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A B S T R A C T   

Objectives: We analyzed the incidence of obese and severely obese parturients and the impact of maternal obesity 
on mode of delivery, perinatal and neonatal mortality, and neonatal health. 
Study design: We included all singleton births from the medical birth register of Finland from 2004 to 2018 (n =
792 437). Maternal body mass index (BMI) was categorized into three classes: non-obese (BMI < 30 kg/m2), 
obese (BMI 30 – 39.9 kg/m2), and morbidly obese (BMI 40 kg/m2 or more). The yearly incidence of obese and 
severely obese parturients per 10 000 births was calculated. Logistic regression was used to calculate adjusted 
odds ratios (aOR) with 95% confidence intervals (CI). 
Results: Between 2004 and 2018, the incidence of obese and morbidly obese parturients increased by 44% and 
103%, respectively. Cesarean section rates were 23.6% and 30%, respectively (aOR 1.63 CI 1.61 – 1.66 and 2.33 
CI: 2.23 – 2.44). Neonates born to morbidly obese parturients had an increased need for intensive care unit 
treatment (aOR 2.21 CI: 2.10 – 2.32), higher perinatal mortality (aOR 1.65 CI: 1.28 – 2.14), and higher neonatal 
mortality (aOR 1.68 CI: 1.04 – 2.72). The need for neonatal intensive care (aOR 1.50 CI: 1.47 – 1.53), perinatal 
mortality (aOR 1.25 CI: 1.13 – 1.39), and neonatal mortality (aOR 1.33 CI: 1.09 – 1.62) increased also among 
obese parturients. 
Conclusions: We report a worrying increase in obese and morbidly obese parturients. Neonates born to these 
parturients were more likely delivered by cesarean sections and had higher rates of perinatal and neonatal 
mortality, and intensive care unit treatment. This highlights the importance of preventing obesity among fertile- 
aged females.   

Introduction 

Obesity continues to rapidly increase globally [1]. As the incidence 
of obese fertile-aged females rises, the rate of obese parturients is also 
increasing [2]. Gestational diabetes mellitus rates have risen and will 
continue to do so in the future [2,3]. Maternal obesity has been asso-
ciated with weakened neonatal health. For example, increased rates of 
birth traumas, neonatal intensive care, hypoglycemia, and perinatal 
mortality have been observed in both vaginal deliveries and cesarean 
sections [4,5]. Obese women are more likely to deliver by cesarean 
section [5,6] and require more intensive labor induction [6,7]. 

Furthermore, obese women are less likely to breastfeed their neonates 
[8]. However, the optimal delivery method for obese and morbidly 
obese parturients is not well studied [9]. In order to have up-to-date 
information on the current situation regarding obesity in pregnancy in 
Finland, we aim to report the incidence of obese and morbidly obese 
parturients in Finland, as well as the perinatal outcomes in vaginal de-
liveries and cesarean sections. 
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Materials 

Cohort selection 

This retrospective nationwide register-based study used the medical 
birth register of Finland. We included all singleton births from 2004 to 
2018. The register covers nearly 100% of all neonates born after 
gestational week 22 or with a birthweight over 500 g. We excluded 
multiple births, forceps deliveries, outside hospital births, and preg-
nancies with missing maternal BMI information, missing information on 
gestational age, or missing mode of delivery (Fig. 1). In Finland, gesta-
tional diabetes mellitus (GDM) is defined as a pathologic two-hour 75-g 
oral glucose tolerance test, and pathological findings are recorded in the 
register. 

Exposure 

Prepregnancy obesity was the main exposure. We calculated body 
mass index (BMI) from the prepregnancy maternal weight and height. 
BMI was divided into three categories, which were based on the World 
Health Organization (WHO) obesity classification: non-obese (BMI 
under 30 kg/m2), obese (BMI 30 – 39.9 kg/m2 including WHO obesity 
classes I and II), and morbidly obese (BMI 40 kg/m2 or over including 
WHO obesity class III). 

Outcomes 

Our primary outcomes were the incidence of obese or severely obese 
parturients, the mode of delivery (classified as spontaneous vaginal 
delivery, vaginal breech delivery, vacuum-assisted vaginal delivery, 
elective cesarean section [CS], urgent CS, and emergency CS), perinatal 
mortality (i.e., all stillborn neonates after gestational week 22 and all 
neonatal deaths during the first seven days), neonatal mortality (neo-
nates born alive but who died during the first seven days), and the need 
for neonatal intensive care unit treatment. Our secondary outcomes 
were related to neonatal health (e.g., phototherapy, antibiotic treat-
ment). Regarding birthweight and appropriateness for gestational age, 
small for gestational age (SGA) was classified as a birthweight of less 
than − 2 SD from the mean, while large for gestational age (LGA) was 
classified as a birthweight of more than +2 SD from the mean. These 
values were calculated according to the new Finnish growth references 
[10]. Apgar points were dichotomized as less than 7 and 7 or more. 
Umbilical artery or venous pH were also dichotomized. We used a cut- 
off value of 7.00, as neonates with lower pH are considered for the 
use of therapeutic hypothermia in Finland. 

Statistics 

We calculated the yearly incidence of obese and severely obese 

parturients per 10 000 births with a 95% confidence interval (CI). We 
used chi squared test for dichotomous outcomes and student’s t-test for 
continuous outcomes and p-value under 0.05 was considered as statis-
tically significant. We used logistic regression to analyze unadjusted and 
adjusted odds ratios (OR) for the primary outcomes (mode of delivery, 
perinatal mortality, neonatal mortality, and neonatal intensive care unit 
treatment). Covariates were selected based on the directed acyclic 
graphs for each main outcome (Figs. S1A-S1C). We included in the 
model maternal age and smoking during pregnancy. Because GDM was a 
mediator variable in the causal model, we estimated the impact of GDM 
by conducting a stratified analysis where obese and morbidly obese 
parturients with GDM were compared to non-obese parturients with 
GDM. Furthermore, we assessed the outcomes stratified by delivery 
method to estimate if any delivery method seemed safer for neonates. 
We included the same adjusting variables in these models. We used SPSS 
version 29.0 for statistical analysis. The directed acyclic graphs were 
made by using the free online software Daggity (daggity.net). We have 
reported this study according to the STrengthening the Reporting of 
OBservational studies in Epidemiology (STROBE; Supplement 1). 

Ethics 

An ethical committee statement was not required due to the register- 
based design. The Finnish data authority Findata granted research 
permission to this study (permission number: THL/1756/14.02.00/ 
2020). 

Results 

A total of 857 578 neonates were retrieved from the register and after 
excluding multiple births, forceps deliveries, and cases with missing 
information, 792 437 singleton-born neonates were included for anal-
ysis (Fig. S2). 

Maternal obesity 

According to maternal prepregnancy BMI, 87.5% of parturients were 
non-obese, 11.2% were obese, and 1.3% were morbidly obese. The 
incidence of obese parturients increased by 44% from 2004 
(994per10000parturients) to 2018 (1432per10000) (Fig. 1A). The 
incidence of morbidly obese parturients increased by 103% from 2004 
(94per10000) to 2018 (191per10000) (Fig. 1B). 

Maternal background characteristics 

Women in the non-obese group were more likely to be nulliparous, p 
< 0.001 (Table S1). Over 50% of parturients in the morbidly obese group 
had GDM. Higher rates of obese (19.1%) and morbidly obese parturients 
(21.0%) smoked during pregnancy compared to non-obese parturients 

Fig. 1. A-B Yearly incidence of a) obese (maternal body mass index 30.0–39.9 kg/m2) and b) severely obese (maternal body mass index 40.0 kg/m2 or over) per 
10 000 parturients in Finland from 2004 to 2018. 
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(14.1%), p < 0.001. 

Delivery methods 

Uncomplicated vaginal delivery was possible in most cases as 75.7% 
of non-obese, 69.8% of obese, and 63.6% of morbidly obese women had 
a spontaneous vaginal delivery, p < 0.001 (Table 1). A higher proportion 
of women had labor induction in morbidly obese and obese women than 
in non-obese, p < 0.001. Elective CS was more common among obese 
(8.9%) and morbidly obese (11.7%) parturients than among non-obese 
ones (5.9%). The rate of urgent CS was over two times higher among 
morbidly obese women (16.7%) compared to non-obese women (7.9%). 
Emergency CS rates were 1.3% among morbidly obese women and 1.1% 
among non-obese. The overall CS rate (including elective, urgent, and 
emergency CS) was highest among morbidly obese parturients (30.0%, 
aOR 2.33 CI: 2.23 – 2.44) and high among obese ones (23.6%, aOR 1.63 
CI: 1.61 – 1.66) compared to non-obese parturients (14.8%) (Table 2). 
Stratified analyses by GDM showed that obesity seemed to be an inde-
pendent risk factor for CS as obese women without GDM had higher 
odds for CS than non-obese women without GDM (Table 2). 

Neonatal outcomes 

The perinatal mortality rate was highest in neonates born to severely 
obese parturients (0.6%) compared to obese (0.4%) and non-obese 
(0.3%) ones, p < 0.001 (Table 1). In the adjusted analysis, the aOR for 
perinatal mortality was 1.65 (CI: 1.28 – 2.14) among morbidly obese 
parturients and 1.25 (CI: 1.13 – 1.39) among obese compared to non- 
obese parturients (Table 2). Neonatal mortality was also higher among 
obese (aOR 1.33 CI: 1.09 – 1.62) and morbidly obese parturients (aOR 
1.68 CI: 1.04 – 2.72). Perinatal mortality among obese parturients with 
GDM was similar (aOR 1.16 CI: 0.91 – 1.48) to that among non-obese 
parturients with GDM. The need for neonatal intensive care unit treat-
ment was two times higher among severely obese parturients (19.6%) 
compared to non-obese (9.8%) aOR 2.21 (CI: 2.10 – 2.32) and it was 
seen both in parturients with and without GDM. Overall, the neonates 
born to morbidly obese women required more neonatal treatments (e.g., 
phototherapy, antibiotics, resuscitation), and were more often LGA 
compared to those born to non-obese women. 

Delivery method and neonatal outcomes 

Neonates born to morbidly obese parturients showed an increased 
need for intensive care unit treatment (aOR 2.09 CI: 1.95 – 2.24) and 
higher perinatal mortality (aOR 1.99 CI: 1.99 – 2.68) in spontaneous 
vaginal deliveries compared to non-obese parturients (Table 3). 
Neonatal mortality was higher among morbidly obese parturients in 
spontaneous vaginal deliveries, though this finding was highly uncertain 
(aOR 1.69 CI: 0.75 – 3.79). Among obese parturients, the need for 
intensive care (aOR 1.42 CI 1.39 – 1.47), perinatal mortality (aOR 1.32 
CI: 1.16 – 1.50), and neonatal mortality (aOR 1.50 CI: 1.11 – 2.02) were 
higher in spontaneous vaginal deliveries. In vacuum-assisted deliveries 
neonates born to obese and severely obese parturients needed more 
intensive care unit treatment (Table 3). 

Discussion 

Main findings 

We found an alarming increase in the incidence of obese and espe-
cially morbidly obese parturients. Morbidly obese parturients had twice 
as many elective and non-elective CS compared to non-obese parturi-
ents. Furthermore, perinatal, and neonatal mortality and the need for 
intensive care were more common among neonates born to obese and 
morbidly obese parturients. Stratified analysis by GDM showed that 
obesity was an independent factor for worse neonatal outcomes. 
Furthermore, stratified analysis by mode of delivery showed that obese 
women with spontaneous vaginal or vacuum-assisted delivery had the 
highest odds of neonatal mortality and that the risk of neonatal intensive 
care was higher with vaginal deliveries among both obese and morbidly 
obese than among non-obese women. 

Interpretation 

Our results on the increased incidence of obesity among parturients 
are in line with previous studies from Europe [11–14], North America 
[15,16], Africa [17], and Australia [18]. The increase of morbidly obese 
parturients is especially worrying as these women have been reported to 
have the highest rate of acute pregnancy complications, and complica-
tion risks in subsequent pregnancies are also increased [4–5,19–20]. 
Furthermore, infertility is more common in obese women [20]. Acute 
complications associated with obesity include preeclampsia, macro-
somia, preterm birth, difficulties in labor induction, and prolonged labor 
[6,7,14,21,22]. These factors may explain the high rate of labor induc-
tion and at least some of the increased risk of CS among morbidly obese 
parturients (a two-fold increase in the rates of elective and urgent CS, 
though emergency CS rates were in line with the other groups). Previous 

Table 1 
Mode of delivery and neonatal outcomes among non-obese (maternal body mass 
index less than 30.0 kg/m2), obese (BMI 30.0 – 39.9 kg/m2) and severely obese 
(BMI 40 kg/m2 or more) parturients in Finland from 2004 to 2018.   

Non-obese Obese Morbidly 
obese   

n % n % n % p-value 

Mode of delivery 
Spontaneous 
vaginal delivery 

525 
574 

75.7 62 
146 

69.8 6 
398 

63.6 <0.001 

Breech delivery 4 
567 

0.7 370 0.4 34 0.3 <0.001 

Vacuum-assisted 
delivery 

61 
412 

8.9 6 
371 

7.2 646 6.4 <0.001 

Elective CS 40 
974 

5.9 7 
924 

8.9 1 
183 

11.7 <0.001 

Urgent CS 54 
487 

7.9 11 
184 

12.6 1 
677 

16.7 <0.001 

Emergency CS 7 
294 

1.1 1 
068 

1.2 126 1.3 <0.001 

Labor induction 131 
764 

19.0 28 
311 

31.8 4 
270 

42.4 <0.001 

Shoulder dystocia 1 
761 

0.3 322 0.4 47 0.5 <0.001 

Preterm, gestational 
age <37 weeks 

29 
980 

4.3 4 
713 

5.3 601 6.0 <0.001 

Birth weight (mean 
+ sd, kilograms) 

3.51 0.53 3.62 0.58 3.67 0.63 <0.001 

Small for gestational 
age 

22 
775 

3.3 2 
401 

2.7 301 3.0 <0.001 

Large for gestational 
age 

15 
646 

2.3 4 
896 

5.5 919 9.1 <0.001 

Perinatal mortality 2 
387 

0.3 396 0.4 60 0.6 <0.001 

Neonatal mortality 668 0.1 117 0.1 17 0.2 0.001 
Resuscitation 5 

192 
0.7 818 0.9 134 1.3 <0.001 

1 min Apgar points 
0–6 

37 
372 

5.4 6 
443 

7.2 944 9.4 <0.001 

Umbilical arteria or 
vena pH <7.00 

2 
688 

0.4 415 0.5 54 0.5 <0.001 

Neonatal intensive 
care unit 
treatment 

67 
717 

9.8 12 
669 

14.2 1 
981 

19.6 <0.001 

Phototherapy 39 
640 

5.7 7 
569 

8.5 1 
078 

10.7 <0.001 

Antibiotic treatment 35 
920 

5.2 6 
453 

7.2 994 9.9 <0.001  
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studies have reported of increased risk of labor induction and unplanned 
CS due to failed labor induction among obese women [6,23]. The high 
rate of CS may also be due to the higher rate of previous CS in obese and 
morbidly obese women. Our finding, regarding the rate of CS, is in line 
with previous studies from Europe [7,24–27]. 

As a procedure, CS takes longer in a morbidly obese parturient [28]. 
Obese parturients also exhibit higher rates of CS complications, espe-
cially if done intrapartum [23,29]. The higher occurrence of CS among 
morbidly obese women is likely to negatively affect their health in later 
life [20]. Therefore, obesity-related difficulties with CS may encourage 
obstetricians to recommend the elective procedure to morbidly obese 
women to avoid the challenge of urgent or emergency CS. Obesity is also 
an independent risk factor for worse overall maternal pregnancy out-
comes [22,30]. 

Our study shows that the odds of perinatal mortality are higher 
among obese and morbidly obese parturients. We present similar rates of 
perinatal mortality to those previously reported in Nordic countries 
among obese parturients [31]. However, our stillbirth rate among 
morbidly obese parturients (0.4 per 100 births) is lower than the pre-
viously reported stillbirth rate of 0.6 per 100 births in the United States 
(US) [32]. According to previous research [33], there is a positive cor-
relation between maternal BMI and neonatal intensive care. Our study 

confirms this finding as the neonates born to morbidly obese parturients 
required more invasive care. Maternal morbid obesity has been previ-
ously linked to lower umbilical pH levels and an increased need for 
neonatal resuscitation [34]. Interestingly, however, in our study um-
bilical pH levels are not lower in obese and morbidly obese parturients. 
Neonates born to morbidly obese parturients have higher rates of pho-
totherapy and antibiotic treatments [24], which was seen similarly in 
our results. According to our results, neonates born to obese and espe-
cially morbidly obese parturients are more likely to be LGA, as also re-
ported by others [22]. Furthermore, our study shows that neonatal 
outcomes are linked to maternal obesity and are independent of GDM, 
which is in line with a previous Finnish register study [35]. According to 
the literature [36], high maternal age, combined with maternal obesity, 
increases neonatal deaths and preterm deliveries. However, in our age- 
adjusted analysis, obesity remains an independent risk factor for peri-
natal and neonatal mortality. 

Scholars have debated the optimal delivery mode for morbidly obese 
parturients, as obese women and neonates are at an increased risk of 
complications regardless of mode of delivery [9]. In two cohort studies 
from the US and Norway [26,37], obesity was not associated with 
adverse perinatal outcomes in nulliparous women. A nationwide study 
from Sweden reported that the risk of adverse neonatal outcomes was 

Table 2 
Logistic regression analyses of main outcomes. Morbidly obese parturients and obese parturients compared to non-obese parturients. A stratified analysis was con-
ducted where obese and morbidly obese parturients without GDM were compared to non-obese parturients without gestational diabetes mellitus (GDM) and similar 
was done for those with GDM. Unadjusted and adjusted odds ratios (OR) with 95% confidence intervals presented. Variables included in the adjusted model were 
maternal age and maternal smoking.   

Obese Morbidly obese Obese without GDM Obese and GDM Morbidly obese without GDM Morbidly obese and GDM  

OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI 

Cesarean section 
Unadjusted  1.68 1.66 – 1.71  2.43 2.32 – 2.53  1.62 1.59 – 1.66  1.44 1.39 – 1.49  2.41 2.24 – 2.56  1.89 1.78 – 2.01 
Adjusted  1.63 1.61 – 1.66  2.33 2.23 – 2.44  1.60 1.56 – 1.63  1.44 1.39 – 1.49  2.35 2.21 – 2.51  1.92 1.80 – 2.04 

Neonatal intensive care unit treatment 
Unadjusted  1.53 1.50 – 1.56  2.26 2.15 – 2.37  1.42 1.39 – 1.46  1.39 1.34 – 1.44  1.98 1.83 – 2.14  1.96 1.83 – 2.10 
Adjusted  1.50 1.47 – 1.53  2.21 2.10 – 2.32  1.40 1.37 – 1.44  1.37 1.32 – 1.42  1.94 1.80 – 2.09  1.93 1.80 – 2.07 

Perinatal mortality 
Unadjusted  1.29 1.16 – 1.43  1.72 1.33 – 2.22  1.45 1.28 – 1.63  1.13 0.89 – 1.45  2.01 1.44 – 2.82  1.71 1.13 – 2.56 
Adjusted  1.25 1.13 – 1.39  1.65 1.28 – 2.14  1.42 1.25 – 1.60  1.16 0.91 – 1.48  1.96 1.40 – 2.74  1.75 1.15 – 2.66 

Neonatal mortality 
Unadjusted  1.36 1.12 – 1.66  1.76 1.09 – 2.85  1.50 1.20 – 1.89  1.22 0.79 – 1.88  2.93 1.72 – 4.98  0.70 0.22 – 2.23 
Adjusted  1.33 1.09 – 1.62  1.68 1.04 – 2.72  1.47 1.18 – 1.85  1.23 0.79 – 1.90  2.85 1.67 – 4.84  0.70 0.22 – 2.24  

Table 3 
Logistic regression analysis stratified by delivery method to analyze neonatal outcomes. Morbidly obese parturients and obese parturients compared to non-obese 
parturients. Unadjusted and adjusted odds ratios (OR) with 95% confidence intervals presented. Variables included in the adjusted model were maternal age and 
maternal smoking.   

Obese Morbidly obese  

Vaginal Vacuum Elective CS Urgent CS Emergency 
CS 

Vaginal Vacuum Elective CS Urgent CS Emergency 
CS  

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Neonatal intensive care unit treatment 
Unadjusted 1.46 

(1.42–1.50) 
1.58 
(1.48–1.70) 

1.43 
(1.34–1.52) 

1.24 
(1.18–1.29) 

1.24 
(1.09–1.42) 

2.14 
(2.00–2.30) 

2.18 
(1.82–2.61) 

1.93 
(1.69–2.22) 

1.60 
(1.44–1.77) 

1.45 
(1.02–2.07) 

Adjusted 1.42 
(1.39–1.47) 

1.56 
(1.46–1.67) 

1.42 
(1.33–1.51) 

1.23 
(1.17–1.28) 

1.22 
(1.07–1.40) 

2.09 
(1.95–2.24) 

2.13 
(1.78–2.56) 

1.92 
(1.68–2.21) 

1.57 
(1.42–1.74) 

1.43 
(1.00–2.04) 

Perinatal mortality* 
Unadjusted 1.36 

(1.20–1.54) 
1.38 
(0.66–2.90) 

1.11 
(0.63–1.94) 

1.13 
(0.85–1.51) 

0.64 
(0.36–1.14) 

2.08 
(1.54–2.81) 

1.70 
(0.24–12.3) 

0.99 
(0.24–4.00) 

1.06 
(0.52–2.14) 

0.84 
(0.21–3.44) 

Adjusted 1.32 
(1.16–1.50) 

1.31 
(0.62–2.75) 

1.11 
(0.64–1.95) 

1.10 
(0.82–1.46) 

0.62 
(0.35–1.11) 

1.99 
(1.47–2.68) 

1.64 
(0.23–11.9) 

1.00 
(0.25–4.09) 

1.00 
(0.50–2.05) 

0.80 
(0.19–3.26) 

Neonatal mortality** 
Unadjusted 1.52 

(1.13–2.05) 
1.75 
(0.77–4.32) 

0.99 
(0.52–1.90) 

1.06 
(0.75–1.50) 

0.49 
(0.21–1.11) 

1.74 
(0.77–3.90) 

4.32 
(0.58–32.1) 

N/A 1.27 
(0.60–2.71) 

0.69 
(0.10–4.97) 

Adjusted 1.50 
(1.11–2.02) 

1.71 
(0.60–4.99) 

1.02 
(0.53–1.94) 

1.05 
(0.74–1.48) 

0.47 
(0.21–1.09) 

1.69 
(0.75–3.79) 

4.37 
(0.59–32.6) 

N/A 1.24 
(0.58–2.64) 

0.66 
(0.09–4.77) 

*Perinatal mortality includes stillborn and neonatal deaths before the age of seven days. 
**Neonatal mortality includes neonatal deaths before the age of seven days. Stillborns were excluded from this analysis. 
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associated with higher maternal BMI regardless of mode of delivery [5]. 
Moreover, in a retrospective cohort study from the US, a neonatal 
composite outcome for morbidity was higher after CS compared to after 
vaginal delivery [7]. Our results show that the odds for perinatal and 
neonatal mortality and intensive care unit treatment were higher among 
obese and morbidly obese women with spontaneous vaginal delivery or 
vacuum-assisted delivery. Among obese and morbidly obese parturients, 
the need for neonatal intensive care unit treatment was higher with all 
modes of delivery; however, the rate of perinatal mortality was higher 
mainly with spontaneous vaginal deliveries. These results should be 
interpreted with caution because our estimates suffer from high uncer-
tainty due to the low event rates of mortality and severe morbid obesity. 
In previous studies, a possible explanation for the higher perinatal 
mortality among obese women has been the higher rate of stillbirths 
associated with obesity [32,38]. Dead fetuses are most often delivered 
vaginally, increasing the mortality rate of spontaneous vaginal de-
liveries. To address this issue, we excluded stillbirths and analyzed 
neonatal mortality alone, which showed a similar increase in the odds of 
adverse outcomes, especially in spontaneous vaginal and vacuum- 
assisted deliveries. 

However, the odds for perinatal mortality were increased/higher in 
vaginal deliveries but not in CS compared to non-obese. The similar risk 
of perinatal mortality in CS deliveries might be due to the earlier deci-
sion about the urgent CS among obese than non-obese women to avoid 
difficulties associated with emergency CS and obesity. A higher rate of 
shoulder dystocia in obese women than in non-obese women may partly 
explain the increased risk of neonatal mortality in vaginal deliveries. 
Congenital anomalies, which are more common and have a lower 
detection rate among obese women [39], were not excluded in our study 
as this information was not available. Therefore, antenatal factors may 
have affected the higher mortality rate. Still, more attention should be 
paid to uncomplicated vaginal deliveries among obese parturients in 
order to understand and detect the potential risk factors of poor peri-
natal outcomes. 

Alongside the immediate effects of maternal obesity on neonatal 
outcomes, recent studies have reported an increased risk of obesity, 
heart disorders, metabolic disorders, neurodevelopmental disorders, 
and growth disorders in the offspring of obese women [8,40]. CS itself 
changes the neonatal microbiome and worsens the risk of asthma, al-
lergies, and obesity [11]. Therefore, unnecessary CS should be avoided, 
but the neonatal health can’t be compromised. 

Strengths and limitations 

The main strength of our study is the use of a high-quality birth 
register, which enabled us to provide nationwide results. Furthermore, 
we used the directed acyclic graphs to present the causal pathways and 
compared to previous reports we stratified the analyses based on the 
maternal GDM instead of including it as a confounder in the models. An 
important limitation is the lack of information on preexisting maternal 
medical conditions, diagnoses given during pregnancy, and delivery, 
which is not comprehensively recorded in the register. Morbidly obese 
parturients have higher rates of preexisting conditions, such as pre-
gestational diabetes and hypertensive disorders, which may have caused 
bias in our results. However, we were able to include in the analysis the 
information on GDM and smoking. A further limitation is the lack of CS 
indications, induction indications, and neonatal respiratory support 
methods as these are not reported to the register, although these would 
provide valuable additional information. 

Conclusion 

As the incidence of obese and morbidly obese parturients continues 
to rise, it is important to understand the negative effects this has on 
neonatal outcomes. Obese and morbidly obese women are more likely to 
deliver by elective and non-elective CS; their neonates require more 

intensive care unit treatment and have higher rates of mortality. The 
rates of adverse perinatal outcomes are higher in vaginal deliveries. This 
highlights the need for further discussion and prospective research on 
the best pregnancy follow-up and delivery method. 
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