between family sta-
tus and method of delivery, without any other inde-
pendent variables added in the model.

It is clear from table 3 that unmarried mothers
(“Ifamily_2") are less likely to resort to a C-section
than married ones (“Ifamily_1"). Results for those in
civil partnership (“Ifamily_3”) are not statistically
significant at the a=0.05. As it was mentioned above,
women in civil partnership have about the same
chances of having a C-section as the married ones.

Discussion

This study investigated the escalating rates of ce-
sarean sections in Greece, a trend that has surpassed
WHO recommendations and the averages of many
developed nations. Our analysis, utilizing data from

Table 3. Family status as determinant of the method of delivery (univariate aggregate logistic regres-

sion)

. xi: logistic delivery i.family_s [fw=greece]

i.family_s Ifamil_1-3 (naturally coded; Ifamil_1 omitted)
Logit Estimates Number of obs =160936
chi2(2) =149.99

Prob > chi2 =0.0000
Log Likelihood = -107378.31 Pseudo R2 =0.0007
Delivery 0dds Ratio Std. Err. P>|z| [95% Conf. Interval]
Ifamil_2 .8126567 .0140662 -11.985 0.000 .7855498 .840699
Ifamil_3 1.029764 .0192849 1.566 0.117 9926517 1.068264
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2021-2022 across Greek regions, confirms the per-
vasive nature of C-sections, with the majority of
births occurring via this procedure in every Region
of Greece. While regional variations exist, with the
Ionian Islands exhibiting the highest rates (up to
69%) and West Macedonia the lowest (54.7%), the
overarching finding is the widespread adoption of C-
section.

Examination of demographic factors shed light on
key determinants of this trend. Maternal age
emerged as the most significant predictor. Adoles-
cent mothers (15-19 years) demonstrate a higher
propensity for natural delivery (either entirely nat-
ural or after induced labor), a phenomenon that may
be influenced by socioeconomic status and a higher
likelihood of opting for public hospitals, which, as in-
dicated, tend to have lower C-section rates. Con-
versely, as maternal age advances, the likelihood of
a cesarean section increases dramatically. For
women aged 45 and over, the C-section rate reaches
an astonishing 94%, highlighting a critical shift in de-
livery practices for older mothers.

Educational attainment also plays a role, though
its impact is not straightforward. Women with sec-
ondary education exhibited the highest C-section
rates (64.1%). It is plausible that this group may be
more susceptible to physician intimidation and less
likely to advocate for alternative delivery methods.
Conversely, women with poorer literacy levels
showed lower C-section rates, which might be due to
economic constraints leading them to utilize public
healthcare systems. University graduates and above
fell in an intermediate range, suggesting a complex
interplay of factors, potentially including a greater
ability to critically assess medical advice and advo-
cate for their preferences.

Family status also demonstrated a correlation
with C-section rates, with married or in-civil-part-
nership mothers showing higher rates (62%) com-
pared to unmarried mothers (56%). This disparity

could be partly explained by the younger average age
of unmarried mothers, aligning with the observed
trend of lower C-section rates in younger age groups.
Socioeconomic factors for unmarried mothers, po-
tentially including greater financial challenges, might
also contribute to a higher utilization of public hos-
pitals, where C-section rates are generally lower.

The statistical model confirmed that age, educa-
tional level, and family status are significant deter-
minants of the method of delivery. Notably, age was
the strongest predictor, with women aged 45+ being
22.8 times more likely to have a C-section than ado-
lescent mothers. The relatively low Pseudo R-
squared of 0.0219, while indicating that these
variables explain a small proportion of the variation,
is common in large datasets and still allows for prac-
tical interpretation. The identified interaction effects,
although not fully explored in this analysis, suggest
that these demographic factors do not operate in iso-
lation and their combined influence on delivery
method warrants further investigation.

In concluding, the cesarean section rate in Greece
was reported to be 62% in 2022. This figure is sub-
stantially higher than the 10-15% benchmark estab-
lished by the World Health Organization (WHO), a
rate beyond which there is no evidence of improved
maternal or neonatal outcomes. Consequently, the
high prevalence of cesarean deliveries in Greece sug-
gests that in their great majority these procedures
are medically unnecessary. The persistent upward
trend in C-section rates, even in the absence of clear
medical indications, is concerning, given the docu-
mented potential adverse effects on maternal and in-
fant health. The increasing utilization of C-section
without medical necessity not only exposes women
to potential short-term morbidities like hemorrhage
and wound complications but also long-term risks
such as future subfertility and complications in sub-
sequent pregnancies.

Evidence-based policy interventions are urgently
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needed to promote a more judicious use of C-sec-
tions, emphasizing natural childbirth when med-
ically appropriate, and ensuring that all delivery
decisions are guided by the best interests of maternal
and infant well-being. This may involve targeted pub-
lic health campaigns, enhanced prenatal education,
and a review of current obstetric protocols and in-
centives to encourage safer and more appropriate
delivery practices.
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