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Abstract 

Aims/hypothesis Some studies have revealed a relationship between Caesarean section (CS) and type 1 

diabetes, while other studies have not. By using the Swedish paediatric quality register we investigated 

whether birth by CS is related to the risk of developing type 1 diabetes during childhood.     

Methods All children diagnosed with type 1 diabetes from 2000 to 2012 and included in the register 

(n=9376) were matched with four controls by year, day of birth, sex and county of birth from the Swedish 

Medical Birth Register. 

Results Overall, 13.5% of deliveries were by CS. By group, 14.7% of children who developed type 1 

diabetes were delivered by CS compared with 13.5% of control children (p<0.001). Mothers with diabetes 

more often gave birth by CS than mothers without diabetes (78.8% vs 12.7%, p<0.001). In a logistic 

regression model adjusting for maternal age, maternal diabetes and BMI in early pregnancy, the OR for CS 

was 1.0. A child who developed type 1 diabetes and had a mother with type 1 diabetes at the time of 

delivery had the highest OR to have been born by CS. Children of mothers without diabetes, delivered by 

CS, had no increased risk of developing type 1 diabetes. Maternal diabetes was the strongest predictor of 

childhood diabetes (OR 3.4), especially if the mother had type 1 diabetes (OR 7.54). 

Conclusions/interpretation CS had no influence on the risk of type 1 diabetes during childhood or 

adolescence. However, maternal diabetes itself strongly increased the risk of offspring developing type 1 

diabetes.  
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Abbreviations 

CS  Caesarean section 

MBR  Medical Birth Register 

SWEDIABKIDS Swedish paediatric diabetes quality register 

 

Introduction 

The incidence of type 1 diabetes in children has increased worldwide [1, 2]. In Sweden, it is the most 

common serious chronic disease among children under the age of 18 years. According to the Swedish 

paediatric diabetes quality register (SWEDIABKIDS), about 800 new cases of type 1 diabetes in children 

below 18 years are reported annually, and more than 8000 children are undergoing insulin treatment [3]. 

Parallel to the increasing rates of type 1 diabetes an increasing Caesarean section (CS) rate has been 

observed [4-7] in developed countries. In Sweden, the rate of CS rose from 6.5% in 1974 to 17.6% in 2006 

and has since stabilised at around 17% [8].  

It is known that type 1 diabetes has a strong genetic component in the HLA area [9]. Environmental factors 

are believed to contribute to 50% of the risk of developing type 1 diabetes. Some of these factors from the 

perinatal period [10] are believed to increase the risk of developing the disease. 

Several studies have investigated CS in relation to the risk of type 1 diabetes during childhood. The results 

of a meta-analysis including 16 observational studies indicated a possible association between a higher 

frequency of CS and an increased risk of type 1 diabetes [11]. Khashan et al [12], in a newly published 

sibling design study, show an association between elective, but not emergency, CS and type 1 diabetes. 

However, they also show that this association is not consistent with a causal effect, as familial confounding 

may account for the elevated risk  

The availability of SWEDIABKIDS and the Medical Birth Register (MBR) provides an excellent 

opportunity to further elucidate the potential effect of CS on the risk of childhood type 1 diabetes. It is 

necessary to adjust for maternal characteristics as well as for the possible differences between an elective 

and emergency CS. 

The aim of this study was to investigate whether there is an association between CS and the risk of type 1 

diabetes onset in childhood. All children who developed type 1 diabetes during the years 2000-2012 and 

were registered in SWEDIABKIDS were compared with a control group that consisted of children born in 

Sweden during the same years. 

 
Methods 

SWEDIABKIDS The quality register was stepwise and randomly introduced in Sweden during 2000–2007. 

Since 2008, outpatient attendance at all 43 paediatric clinics has been registered in SWEDIABKIDS. In 

Sweden, paediatric clinics treat all children and adolescents aged 0–18/19 years (in some cases up to 20 

years of age) with diabetes from defined geographic areas. Thus, the register includes data on almost all 

(approximately 99%) children and adolescents with diabetes in Sweden. In 2012, the register included data 

from more than 280,000 outpatient visits (annual report 2013; https://swediabkids.ndr.nu). 

https://swediabkids.ndr.nu/


Initially, up until 2007, data were registered locally by doctors and/or nurses in a specially designed 

programme for childhood diabetes. The register has been web-based since 2008 and is available to all 

paediatric diabetes centres in Sweden. SWEDIABKIDS is financially supported by the Association of Local 

Authorities and Regions, SALAR, which represents the governmental, professional and employer-related 

interests of Sweden’s municipalities county councils and regions (http://english.skl.se/). SWEDIABKIDS 

has the status of a national quality register, and the patients are fully informed about the register before 

agreeing to be included. 

MBR The MBR includes nearly all pregnancies that have resulted in births in Sweden since 1973 and 

contains information about the pregnancy, delivery and antenatal health of the child. Only 1-3% of 

deliveries are missing from the register each year. These cases are missing due to hospital errors in 

reporting. The register is based on the medical charts from antenatal, obstetric as well as neonatal care [13]. 

By use of the personal identification number of the women, information about the height and weight in early 

pregnancy, parity, smoking habits, gestational week at childbirth as well as mode of childbirth were 

collected. In addition, information about maternal diabetes was collected which corresponded to the 

diagnostic code O24 in ICD-10 (International Statistical Classification of Diseases and Related Health 

Problems, the 10th edition). In 1997, MBR started to report the different types of diabetes; before that the 

diagnosis of diabetes was not further specified (i.e. diabetes could be type 1, type 2 or gestational diabetes). 

In MBR, there are missing data on BMI in early pregnancy (n=12021), smoking (n=2703) and Apgar score 

(n=7723).  

Study populations All patients with type 1 diabetes of 0–18/19 years of age and diagnosed between January 

2000 and October 2012 and registered in SWEDIABKIDS were included (n=9376). Among these patients, 

5172 (55.2%) were boys and 4204 (44.8%) were girls. The age at diagnosis varied from under 1 year of age 

up to 17 years of age. The children were born between 1984 and 2012; the majority (91%) were born 

between 1990 and 2012. Each person included from SWEDIABKIDS was matched with four controls with 

the same year and day of birth, same sex and who were born in the same region of Sweden (n=37504). In 

this study we used information from the MBR regarding method of delivery for the total study population 

(n= 46880). The study was approved by the Regional Ethical Review Board in Linköping (Dnr 2011/381-

31) prior to any data collection. 

Statistics Pearson’s χ2 test was used to analyse the univariate relationship between mode of delivery and 

maternal as well as obstetric characteristics such as smoking, sex of the child, size for gestational age, birth 

order and proportion of children who developed type 1 diabetes. The student’s t test was used to assess 

differences between mode of delivery and continuous variables such as maternal age when giving birth, BMI 

in early pregnancy, birthweight and Apgar score at 5 and 10 min. Multivariate analyses included multiple 

logistic regression in which the dependent variable was set to type 1 diabetes in the child and independent 

variables were mode of delivery, maternal diabetes, maternal age when giving birth and BMI in early 

http://english.skl.se/


pregnancy (Table 4). In addition, a separate multiple logistic regression model was performed in which 

delivery by CS was set as the dependent variable and maternal age when giving birth, BMI in early 

pregnancy, sex of the child and age at onset of type 1 diabetes (Table 5) were all included as independent 

variables. Missing data were excluded in the regression analyses. All statistical analysis was performed 

using IBM SPSS version 22 (IBM, Armonk, NY, USA). A p value < 0.05 (two-sided) was considered 

statistically significant.  

Results 

In Table 1, maternal characteristics and obstetric outcomes are presented. The analyses show that maternal 

age and BMI were higher in both the elective and acute CS groups, compared with the vaginal delivery 

group (p<0.001; Table 1).  

In Fig. 1, the proportion of mothers with and without diabetes who underwent CS is shown. Delivery by CS 

was more common in mothers with diabetes than in mothers without diabetes: 78.8% (476/604) vs 12.7% 

(5873/46276) (p < 0.001).  

Table 2 shows in more detail that mothers without diabetes had the same proportion of children who later 

developed type 1 diabetes, whether they were delivered vaginally or by CS. Mothers with diabetes had more 

children who later developed type 1 diabetes no matter what mode of delivery was used, and the majority of 

mothers with type 1 diabetes delivered by CS. 

In mothers of children who developed type 1 diabetes, 14.7% gave birth by CS compared with 13.3% of 

mothers of children in the control group (Table 3; p<0.001). Furthermore, 4.8% (n=453) of children who 

developed type 1 diabetes were delivered by acute CS compared with 3.3% (n=1254) of controls (Table 3; 

p<0.001). There was no difference between mothers with children who later developed diabetes and mothers 

of control children regarding planned CS (9.9% each). However, 0.9% (n = 328) of control children had a 

mother with diabetes compared with 2.9% (n = 276) of children who later developed type 1 diabetes 

(p<0.001). In addition, we also know that 213 of the 604 mothers with diabetes had type 1 diabetes; of these, 

73 were mothers to control children (0.4%) and 140 were mothers (3.2%) to children who later developed 

diabetes (Table 3; p < 0.001). Overall, and in both groups, mothers diagnosed with diabetes had significantly 

higher BMI in early pregnancy compared with mothers who did not have diabetes (Table 3; p<0.001).  

Unexpectedly, for children of mothers with type 1 diabetes, we observed a higher degree of development of 

type 1 diabetes among girls than boys (3.5% vs 3.0%). Adding mothers with all types of diabetes made the 

figures more equal: 3.1% for girls and 2.8% for boys.  

In the extended analyses of type 1 diabetes cases and four matched controls per case of the relationship 

between the development of diabetes among the children and the presence of maternal diabetes, it was found 

that boys more often developed type 1 diabetes if the mother had diabetes, compared with boys born to 

mothers without diabetes (47.4% (144/304) vs 19.7% (5028/25556), p<0.001). The figures were about the 



same for girls (44% (132/300) vs 19.7% (4072/20720), p<0.001). When restricting our comparisons to 

mothers with and without type 1 diabetes this pattern was strengthened. In boys, if the mother had type 1 

diabetes at the time of delivery, 61.3% (68/111) developed type 1 diabetes compared with 19.5% 

(2182/11139) if the mother did not have type 1 diabetes, p<0.001. Corresponding figures for girls were 

70.6% (72/102) and 19.4% (1989/10203), p<0.001. 

 If the mother had diabetes (either type 1, type 2 or gestational), 42.1% (53/126) of the children delivered 

vaginally developed type 1 diabetes (Table 2); of those delivered with acute CS 52.3% (91/174) developed 

type 1 diabetes; and of those delivered by planned CS 43.4% (132/304) developed type 1 diabetes. 

Corresponding figures for children who developed diabetes but had mothers without diabetes were 19.7% (n 

= 7946), 18.6% (n = 833) and 22.9% (n = 321), respectively (p < 0.001). Furthermore, only including 

mothers with type 1 diabetes (n=213) in the analysis, 97.7% of the children were found to have been 

delivered by CS, of which 62% (n=129) were by planned CS. In comparison, among mothers without type 1 

diabetes (n=21342), 17.1% of children had been delivered by CS (p<0.001), of which 36.3% (n=1323) were 

by planned CS.  

 

Mothers of children who did not develop type 1 diabetes had about the same mean age as mothers of 

children who later developed type 1 diabetes: 29.02 ± 5.1 and 29.16 ± 5.1 years. However, mothers who 

delivered by CS were significantly older than mothers who had a vaginal delivery: 30.5 ± 5.2 and 28.8 ± 5.0 

years (p < 0.001). Moreover, mothers who had diabetes (n = 604) were older than mothers without diabetes 

(n = 46276): 30.55 ± 5.2 and 29.03 ± 5.1 years (p<0.001). In mothers with diabetes, there were also a higher 

proportion of mothers who were above 30 years of age when giving birth: 58.9% compared with 45.1% of 

mothers without diabetes (p<0.001).  

The multivariate analysis In the multivariate analysis, the OR for developing type 1 diabetes, when only 

including CS in the logistic regression model, was estimated to be 1.12 (95% CI 1.06, 1.2; p < 0.001), but 

when only including maternal diabetes the OR increased to 3.44 (95% CI 2.92, 4.04; p < 0.001) and when 

only including maternal type 1 diabetes the OR was 7.9 (95% CI 5.94, 10.5; p < 0.001). Including both 

maternal diabetes and CS in the model the OR for CS was no longer statistically significant while maternal 

diabetes remained statistically significant (OR 2.89, 95% CI 2.03, 4.1; p < 0.001). Including maternal age in 

the multiple logistic regression model did not alter these findings (Table 4). An interaction term between 

maternal diabetes and CS also did not alter these findings, as it was statistically insignificant. 

 

The diabetes population Table 5 shows the OR for CS in this population of children who later developed 

type 1 diabetes. For instance, when only including maternal age the OR was 1.06. If the mother had diabetes 

at the time of delivery the OR was 28.9. The adjusted values are nearly the same as the unadjusted ones. 



Hence, if a mother of a child who later developed type 1 diabetes had type 1 diabetes at the time of delivery 

this child had the highest likelihood of having been delivered by CS. The OR for a child who later developed 

type 1 diabetes to be delivered by CS if the mother had no diabetes at the time of delivery was 1.0 (95% CI 

0.93, 1.07).  

Discussion 

In this nationwide population-based investigation of children born from 1984 to 2012 we did not find an 

increased risk of diabetes during childhood and adolescence among children born by CS. Unadjusted data 

showed a small but significant relationship between the incidence of childhood type 1 diabetes and CS. The 

unadjusted OR of 1.12 was in line with the OR from other studies [11, 12, 14] but after adjustments for 

potential confounders, the increased risk disappeared. Our results are supported by a nationwide study from 

Norway that found no association between CS and the incidence of type 1 diabetes in children [15], and this 

has also been shown by others [10, 16]. The effect of CS on the incidence of type 1 diabetes disappears in 

this study by the influence of maternal age, BMI early in pregnancy and maternal diabetes. The BMI of 

mothers had a small influence on the risk of type 1 diabetes in the children. As in the meta-analysis study by 

Cardwell et al [11] the risk of developing type 1 diabetes during childhood was very high if the mother had 

diabetes, especially type 1 diabetes. Consequently, the highest likelihood of a child who later develops type 

1 diabetes to be delivered by CS arises if the mother has type 1 diabetes at the time of delivery. 

Higher maternal age is related to an increased risk of offspring developing type 1 diabetes during childhood 

[11, 17, 18] and CS seems to be more common if the mother is above 30 years [12]. Both of these findings 

were verified in this study, as we found both that mothers who delivered by CS were significantly older than 

mothers who had a vaginal delivery and that mothers with diabetes were older than mothers without 

diabetes.  

Warrem et al and others over the years have observed that maternal type 1 diabetes is associated with a 

lower risk of type 1 diabetes in the offspring than paternal type 1 diabetes [19–21]. The risk is twofold 

greater in children of a father than a mother with type 1 diabetes [19, 21, 22]. The reason for this finding is 

not known, but it could be due to differences in susceptibility genes. The intrauterine environment could be 

another reason. Pregnancy in mothers with type 1 diabetes is characterised by fluctuating glycaemia and 

altered lipid metabolism [23–25]. Unfortunately, it was not possible for us to investigate whether or not the 

fathers had diabetes in this study. Nevertheless, the results of this study show that hereditary factors are very 

strong. Irrespective of the mode of delivery, children who later developed diabetes more often had a mother 

with diabetes than was the case for the control children.  

Over the years there have been several improvements in the treatment of diabetes, including treatment 

during pregnancy. Diabetic pregnancy is, therefore, perhaps less complicated now compared with 10-20 

years ago. It could also be that today more women with diabetes choose to have children of their own. 



Perhaps the twofold greater risk of type 1 diabetes in children of a father than a mother with type 1 diabetes 

will disappear with time, and mothers and fathers will have the same effect on increased risk. Nevertheless, 

as shown by Algert et al [14], the influencing factors are most obvious in children who develop type 1 

diabetes at a very young age. 

Since 53% of the children and adolescents with type 1 diabetes in Sweden are boys [3], one might have 

expected the same pattern in this study. However, instead more girls than boys developed diabetes if the 

mother had diabetes, particularly type 1 diabetes. As far as we know, this finding is new but we have no 

explanation or answer for it.  

Why is CS thought to be associated with the incidence of type 1 diabetes? One theory is that the gut 

microbiota may play an important role in stimulating the development of the immune system [26, 27]. 

Studies have shown that the gut microbiota differ in children born by CS compared with vaginally born 

children [28]. These differences are evident 1 day after birth and can persist for many years [29]. This 

difference may increase the risk of type 1 diabetes. Other theories are the hygiene hypothesis and perinatal 

stress. Children delivered by CS have decreased exposure to certain maternal infections compared with 

children born vaginally and, therefore, have an increased risk of type 1 diabetes [30]. Children born by CS 

often lack the stress response [31], which can result in a less mature immune system. All these theories may, 

of course, be particularly significant for the children who developed type 1 diabetes after CS in this study. If 

so, this is most obvious in the mothers with diabetes. In which case, the increased risk of type 1 diabetes is a 

combination of genetic and environmental factors, and these factors have their strongest impact in 

genetically susceptible children. Perhaps the genetic susceptibility from the mother is stronger in girls than 

in boys. 

The major strengths of using data from national registries are the large size of collected data and the fact that 

population-based information is free from recall bias. The MBR covers almost 100% of births in Sweden. 

The report rate is controlled every year against the births registered in the birth register at Statistics Sweden. 

We have no systematic dropouts as SWEDIABKIDS was stepwise and randomly introduced in Sweden 

between 2000 and 2007 and includes all paediatric clinics from 2008 and about 99% of all children with 

diabetes in Sweden. Furthermore, all diabetes teams have from the start of reporting to the register included 

all their patients, both current and new patients. It is possible that some underreporting of maternal diabetes 

could have occurred but it is probably rare. Register data can also involve misclassification problems caused 

by incorrect registration of diagnostic codes, and this limitation may have affected the validity of the data 

used in our study. If so, the incorrect registration is random and not systematic. 

In conclusion, maternal diabetes at the time of delivery strongly increased the risk of diabetes in the child 

during childhood and adolescence. CS in itself had no obvious influence on the risk of offspring developing 



type 1 diabetes. Maternal diabetes, especially maternal type 1 diabetes, showed the highest risk for the child 

to develop type 1 diabetes. 
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Table 1  Maternal characteristics and obstetric outcomes 

 

Maternal characteristics and 

obstetric outcomes 

All deliveries 

(n=46880) 

n (%) 

Vaginal (n=40529) 

n (%) 

Elective CS 

(n=1707) 

n (%) 

Acute CS 

(n=4644) 

n (%) 

Nonsmokers in early pregnancy 44177 (83.6) 38260 (83.5) 1590 (87.2) 4327 (83.0) 

Maternal diabetes 604 (1.3) 126 (0.3)*** 304 (7.8)***,††† 174 (3.7) ***,††† 

Maternal age (mean ± SD) 29.1 ± 5.1 28.9 ± 5*** 31.4 ± 5.1*** 30.4 ± 5.2*** 

BMI in early pregnancy (mean ± 

SD) 

23.9 ± 4.1 23.7 ± 4*** 24.9 ± 4.7*** 24.9 ± 4.6*** 

Obstetric outcomes     

  Boys  25860 (55.2) 22346 (55.1)*** 861 (50.4)***,††† 2653 (57.1) ***,††† 

  Twins 552 (1.2) 6 (0.01) 370 (21.7) 175 (3.8) 

  LGA  1728 (3.8) 1327 (3.3)*** 141 (10.8)***,††† 260 (6.1)***,††† 

  SGA  1041 (2.3) 710 (1.8)*** 29 (2.2)††† 302 (7.1)***,††† 

  Birth order     

    1 19589 (41.8) 16686 (41.2) 491 (28.8) 2412 (51.9) 

    2 17052 (36.4) 14978 (37.0) 702 (41.1) 1372 (29.6) 

    3 7064 (15.1) 6137 (15.1) 352 (20.6) 575 (12.4) 

    4+ 3175 (6.7) 2728 (6.7) 162 (9.5) 285 (6.1) 

  Birthweight (mean ± SD) 3534 ± 581 3571 ± 531*** 3300 ± 681*** 3299 ± 831*** 

  Apgar score at 5 min (mean ± 

SD) 

9.7 ± 0.8 9.8 ± 0.7 9.7 ± 0.9 9.4 ± 1.2 

  Apgar score at 10 min (mean ± 

SD) 

9.9 ± 0.7 9.9 ± 0.6 9.9 ± 0.7 9.7 ± 1.0 

***p<0.001 between vaginal delivery and elective CS or vaginal delivery and acute CS 

†††p<0.001 between elective CS and acute CS  

LGA, large for gestational age; SGA, small for gestational age



 

Table 2 Mode of delivery: comparison between mothers to children with type 1 diabetes and mothers to 

control children 

 

Mode of delivery Control 

n (%) 

Children with type 1 

diabetes n (%) 

p value  

(χ2) 

All deliveries 37504 (80.0) 9376 (20.0)  
Vaginal delivery    

   Mothers without diabetes 32457 (80.3) 7946 (19.7) 0.000 

   Mothers with diabetes 75 (58.6) 53 (41.4) 

CS    

   Mothers without diabetes 4719 (80.4) 1154 (19.6) 0.000 

   Mothers with diabetes 253 (53.2) 223 (46.8) 

Vaginal delivery    

   Mothers without type 1 diabetes 14269 (80.6) 3430 (19.4) 0.650 

   Mothers with type 1 diabetes 4 (80.0) 1 (20.0) 

CS    

   Mothers without type 1 diabetes 2902 (79.7) 741 (20.3) 0.000 

   Mothers with type 1 diabetes 69 (33.2) 139 (66.8) 



 

Table 3 In mothers with diabetes compared with those without diabetes, deliveries were more often by CS and mothers had a higher BMI  

Variable Children with type 1 diabetes  Control children  Total 

 Maternal diabetes Maternal diabetes Maternal diabetes 

 No Yes Total p No Yes Total p No Yes Total p 

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) 

Mode of delivery    <0.001     <0.001     <0.001 

  Vaginal 7946 (87.3) 53 (19.2) 7999 (85.3)   32457 (87.3) 73 (22.3) 32530 (86.7)   40403 (87.3) 126 (20.9) 40529 (86.5)  

  Acute CS 833 (9.2) 91 (33.0) 924 (9.9)   3637 (9.8) 83 (25.3) 3720 (9.9)   4470 (9.7) 174 (28.8) 4644 (9.9)  

  Elective CS 321 (3.5) 132 (47.8) 453 (4.8)   1082 (2.9) 172 (52.4) 1254 (3.3)   1403 (3.0) 304 (50.3) 1707 (3.6)  

  Total CS 1154 (12.7) 223 (80.8) 1377 (14.7) <0.001*  4719 (12.7) 255 (77.7) 4974 (13.3) <0.001*  5873 (12.7) 478 (79.1) 6344 (13.5) <0.001 

Maternal age when giving birth    0.161     <0.001     <0.001 

  <20 years 164 (1.8) 4 (1.4) 168 (1.8)   812 (2.2) 5 (1.5) 817 (2.2)   976 (2.1) 9 (1.5) 985 (2.1)  

  20-25 years 2166 (23.8) 47 (17.0) 2213 (23.6)   8762 (23.6) 41 (12.5) 8803 (23.5)   10928 (23.6) 88 (14.6) 11016 (23.5)  

  26-30 years 3229 (35.5) 111 (40.0) 3340 (35.6)   13606 (36.6) 86 (26.2) 13692 (36.5)   16835 (36.4) 197 (32.6) 17032 (36.3)  

  31-35 years 2500 (27.5) 79 (28.6) 2579 (27.5)   9975 (26.8) 126 (38.4) 10101 (26.9)   12475 (27.0) 205 (33.9) 12680 (27.0)  

  36-40 years 924 (10.2) 30 (10.9) 954 (10.2)   3481 (9.4) 57 (17.4) 3538 (9.4)   4405 (9.5) 87 (14.4) 4492 (9.6)  

  >40 years 117 (1.3) 5 (1.8) 122 (1.3)   540 (1.5) 13 (4.0) 553 (1.5)   657 (1.4) 18 (3.0) 675 (1.4)  

BMI, mean/SD 23.82/4.05 26.87/5.71 23.86/4.08 <0.001  24.11/4.20 25.82/3.88 24.17/4.20 <0.001  23.88/4.08 26.38/4.97 23.92/4.10 <0.001 

Smoking during pregnancy    0.102     0.968     0.139 

  No 7523 (86.7) 231 (90.2) 7754 (86.8)   29726 (84.4) 256 (84.5) 29982 (84.4)   37249 (84.9) 487 (87.1) 37736 (84.9)  

  Yes 1151 (13.3) 25 (9.8) 1176 (13.2)   5493 (15.6) 47 (15.5) 5540 (15.6)   6644 (15.1) 72 (12.9) 6716 (15.1)  

Maternal T1D    <0.001     <0.001     <0.001 

  No 4127 (100.0) 44 (23.9) 4171 (96.8)   17004 (100.0) 167 (69.6) 17171 (99.6)   21131 (100.0) 211 (49.8) 21342 (99.0)  

  Yes 0 (0.0) 140 (76.1) 140 (3.2)   0 (0.0) 73 (30.4) 73 (0.4)   0 (0.0) 213 (50.2) 213 (1.0)  

Sex of the child    0.311     0.020     0.017 

  Boy 5028 (55.3) 144 (52.2) 5172 (55.2)   20528 (55.2) 160 (48.8) 20688 (55.2)   25556 (55.2) 304 (50.3) 25860 (55.2)  

  Girl 4072 (44.7) 132 (47.8) 4204 (44.8)   16648 (44.8) 169 (51.2) 16816 (44.8)   20720 (44.8) 300 (49.7) 21020 (44.8)  

T1D, type 1 diabetes 



Table 4 Logistic regression model with OR for developing type 1 diabetes   

Variable Unadjusted OR (95% CI) Adjusted OR (95% CI) 

  All maternal 

diabetes included 

Only maternal type 1 

diabetes included 

CS 1.12 (1.1, 1.2) 1.02 (0.94, 1.10) 0.97 (0.88, 1.07) 

Maternal diabetes 3.4 (2.9, 4.0)** 3.4** (2.8, 4.1)  

BMI in early pregnancy 1.02** (1.01, 1.02) 1.02** (1.01, 

1.02) 

1.01** (1.01, 1.02) 

Maternal type 1 diabetes 7.9** (5.9, 10.5)  7.54** (5.5, 10.4) 

Maternal age 1 (0.99, 1.01) 1 (0.99, 1.01) 1 (0.99, 1.01) 

Adjusted OR includes CS, maternal diabetes and maternal age or CS, maternal type 1 

diabetes and maternal age. The model only including maternal type 1 diabetes includes a total 

of 21,555 mothers/children. Unadjusted OR and the model for all maternal diabetes include 

46,880 mothers/children. BMI and age are continuous variables **p<0.01 

  



Table 5 Logistic regression model with the OR of delivery by CS in the diabetes population   

Variable Unadjusted OR with 95% CI Adjusted OR with 95% CI 

  All maternal 

diabetes included 

Only maternal type 1 

diabetes included 

Maternal age 1.06** (1.05, 1.07) 1.06** (1.04, 1.07) 1.05** (1.03, 1.07) 

BMI in early pregnancy 1.07** (1.06, 1.09) 1.05** (1.04, 1.07) 1.05** (1.03, 1.07) 

Maternal diabetes 28.9** (21.3, 39.3) 31.2** (21.6, 45.0)  

Maternal type 1 diabetes 643.4** (89.9, 4607)  572** (79.6, 4107) 

Sex 0.97 (0.86, 1.08) 0.90 (0.78, 1.03) 0.9 (0.72, 1.03) 

Age at onset 0.92** (0.91, 0.93) 0.94** (0.92, 0.95) 0.86** (0.94, 0.99) 

Adjusted OR includes maternal age, BMI early in pregnancy, maternal diabetes, sex and age 

at onset or maternal age, BMI early in pregnancy, maternal type 1 diabetes, sex and age at 

onset. The model with maternal type 1 diabetes includes in total 4,311 mothers/children. The 

model with maternal diabetes includes 9,376 mothers/children. Age and BMI are continuous 

variables  

**p<0.01 

 

Fig. 1 A significantly higher proportion of mothers with diabetes had CS deliveries 

compared with mothers without diabetes. Black bars, mothers with diabetes (n=476); white 

bars, mothers without diabetes (n=5873) 
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