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Abstract

:

Background and Objectives: In the last decades, simultaneously increasing trends have been recorded for both caesarean section delivery and childhood overweight/obesity around the world, which are considered serious public health concerns, negatively affecting child health. Aim: The present study aims to investigate whether caesarean section is associated with the increased rates of childhood overweight/obesity, low childbirth anthropometric indices and postnatal complications in pre-school age. Materials and Methods: This is a cross-sectional study in which 5215 pre-school children aged 2–5 years old were enrolled from nine different Greek regions after applying specific inclusion and exclusion criteria. Non-adjusted and adjusted statistical analysis was performed to assess the impact of caesarean section in comparison to vaginal delivery. Results: Children delivered by caesarean section were significantly more frequently overweight or obese at the age of 2–5 years, also presenting a higher prevalence of low birth weight, length and head circumference. Caesarean section was also associated with higher incidence of asthma and diabetes type I at the age of 2–5 years. In a multivariate analysis, caesarean section increased the risk of childhood overweight/obesity and low childbirth anthropometric indices even if adjusting for several childhood and maternal confounding factors. Conclusions: Increasing trends were recorded for both caesarean section delivery and childhood overweight/obesity, which are considered serious public health concerns. Caesarean section independently increased childhood overweight/obesity in pre-school age, highlighting the emergent need to promote health policies and strategies to inform future mothers about its short and long-term risks and that this mode of delivery should preferably be performed only when there are strong medical recommendations in emergency obstetric conditions.






Keywords:


caesarean section; childhood obesity; birth weight; postnatal outcomes; pre-school age; vaginal delivery; body mass index; public health; obstetric conditions












1. Introduction


Caesarean section is a crucial medical procedure for saving maternal and infant lives in emergency obstetric circumstances, reducing maternal and neonatal morbidity and mortality [1]. The World Health Organization (WHO) recommends a caesarean section rate of about 10–15% of all live births [2]. However, in the last few decades, there has been a gradual increase in caesarean section deliveries, reaching ‘epidemic proportions’ worldwide [3]. This is a serious public health concern because caesarean sections can negatively affect both maternal and child health even if they can be lifesaving [1,2,3].



In Greece, over half of the deliveries occur by caesarean section, making it one of the countries with the greatest caesarean section rates in the world. More pertinent, caesarean section rates increased by almost 50% from 1983 to 1996 [4]. In a previous Greek study, a 41.6% caesarean section rate in two public hospitals and a rate of 53% in a private hospital were reported [5]. The authors of this study supported the view that obstetricians may tend to perform a caesarean section for financial and convenience reasons [6]. In this aspect, the rates of caesarean section deliveries have annually increased more rapidly for women delivering in private health units than those delivering in public hospitals [7].



In its 2015 statement, the WHO reported that caesarean section rates above 10% are not associated with reduced maternal and neonatal mortality and that, ideally, caesarean sections should be performed only when they are medically necessary [8]. Moreover, caesarean section is associated with certain short- and long-term risks, such as a higher prevalence of ectopic pregnancy, fetal death, uterine rupture, premature delivery in subsequent pregnancies or deliveries and a higher incidence of psychiatric symptoms for both the mother and child [9,10]. Short-term risks of caesarean sections on newborns include impaired immune development, higher risk of allergy, atopy and asthma [9], as well as increased respiratory and obesity problems, while long-term health complications include metabolic disorders, diabetes, cardiovascular disease and cancer [11,12,13].



Globally, the number of children affected by obesity has gradually increased tenfold: from 5 and 6 million in 1975 to 50 and 74 million in 2016 for boys and girls, respectively [14]. If these post-2000 trends continue, obesity may affect 25% of all children under 16 years by the end of 2050 [14]. Notably, in the last two decades, the global prevalence of overweight and obesity in children under the age of 5 years old has risen from 32 to 42 million [14]. In this aspect, Greece is considered one of the European countries with a very high rate of childhood obesity and overweight. Notably, the overall prevalence of overweight including obesity is 29.1% in girls, and 31.2% in boys, respectively [15].



Alarmingly enough, once obesity is established in early life, it may extend into adulthood, therefore creating a lifelong condition that is difficult to resolve [16]. Given the current levels of childhood obesity, predictive modelling has suggested that 60% of children today will have obesity by 35 years of age [17]. Obesity is therefore a global public health problem, which is responsible for several adverse consequences. In the short term, children with obesity are at greater risk of adverse physical and psychological comorbidities as well as musculoskeletal difficulties, asthma and obstructive sleep apnea [18]. In the longer term, there is an increased risk of morbidity, including cardiovascular diseases, metabolic disorders, cancer and premature death [19]. The substantial cost of treating the associated health implications has also led to an intense focus on reducing rates of childhood obesity worldwide [20].



Since a similar trend has been observed for both caesarean section delivery and childhood obesity, a possible causal association has been speculated; however, the available studies have currently presented conflicting results. To date, several studies have indicated that caesarean section delivery may be associated with a higher risk of developing childhood and adolescent overweight and obesity compared to vaginal delivery [21,22,23,24,25,26,27,28,29,30]. On the other hand, there are also several studies which have not supported a significant association between caesarean section and childhood or adolescent overweight and obesity [31,32,33,34,35,36,37,38]. It should be noted that some studies did not adjust for potential confounding factors, while others found a moderate or non-association when adjusted for confounders. Thus, the existing results remain inconclusive and the true strength of the association between caesarean section and childhood overweight/obesity remains unclear, let alone when the potential for confounding has not adequately been addressed. The above discrepancies may also be ascribed to the different age groups during childhood or adolescence that were analyzed in the relative studies.



Several studies also indicated that the prevalence of low birth weight was higher in infants delivered by caesarean section than those born with vaginal delivery [39,40,41,42,43,44,45,46,47,48,49]. However, there are also several studies which did not support a significant association between caesarean section and low childbirth weight [50,51], whereas others documented that caesarean section was associated with a lower prevalence for low birth weight [52,53,54]. Thus, there is an urgent need for large scale studies to resolve these controversies. Alarmingly enough, low birth weight has also significant negative consequences for the health and survival of neonates and is an underlying factor in neonatal deaths [55]. Based on the WHO, low birth weight babies are more susceptible to birth asphyxia, trauma, hypothermia, hypoglycemia, respiratory disorders and infections [56]. In addition, low birth weight has long-term consequences in the form of growth inhibition, impairment of cognitive development and increased incidence of chronic diseases such as diabetes type II, hypertension and cardiovascular diseases [57].



Furthermore, there is growing evidence that caesarean section may increase the risk of developing postnatal complications such as diabetes type I and asthma either into childhood or into early adulthood. A substantial meta-analysis on 20 observational studies demonstrated a 20% consistent increase in the risk of childhood diabetes type I after caesarean section [58]. More recent studies also revealed a small but significant and consistent increase in the risk of diabetes type I in children born through caesarean section [59,60,61]. However, other studies did not find any relative association during childhood or adolescence [62,63,64], rendering the overall existing findings controversial and inconclusive. Moreover, several observational studies supported evidence that caesarean section may be one of the risk factors for the development of childhood asthma, although such observations remain inconclusive [65,66,67,68]. Recently, a meta-analysis showed higher risk of developing childhood asthma in the case of caesarean section compared to vaginal delivery [69]. However, the authors speculated that this observation should be interpreted with caution considering the significant heterogeneity of the included studies [69]. In view of all the above considerations, the present cross-sectional study aims to assess whether caesarean section may affect the risk of developing childhood overweight and obesity, childbirth anthropometric indices and certain postnatal complications in pre-school age in a representative children’s population in Greece taking into account multiple confounding factors.




2. Methods


2.1. Subjects


In the present study, 7035 pre-school children at the age of 2–5 years old and their matched mothers were initially enrolled from 9 geographically diverse Greek regions, namely Athens, Thessaloniki, Larisa, Patra, Alexandroupolis, Kalamata, Ioannina, Crete and North Aegean. Recruitment to the study was between May 2016 and September 2020. The inclusion criteria for the initial enrollment were children aged 2–5 years old whose mothers had a singleton birth before 2–5 years. All participants’ information was confidential, and all participating children were disease-free except from a possible development of asthma or diabetes mellitus I during the postpartum period of 2–5 years. Among the 7035 initially enrolled children and their matched mothers, 962 of them (13.7%) were excluded from the study due to missing or incomplete data. Among the remaining 6073 children and the matched mothers, 858 (14.1%) of the participating children were then excluded from the study due to any history of childhood disease such as neurodevelopment disorders (e.g., autism spectrum disorder, attention deficit hyperactivity disorder, mental retardation, motor disorder), diabetes type II, hypertension, anemia, hyperlipidemia, cancer and autoimmune diseases. The history of the potential disease of the excluded children was reported by their mothers in the given questionnaires. A total of 5215 children and their matched mothers were included in the final analysis after the above inclusion and exclusion criteria, resulting in a final response rate equal to 74.1%. The mothers of the children were informed about the purpose of the study and signed a consent form. Sample size calculation was based on the use of PS: the Power and Sample Size calculator programme, while the randomization was carried with the use of a sequence of random binary numbers (i.e., 001110110 in which 0 represented enrollment and 1 represented not enrollment to the study). A sample size of about 7000 participants was derived by the calculator programme. Hence, from an initial sample of about 12,300 volunteers, 7035 mothers and their paired children were randomly assigned by the use of the above sequence of random binary numbers. 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).




2.2. Study Design


At the time of study, i.e., 2–5 years after delivery, validated semi-quantitative questionnaires were used to assess the sociodemographic, anthropometric and lifestyle characteristics and perinatal and postnatal outcomes of the study population [70,71,72]. The questionnaires were completed by the mothers of the children. The children’s anthropometric measures (weight, length and head circumference) at the time of birth were retrieved by their mothers’ gynecologists’ or hospitals’ medical records. The children’s anthropometric parameters (weight and height) at the age of 2–5 years old (i.e., 2–5 years postpartum) were measured by a trained nutritionist as per protocol. Weight was measured using the same electronic scale, and height was measured using a portable stadiometer [70,71,72]. The International Obesity Task Force (IOTF) reference was used to define overweight and obesity in pre-school children [73,74].



Additionally, the mode of delivery (vaginal or caesarean section) and diabetes mellitus type I was recorded by self-report from the mothers of the study children. Childhood asthma was diagnosed by a specialized physician using questionnaires based on the International Study of Asthma and Allergies in Children and reporting of asthma-specific medication and healthcare use [75]. Mothers were also asked to report if they had a preterm birth (<37th week) and their answers were further cross-checked by their gynecologists’ or hospitals’ medical files for more precise records on the exact week of preterm birth to be obtained; however, we observed that there were several missing data concerning the exact week of preterm birth in the medical records and several of them did not agree with the mothers’ answers and thus preterm birth was treated as the binary outcome as before and after the 37th week of pregnancy. Women’s weight at the first weeks of pregnancy and right before the delivery were retrieved from their personal gynecologists’ or hospitals’ medical files in which measured weight data had been recorded during the mothers visits to healthcare units. The mothers’ pre-pregnancy body mass index (BMI) was calculated from measured weight and height at the first weeks of pregnancy. Gestational weight gain was calculated by subtracting the retrieved measured mothers’ weight at the first weeks of pregnancy from the retrieved measured weight right before the delivery [70,71,72].



Maternal age, nationality, educational and economic status, smoking habits and parity status were retrieved by the mothers’ answers from the questionnaires 2–5 years postpartum and they were based on the mothers’ memory recall. In fact, educational level was scaled according to the sum of years of education and economic status was classified according to the annual family income as: EUR 0 ≤ 5000, EUR 1 ≤ 10,000, EUR ≤ 15,000, EUR 3 ≤ 20,000, EUR 4 ≤ 25,000 and EUR 5 ≥ 30,000. Financial status was further categorized as low for annual family income ≤ EUR 10,000, medium for annual family income ˃ EUR 10,000 and ≤EUR 20,000, and high for annual family income ˃ EUR 20,000 [70,71,72].



The mothers were asked whether they breastfed their children, whether they exclusively breastfed for at least four months and the duration of breastfeeding. To overcome recall bias, the women were asked regarding exclusive breastfeeding for at least four months because at this time point most of them were advised to gradually introduce pulp foods to the feeding practices of their children and they therefore remembered this time point more precisely, rendering their answers more reliable. In contrast, mothers who breastfed for shorter periods were not able to answer the exact duration of breastfeeding with absolute confidence [70,71,72].



Clarifying instructions were given to the mothers of the study children by qualified dietitians and nutritionists regarding the completion of questionnaires while a detailed presentation of the questions to facilitate accurate answers was performed.




2.3. Statistical Analysis


Statistical analysis was performed by Student’s t-test for continuous variables followed by finding the normal distribution using the Kolmogorov–Smirnov test. Chi-square test was used for categorical variables. The normally distributed quantitative variables are presented as mean value ± standard deviation (SD) and the qualitative variables as absolute or relative frequencies. Multivariate logistic regression analysis was performed to assess whether mode of delivery is independently associated with childhood anthropometric factors after adjustment for childhood and maternal potential confounders. Differences were considered significant at p < 0.05 and 95% Confidence Interval. The statistical analysis of the survey data was performed by Statistica 10.0 software, Europe (Informer Technologies, Inc., Hamburg, Germany).





3. Results


3.1. Demographic and Anthropometric Characteristics and Perinatal and Postnatal Outcomes of the Study Population


The present study finally enrolled 5215 children aged 2–5 years old and their matched mothers based on the study inclusion and exclusion criteria. The mean age of the children was 4.1 ± 1.1 years (range: 2.0–5.5 years). Concerning the children’s gender, 50.8% of the children were female and 49.2% were male. Regarding BMI classification at the age of 2–5 years, 16.6% of the children were overweight and 7.9% of the children were obese. The mean birth weight of the study population was 3188 ± 513 g (range: 1320–5000 g); 8.3% of them had low newborn weight (<2500 g) and 6.0% of them had high newborn weight (>4000 g). The mean birth length was 46.6 ± 2.0 cm (range: 40–54 cm) and the mean birth head circumference was 36.1 ± 1.9 cm (range: 32–39 cm). As far as the mode of delivery is concerned, 43.5% of them were delivered vaginally and 56.5% of them were born by caesarean section. As far as postnatal outcomes are concerned, 4.5% of study children developed asthma, and 4.3% of them developed diabetes mellitus type I at the age of 2–5 years old.




3.2. Mode of Delivery in Association with Demographic and Anthropometric Characteristics of the Participant Children


The female children were significantly associated with higher rates of caesarean section than the male children (Table 1). The children delivered by caesarean section were significantly more frequently overweight or obese at the age of 2–5 years old compared to those delivered vaginally (Table 1). In fact, among the children born by caesarean section, 12.8% were overweight and 3.4% were affected by obesity at the age of 2–5 years old. The incidences of overweight and obesity were increased to 19.5% and 11.4%, respectively, among the children born by vaginal delivery (Table 1). The children delivered by caesarean section had significantly lower birth weight than those born by vaginal delivery (Table 1). Among the children born by vaginal delivery, 3.2% had low newborn weight (<2500 g), while this incidence was increased to 12.3% among the children delivered by caesarean section (Table 1). The children born by caesarean section also had significantly lower rates of birth length and birth head circumference compared to those delivered vaginally (Table 1).




3.3. Mode of Delivery in Association with Childhood Postnatal Outcomes


The children born by caesarean section had a significantly higher prevalence of developing asthma at the next 2–5 years of their life compared to those delivered vaginally (Table 1). In fact, among the children born by vaginal delivery, 3.6% developed asthma until the age of 2–5 years old, while this incidence increased to 5.3% among children delivered by caesarean section (Table 1). The children born by caesarean section had a significantly higher prevalence of developing diabetes mellitus type Ι until the age of 2–5 years old compared to those delivered vaginally (Table 1). Among children born by vaginal delivery, 3.6% developed diabetes mellitus type I until the age of 2–5 years old, while this incidence increased to 4.8% among the children delivered by caesarean section (Table 1).




3.4. Multivariate Logistic Regression Analysis Assessing the Impact of Caesarean Section Delivery on Childhood Overweight/Obesity after Adjustment for Potential Childhood Confounding Factors


In the multivariate logistic regression analysis, caesarean section delivery was independently associated with childhood overweight/obesity after adjustment for potential childhood confounding factors (Table 2). In fact, the children delivered by caesarean section had a more than two-fold higher risk of developing overweight or obesity at the age of 2–5 years old (Table 2). Caesarean section delivery was also independently associated with childbirth weight and asthma development (Table 2). In particular, the children delivered by caesarean section had a 15% higher probability of being born with low weight and a 26% higher risk of developing asthma at the age of 2–5 years old (Table 2). The children’s age, gender, birth length and head circumference, as well as diabetes type I development did not remain significant in multivariate analysis (Table 2).




3.5. Multivariate Logistic Regression Analysis Assessing the Impact of Caesarean Section Delivery on Childhood Overweight/Obesity after Adjustment for Potential Maternal Confounding Factors


In a second multivariate regression model, caesarean section delivery was independently associated with overweight/obesity in children and lower birth weight after adjustment for several maternal risk factors such as maternal age, nationality, pre-pregnancy BMI, educational and economic status, smoking habits, parity, gestational weight gain, preterm birth, gestational diabetes, hypertension and exclusive breastfeeding (Table 3). In fact, the children delivered by caesarean section had an 88% higher risk of developing overweight or obesity at the age of 2–5 years old (Table 3). The children delivered by caesarean section had an 11% higher probability of being born with low weight (Table 3). The older women had a 53% higher risk of delivering by caesarean section (Table 3). The overweight and obese women before pregnancy had a two-fold higher probability of giving birth by caesarean section (Table 3). The mothers presenting excess gestational weight gain and preterm birth showed a 22% and 67% higher risk of giving birth by caesarean section, respectively (Table 3). The mothers giving birth by caesarean section had a 47% higher probability of not exclusively breastfeeding (Table 3).





4. Discussion


In the last decades, simultaneously increasing trends have been recorded for both caesarean section delivery and childhood overweight/obesity, and thus a possible causal association has been speculated; however, the available existing studies have presented rather conflicting and inconclusive results. Notably, several studies have supported evidence that caesarean section delivery may increase the risk of developing childhood and adolescent overweight and obesity compared to vaginal delivery [21,22,23,24,25,26,27,28,29,30]. In accordance with the above studies, we found that children delivered by caesarean section had a two-fold higher risk of developing overweight or obesity at the age of 2–5 years in a representative sample of nine geographically diverse Greek regions, even if we adjusted for several confounding factors such as maternal age, pre-pregnancy BMI, gestational weight gain and preterm birth.



On the other hand, in a recent cross-sectional Greek study, the type of delivery had no impact on the weight status in early adolescent children aged 10–12 years [31]. In this aspect, it should be noted that Pei et al. asserted that the type of delivery could affect body weight development only in early childhood, whereas it had no significant effect at the age of 10 years [76]. In support of this view, a prospective study by Yuan et al. showed a marginally significant positive effect of caesarean section on the prevalence of obesity in childhood, though the significance level seemed to decrease as the age increased [77]. Accordingly, in a longitudinal cohort study in Ireland, children at 6 months of age who were born by caesarean section had a significantly higher BMI, but this association did not persist into future childhood [33]. Vinding et al. also showed a higher BMI at 6 months of age in children born by caesarean section compared to those delivered vaginally, whereas this difference did not remain significant into later childhood at the age of 5 or 13 years [35].



Moreover, there are several studies which did not support a significant association between caesarean section and childhood or adolescent overweight and obesity [31,32,33,34,35,36,37,38]. These controversies may be ascribed to the fact that some studies included children of a higher age, e.g., 8–12 years, or focused on adolescents. Another possible explanation for these discrepancies could be the broader range of the children’s age group (e.g., 2–14 years) included in certain of them.



There is also substantial evidence that the incidence of low birth weight was higher in children born by caesarean section than those born by vaginal delivery [39,40,41,42,43,44,45,46,47,48,49]. In line with the above studies, we found that children delivered by caesarean section had a higher incidence of low birth weight than those delivered vaginally. On the other hand, there are some controversial results around the association between low birth weight and caesarean section. For example, Hailu and Kebede [52] reported that caesarean section may exert a preventive effect on low birth weight which could be explained by the caesarean section rates. In fact, it has been speculated that when the rate is within the WHO recommended range, it will be protective against low birth weight; otherwise, it will be a risk factor [40].



As far as postnatal outcomes are concerned, caesarean section seems to slightly increase the risk of diabetes type I in childhood and adolescent [58,59,60,61]. In line with the previous studies, we found a significant increased prevalence of diabetes type I in children delivered by caesarean. However, this increase was only marginal and non-significant after adjustment for confounding factors. This finding is in accordance with certain studies which showed that this association is not consistent with a causal effect, as several confounding factors may account for the elevated risk [59,60,61]. There is also evidence that caesarean section may be associated with a higher risk of childhood asthma [65,66,67,68]. Accordingly, we found a significant association between caesarean section and increased risk of childhood asthma, even if adjusting for several confounding factors. In this context, a recent meta-analysis also revealed an increased risk of childhood asthma occurrence; however, the authors were concerned about the significant heterogeneity of the results of the included studies which did not permit consistent conclusions to be derived [69].



There are some limitations in our study which should be taken into careful consideration. The use of a questionnaire with questions that depend on the memory of the mothers may lead to recall bias. However, there are studies that have shown that parents are able to remember diseases or occurrences with their children. Moreover, epidemiological studies using questionnaires are low cost and extremely useful for generating information. To overcome such recall bias, childhood asthma was diagnosed by a specialized physician using questionnaires based on the International Study of Asthma and Allergies in Children and reporting of asthma-specific medication and healthcare use [73]. However, it should be noted that asthma diagnosis is considered less accurate in young children due to its clinical instability in early years of life [78].



Another limitation deals with the fact that BMI was used to define childhood and maternal overweight and obesity; however, direct measures of body fat mass and distribution are needed to extend and confirm our findings. Additionally, despite a thorough approach to confounding adjustment, we acknowledge the possibility for unmeasured confounding. Even though we have adjusted for multiple confounders such as maternal age, pre-pregnancy BMI, gestational weight gain and preterm birth, it is still possible that residual confounding may have affected our results, while additional lifestyle or health-related factors, such as physical activity and mental health status, could further be included in the adjusted statistical model. Moreover, the children’s medication such as antibiotic use was not recorded. This should be taken into consideration in future studies since antibiotics used during the first 6 month of life have been associated with childhood overweight/obesity [33].



The study’s sample originated from a proportion of Greek areas and thus the generalizability of the findings is restricted to the entire population of children from Greece at 2–5 years of age. However, the study’s sample was enough large and includes children who live in nine geographically diverse Greek regions, including urban and rural areas and islands, thus its representativeness could be considered high enough at least for Caucasian populations. To date, there are no data concerning potential genetic factors (polymorphisms) or population characteristics for Greeks which could explain the controversial results in comparison with the other studies. On the other hand, no conclusions about causality can be made due to the cross-sectional design of our study. Moreover, we had no data concerning the indications of caesarean section for our study sample, which could provide strong explanations as to why low birth weight children were delivered more often by caesarean section.




5. Conclusions


This is a cross-sectional study in a representative children’s population in Greece which supported evidence that caesarean section may increase the risk of developing overweight and obesity in pre-school children at the age of 2–5 years old, independently of multiple confounding factors. Caesarean section may also be associated with low childbirth weight and increased risk of developing postnatal outcomes such as childhood asthma and diabetes type I. Future large-scale, well-designed, randomized clinical trials, which will include a greater number of children, and especially a higher proportion of children with postnatal complications are strongly recommended to confirm the present findings. Emergent health policies and strategies should be promoted to inform future mothers that caesarean section is related to certain short- and long-term risks, including childhood overweight obesity, and that this mode of delivery should ideally be performed only when there are strong medical recommendations in emergency obstetric conditions.
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Table 1. Associations of mode of delivery with childhood demographic and anthropometric characteristics and perinatal and postnatal outcomes.
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Characteristics (n = 5215)

	
Mode of Delivery




	
Vaginal (43.5%)

	
Caesarean Section (56.5%)

	
p-Value






	
Age (years ± SD)

	
4.01 ± 1.04

	
4.10 ± 1.07

	
p = 0.0041




	
Gender (n, %)

	

	

	
p = 0.0007




	
Male

	
1178 (51.9)

	
1388 (47.1)

	




	
Female

	
1092 (48.1)

	
1557 (52.9)

	




	
BMI at the age of 2–5 years old (n, %)

	

	

	
p < 0.0001




	
Normal weight

	
1903 (83.8)

	
2036 (69.1)

	




	
Overweight

	
290 (12.8)

	
573 (19.5)

	




	
Obese

	
77 (3.4)

	
336 (11.4)

	




	
Birth weight (g ± SD)

	
3280 ± 458

	
3116 ± 541

	
p < 0.0001




	
Birth weight status (n, %)

	

	

	
p < 0.0001




	
Low newborn weight (<2500 g)

	
72 (3.2)

	
363 (12.3)

	




	
Normal newborn weight (2500–4000 g)

	
2025 (89.2)

	
2443 (83.0)

	




	
High newborn weight (>4000 g)

	
173 (3.3)

	
139 (4.7)

	




	
Birth length (cm ± SD)

	
47.7 ± 2.0

	
45.7 ± 1.6

	
p = 0.0016




	
Birth head circumference (cm ± SD)

	
37.1 ± 2.0

	
35.3 ± 1.4

	
p = 0.0075




	
Asthma (n, %)

	

	

	
p = 0.0045




	
No

	
2188 (96.4)

	
2790 (94.7)

	




	
Yes

	
82 (3.6)

	
155 (5.3)

	




	
Diabetes type I (n, %)

	

	

	
p = 0.0265




	
No

	
2189 (96.4)

	
2803 (95.2)

	




	
Yes

	
81 (3.6)

	
142 (4.8)
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Table 2. Multivariate logistic regression analysis assessing the impact of caesarean section delivery on childhood overweight/obesity after adjustment for potential childhood confounders.
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Characteristics

	
Caesarean Section




	
OR * (95% CI **)

	
p-Value






	
Age (below/over mean value)

	
1.21 (0.77–1.82)

	
p = 0.2257




	
Gender (male/female)

	
1.06 (0.48–1.71)

	
p = 0.2874




	
BMI at the age of 2–5 years old (normal/overweight or obese)

	
2.24 (1.83–2.67)

	
p = 0.0033




	
Birth weight (below/over mean value)

	
0.85 (0.45–1.22)

	
p = 0.0128




	
Birth length (below/over mean value)

	
1.29 (0.47–2.12)

	
p = 0.6870




	
Birth head circumference (below/over mean value)

	
1.10 (0.36–2.01)

	
p = 0.5985




	
Asthma (no/yes)

	
1.26 (0.80–1.69)

	
p = 0.0249




	
Diabetes type I (no/yes)

	
1.09 (0.52–1.88)

	
p = 0.0856








* OR: Odds Ratio. ** CI: Confidence Interval.
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Table 3. Multivariate logistic regression analysis assessing the impact of caesarean section delivery on childhood overweight/obesity after adjustment for potential maternal confounders.
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Characteristics

	
Caesarean Section




	
OR * (95% CI **)

	
p-Value






	
BMI at the age of 2–5 years old (normal/overweight or obese)

	
1.88 (1.62–2.13)

	
p = 0.0081




	
Birth weight (below/over mean value)

	
0.89 (0.51–1.33)

	
p = 0.0306




	
Maternal age (below/over mean value)

	
1.47 (1.21–1.80)

	
p = 0.0064




	
Maternal nationality (Greek/other)

	
0.98 (0.32–1.69)

	
p = 0.5813




	
Maternal pre-pregnancy BMI (underweight or normal/overweight or obese)

	
2.01 (1.76–2.33)

	
p = 0.0057




	
Maternal education level (below/over mean value)

	
1.36 (0.81–1.98)

	
p = 0.2012




	
Family economic status (low or medium/high)

	
1.25 (0.80–1.79)

	
p = 0.0649




	
Maternal smoking habits (no/yes)

	
1.67 (1.24–2.11)

	
p = 0.0882




	
Maternal parity (nulliparity/multiparity)

	
1.16 (0.67–1.75)

	
p = 0.1879




	
Gestational weight gain (below/over mean value)

	
1.22 (0.86–1.67)

	
p = 0.0184




	
Preterm birth (no/yes)

	
1.67 (1.28–2.13)

	
p = 0.0218




	
Gestational diabetes (no/yes)

	
1.05 (0.21–2.09)

	
p = 0.8893




	
Pregnancy induced hypertension (no/yes)

	
1.14 (0.65–1.89)

	
p = 0.3016




	
Exclusive breastfeeding (yes/no)

	
0.53 (0.24–0.88)

	
p = 0.0085








* OR: Odds Ratio. ** CI: Confidence Interval.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  medicina-59-00664


  
    		
      medicina-59-00664
    


  




  





media/file0.png





