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Abstract
Background: Caesarean deliveries are on the increase in Greece and around the world. The objective of the present
study was to assess the frequency of planned and emergency caesarean deliveries and their socio-demographic predictors
in women with singleton pregnancies followed-up from early pregnancy to delivery.
Methods: The mother-child cohort in Crete examines a population sample of pregnant women recruited during one year
beginning in February 2007. A cohort of 1096 women, with singleton pregnancies, was included in the present analyses.
Multivariable Poisson regression models with robust error variance were used.
Results: Overall, 48% of the women had a caesarean delivery, with a higher percentage observed in women having their
first child (52%). Maternal age was a predictor for caesarean deliveries; type of hospital was associated with the risk for
an emergency caesarean, whereas women with lower education were at an increased risk of having a planned caesarean
delivery among primiparae. Prior caesarean delivery was by far the strongest predictor (RR=7.68, 95% CI 5.71, 10.33)
for a subsequent one among multiparae.
Conclusions: Caesarean deliveries are almost as frequent as vaginal births in the study population and even more frequent in first-time mothers. The study findings support that risk factors are indeed mode of delivery and parity status
specific. As such, it is becoming clearer which groups of women, especially first-time mothers, need to be targeted in
future research and interventions so as to understand better and achieve an appropriate caesarean delivery risk. Hippokratia 2014; 18 (4): 298-305.
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Introduction
The aim of a caesarean delivery is to avoid significant
risks for the mother and the newborn if performed at the
appropriate time1, and can be life-saving when medically
indicated. The World Health Organization (WHO) has
suggested a caesarean delivery (CD) rate ranging between
5% and 15%2-3. Later, in 2009, WHO and collaborating
agencies indicated that although both very high and very
low CD rates can be dangerous, the optimum CD rate is
unknown awaiting further research, although the 5-15%
range could continue to be used or different CD rate standards could be set by different institutions for their catchment’s areas4. Nowadays, in several countries, caesarean

delivery is the most common major surgery performed
and its increasing rate might also be contributed in part to
the improvement in maternal outcomes giving the impression that it is mostly a procedure without much risk5.
It is well documented that there has been an increase
in the CD rates in middle and high-income countries6
around the world, regardless of the efforts of several
countries to curtail such increase6-7, adding to the economic burden of health services8. The reasons of such an
increase and its range of consequences are not well understood9. Several reasons have been implicated for the
increased use of CDs, including maternal characteristics
(such as age, parity, education, race/ethnicity, amount of
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prenatal care), the place of birth such as country regions
or types of hospital10, medical insurance11, previous caesarean delivery, maternal request, financial incentives or
convenient scheduling11 and even technological advances
improving safety on operations12.
In Greece, the estimated CD frequency, based either
on retrospective medical records abstraction or a crosssectional study design, has been increasing in the last 3
decades with the latest reported estimate in the Athens
area being 41.6% in public hospitals and 53% in the private sector11.
The objective of the present study was to assess the
frequency of both planned and emergency caesarean deliveries and their socio-demographic predictors in pregnant women with singleton pregnancies followed-up
from early pregnancy to delivery.
Material and methods
The mother-child cohort in Crete (Rhea study)
The mother-child cohort study in Crete (Rhea study)
is a prospective cohort examining a population sample
of pregnant women recruited during one year starting
in February 2007 at the prefecture of Heraklion, Crete,
Greece13. Women were approached to participate in the
study and also delivered their babies at the 4 major gynaecology and obstetrics departments located in the Heraklion prefecture, two in the public and two in the private
sector. The first contact was made before 15 weeks’ gestation, at the time of the first major ultrasound examination. Women were then contacted multiple times during
pregnancy and the postpartum period. The study was approved by the Ethical Committee of the University Hospital, Scientific Council, Heraklion, Crete, Greece, and
all participants provided written, informed consent after
complete description of the study. During the study recruitment period, 1765 eligible women were approached,
1610 (91%) agreed to participate and 1388 (86%) were
followed up until delivery. A cohort of 1096 women with
live singleton pregnancies and complete information on
mode of delivery and birth outcomes were included in the
present analyses.
Outcomes
The outcome of interest of the present study was
mode of delivery categorized as planned caesarean delivery, emergency caesarean delivery or vaginal delivery.
Information was collected through a questionnaire completed while the mother was still in the maternity wards
minimizing misclassification bias on mode of delivery.
Potential Predictors
Potential predictors of caesarean deliveries considered in the analyses were demographic, socio-economic,
health and pregnancy related events, which have an established or potential association with caesarean delivery,
including: maternal age at delivery; maternal education
(low level: ≤9 years of mandatory schooling, medium level: >9 years of schooling up to attending post-secondary
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school education (but not attending university or having a
technical college degree), high level: attending university
or having a university/technical college degree; marital
status (married / engaged / alone); ethnic origin (Greek/
non-Greek); parity (primipara - a woman having her first
child / multipara - a woman having already other children before current pregnancy); residential area (urban
/ rural); type of delivery hospital (prefecture public hospital / tertiary teaching public hospital / private clinic);
treatment to get pregnant (yes/no); previous caesarean
delivery (yes/no); hospitalisation during pregnancy (yes/
no); pre-pregnancy body mass index [weight (kg)/height
(m)2]; preterm birth (<37 weeks of gestation) (yes/no);
fetal weight growth restriction (FwGR) (yes/no).
A customized definition of impaired growth for the
newborns of this study was developed taking into account their constitutional characteristics. The maternal
and newborn characteristics considered a priori were as
follows: gestational age (in weeks), maternal and paternal
height (in centimetres), and age (in years); maternal prepregnancy weight (in kilograms), primiparous mother,
and infant’s gender. More information on this customized definition of impaired growth can be found in Chatzi
et al13. A neonate was classified with fetal weight growth
restriction (FwGR) if his/her actual birth weight fell below the 10th percentile of the predicted birth weight distribution.
Statistical analysis
Descriptive statistics were used to summarize the
baseline characteristics of participants. Bivariate associations between mode of delivery and categorical potential predictors were studied using Pearson’s Chi-square
test or Fisher exact test (when less than five participants
were expected in a cell). Bivariate associations between
mode of delivery and continuous potential predictors
were studied using either one-way analysis of variance
(normally distributed continuous variables) or non parametric statistical methods (Kruskal-Wallis test) for nonnormally distributed continuous variables. Multivariable
Poisson regression models with robust error variance
were fit to estimate the longitudinal associations [Relative Risk (RRs) and 95% Confidence Intervals (CI)] of
the potential predictors with caesarean delivery. Separate
analyses were conducted in primiparous and multiparous
women. Maternal age, education, and ethnic origin, type
of birth hospital, history of previous caesarean delivery
(for multiparae), hospitalisation during pregnancy, history of treatment to get pregnant, FwGR and preterm
birth were included in the final multivariable models. All
but one of these variables (i.e. FwGR) were associated
with the mode of delivery with p≤0.05 in the univariate
analysis (Table 1). All hypothesis testing was conducted
assuming a 0.05 significance level and a two-sided alternative hypothesis. All analyses were conducted using
STATA software, version Intercooled 9.2 (StataCorp LP,
College Station, TX, USA).
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Results
In this cohort of pregnant women, approximately half
of them (48 %) had a caesarean delivery with a significantly higher CD incidence among primiparae (52%) compared with multiparae (44%) (p=0.006). Overall 63.5 % of
all deliveries took place in public institutions. More than
half (55%) of women giving birth in private clinics had a
CD, whereas 47% of women giving birth in the general
prefecture hospital and 40% of women giving birth in the
tertiary teaching hospital had a CD (p<0.001), as well.
The highest frequency for vaginal deliveries was at
the teaching hospital both in multiparae and primiparae,
while for planned caesareans, the highest one was in the
private clinics (among multiparae) and finally the highest emergency CD frequency was in the public prefecture hospital in both multiparae and primiparae. A 14.7%
(161) of all deliveries happened during weekends, with
the lowest percent of planned CDs in daily deliveries
happening during the weekend (Figure 1).

Figure 1: Mode of delivery by day of the week, as percent
of all deliveries.

As presented in Table 1, women with a planned CD
were more likely to be of Greek origin, have a higher mean
pre-pregnancy BMI, and give birth in a private clinic. Information regarding the history of prior caesarean delivery was
available for 95% of multiparae (n=590), of whom 37.5%
(n=221) had a prior CD. Only 8 women (3.6%) with a prior
CD had a subsequent vaginal delivery and 91% of women
with a planned CD had already a previous CD.
Among primiparae, for every year increase in age
there was a 4% increase in the risk for having a caesarean delivery. Women giving birth in the teaching hospital were at an estimated 48% lower risk for having an
emergency CD instead of a vaginal delivery (VD) compared with women giving birth in a private clinic, after
adjusting simultaneously for other predictors (Table 2).
In multiparous women, the history of prior CD was the
strongest factor predicting a current CD with age also
significantly associated with having a caesarean delivery
after adjusting simultaneously for other predictors (Table
3). Multiparae giving birth in the prefecture public hospital were twice as likely to have an emergency caesarean
delivery (vs. a VD) compared with women giving birth in
private clinics (Table 3). It was estimated that hospitalisation during pregnancy doubled the risk for planned CD
in primiparae and fetal weight growth restriction was associated with CD in primiparae, while preterm birth was

associated with CD in multiparae (Tables 2 and 3).
Information on the reason for a planned CD was not
available. However, we asked a non-random sample of
85 women who underwent planned CD regarding the
reason(s) for this mode of delivery and the most common reason reported was previous caesarean delivery (47
of the 85 women). Only one woman reported that she
wanted to have a planned CD and two women reported
they were anxious about their health.
Discussion
This is the first mother-child cohort study in Greece
with mothers recruited in early pregnancy (and not at delivery or postpartum), to report on the CD risk and the
first to examine this risk in association with different potential predictors for both planned and emergency CDs
in Greece. In the current population-based study, findings suggest that almost half women with a live singleton
pregnancy underwent a caesarean delivery, and the major
risk factors for CDs were not necessarily the same for
planned or emergency deliveries among multiparae or
primiparae, which finding is of major significance when
reporting CDs or intervening to achieve a lower CD risk.
Such overall high CD frequency is in agreement with previous estimates in Greece based on medical records or
cross-sectional maternity ward studies, suggesting overall a rising trend over almost the last 3 decades11,14-18.
A significantly higher CD frequency was observed
among women giving birth to their first child, suggesting
a reproduction or even higher CD frequency in cohorts of
first-time mothers. However, such CD frequency among
primiparae is almost twice the one reported in 199315 and
about the same as the one reported in 200511 in Greece.
Unfortunately, the study suggests that the current CD
rates are perpetuated and definitely do not seem to subside or show signs of reversing but rather are stabilized,
to say the least, closely to 1 CD in every 2 primiparous
women. Consequently, it is of utmost importance to understand separately the factors that increase the risk of
having a caesarean delivery among first-time mothers
and also among multiparous women, as it is investigated
in the present study.
Maternal age was a common positive predictor for caesarean deliveries among both first-time mothers and multiparae with age specifically being a significant predictor for
planned caesarean deliveries among primiparous women,
and emergency CDs among multiparous women. These
findings are in agreement with previous reports indicating that older age is associated with an increased risk for a
CD19, although the reasons are not clarified, and stress the
need for women to be aware of sequellae of their choices
regarding the timing of childbearing.
Women having their first child, with a medium level
education were less likely to have a caesarean section
compared with women with less than 9 years of mandatory education. The same trend of association was suggested for women with a higher education level although
such association did not reach statistical significance.
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Table 1: Frequency distributions and/or means (SD) of women’s selected socio-demographic, health and pregnancy
related characteristics, by mode of delivery - Rhea Birth Cohort, Crete.
Mode of Delivery
Caesarean deliveries
Variables (N)

Vaginal

Planned
(%)

Emergency
n
(%)

n

(%)

n

508
62

(51.06)
(64.58)

301
17

(30.25)
(17.71)

186
17

(18.69)
(17.71)

499
59
11

(52.53)
(51.30)
(47.83)

290
23
5

(30.53)
(20.00)
(21.74)

161
33
7

(16.95)
(28.70)
(30.43)

Residential area (1013)
Urban
Rural

398
140

(51.16)
(59.57)

229
60

(29.43)
(25.53)

151
35

(19.41)
(14.89)

Maternal education (1088)
Low
Medium
High

122
312
134

(53.04)
(56.42)
(43.93)

62
143
113

(26.96)
(25.86)
(37.05)

46
98
58

(20.00)
(17.72)
(19.02)

Parity (1062)
No other children
At least 1 more child

210
350

(47.73)
(56.27)

113
196

(25.68)
(31.51)

117
76

(26.59)
(12.22)

Delivery Hospital (1096)
T.T. Public Hospital
P. Public Hospital
Private Clinics

197
195
182

(60.24)
(52.99)
(45.39)

90
85
144

(27.52)
(23.10)
(35.91)

40
88
75

(12.23)
(23.91)
(18.70)

(26.56)
(53.73)

34
283

(53.13)
(27.75)

13
189

(20.31)
(18.53)

(35.42)
(54.08)

37
249

(38.54)
(28.23)

25
156

(26.04)
(17.69)

Previous Caesarean delivery (590)ƒ
Yes
8
No
319

(3.62)
(86.45)

172
17

(77.83)
(4.61)

41
33

(18.55)
(8.94)

Preterm Birth (<37 weeks gestation) (1093)
Yes
44
No
528

(33.33)
(54.94)

28
291

(21.21)
(30.28)

60
142

(45.45)
(14.78)

Mother’s origin (1091)
Greek
Non-Greek
Marital status (1088)
Married
Engaged
Single

0.007

0.07

0.004

<0.001

Treatment to get pregnant (1084)
Yes
17
No
548
Hospitalization during pregnancy (978)
Yes
34
No
477

<0.001

<0.001
0.002

Fetal weight growth restriction (1020)
Yes
No

p value*
0.02

<0.001

<0.001

0.47

41
495

(48.81)
(52.88)

23
269

(27.38)
(28.74)

20
172

(23.81)
(18.38)

Mean

(SD)

Mean

(SD)

Mean

(SD)

Maternal age (1091)
BMI pre-pregnancy (1087)

28.72
23.78

(4.93)
(4.60)

30.40
25.19

(4.96)
(5.18)

29.64
24.11

(5.22)
(4.81)

<0.001
<0.001

Gestational age§ (1087)

38.64

1.48

37.85

1.07

37.72

(2.22)

<0.001

*: Chi-squared or one-way analysis of variance or Kruskal-Wallis nonparametric test, T.T. Public Hospital: Tertiary Teaching Public Hospital,
P. Public Hospital: Prefecture Public Hospital, ƒ: only among multiparous women, SD: Standard deviation, BMI: body mass index (Kg/m2),
§
: completed weeks.
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Table 2: Associations of socio-demographic and mother’s health-related variables with Caesarean Delivery among
primiparous women, Rhea Birth Cohort, Crete.
Caesarean Delivery
All CDs

Maternal age (in years)
Maternal education+
Medium vs. Low

RR †
1.04

Planned CDs

n*= 384
95% CI
(1.03,
1.06)

RR †
1.08

Emergency CDs

n*= 279
95% CI
(1.05,
1.11)

RR †
1.04

n*= 288
95% CI
(1.00,
1.07)

0.72

(0.54,

0.95)

0.47

(0.31,

0.70)

0.91

(0.51,

1.61)

0.88

(0.66,

1.38)

0.62

(0.41,

0.93)

1.14

(0.63,

2.08)

0.82

(0.52,

1.28)

0.69

(0.33,

1.43)

0.98

(0.49,

1.98)

0.73

(0.57

0.94)

0.69

(0.48,

1.00)

0.52

(0.31,

0.89)

0.94

(0.75

1.18)

0.66

(0.43,

1.00)

1.07

(0.75,

1.53)

1.44

(1.10,

1.90)

2.23

(1.51,

3.29)

1.43

(0.83,

2.48)

High vs. Low
Maternal origin (Non
Greek vs. Greek )
Birth Hospital Teaching
Tertiary vs. Private clinic
Public
Hospital vs. Private Clinic
Hospitalization, current
pregnancy (Yes vs. No)
Treatment to get
pregnant (Yes vs. No)
FwGR (Yes vs. No)

1.12

(0.86,

1.46)

1.32

(0.94,

1.86)

1.07

(0.58,

1.96)

1.43

(1.10,

1.85)

1.69

(1.04,

2.74)

1.53

(1.04,

2.26)

Preterm (Yes vs. No)

1.07

(0.82,

1.41)

0.58

(0.30,

1.13)

1.48

(1.03,

2.12)

CD: caesarean delivery, n*: number of observations included in analysis, RR: Relative Risk, CI: Confidence Interval, †: Mutually adjusted
estimates, results retained from Poisson regression with robust error variance, FwGR: fetal weight growth restriction.

Table 3: Associations of socio-demographic and mother’s health-related variables with Caesarean Delivery among multiparous women, Rhea Birth Cohort, Crete.
Caesarean Delivery

  

Planned CDs

Emergency CDs

All CDs

Maternal age (in years)
Mother’s origin (Non
Greek vs. Greek )
Maternal education+
Medium vs. Low
High vs. Low
Birth Hospital
Teaching Tertiary vs.
Private clinic
Public Hospital vs.
Private Clinic
Hospitalization, current
pregnancy (Yes vs. No)
Treatment to get
pregnant (Yes vs. No)
Previous Caesarean
(Yes vs. No)
FwGR (Yes vs. No)
Preterm birth
(Yes vs. No)

RR †
1.02

n*= 496
95% CI
(1.01,
1.04)

RR †
1.01

n*= 436
95% CI
(0.99,
1.02)

RR†
1.06

n*= 333
95% CI
(1.01,
1.11)

0.95

(0.76,

1.19)

0.86

(0.71,

1.04)

1.21

(0.59

2.47)

0.98

(0.85,

1.12)

0.97

(0.84,

1.12)

0.96

(0.64,

1.44)

0.99

(0.83,

1.17)

0.99

(0.84,

1.17)

1.25

(0.71,

2.20)

1.03

(0.88,

1.21)

1.06

(0.89,

1.24)

1.27

(0.67,

2.43)

1.08

(0.93,

1.25)

0.90

(0.78,

1.04)

2.00

(1.21,

3.30)

1.21

(0.98,

1.48)

1.10

(0.90,

1.33)

1.39

(0.67,

2.87)

0.97

(0.65,

1.43)

1.08

(0.70,

1.68)

0.24

(0.05,

1.14)

7.68

(5.71,

10.33)

19.48

(11.81,

32.12)

7.70

(4.87,

12.18)

1.05

(0.72,

1.52)

1.26

(0.79,

1.99)

0.82

(0.32,

2.11)

1.20

(1.01,

1.42)

0.98

(0.80,

1.18)

2.27

(1.44,

3.57)

CD: caesarean delivery, n*: number of observations included in analysis, RR: Relative Risk, CI: Confidence Interval, †: Mutually adjusted
estimates, results retained from Poisson regression with robust error variance, FwGR: fetal weight growth restriction.
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Previous studies, however, have shown inconsistent results regarding the association of educational level with
mode of delivery16,20-21.
Positive history of previous caesarean delivery was
the strongest predictor for a caesarean (planned or emergency) delivery among multiparae. This is not surprising as one of the main worldwide indications for a CD
is prior CD12,14. Due to the increasing CD rate over the
last 3 decades, there is a significant percentage of women
who have already a previous caesarean22 and account for
a high percentage of the increase in the CD rate overall,
underscoring the importance of preventing, when appropriate, the first (primary) caesarean delivery23-24.
Most of the 20th century, a woman having a caesarean section would imply that future deliveries would
be caesarean deliveries, as well. After a discussion that
started in the 1960s, the practice of having a vaginal birth
after a caesarean delivery (VBAC) has increased up to
the mid-1990s25 with a decline later due mainly to the fear
of uterine rapture. A debate has been generated on the
appropriate restrictions on VBAC with medical but also
non-medical factors (e.g., fear of medical litigation) to
have contributed to its decline. Since maternal morbidity
increases as the number of CDs increases, family planning as far as intended future pregnancies is concerned
should also be discussed when deciding about an elective
repeat CD or a trial of labor. However, this decision might
be a significant ethical dilemma for the mother and the
health professional as what might be decided could result
into a higher risk of adverse events for the infant or the
mother. Good judgment is needed as the progress of any
labour cannot be predicted, and this seems more useful
than imposing specific CD rates26. We also need to have
in mind that vaginal delivery has benefits for the mother
and the infant27 and women should have the opportunity
to be well informed about the benefits and consequences
of a CD or a VD for their babies and themselves in the
short and also long-term23 and be involved in the decision
making regarding the mode of delivery28.
In the present study, the rates for CDs, emergency and
planned, differ in different types of hospitals and the differences are not entirely between public vs. private status
of clinics. This is in agreement with current literature
where there are CD frequency variations not only between the public and private sector11, but also amongst
hospitals of the same health system12 or different practices
in the same hospital29 or different payer health insurance
groups30. Different modes of delivery have different demands on staffing and other resources (i.e. staffing, use of
operating theatre or not, length of labour, postnatal hospital stay, short or long-term effects, etc.) with estimated
short term health services costs for a caesarean section of
about 1.5-3.0 times the health services cost of an uncomplicated vaginal delivery, not considering long-term costs
and costs outside health services8.
We stand in front of these rates with justified perplexity on what should be done to halt the reproduction of the
present CD risk in future cohorts of mothers, especially
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first-time mothers. Having reached such a high risk for
caesarean delivery among pregnant women in Greece and several other counties - the scientific community and
relevant stakeholders have initiated a discussion about
the need to achieve appropriate CD rates23, contemplate
and manage the complexity of practice changes31 needed
with a realistic timetable to reach such rates.
Caesarean delivery can be without a doubt a lifesaving operation for the mother and the infant, but if
not medically indicated both are exposed needlessly to
sequellae not fully understood9. Although severe complications due to caesarean sections are rare, we need
to acknowledge the meaningful32 short term morbidity
(e.g., infection, pulmonary embolism, neonatal respiratory problems)5 and long term morbidity (e.g., maternal,
fetal, neonatal complications in subsequent pregnancies,
like placenta accreta and uterine rupture)5 associated with
them. The current discussion and debate regarding the increased CD rate during the last decades arises from the
fact that similar increase is not true for the majority of
the CD indications, which have become broader or even
too broad21.
The question of what is an appropriate CD rate is
still a topic of debate33, is hard to be defined as it varies according to several factors23 and the reply cannot be
simple34. Detailed data on groups of women need to be
available, outcomes need to be taken into consideration,
as well as, local resources and expertise33-34. Our findings
support the complex aetiology and synergy of multiple
factors resulting in such increase in caesarean deliveries
the last decades.
Such complexity deserves an equally multi-faceted
approach to target a decrease in future caesarean deliveries24 including, but not limited to, quality improvement
(so as to reduce development of CD indications), better
measurement and public reporting, education of patients,
families and providers, reform of hospital policies24,
classification systems to track caesareans, audits while
providing feedback and indentifying areas of possible
interventions35. It has also been suggested that it would
be more effective to undertake several approaches simultaneously taking into account both medical and cultural
factors as appropriate in local contexts24.
Strength of the present study is its prospective cohort design, as this is a cohort with a detailed prospective follow-up of pregnant women since early pregnancy;
as such minimizing also misclassification bias related to
both predictor and mode of delivery information. To our
knowledge no previous study had a cohort design so as
to assess prospectively potential predictors for caesarean
deliveries, both planned and emergency, from early pregnancy to delivery in Greece. Another major strength of
the study is that it was able to differentiate planned and
emergency caesarean deliveries, thus estimating the association of each type of CD with variable socio-demographic predictors in primiparae and multiparae. A limitation, however, of the study is the lack of information
on the indication for CD. To remediate this, we included
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in the analysis maternal and infant health and pregnancy
related variables so as to diminish as much as possible
confounding by unmeasured clinical CD predictors.
Conclusion
Study findings suggest that caesarean deliveries are
almost as frequent as vaginal births in the study population with higher CD frequency probably perpetuated to
cohorts of first-time mothers compared with multiparae,
having at the same time almost all women with prior CD
undergoing repeat CDs. Such combination of factors
deserves immediate attention in order to reverse such a
trend. In addition, study findings support that risk factors
are indeed mode of delivery and parity-status specific.
As such, it is becoming clearer which women groups
should be targeted in future research and interventions
in order to understand better and achieve an appropriate
caesarean delivery risk.
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