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Background

The proportion of pregnant women with overweight or obesity whose labour is induced
is increasing. The aim of this study was to examine the relationship between pre-
pregnancy body mass index (BMI) and mode of delivery among pregnant women
whose labour was induced.

Material and method

The study included women with singleton pregnancies, a fetus in cephalic presentation
and a liveborn child, whose labour was induced at the University Hospital of North
Norway, Tromsg in the period 2016—18. The mode of delivery was compared for
women with a pre-pregnancy BMI < 25 kg/rnz, overweight (BMI 25.0-29.9 kg/rnz) and
obesity (BMI > 30 kg/m?).

Results

In the study, we included 807 women whose labour was induced. Of these, 402 had a
pre-pregnancy BMI < 25 kg/mz, 202 had overweight and 203 had obesity. Of these,
306 (76.1 %), 149 (73.8 %) and 140 (69.0 %) had a spontaneous birth, while 60

(14.9 %), 40 (19.8 %) and 44 (21.7 %) had a caesarean section. As pre-pregnancy BMI
increased, the proportion of spontaneous births decreased (p = 0.06), while the
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proportion delivered by caesarean section increased (p = 0.03). Women with obesity
whose labour was induced were at a higher risk of caesarean section (odds ratio 1.6

(95 % confidence interval 1.0-2.4)) compared to those with a BMI < 25 kg/rnz. After
adjusting for age, height, prolonged rupture of membranes, parity and previous mode of
delivery, the odds ratio remained virtually unchanged, but was no longer statistically
significant (odds ratio 1.5 (95 % CI 0.9-2.4)).

Interpretation

Pre-pregnancy obesity was linked to a higher risk of caesarean section following
induced labour, but the risk was more significantly influenced by being primiparous or
multiparous without a prior vaginal delivery than by obesity itself.

Main findings

Of the 807 women whose labour was induced at the University Hospital of North
Norway, Tromsg in the period 2016-18, 203 (25 %) had pre-pregnancy obesity.

The proportion of pregnant women whose labour was induced and who had a
spontaneous vaginal delivery with a pre-pregnancy BMI <25 kg/mz, overweight and
obesity were 306 (76 %), 149 (74 %) and 140 (69 %), respectively. The corresponding
figures for caesarean section were 60 (15 %), 40 (20 %) and 44 (22 %).

Women with pre-pregnancy obesity whose labour was induced had a higher risk of
caesarean section than those without overweight or obesity.

Overweight and obesity are major public health challenges (1). The prevalence of pre-
pregnancy obesity in pregnant women in Norway increased from 12 % in 2007 to 13 %
in 2018 and 16 % in 2023 (2). Overweight and obesity are associated with
complications in pregnancy and childbirth (3, 4), as well as an increased risk of
induced labour (5-7).

The proportion of induced labour in Norway increased from 9 % in 2000 to 24 % in
2018 and to 30 % in 2023 (2, 8). The World Health Organization recommends that
induction of labour should be performed only when there is a clear medical indication
for it, and the expected benefits for mother or child outweigh the risk of continuing the
pregnancy (8, 9). Methods used to induce labour include insertion of a balloon catheter
through the cervix, drugs administered orally, vaginally or intravenously, and

amniotomy (8, 10).

Caesarean section may be indicated for maternal reasons, fetal reasons or both. Women
without a previous vaginal delivery have an increased risk of caesarean section (11).
The rate of caesarean sections in Norway was 16 % in 2005, 2018 and 2023 (2).
Among 1818 nulliparous women whose labour was induced at 21 Norwegian birth
units in 2018, caesarean section rates ranged from 9 % to 46 % (11). Another
Norwegian study, based on data from 8821 pregnant women in 2011-12, demonstrated
that obesity doubled the risk of caesarean section in both nulliparous and multiparous
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pregnant women (12). There are no published figures in Norway for the association
between pre-pregnancy body mass index (BMI) and mode of delivery after induction of
labour.

Since rates of both pre-pregnancy overweight and obesity as well as induction of labour
are increasing, we wanted to study whether there was a relationship between pre-
pregnancy BMI and mode of delivery in pregnant women whose labour was induced.

Material and method

The study was a quality assurance project and included all pregnant women whose
labour was induced at the Department of Obstetrics and Gynaecology, University
Hospital of North Norway, Tromsg in the period from 1 January 2016 to 31 December
2018. The women were identified in the Norwegian DIPS medical records system
based on the following procedure codes: MAC10 — Induction of labour with balloon
catheter, MAC96 — Other surgical induction of labour, MAGMO5 — Induction of labour
with oral drug, MAGM10 — Induction of labour with intravenous drug and MAGM16 —
Induction of labour with locally administered drug.

The inclusion criteria were induced labour, singleton pregnancy, fetus in cephalic
presentation and a liveborn child after 24 + 0 weeks of gestation. The study was
approved by the data protection officer at the University Hospital of North Norway.

We recorded the following details from the medical records: indication for induction of
labour and method used at each stage, indication for caesarean section, maternal age,
height, parity, country of birth, development of pre-eclampsia and gestational diabetes,
previous caesarean section, infant birth weight, macrosomia (birth weight > 4500
grams), gestational age, five-minute Apgar score and transfer to the neonatal unit.

BMI was based on self-reported pre-pregnancy height and weight or measurements in
the first trimester recorded on the antenatal health card. The study participants were
divided into three categories based on pre-pregnancy BMI: BMI < 25 kg/rn2 (reference
group), overweight (BMI 25.0-29.9 kg/m?) and obesity (BMI > 30 kg/m?).

The mode of delivery was classified as spontaneous vaginal delivery, caesarean section
and operative vaginal delivery (use of vacuum or forceps).

A composite variable for parity and previous mode of delivery grouped the pregnant
women as nulliparous, multiparous with previous vaginal delivery (reference group)
and multiparous without previous vaginal delivery (previous caesarean delivery only
and therefore considered to be 'nulliparous for vaginal delivery").

The characteristics of the population are presented with mean values and standard
deviations for continuous variables, and number and proportion for categorical
variables. The p-value for trend in the proportion with spontaneous vaginal delivery
and caesarean section was estimated using linear regression analyses, with the three
categories of BMI as independent variables. The odds ratio (OR) with 95 % confidence
interval (CI) for caesarean section was estimated using logistic regression analyses for
all participants, and separately for nulliparous and multiparous pregnant women with or
without previous vaginal delivery. The OR (95 % CI) for operative vaginal delivery
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was estimated for all participants with vaginal delivery. The analyses were performed
both with and without adjustment for maternal age, height, prolonged rupture of
membranes and the composite variable for parity and previous mode of delivery.

We also studied whether the most common indications for induction of labour were
unevenly distributed between the BMI categories and whether they affected the
association between overweight/obesity and caesarean section. We performed
subanalyses for each of the three groups based on the composite variable. The analyses
were performed in SAS version 9.4, with p <0.05 as the significance level.

Results

In total, 913 (22.4 %) of the 4082 pregnant women at the University Hospital of North
Norway, Tromsg had labour induced in the period 2016-18, of whom 807 (88.4 %) met
the inclusion criteria and were included in the study. The other 106 women were not
included due to twin pregnancies (n = 33), intrauterine fetal death (n = 9), breech
position (n = 9), or due to a lack of data about pre-pregnancy BMI or labour induction
method (n = 55).

Pregnant women with a pre-pregnancy BMI < 25 kg/rn2 (the reference group)
accounted for 402 (49.8 %, including 23 (2.9 %) with a BMI < 18.5 kg/rnz), while 202
(25.0 %) were overweight, and 203 (25.2 %) were obese (Table 1). The most common
indications for induction of labour were prolonged rupture of membranes (n = 187,
23.2 %), overdue pregnancy (n = 148, 18.3 %) and hypertensive pregnancy
complications (n = 126, 15.6 %). The most common first-line method of inducing
labour was balloon catheter (n = 534, 66.2 %), with the second most common being
misoprostol (n = 217, 27.0 %).

The cohort had a mean pre-pregnancy BMI of 26.6 kg/m2 (range 13.5-57.1), age of
30.5 years (range 14-48) and gestational age of 40 weeks (range 32-42, with 44

(5.5 %) having a gestational age < 37 weeks). In total, 393 (48.7 %) were nulliparous,
595 (73.7 %) had a spontaneous vaginal delivery, 144 (17.8 %) had a caesarean section
and 68 (8.4 %) had an operative vaginal delivery. As BMI increased, a marginally
lower proportion of women had a spontaneous vaginal delivery (p for trend 0.06) and a
higher proportion had a caesarean section (p for trend 0.03), but there was no
significant trend for operative vaginal delivery (p for trend 0.97) (Table 1).

In total, 144 (18 %) had a caesarean section. The likelihood of caesarean section for
pregnant women with obesity was OR 1.6 (1.0-2.4) compared with the reference group
(Table 2). After adjusting for age, height, prolonged rupture of membranes, parity and
previous mode of delivery, OR for caesarean section was no longer statistically
significant: 1.5 (0.9-2.4). We found no difference in the proportion of pregnant women
with overweight who had a caesarean section compared with the reference group.

The most common indications for caesarean section were imminent foetal asphyxia (n
= 64, 44.4 %), slow progression (n = 38, 26.4 %) and hypertensive pregnancy
complications (n = 10, 6.9 %). As BMI increased, there was a significantly lower
proportion of women with prolonged rupture of membranes (p=0.02), a lower
proportion with overdue pregnancy (p = 0.01) and a higher proportion with
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hypertensive pregnancy complications (p = 0.002). Prolonged rupture of membranes
was the only indication for induction that was associated with caesarean section, and it
was therefore included in the models for estimating the risk of caesarean section.

Compared with pre-pregnancy obesity, there was a stronger association between being
nulliparous or multiparous without previous vaginal delivery and caesarean section
(Table 2). In separate analyses of nulliparous and multiparous pregnant women, we
found an increased OR for caesarean section in patients with overweight and obesity,
but this was not statistically significant. Pre-pregnancy obesity was not associated with
operative vaginal delivery in the women who had a vaginal delivery.

Out of 393 nulliparous pregnant women whose labour was induced, 265 (67.4 %) had a
spontaneous vaginal delivery (Figure 1), and 78 (19.9 %) had a caesarean section
(Figure 2). Out of 359 multiparous pregnant women with previous vaginal delivery,
312 (86.9 %) had a spontaneous vaginal delivery and 32 (8.9 %) had a caesarean
section. Out of 55 multiparous pregnant women without previous vaginal delivery, 18
(32.7 %) had a spontaneous vaginal delivery and 34 (61.8 %) had a repeat caesarean
section. There was no statistically significant trend for the proportion with vaginal
delivery or caesarean section as BMI increased in any of these subanalyses.

BMI < 25 (reference group) M Overweight (BMI 25-29.9) M Obesity (BMI = 30)

Proportion (%) with spontaneous vaginal delivery

100
80
60
40
20
0
Nulliparous Multiparous with Multiparous without
265/393 (67%) previous vaginal delivery previous vaginal delivery
312/359 (87%) 18/55 (33%)
p for trend = 0.54 p for trend = 0.08 p for trend = 0.41

Figure 1 Proportion with spontaneous vaginal delivery out of 807 pregnant women whose
labour was induced at the University Hospital of North Norway, Tromsg in the period 2016—18,
grouped by parity and previous mode of delivery. The p-value for trend with increasing pre-
pregnancy BMI is estimated using linear regression.
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BMI < 25 (reference group) M Overweight (BMI 25-29.9) M Obesity (BMI = 30)

Proportion (%) with caesarean section

IO | wrvesereereesesseseesesesseeseesseess e

80

60

40

20

0
Nulliparous Multiparous with Multiparous without
78/393 (20%) previous vaginal delivery previous vaginal delivery
32/359 (9%) 34/55 (62%)
p for trend = 0.27 p for trend = 0.38 p for trend = 0.25

Figure 2 Proportion with caesarean section out of 807 pregnant women whose labour was
induced at the University Hospital of North Norway, Tromsg in the period 2016-18, grouped by
parity and previous mode of delivery. The p-value for trend with increasing pre-pregnancy BMI
is estimated using linear regression.

Discussion

In the entire cohort of pregnant women whose labour was induced, obesity was
associated with a higher proportion of caesarean sections than BMI < 25 kg/m2
(reference group): 22 % versus 15 %. There was a significant association between
obesity and risk of caesarean section in unadjusted analyses, but this association was no
longer statistically significant after adjusting for parity and previous mode of delivery.
The rationale for this adjustment is that pregnant women without previous vaginal
delivery have an increased risk of caesarean section. Being nulliparous or multiparous
without a previous vaginal delivery was more strongly associated with a risk of
caesarean section than obesity. Seven out of ten pregnant women with obesity whose
labour was induced had a spontaneous vaginal delivery, while six out of ten
multiparous women without previous vaginal delivery had a repeat caesarean section
after induction of labour.

Pregnant women with obesity whose labour was induced had a higher risk of caesarean
section in unadjusted analyses. However, our adjusted analyses showed that the
association between obesity and risk of caesarean section was no longer statistically
significant, as other researchers have previously reported (13, 14). Since the change in
the estimate of effect was small (OR 1.6-1.5), we cannot rule out pre-pregnancy BMI
having an impact or the increased risk being partly explained by one or more
confounding variables. Other research has shown that the risk of emergency caesarean
section was doubled in pregnant women with obesity compared with those of normal
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weight, irrespective of whether their labour had been induced or they had previously
undergone a caesarean section (12). Our findings showed that the risk of caesarean
section after induction of labour was associated with being nulliparous or multiparous
without previous vaginal delivery, irrespective of pre-pregnancy BMI (13, 15). It is
generally important to avoid caesarean section in nulliparous pregnant women, and our
findings support this. Several earlier studies excluded pregnant women with a previous
caesarean section, and it has not therefore been possible to study the effect of previous
mode of delivery on the association between obesity and risk of caesarean section in
induced labour (13, 16).

Pregnant women with overweight and obesity have longer pregnancies and longer
labour, in particular a longer latent phase until 6 cm cervical dilation (16-19).
Awareness of this is important in clinical practice to avoid unnecessary interventions.

Prolonged labour in women with obesity can be due to endocrinological and
inflammatory changes (18). An increased percentage of body fat and higher volume of
distribution can reduce the efficacy of drugs used to induce labour. It has been shown
that higher doses are required for successful induction of labour (19). Nevertheless,
there is no established practice regarding dose adjustments for obesity when inducing
labour (8).

The most common indications for induction of labour (prolonged rupture of
membranes, overdue pregnancy and hypertensive pregnancy complications), as well as
the methods that were used for induction of labour at the University Hospital of North
Norway, Tromsg, were the same as those in a national registration study at 21
Norwegian hospitals in 2018 (8, 11). All three of these main indications for induction
of labour were unevenly distributed between the BMI groups, but only prolonged
rupture of membranes was associated with caesarean section. The association between
obesity and caesarean section was only marginally affected after adjusting for
prolonged rupture of membranes when we tested for confounding by the indication for
induction of labour. High BMI alone is not an indication for induction of labour, and
the management of pregnant women with a high BMI is therefore no different in the
absence of the three main indications mentioned above (8).

A lack of association for obesity and overweight in the subanalyses is likely due to low
statistical power. The data collection was based on a student assignment in 2020, and
this limited the scope of the study. Future studies would be strengthened by using
national figures. However, our data were obtained from medical records, and this
probably resulted in improved recording of BMI compared with the Norwegian
Medical Birth Registry, which was missing 9 % of BMI entries in the study period (2).
More recent figures from the Norwegian Medical Birth Registry also provide evidence
that our data from 201618 are still representative: in 2018 and 2023, the proportion of
caesarean deliveries was 16.0 % and 16.2 % respectively nationwide in Norway, and
19.9 % and 19.3 % respectively at the University Hospital of North Norway, Tromsg
@)

We did not study weight over the course of the pregnancy, only pre-pregnancy BMI.
However, overweight and obesity in pregnant women have been reported to be
associated with caesarean section (13, 17). In our analyses, we chose to adjust for

height, even though it is part of the BMI calculation, because lower maternal height is
associated with an increased risk of caesarean section (20).
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From 2018 to 2023, data from the Norwegian Medical Birth Registry showed a 6 %
increase in induced labour both nationally and in Tromsg, as well as a 3-5 % increase
in obesity, a one-year increase in the average maternal age, and a 1-2 % increase in
nulliparous pregnancies (2). The increase in induced labour is multifactorial, with
possible contributing factors being revised definitions of gestational diabetes (2017)
and pre-eclampsia (2020) (8). Changes in the definitions have resulted in more women
being diagnosed and thus an increased chance of being induced. Other relevant factors
include changes in protocols for evaluating overdue pregnancies and an increased
awareness of the benefits of inducing labour. It is not known to what extent these
changes would have affected the results if the study had a more recent and/or larger
data set.

Pre-pregnancy BMI recorded on the antenatal health card is based on self-reported pre-
pregnancy height and weight, which is cost-effective and practical but entails an
increased risk of reporting bias (21). Nevertheless, earlier studies have shown that self-
reported data from the health card is an acceptable and reliable reference for weight
(22). Data on BMI or method of induction of labour were missing from 6 % of
pregnant women's antenatal health cards, and these women were excluded from the
analyses. We consider the proportion of excluded women to be acceptable, but it may
have led to underestimation of the risk of complications associated with overweight
and obesity. BMI is a useful tool for estimating weight status in a population, but it
does not distinguish between muscle mass and fat mass, which can lead to inaccurate
assessments of an individual's weight status in women with high muscle mass. We did
not have a control group with spontaneous onset of labour, and it was not therefore
possible to study differences in mode of delivery between women whose labour was
induced and those whose labour started spontaneously.

Conclusion

Pregnant women with obesity had a higher proportion of caesarean sections than
pregnant women without overweight or obesity. This risk of caesarean section
following induction of labour was predominantly associated with nulliparous or
multiparous women without previous vaginal delivery. A clinical implication of our
findings is that particular attention should perhaps be paid to women with a previous
caesarean delivery when inducing labour, irrespective of their pre-pregnancy BMI.

The article has been peer-reviewed.
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