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Abstract: Background: There is an exponential increase in caesarean sections with epidemic 

proportions worldwide, which is considered as a serious public health issue that influences 

negatively both maternal and childhood health. Aims: This study aimed to evaluate the associations 

between predominant maternal risk factors and the prevalence of caesarean section in a 

representative sample of women from Greece. Methods: This is a cross-sectional study conducted on 

5182 healthy, reproductive-aged women from 11 geographically diverse Greek areas after applying 

specific inclusion and exclusion criteria. Statistical analysis was applied to evaluate the impact of 

maternal sociodemographic, anthropometric, lifestyle and perinatal factors in the risk of caesarean 

section deliveries. Results: A high prevalence of 56.4% of caesarean section deliveries was recorded 

in the study population. The incidence of caesarean sections reached to 51.5% in private hospitals 

in which an increasing rate of 47.5% for planned caesarean sections were noticed. Older maternal 

age, pre-pregnancy overweight and obesity, excess gestational weight gain, high rates of preterm 

birth, better economic status, smoking habits, and private type of birth hospital were significantly 

related with enhanced risk of caesarean section, independently of multiple confounding factors. 

Conclusions: Our study revealed that caesarean section rates are continuously increase, while 

several maternal risk factors, including especially pre-pregnancy overweight/obesity and excess 

gestational weight gain, cumulatively raise its prevalence which further increase the risk for 

postnatal adverse outcomes for both the mothers and their children. Emergent public health policies 

and strategies should be promoted to confront the predominant maternal risk factors-related with 

caesarean section and inform future mothers how to be prevented from them by applying healthier 

nutritional and lifestyle habits and to select caesarean section only due to emergency medical 

reasons. Alarmingly enough, targeted nutritional intervention strategies are strongly recommended 

to effectively reduce the prevalence of maternal pre-pregnancy overweight/obesity and the excess 

gestational weight gain, which in turn may minimize the risk of childhood overweight/obesity. 

Keywords: caesarean section; pre-pregnancy; overweigh; obesity; gestational weight gain; preterm 

birth; pregnancy complications; nutritional interventions; maternal risk factors 
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1. Introduction 

Caesarean section constitutes an important medical procedure for saving mothers’ and children’ 

lives in emergency obstetric conditions, contributing to reduction of their morbidity and mortality 

[1]. The World Health Organization (WHO) recommends a caesarean section rate close to 10%-15% 

of all births [2]. However, over the past two decades, there has been an exponential increase in 

caesarean section deliveries, reaching ‘epidemic proportions’ worldwide [3]. This is an important 

public health issue since while caesarean sections can be lifesaving, they can also negatively affect 

maternal and child health [1–3]. 

In Greece, this situation is even worse, since more than half of childbirths occur by caesarean 

section, rendering it one of the countries with the highest caesarean section rates in the world. 

Alarmingly enough, caesarean section rates in Greece elevated by approximately 50% from 1983 to 

1996 [4]. Notably, a Greek study by Mossialos et al. documented a 41.6% caesarean section rate in 2 

public hospitals and a 53% caesarean section rate in a private hospital [5]. Based on these results, the 

authors supported that obstetricians tend to perform a caesarean section for economic and 

convenience reasons [5,6]. In this aspect, a large-scale, population-based study clearly indicated that 

the rate of caesarean section, have continuously and more rapidly increased for women delivering in 

private health care units compared to those delivering in public hospitals [7]. 

WHO strongly supported that population caesarean section rates above 10% are not related with 

a decrease in mothers and matched children morbidity and mortality rates, while caesarean sections 

should ideally be applied merely when there are strong medical recommendations [8]. In addition, 

caesarean section, as any other major surgical operation, is related with several short and long-term 

adverse outcomes, such as greater risk of uterine rupture, ectopic pregnancy, fetal death, premature 

delivery, and psychiatric symptoms [9,10]. Importantly, there are several short-term risks of 

caesarean sections for neonates such as diminished immune development, greater probability of 

allergy, atopy, and asthma [9], as well as increased respiratory and obesity complications [11,12]. 

In the last few years, several epidemiological studies have supported that the rising rates of 

caesarean sections may be associated with specific maternal risk factors. In support of this view, pre-

pregnancy maternal obesity has been considered as a significant risk factor for caesarean delivery, 

even if some studies were characterized by certain limitations [13,14]. Moreover, mothers’ age lower 

than 30 years was shown to decrease the risk of comorbidities related with caesarean section, whereas 

older maternal age, i.e., 35 years or more, was shown to considerably enhanced the rate of caesarean 

sections and their adverse outcomes [15]. Several previous studies also indicated that residency, 

women's education, wealth, and parity may considerably increase caesarean section rates; however, 

there are also studies which did not confirm these associations [16].  

Furthermore, excess gestational weight gain above the Institute of Medicine (IOM) 

recommendations has been linked with elevated rates for caesarean section [17]. There are also certain 

studies supporting evidence that caesarean section might be a risk factor of preterm birth, but other 

studies did not confirm this finding [18,19], reinforcing the need for further investigation. Women 

developing gestational diabetes also have a greater likelihood of pre-eclampsia and delivering by 

caesarean section [20], which further leads postnatally to increasing rates of type 2 diabetes and 

hypertension-related disorders [21]. Several evidence has also shown that mothers who deliver by 

caesarean section may be less probable to breastfeed, and/or more probable to delay breastfeeding 

initiation which may lead to increased rates of maternal and childhood adverse outcomes [22]. 

Moreover, in parallel with the gradually increasing prevalence of caesarean sections worldwide, 

there is also a considerable rise in planned caesarean sections often without a clear medical reason, 

which may lead to rising rates of iatrogenic premature birth, and, in turn, potential adverse childhood 

outcomes [23]. In view of all the above, the present cross-sectional study aims to assess the potential 

associations of several maternal sociodemographic, anthropometric, lifestyle and perinatal maternal 

factors with the rates of caesarean section in a nationally representative population in Greece 

considering multiple potential confounding factors. 
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2. Materials and Methods 

2.1. Study Population 

In the present study, 7191 women were primarily enrolled from 11 geographically different 

Greek regions, rural, urban and islands (Athens, Thessaloniki, Larisa, Kavala, Alexandroupolis, 

Ioannina, Patra, Kalamata, Crete, South and North Aegean). The inclusion criteria for the primary 

enrollment were women with a singleton birth 2-5 years before enrollment, independently of parity, 

and who had no pregnancy at the interval between the time of this singleton birth and the time of 

study, i.e., 2-5 years postpartum. In multiparous women, merely the last pregnancy was considered. 

Recruitment to the study was between May 2016 and September 2020. All participants’ information 

was confidential. All participants were informed about the purpose of the study and signed a consent 

form in which they approved that their personal data may be published. Sample size estimation was 

established using PS: Power and Sample Size calculator program, while the randomization was 

conducted using a sequence of random binary numbers (i.e., 001110110 in which 0 represented 

enrolment and 1 not enrolment to the study). Among 7191 primarily enrolled women, 766 women 

(10.7%) were excluded due to lost or incomplete data, leading to a final response rate equal to 89.3%. 

Among the remaining 6425 women, 1243 (19.4%) of them were then excluded because of any history 

of disease. A total of 5182 healthy women were included in the final analysis, leading to a final 

response rate equal to 72.1%. The study was approved by the Ethics Committee of the University of 

the Aegean (ethics approval code: no 12/14.5.2016) and was in compliance with the World Health 

Organization (52nd WMA General Assembly, Edinburgh, Scotland, 2000). The exclusion criterion was 

any disease for the enrolled women except for gestational diabetes and pregnancy induced 

hypertension. 

2.2. Study Design 

At the time of study, i.e., 2-5 years postpartum, certified semi-quantitative questionnaires were 

applying for evaluating various sociodemographic and lifestyle factors of the study population 

[22,24]. Women weight at the first weeks of gestation and right before the delivery were recovered 

from their personal gynecologists’ or hospitals’ medical records in which measured weight data had 

been assessed during their visits to public or private health care units. Gestational weight gain was 

estimated by subtracting the recovered measured weight of the first weeks of gestation from the 

recovered measured weight right before the delivery. At the time of study, women weight and height 

were also measured by trained nutritionists, dietitians or physicians as per protocol, i.e., 2-5 years 

postpartum [22,24]. Weight was measured utilizing the same electronic scale, and height was 

measured utilizing a portable stadiometer [22,24]. 

Smoking habits, educational level, economic status, age, nationality, and parity status were 

recovered by the given questionnaires 2-5 years postpartum and were based on women memory 

recall. In fact, educational level was estimated based on the sum of years of education and financial 

status was categorized according to the yearly family income as: 0 ≤ 5000€, 1 ≤ 10000€, 2 ≤ 15000€, 3 ≤ 

20000€, 4 ≤ 25000€ and 5 ˃ 25000€. Financial status was further categorized as low for yearly income 

≤ 10000€, medium for yearly income ˃10000€ and ≤ 20000€, and high for yearly income ˃ 20000€. 

Additionally, the mode of delivery (vaginal or caesarean section) and maternal prenatal outcomes 

(gestational diabetes and gestational hypertension) were also recorded. The cohort was additional 

categorized based on the hospital type of delivery in women delivering in public hospitals and in 

those giving a birth in private hospitals. Among the women who delivered by caesarean section, the 

type of delivering was additional categorized as planned or emergency caesarean delivery.  

Additionally, mothers were questioned whether they were exclusively breastfeeding for at least 

four months. To overcome recall bias, the women were answered for exclusive breastfeeding for at 

least four months because at this time point most of them were advised to progressively insert pulp 

foods to the nourishing practices of their children and they therefore recalled more accurately this 

time point, rendering their answers more consistent [22,24]. In contrast, mothers who breastfed for 
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shorter periods, they were not able to respond with absolute certainty about the precise period of 

breastfeeding [22,24]. 

Mothers were also questioned to report if they had a preterm birth (< 37th week) and their 

answers were additional cross-checked by their medical files for more precise records for the exact 

week of preterm birth to be achieved. Nevertheless, we detected that there were several lost data 

regarding the precise week of preterm birth in the medical records and several of them did not come 

to an agreement with the mothers’ responses and thus preterm birth was treated as binary outcome 

as before and after of 37th week of pregnancy. Women history for gestational diabetes and gestational 

hypertension were also recovered from their personal medical documents. 

Explaining directions were thoroughly given to the participants by registered nutritionists, 

dietitians and physicians concerning the completion of questionnaires, while a detailed 

demonstration of the questions to enable precise responses was rigorously accomplished. 

2.3. Statistical Analysis 

Statistical analysis was accomplished by Student’s t-test and one-way ANOVA for continuous 

variables found to follow normal distribution. Normality distribution was evaluated by Kolmogorov-

Smirnov test. Chi-square test was utilized for categorical variables. Mann-Whitney non-parametric 

test was applied for non-normally distributed continuous variables between two groups, while 

Kruskal-Wallis non-parametric test was performed for non-normally distributed variables between 

three or more groups. The normally distributed quantitative variables are stated as mean value ± 

Standard Deviation (SD), the quantitative non-normally distributed continuous variables are given 

as median value (Interquartile Range, IQR), and the qualitative variables as absolute or relative 

frequencies. Multivariate logistic regression analysis was performed to evaluate whether the type of 

delivery (caesarean section vs vaginal) is independently related with mothers’ sociodemographic, 

anthropometric and lifestyle factors and maternal perinatal outcomes by adjusting for several 

possible confounding factors. Differences were considered significant at p < 0.05 and 95% Confidence 

Interval. The statistical analysis of the survey data was accomplished by Statistica 10.0 software, 

Europe (Informer Technologies, Inc., Hamburg, Germany). 

3. Results 

3.1. Descriptive Statistics of the Study Population 

The present study finally enrolled 5182 healthy, reproductive-aged women with a mean age of 

37.5 ± 4.8 years. Regarding their ethnicity, 95.7% of the women were Greek and the resting 4.3% were 

of other nationalities (Russian, Albanian, Ukrainian, Bulgarian, Romanian). Concerning educational 

level of the mothers, the mean years of education were 14.5 ± 2.8 years (range: 6-18 years). As far as 

the economic status as concern, 46.2% of the participant women stated low yearly income, 45.1% 

medium and 8.7% high yearly income. Additionally, 25.6% of the women were smokers, pre-

pregnancy.  

Caesarean section was performed in 56.4% of the mothers and vaginal delivery in the remaining 

43.6%. Concerning the type of hospital where the deliveries were performed, 51.5% of them were 

completed in private hospitals and 48.5% in public hospitals. Among caesarean sections, 47.5% were 

planned and 52.5% were emergency caesarean section deliveries. 

The mean Body Mass Index (BMI) of the women before pregnancy was 22.7±3.7 Kg/m2 (range: 

15.9-37.6 Kg/m2). Pre-pregnancy, 17.5% of the women were affected by overweight, and 5.0% were 

affected by obesity, based on their BMI status, and therefore in total an incidence of 22.5% pre-

pregnancy overweight/obesity was noted. The mean gestational weight gain was 13.8±6.1 Kg (range 

4.0-45.0 Kg). 

Almost half of women (49.7%) did breastfeed exclusively for at least 4 months (mean duration: 

4.8±1.9 months), and 50.3% of them did not exclusively breastfeed for at least 4 months or did not 

breastfeed at all. An incidence of preterm birth (<37th week) equal to 30,1% of the study population 

was documented. Regarding parity, 64.2% of women stated that they were nulliparous (non-previous 
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birth) and the remaining 35.8% were multiparous (at least one previous birth). Also, 4.3% of the 

women diagnosed with gestational diabetes mellitus during their pregnancy, and 4.1% of the women 

diagnosed with gestational hypertension. 

3.2. Associations of the Mode of Delivery with Sociodemographic, Anthropometric and Lifestyle 

Characteristics of the Participant Women 

Maternal age was significantly higher amongst the women giving a child by caesarean section 

than those delivered vaginally (Figure 1A, Table 1, 38.2±5.0 vs 36.6±4.4 years old, p=0.0001). Women 

who delivered by caesarean section had significantly higher pre-pregnancy BMI values compared to 

those who delivered vaginally (Figure 1B, Table 1, 23.1±3.8 vs 22.1±3.4 Kg/m2, p=0.0001). In 

crosstabulation, women performing caesarean section showed a significantly higher prevalence of 

pre-pregnancy overweight/obesity than those delivering vaginally (Table 1, p˂0.0001). Women 

delivered by caesarean section were significantly more frequently smokers compared to those 

delivered vaginally (Table 1, p=0.0004). Women with elevated educational level considerably more 

often delivered by caesarean section than those with lower educational level (Figure 1C, Table 1, 

p=0.0011). Women with higher economic status significantly more frequently performed caesarean 

section than those of lower economic status (Table 1, p=0.0117). Caesarean section was marginally 

but not significantly more frequently performed in multiparous women than nulliparous women 

(Table 1, p=0.0638). Women performing caesarean section had a significantly lower prevalence for 

exclusive breastfeeding compared to those performing vaginal delivery (Table 1, p˂0.0001). There 

was no significant difference between Greek women and those of other ethnicities as far as the mode 

of delivery is concerned (Table 1, p˃0.05).  

 

Figure 1. Associations of the mode of delivery with: A) Maternal age, B) Maternal pre-pregnancy BMI, 

C) Maternal educational level and D) Gestational weight gain. 
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Table 1. Associations of mode of delivery with maternal sociodemographic, anthropometric and 

lifestyle characteristics and maternal perinatal outcomes. 

Characteristics (n=5182) 

Mode of delivery  

Vaginal  

(43.6%) 

Caesarean 

(56.4%) 
p-value 

Mothers’ age (mean±SD; years) 36.6±4.4 38.2±5.0 p = 0.0001 

Mothers’ nationality (n, %)   p = 0.4735 

Greek 2169 (95.9) 2788 (95.5)  

Others 93 (4.1) 132 (4.5)  

Pre-pregnancy BMI (mean±SD; Kg/m2) 22.1±3.4 23.1±3.8 p = 0.0001 

Pre-pregnancy BMI status (n, %)   p < 0.0001 

Underweight 98 (4.3) 51 (1.8)  

Normal weight 1751 (77.4) 2118 (72.5)  

Overweight 352 (15.6) 553 (18.9)  

Obese 61 (2.7) 198 (6.6)  

Education level (mean±SD; years) 14.3±2.9 14.7±2.8 p = 0.0011 

Economic status (n, %)   p = 0.0117 

Low 1082 (47.8) 1315 (45.0)  

Medium 1011 (44.7) 1325 (45.4)  

High 169 (7.5) 280 (9.6)  

Smoking habits (n, %)   p = 0.0004 

No smokers 1739 (76.9) 2118 (72.5)  

Smokers 523 (23.1) 802 (275.)  

Parity (n, %)   p = 0.0638 

Nulliparity 1484 (65.6) 1843 (63.1)  

Multiparity 778 (34.4) 1077 (36.9)  

Gestational weigh gain (mean±SD; Kg) 13.3±6.0 14.2±6.2 p < 0.0001 

Preterm birth (<37th week, n, %)   p < 0.0001 

No 1920 (84.9) 1701 (58.3)  

Yes 342 (15.1) 1219 (41.7)  

Gestational diabetes (n, %)   p = 0.7019 

No 2167 (95.8) 2791 (95.6)  

Yes 95 (4.2) 129 (4.4)  
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Pregnancy induced hypertension (n, %)   p = 0.1426 

No 2179 (96.3) 2789 (95.5)  

Yes 83 (3.7) 131 (4.5)  

Exclusive breastfeeding (n, %)   p < 0.0001 

No 872 (38.6) 1736 (59.5)  

Yes 1390 (61.4) 1184 (40.5)  

Hospital type of delivery (n, %)   p = 0.0001 

Public hospital 1226 (54.2) 1296 (44.4)  

Private hospital 1036 (45.8) 1624 (5.6)  

3.3. Associations of Mode of Delivery with Maternal Perinatal Factors 

Women performing caesarean section had significantly higher gestational weight gain 

compared to those delivering vaginally (Figure 1C, Table 1, p˂0.0001). Women performing caesarean 

section had a significantly greater prevalence of preterm birth than those performing vaginal delivery 

(Table 1. p˂0.0001). The rates of the caesarean sections were significantly higher in private hospitals 

than public hospitals (Table 1, p=0.0001). Private hospitals were associated with a significantly higher 

prevalence of planned caesarean sections (56.1%) than emergency ones (43.9%), whereas public 

hospitals were related with a considerably greater prevalence of emergency caesarean sections 

(63.4%) than planned ones (36.6%) (p = 0.0001, data not shown). Non-significant associations between 

mode of delivery and gestational diabetes and hypertension were noted (Table 1, p˃0.05). 

3.4. Multivariate Regression Analysis for Mode of Delivery by Adjustment for Multiple  

Confounding Factors 

In the multivariate logistic regression analysis, the type of delivery was independently related 

with maternal age, pre-pregnancy BMI, economic status, smoking habits, gestational weight gain, 

preterm birth, exclusive breastfeeding, and type of hospital delivery after adjustment for multiple 

confounders (Table 2). Women of older age (≥ 37.5 years) had a 58% higher probability to perform 

caesarean section compared to those of younger age (˂37.5 years) (Table 2, p=0.0048). Pre-pregnancy 

overweight and obese women had a 2-fold greater probability of performing caesarean section 

compared to underweight and normal weight women (Table 2, p=0.0008). Women of high economic 

status had a 31% greater risk of delivering by caesarean section than those of low or medium 

economic status (Table 2, p=0.0387). Smoker women showed a 72% higher probability of performing 

caesarean section than no smokers (Table 2, p=0.0412). 

Table 2. Multivariate logistic regression analysis for caesarean section. 

Characteristics 
Caesarean section 

HR* (95% CI**) p-value 

Age (below / over mean value) 1.58 (1.25-1.91) p = 0.0048 

Nationality (Greek / other) 0.97 (0.34-1.67) p= 0.5503 

Pre-pregnancy BMI (underweight or normal / 

overweight or obese) 
2.14 (1.91-2.40) p = 0.0008 

Education level (below / over mean value) 1.43 (0.88-1.99) p = 0.1705 
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Economic status (low or medium / high) 1.31 (0.92-1.76) p = 0.0387 

Smoking habits (No / Yes) 1.72 (1.28-2.38) p = 0.0412 

Parity (Nulliparity / Multiparity) 1.20 (0.83-1.73) p = 0.1433 

Gestational weigh gain (below / over mean value) 1.26 (0.96-1.62) p = 0.0094 

Preterm birth (No / Yes) 1.84 (1.59-2.09) p=0.0012 

Gestational diabetes (No / Yes) 1.07 (0.23-2.04) p = 0.8498 

Pregnancy induced hypertension (No / Yes) 1.18 (0.69-1.85) p = 0.2085 

Exclusive breastfeeding (No / Yes) 0.44 (0.19-0.68) p = 0.0002 

Type of hospital of delivery (public / private) 2.05 (1.78-2.41) p = 0.0021 

* Hazard Ratio: HR; ** CI: Confidence Interval. 

Women with higher rates of gestational weight gain (≥ 13.8 Kg) had a 26% increased risk of 

delivering by caesarean section than those with lower rates (˂13.8 Kg) (Table 2, p=0.0094). An 84% 

higher likelihood of preterm birth was recorded in women performing caesarean section than those 

delivering vaginally (Table 2, p=0.0012). Women delivered by caesarean section had a 56% higher 

risk of not breastfeeding exclusively than those delivering vaginally (Table 2, p=0.0002). Caesarean 

sections had a two-fold higher probability to be performed in a private hospital than in a public 

hospital (Table 2, p=0.0021). Maternal nationality, educational level, gestational diabetes, and 

pregnancy induced hypertension was not associated with the mode of delivery in multivariate 

analysis (Table 2, p˃0.05). 

4. Discussion 

In the last two decades, there is a continuously rise in caesarean section rates worldwide with 

considerable public attention and argument, on both the reasons and the adverse effects of this rise 

as the causes for this increase remain not fully understood [1–3]. More to the point, caesarean section 

rates have gradually risen to 19% worldwide with no notable difference on maternal and neonatal 

morbidity and mortality, while in the southeastern European countries, they have risen to or above 

50% of total deliveries [25,26]. In Greece, in 2005, a 41.6% caesarean section rate in two public 

hospitals and an even higher at a 53% rate in a private hospital were previously reported; however, 

larger studies are recommended to confirm these rising rates [5]. 

In agreement with the above increasing trends, the current study revealed a 56.4% caesarean 

section rate during the period 2016-2020, in a nationally representative sample from 11 

geographically diverse regions, rural, urban and islands, in Greece. Alarmingly enough, we found 

that private hospitals had a higher prevalence of caesarean sections than public hospitals and that the 

increasing rates of planned caesarean sections were more frequent in private hospitals than public 

hospitals. This association was sufficiently established in private hospitals where planned caesarean 

sections were clearly more frequent than emergency once.  In this aspect, a systematic review of 17 

studies suggested that several individual and social maternal reasons, involving fear of pain during 

childbirth and perceived inequality and inadequacy of care, contributed to the increased incidence of 

caesarean section delivery on maternal requests [27]. In accordance with our study, a greater 

incidence of caesarean section deliveries in private hospitals than public hospitals has been 

documented in several previous studies [28,29]. These growing caesarean sections rates in private 

health care centers may be ascribed to the economic benefits of caesarean delivery for private 

institutions because of decreased birthing time, the subsequent capability of the hospital to attend 

more deliveries, and the higher cost of caesarean delivery [28,29]. This fact may also explain the 

greater prevalence of planned caesarean sections in private hospitals than public hospitals. In view 
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of the above, the significant relationship between increased rates of caesarean sections and better 

economic status found in the present study seems not to be random. 

There is currently quite a lot of evidence that caesarean sections have been associated with 

multiple maternal risk factors. However, some of the existing findings seem inconsistent and 

inconclusive, providing rather contradictory results at least for certain maternal risk factors. 

Currently, there is substantial evidence that older maternal age, i.e., 35 years or more, considerably 

increases the rate of caesarean sections and their adverse outcomes [15,30]. In line with the above 

findings, we found a significantly higher age in women performing caesarean section compared to 

those delivering vaginally, independently of multiple confounding factors which are also linked with 

raised probability of caesarean section delivery. In this aspect, it should be noted that as maternal age 

increases, considerably over 35 years, the probability of prenatal and perinatal complications raises 

[31]. Usually observed adverse clinical outcomes amongst pregnant mothers over 35 years comprise 

of gestational diabetes, preeclampsia, placenta previa, placental abruption, preterm delivery, low 

birth weight, small-for-gestation-age infants, fetal distress, intrauterine fetal death, gestational 

hypertension, and increased perinatal morbidity and mortality [32]. 

Moreover, several studies in both developed and developing countries reported that women of 

greater socioeconomic backgrounds delay childbearing until they reach the age of 30 years or older 

to carry out their education, obtain a job, and become economically secure before giving children 

[33,34]. Certain studies also documented that residency, women's education, wealth, and parity may 

significantly be associated with caesarean section rates [16]. In support of this view, we found that 

women performing caesarean section had higher educational level and better economic status than 

those delivering vaginally; however, these associations were attenuated after adjusting for 

confounding factors. Multiparity also showed a marginal trend of correlation with caesarean section, 

at a non-significant level though. 

There is strong evidence which suggests that maternal pre-pregnancy overweight and obesity 

increases the probability of caesarean delivery [14,34,35]. Moreover, overweight, and obese women 

who had a caesarean section experienced more adverse outcomes when compared to normal weight 

women with a caesarean section or obese women with a vaginal delivery [36]. In this aspect, the 

recommended strategies to reduce caesarean section have included measures to prevent maternal 

overweight and obesity [17]. In line with the above evidence, we found a greater prevalence of pre-

pregnancy overweight and obesity in women delivering by caesarean section than those performing 

vaginal delivery, independently of multiple confounding factors. 

There are also previous studies supporting evidence that excess gestational weight gain above 

the Institute of Medicine (IOM) guidelines may increase the rates of caesarean section delivery, and 

this proportion is expected to increase as the incidence of overweight and obesity rises [17]. In line 

with the existing knowledge, the present study demonstrated that women performing caesarean 

section had significantly higher rates of gestational weight gain than those delivering vaginally. In 

this aspect, it should be noted that only some women are usually advised about the IOM 

recommendations for gestational weight gain and even less are informed about the significance of 

supporting a healthy weight status before pregnancy [37]. This signifies a lost prospect for effective 

prevention of pregnancy complications, since it has been reported that only 12% of women were 

advised correctly by health care providers, which suggests an urgent demand for improved women 

education [38]. 

Caesarean section has also been considered as a probability factor for preterm birth in previous 

studies [18,19,39]. However, there are also studies that did not support this association, while it 

remains unknown whether the association between caesarean section and preterm birth is causal 

[18,19,39]. Compared with vaginal delivery, caesarean section in the second stage of labor was related 

with enhanced rates of subsequent spontaneous preterm birth at less than 37 weeks of pregnancy, 

and early spontaneous preterm birth at less than 34 weeks of pregnancy [19]. Alarmingly enough, 

preterm birth is the primary cause of mortality and morbidity in early childhood with a projected 

worldwide rate of 10,6% and about 15 million deliveries yearly [40]. In accordance with the above 

studies, we found a positive association between caesarean section prevalence and preterm birth, 
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independently of multiple confounding factors such as maternal age, overweight/ obesity, excessive 

gestational weight gain, gestational diabetes, and hypertension. 

Pregnant women developing gestational diabetes had a higher probability of delivering by 

caesarean section [20], which may further increase the probability of diabetes mellitus type 2 and 

hypertension disease in mothers at the next stages of their life [21]. Preterm delivery, macrosomia, 

abortion, pulmonary distress, stillbirth, and neonatal deaths have been considered among the most 

common outcomes of gestational diabetes [20,21]. However, in our study, we found non association 

between caesarean section prevalence and gestational diabetes. In this point of view, it should be 

noted that a significant percentage of women in our study had increased pre-pregnancy BMI as well 

as excessive gestational weight gain. These contributing factors cannot be excluded in the overall 

analysis of delivery mode, since both pre-pregnancy BMI and gestational weight gain were related 

with higher rates of caesarean section, and they may act as confounding factors ameliorating the 

association of gestational diabetes with caesarean section [41]. Moreover, an increase in caesarean 

deliveries has been associated with elevated incidence for maternal pregnancy-induced hypertension 

[42,43]. However, in our study, we found only a marginal non-significant trend of correlation 

between caesarean section and gestational hypertension which may be ascribed to the low number 

of women developing gestational hypertension included in our study population. 

Caesarean section has previously been identified as an autonomous probability factor of the 

incompetence to begin and maintain breastfeeding, reducing the risk of any, predominant and 

exclusive breastfeeding from discharge to 6 months postpartum [44,45].  In a recent scoping review 

analyzing 16 demographic surveys, Sonedo et al. documented that caesarean deliveries were linked 

to a greater probability of postponed initiation of breastfeeding as well as early interruption of 

exclusive breastfeeding [46]. The above findings were further confirmed by our study highlighting 

the need to reduce caesarean section rate and give specific breastfeeding assistance during early 

postpartum period to the mothers. 

The interpretation of the findings of the present study should be made with some limitations in 

mind. It should be noted that BMI was utilized to distinguish maternal overweight and obesity. 

Nevertheless, direct measures of body fat mass and distribution are required to extend and verify 

our results. Additionally, recall bias was inherent in our study since several potential risk factors 

were self-reported by women. Moreover, in spite of a careful approach to confounding adjustment, 

we recognize the probability of unmeasured confounding. Even though we have adjusted for 

maternal age, nationality education, economic status, smoking habits, parity and other maternal 

perinatal factors, it is still probable that residual confounding may affect our findings, while 

additional lifestyle or health-related factors, like maternal physical activity and mental health status, 

should be included in adjusted multivariate models. The study sample is enough adequate and 

representative since it includes women from 9 geographically diverse areas of Greece. However, large 

scale, population-based, epidemiologic surveys with sample from additional regions of the country, 

urban, rural and island areas are necessary for more reliable conclusions concerning the Greek 

population to be drawn. In addition, no conclusions about causality can be made because of the cross-

sectional design of our study despite its nationally representative nature. 

5. Conclusions 

This is a cross-sectional, nationally representative study in women of reproductive age which 

supported evidence that advanced maternal age, pre-pregnancy overweight/obesity, excess 

gestational weight gain, higher rates of preterm birth, better economic status and smoking habits 

were considerably related with elevated probability of caesarean section, independently of multiple 

confounding factors. The incidence of the caesarean section deliveries recorded in the present cohort 

was far above the WHO recommendations and especially those performing in private health care 

units. However, the present findings should be confirmed by future large-scale, population-based 

clinical trials. Moreover, to address the excess of caesarean deliveries, particularly in private centers, 

future strategies, and policies for stricter diagnosis of the medical indications for caesarean delivery 

and for preventing incentives for caesarean delivery should be accomplished.  
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Emergent public health policies and strategies should also be promoted to confront the 

predominant maternal risk factors-related with caesarean section and inform future mothers how to 

be prevented from them by applying healthier nutritional and lifestyle habits and to select caesarean 

section only due to emergency medical reasons. Alarmingly enough, targeted nutritional intervention 

strategies are strongly recommended to effectively reduce the prevalence of maternal pre-pregnancy 

overweight/obesity and the excess gestational weight gain, which in turn may minimize the risk of 

childhood overweight/obesity. In this aspect, nutritional intervention studies applying healthy 

dietary patterns such as Mediterranean Diet may be proved very efficiently both before and during 

the gestation for controlling body weight of reproductive-aged women, minimizing the risk of 

perinatal complications and increasing the probability for healthier newborns with physiological 

birth body weight, and reducing risk of development of pathological states during childhood such as 

overweight/obesity childhood asthma, diabetes mellitus, e.t.c. 
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