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Abstract

Objective: To examine the independent impact of high maternal weight status on

pregnancy, delivery and neonatal outcomes.
Setting: Scotland

Participants: Data from 345,363 deliveries in Scotland between 2008 and 2015
were used. Women with overweight and obesity were compared with women with
normal weight. Independent associations between maternal body mass index and
pregnancy and neonatal outcomes were evaluated in a staged fashion, according to

the clinical timelines by which pregnancy, delivery and neonatal outcomes occur.

Outcome measures: Maternal or pregnancy complications, delivery complications

and neonatal outcomes.

Results: In the multivariable models controlling for potential covariates, we found
that compared with women with normal weight, the odds of the following outcomes
were significantly increased for women with overweight and obesity [overweight
adjusted odds ratio; 95% confidence interval, followed by the same for women with
obesity]: gestational hypertension [1.61; 1.52-1.70], [2.64; 2.50-2.80]; gestational
diabetes [2.34; 2.25-2.65], [8.69; 8.90-9.34]; pre-eclampsia [1.42; 1.32-1.54], [2.11;
1.95-2.28]; labour induction [1.26; 1.24-1.36], [1.71; 1.67-1.75]; and emergency

caesarean section [1.78; 1.72-1.86], [3.15; 3.03-3.28].

Conclusions: Women with overweight and obesity in Scotland are at greater risk of
adverse pregnancy, delivery and neonatal outcomes. The risk of these conditions
increases steadily with increasing body mass index. Health professionals should be

empowered to deliver promising dietary and lifestyle interventions to women at risk
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of overweight and obesity prior to conception, and control excessive weight gain in

pregnancy.

oNOYULT D WN =

12 Strengths and limitations of this study

14 e This study used a large, retrospective, national database covering all major
16 maternal and neonatal outcomes in Scotland.

e The staged analysis approach employed ensured an estimate of the

21 independent impact of high maternal-weight status on each outcome.

23 e All women with BMI of 30 or more were considered as having obesity and it
25 is likely that differentiating morbid obesity or obesity class Il and Il from

27 women with obesity would have generated more precise estimates.

e Although the analysis was restricted to only single births, the nature of the
32 analysis meant that women who may have had more than one delivery

34 during the study period contributed data on more than one birth, so not all

36 outcomes were strictly independent.
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Introduction

The increasing global prevalence of overweight and obesity makes it probable that a

growing number of women with high body mass index (BMI) are becoming pregnant.

High maternal BMI during pregnancy has adverse health implications for women
(1,2,3) and predisposes the unborn child to adverse outcomes, including neonatal
deaths, stillbirth, and admission to a neonatal unit (4,5,6). Wider service and
economic consequences can also be seen (7,8,9): there are indirect burdens of
illness and associated costs, in that women with high BMI who experience adverse
birth outcomes such as neonatal death or stillbirth may require support from family
and friends as well as bereavement support services within the community. There
are also substantial healthcare cost implications for infants who may require

neonatal intensive care unit admission.

Maternal weight status is currently high in Scotland: a recent study reported that
31.5% of mothers were overweight and a further 23.6% were affected by obesity
(10). However, no recent study in Scotland has investigated the effect of high

maternal BMI on pregnancy and neonatal outcomes. The aim of this study was to

examine the independent associations between high maternal BMI during pregnancy

and perinatal risks, including adverse neonatal outcomes. Understanding of these

associations can highlight areas where prevention strategies could be targeted.

Methods

Study population and data sources
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This retrospective study used data from 362,102 women of which outcome data
were available for 345,363 deliveries in Scotland between January 2008 and
December 2015. The women and infants were identified within the Scottish Morbidity
Record (SMR) 01 and 02 and Scottish Birth Record (SBR). SMRO01 is generated for
patients receiving inpatient or day care in the General or Acute specialties, whilst
SMRO2 is generated for patients receiving inpatient or day care in the Obstetric
Specialties. The SBR records all of a baby's neonatal care in Scotland. The outcome
variables are recorded in these registries according the World Health Organisation’s
International Classification of Diseases, Tenth Revision (ICD-10). Further description
of the content of these registries is available (11). The study was designed as a
clinical audit so did not require approval from a Research Ethics Committee.
However, approval was obtained from the national Electronic Data Research and

Innovation Service to use the anonymised data collected by these registries.
Patient and public involvement

Patients were not involved in the design, analysis and interpretation of this study.
Exposure variable

More than 80% of pregnant women in Scotland present themselves for antenatal
care during the first trimester of their pregnancy. Height and weight are measured
by the midwife at the first antenatal visit, typically before 12 weeks of pregnancy.
Body mass index was calculated using the formula weight (kg)/height (m?). BMI
completeness was 69% in 2008 but this increased gradually to 87% in 2011 when
recording of weight and height became mandatory. By 2015 BMI completeness was

98%. Women were categorised into three BMI groups as described in Table 1.
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Table 1. BMI definitions used
Variable Category BMI Definition
Maternal weight Normal <25 kg/m? (for women over 19);
status >0.4th centile to <91st centile
(for girls aged 15 - 19 years old)
Overweight >25 kg/m? to <30 kg/m? (for women
over 19);

=291st centile to <98th centile

(for girls aged 15 - 19 years old)
Obesity >30 kg/m? (for women over 19);
=>98th centile (for girls aged 15 - 19
years old)

* Age and gender standardised using UK1990 growth reference values

Outcomes

Outcome measures included were maternal or pregnancy complications such as
gestational diabetes, gestational hypertension, pre-eclampsia, placenta praevia,
placental abruption and postpartum haemorrhage. Delivery complications studied
were induction of labour, caesarean delivery (includes elective and emergency
caesarean sections), pre-term delivery (defined as less than 37 weeks of gestation)

and post-term delivery (more than 42 weeks of gestation).

Neonatal outcomes studied were: low Apgar score (less than “7” at 5 minutes),

stillbirth, congenital anomalies, neonatal intensive care unit (NICU) admission,

neonatal death, small for gestational age (SGA), and large for gestational age (LGA).

SGA were infants with birthweight of <10™ percentile for gestational age according to
UK1990 growth reference curve (12,13), and those with LGA were infants with birth

weight 290™ percentile.

Covariates
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1
2
3 Maternal age at delivery, parity, smoking during pregnancy and Scottish Index of
4
5 Multiple Deprivation for the datazone of the mother’s residence at birth, were
6
; considered as potentially confounding variables and were included as covariates in
?o the adjusted analyses. Table 2 describes the covariates used in this study by
11 . , . .
12 maternal weight status among singleton pregnancies (a pregnancy with one fetus as
13
14 opposed to twins or multiples). The data in Table 2 show the numbers of women who
15
16 had data on age, parity, deprivation and maternal smoking. This means that the total
17
18 number of women is slightly larger than the number in stage one of our analysis, as
19
;‘1) there were women missing hypertension, diabetes or pre-eclampsia data.
22
23
24
25
26 Table 2. Maternal characteristics among women with normal weight, overweight and
;; obesity" (singleton pregnancies)
29 . .
30 Normal* Overweight* Obesity*
N = 184,186 N = 100,844 N =77,072

31 N % N % N %
32 Maternal age (y)
33 15-19 12,887 7.0 3,737 3.7 3,586 47
34 20-24 34,067 18.5 16,621 16.5 13,638 17.7
35 25-29 50,599 27.5 27,648 27.4 22,055 28.6
36 30-34 53,604 291 30,389 301 21,786 28.3
37 35-39 27,339 14.8 18,108 18.0 12,730 16.5
38 40-44 5,433 3.0 4,105 4.1 3,131 4.1
39 44-49 257 0.1 191 0.2 146 0.2
40 Parity

1 85,617 46.5 41,205 409 29,420 38.2
4 2 64,905 352 37,016 36.7 27,935 36.3
42 3+ 33,664 18.3 22,623 224 19,717 256
43 Deprivation
44 Q1 (Least deprived) 36,229 19.7 17,964 178 10,675 13.9
45 Q2 34,098 185 18,343 18.2 13,223 17.2
46 Q3 37,016 201 20,286 201 15,495 20.1
47 Q4 38,945 211 22,236 221 18,449 23.9
48 Q5 (Most deprived) 37,898 20.6 22,015 21.8 19,230 25.0
49 Maternal smoking in

pregnancy
>0 No 148,334 80.5 83,231 825 62,303 80.8
51 Yes 35,852 195 17,613 175 14,769 19.2
52 *Maternal weight status at first antenatal visit
53 *Figures show women who had complete data on age, parity, derivation and maternal smoking
54
55
56
57
58
59
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Data analysis

Using Stata 14 (14), logistic regression was used to calculate odds ratios (ORs). BMI
groups with overweight and obesity were compared with the normal BMI group (the
reference population). A confidence interval (Cl) of 95% was produced for all ORs.
The analysis of the outcomes proceeded in a staged fashion according to the clinical

timelines by which pregnancy, delivery and neonatal outcomes occur.

Firstly, all conditions occurring during pregnancy such as gestational hypertension,
gestational diabetes and pre-eclampsia, which may also be a risk factor for later
outcomes, were compared with a ‘healthy’ group who did not have any of these
conditions. The second stage of the analysis considered only the group with none of
the stage one conditions. Placental abruption and placenta praevia were considered
within this stage because the risk of both conditions is associated with one or more
of the stage one conditions. Therefore, by limiting the dataset to those without any of
the stage one conditions, a better estimate of the independent impact of maternal
weight status is established. This approach means the sample size reduces steadily
as one moves through the process. The stages used for the analyses are outlined in
Figure 1. In the final stage there are two sub-stages because postpartum
haemorrhage is a maternal outcome and we wanted to treat this outcome

independent of NICU admission, congenital anomaly and neonatal death.

<Figure 1>

Results
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Within our study population 50.9% of pregnant women were categorised as normal
weight, 27.8% overweight and 21.3% were affected by obesity. The socio-
demographic characteristics of the women in the three BMI categories are presented
in Table 2. A comparison between the women in the various BMI categories shows
that the women who were affected by overweight and obesity were slightly older and
more often multiparous. Maternal smoking was slightly higher among women with
normal weight than in women with overweight and obesity. Among the normal BMI
group 20.6% were from the most deprived and 19.7% were from the least deprived
group. However, the difference in social deprivation was more marked within women
with obesity. Among this group, 25.0% were from the most deprived group whilst

13.9% were from the least deprived group.

Table 3 shows odd ratios for pregnancy and delivery complications, as well as
neonatal outcomes, among women with overweight and obesity, and with singleton
births. The three conditions occurring during pregnancy increased steadily with
increasing BMI. For example, compared to the normal BMI group, the risk of
gestational diabetes was 2.34 (95% CI: 2.25-2.65) but among the women with
obesity the risk was increased almost 9-fold (95% CI: 8.09-9.34). Relative to women
with normal weight, the adjusted OR of pre-eclampsia for women with overweight

was 1.42 (95% CI: 1.32-1.54) and 2.11 (95% CI: 1.95-2.28) for women with obesity.
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Table 3. Pregnancy and delivery complications and neonatal outcomes among women with normal, overweight and obesity (singletons)

Sample

Controls

Overweight N

Adjusted OR*

Obesity

Adjusted OR*

N (%)

N (%)

(95% Cl)

N (%)

(95% Cl)

Stage 1: Conditions occurring duri

ng pregnancy

Gestational hypertension 345,363 | 177,977 (51.5) | 96,384 (27.9) 1.61 (1.52, 1.70) 71,002 (20.6) 2.64 (2.50, 2.80)
Gestational diabetes 343,778 | 176,268 (51.3) | 95,523 (27.8) | 2.34 (2.25, 2.65) 71,987 (20.9) 8.69 (8.09, 9.34)
Pre-eclampsia 341,835 | 176,866 (51.7) | 95,295 (27.9) 1.42 (1.32, 1.54) 69,674 (20.4) 2.11 (1.95, 2.28)
Stage 2: Conditions affecting delivery

Placenta praevia 337,325 | 174,973 (561.9) | 93,997 (27.9) 1.18 (1.01, ) 68,355 (20.3) 0.90 (0.74, 1.09)
Placental abruption® 337,158 | 174,930 (51.9) | 93,892 (27.9) | 0.86 ( , 1.04) 68,336 (20.3) 0.91 (0.74,1.13)
Stage 3: Delivery

Induction of labour 237,216 | 131,077 (55.3) | 63,992 (27.0) 1.26 (1.24, 1.29) 42,147 (17.8) 1.71 (1.67, 1.75)
Caesarean section 216,243 | 120,687 (55.8) | 58,361 (27.0) 1.33 (1.29, 1.36) 37,195 (17.2) 1.84 (1.79, 1.90)
Emergency caesarean section 193,240 | 108,075 (55.9) 51,924 (26,9) 1.78 (1.72, 1.86) 33,241 (17.2) 3.15 (3.03, 3.28)
Stage 4: Birth outcome

Apgar score 175,492 | 101,091 (57.6) | 46,480 (26,5) | 0.97 (0.94, 0.99) 27,921 (15,9) 0.92 (0.89, 0.96)
Stillbirth® 145,927 | 83,787 (57.4) | 38,720 (26.5) 1.24 (0.94, 1.64) 23,420 (16.1) 2.09 (1.58, 2.76)
Stage 5: Term and size

Small for gestational age 94,599 | 56,604 (59.8) | 24,218 (25.6) | 0.81(0.77, 0.86) 13,777 (14.6) 0.74 (0.69, 0.79)
Preterm 90,697 | 53,780(59.3) | 23,447 (25.9) | 0.97 (0.90, 1.04) 13,470 (14.9) 1.04 (0.96, 1.13)
Small focr gestational age and 86,078 | 51,040 (59.3) | 22,291 (25.9) | 0.67 (0.46, 0.98) 12,747 (14.8) 0.53 (0.31, 0.90)
preterm

Postterm® 85,950 50,947 (59.3) | 22,265(25.9) | 0.83(0.37, 1.87) 12,738 (14.8) 1.27 (0.54, 3.00)
Large for gestational age 129,770 73,822 (56.9) | 34,865 (26.9) 1.23 (1.20, 1.26) 21,083 (16.3) 1.44 (1.40, 1.49)

Stage 6: Postnatal outcomes (infant and maternal)

NICU 85,421 | 50,651 (59.3) | 22,117 (25.9) | 1.08 (0.99, 1.19) 12,653 (14.8) 1.31 (1.18, 1.45)
Neonatal death® 82,682 | 49,123 (59.4) | 21,401 (25.9) | 0.68 (0.22, 2.12) 12,158 (14.7) 0.29 (0.04, 2.21)
Congenital anomaly’ 46,441 | 27,738 (59.7) | 11,932 (25.7) | 1.37 (0.95, 1.96) 6,771 (14.6) 1.25 (0.80, 1.94)
Postpartum haemorrhage 85,913 | 50,925 (59.3) | 22,257 (25.9) | 0.99 (0.94, 1.03) 12,731 (14.8) 1.04 (0.98, 1.10)

OR = Odd Ratio; Cl = Confidence Interval; NICU = Neonatal Intensive Care Unit
*Adjusted for maternal age, parity, deprivation and smoking in pregnancy
aThere were no placental abruptions among mothers aged 45-49 years, so 531 observations were dropped

bThere were no stillbirths to mothers aged 45-49 years, so 72 observations were dropped
cThere were no preterm and small for gestation age babies born to mothers aged 45-49 years, so 36 observations were dropped

dThere were no post-term babies born to mothers aged 45-49 years, so 36 observations were dropped
eThere were no neonatal deaths among births from mothers aged 45-49 years, so 35 observations were dropped
There were no congenital anomalies among births from mothers aged 45-49 years, so 16 observations were dropped

10
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Regarding conditions affecting delivery, the risk of placenta praevia was slightly
increased among women with overweight as compared with normal weight women
(OR 1.18, 95% CI: 1.01-1.39). However, among women with obesity, the OR was not
significant, likely due to reduced statistical power for this uncommon outcome. The
odds of experiencing placental abruption were not significantly different among the

different BMI categories.

The chance of induction of labour and caesarean section, either elective or
emergency increased with increasing BMI. Women with overweight had odds of 1.33
(95% CI: 1.29-1.36) higher for having an elective caesarean section and higher odds
(OR 1.78, 95% CI: 1.72-1.86) for undergoing emergency caesarean section
compared with normal weight women. The corresponding ORs for women with

obesity were 1.84 (95% CI: 1.79-1.90) and 3.15 (95% CI: 3.03-3.28).

In terms of birth outcomes, the risk of stillbirth was not significantly different for
women with overweight relative to normal weight women. However, there was about
2-fold increased risk among women with obesity. Being with overweight (OR 0.97,
95% CI: 0.94-0.99) or obesity (OR 0.92, 95% CI: 0.89-0.96) significantly decreased
the risk of low Apgar score, likely because women with obesity and overweight may
receive increased monitoring, which means issues are identified and managed

earlier to reduce any fetal distress in labour.

In contrast with the normal BMI group, births to women with overweight and obesity
were associated with decreased risk of small-for-gestational age and pre-term
delivery, ORs 0.67 (95% CI: 0.46-0.98) and 0.53 (95% CI: 0.31-0.90) respectively.

However, the prevalence of large-for-gestational age increased among women with
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overweight, OR of 1.23 (95%ClI: 1.20-1.26) and obesity, OR 1.44 (95% CI: 1.40-

1.49) compared with women with normal weight.

There were no statistically significant differences in ORs across the three BMI
groups when postnatal outcomes were considered, with the exception of NICU
admission. The odds of a baby being admitted to NICU was 1.31 times (95% CI:
1.18-1.45) higher among women with obesity in contrast to women with normal

weight.

Discussion

In this large, retrospective study using a staged approach to analysis, we found that
women with overweight or obesity during pregnancy were at increased risk of
several adverse pregnancy and delivery complications, and as well as poor neonatal
outcomes. Some earlier studies have also found similar findings, although most
studies to date have tended to focus on the association between women with obesity
(not including overweight) and these outcomes. However, a greater number of
women are likely to be with overweight rather than obesity, so it is important to also

understand the impact of overweight on pregnancy and neonatal outcomes.

In terms of the association between high maternal BMI and conditions that occur
during pregnancy, we found that the risk of all the conditions considered (gestational
hypertension, gestational diabetes and pre-eclampsia) increased steadily with

increasing BMI, which is in line with similar studies (3,4,5). A study compared women
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with normal weight to women with morbid obesity (BMI greater than 40), and also
found that there was an increased risk of pre-eclampsia (OR 4.82; 95% CI: 4.04-
5.74) (4). Our study also found that, aside from heightened pre-eclampsia risk for
women with obesity, being overweight was also significantly associated with this
outcome, albeit to a lesser degree. A meta-analysis of the association between
maternal BMI and the risk of pre-eclampsia showed that the risk doubled with each
5-7 kg/m? increase in pre-pregnancy BMI (15). It is evident that the risk of pre-
eclampsia increases with weight gain; therefore preventative strategies should be
focussed on getting women, especially those already overweight, to reduce weight
prior to conception. Weight loss in pregnancy requires careful management in order
to avoid unintended consequences (16). Nevertheless, women often engage with
health professionals during pregnancy; therefore dietary and lifestyle interventions
such as physical activity, which have been shown by reviews and meta-analyses
(16,17) to reduce gestational weight gain and improve outcomes for both mother and

baby, could be provided to them.

Generally, rates of caesarean delivery have increased significantly across many
developed countries in recent years (18). Our study found that women with
overweight and obesity showed an increased risk of caesarean delivery (both
elective and emergency) compared to normal-weight women, but we note that the
overall frequency of caesarean delivery across our obstetric population seems quite
high, compared to a previous Swedish study (4). Possible reasons could be that
caesarean delivery is probably less risky now, due to advances in medical science,
which facilitate accurate monitoring of the progress of labour and fetal intra-partum

condition (19). Nevertheless, this is quite concerning for Scotland, which has
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invested in programmes aimed at promoting natural birth such as keeping childbirth
natural and dynamic (KCND). The KCND is a maternity care programme introduced
by the Scottish Government with the aim of maximising opportunities for women to

have as natural a birth experience as possible, reduce unnecessary interventions in

low-risk pregnancy and childbirth, and to provide women-centred care (20,21,22).

We found that stillbirth was significantly associated with obesity and not overweight.
Scott-Pillai et al. (5) observed that women with overweight were not at increased risk
of stillbirth, neither were class | (BMI 30.00-34.99) and Il (BMI 35.00-39.99) obesity.
However, women in obesity class Il (BMI 240) were at increased risk of stillbirth.
Cedergren (4) also found that stillbirth was significantly associated with both obesity
and morbid obesity. Our study also found no significant association between high
maternal BMI and neonatal death. This was also in contrast to a previous study (4).
Since caesarean deliveries were quite frequent among our obstetric study population
as compared with this study, it is likely that health professionals in Scotland are
probably intervening early with regards to problems in labour in women with
overweight and obesity, in order to reduce fetal distress. This early intervention in
labour to reduce fetal distress could also possibly explain our findings that
overweight or obesity was significantly associated with decreased risk of low Apgar

score.

This study found that births to women with overweight and obesity were associated
with decreased risk of small-for-gestational age and pre-term delivery, compared
with women with normal weight. This an unexpected protective effect and we

suspect that excess weight in pregnancy may shift the entire birth weight distribution
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upwards, perhaps through hormonal mechanisms that operate in full-blown cases of
macrosomia in infants of diabetic mothers. Further studies may be required to
enhance our understanding of the mechanism by which different maternal weight

categories affect stillbirth and neonatal death.

Strengths and limitations
This study used a large, retrospective, national database covering all major maternal

and neonatal outcomes and the staged analysis approach we employed ensured an

estimate of the independent impact of high maternal-weight status on each outcome.

The dataset we used combined underweight and normal weight women as normal
BMI group. Using this as reference group might have strengthened the association
between high maternal BMI and the pregnancy and neonatal outcomes considered.
However, only a very small number of women are underweight during pregnancy in
Scotland in recent years. Also, some studies differentiate between the different
obesity categories, but in this study all women with BMI of 30 or more were
considered as having obesity. It is likely that differentiating morbid obesity or obesity
class Il and Il from women with obesity would have generated additional insight.
Although we restricted the analysis to only single births, the nature of the analysis
meant that women who may have had more than one delivery during the study
period contributed data on more than one birth, so not all outcomes were strictly

independent.

Conclusion

This study has shown that women with overweight and obesity in Scotland are at

greater risk of several pregnancy and delivery complications including gestational
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hypertension, gestational diabetes, pre-eclampsia, labour induction and caesarean
delivery. The risk of these conditions increases steadily with increasing BMI. Women
with obesity also had 2-fold risk increase for stillbirth. Health professionals should be
empowered to deliver promising dietary and lifestyle interventions to women at risk
of overweight and obesity prior to conception, and control excessive weight gain in

pregnancy.
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Figure 1. Maternal weight status and neonatal outcomes analysis

For peer review only - http://bmjope%.%mj.com/site/about/guidelines.xhtml

Page 22 of 23

ybuAdod Aq parosiold 1senb Ag 20z ‘0T IMdy uo /wod fwq uadoligy/:dny woly pspeojumod "020z Arenigad 0z Uo 89T920-8T0Z-usdolwag/9eTT 0T Se paysiignd 1siy :usdo NG


http://bmjopen.bmj.com/

Page 23 of 23

oNOYTULT D WN =

BMJ Open

Stage 6b - postnatal
outcomes - mother
Postpartum
haemorrhage

Healthy

outcome

Stage 6a — postnatal
outcomes - baby
Congenital anomaly,
NICU admission OR
Neonatal death

Stage 5 —term and size
SGA and Preterm, SGA
only, Preterm only, LGA
only, OR Postterm only

Stage 4 - birth
outcome
Still birth OR
Low Apgar score

Stage 3 - Delivery

Stage 2 — conditions C-section, Induction OR
affecting delivery ~ Induction and C-section
Placental abruption ~ (Probably emergency
OR Placenta previa C-sections)

Stage 1 - conditions
occurring during pregnancy
Gestational diabetes,
Gestational hypertension, OR
Pre-eclampsia

192x103mm (300 x 300 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

“ybuAdoo Aq parosiold 1sanb Aq 120z ‘0T |dy uo ywod fwg uadolwa//:dny woiy papeojumoq "0Z0z Arenigad 0Z Uo 89T920-8T0Z-uadolwag/9eTT 0T Se paysignd isiy :uado NG


http://bmjopen.bmj.com/

BMJ Open

BM) Open

A cohort study of high maternal Body Mass Index and the
risk of adverse pregnancy, delivery and neonatal outcomes

in Scotland

Journal:

BMJ Open

Manuscript ID

bmjopen-2018-026168.R1

Article Type:

Original research

Date Submitted by the
Author:

17-Jun-2019

Complete List of Authors:

Doi, Lawrence; University of Edinburgh, Scottish Collaboration for Public
Health Research and Policy, School of Health in Social Science

Williams, Andrew James; University of Exeter

Marryat, Louise; University of Edinburgh, SCPHRP

Frank, John; University of Edinburgh, Scottish Collaboration for Public
Health Researh and Policy

<b>Primary Subject
Heading</b>:

Obstetrics and gynaecology

Secondary Subject Heading:

Epidemiology, Paediatrics, Public health, Reproductive medicine, Health
policy

Keywords:

OBSTETRICS, EPIDEMIOLOGY, PUBLIC HEALTH

SCHOLA

RONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Aq parosiold 1senb Aqg +Z0z ‘0T Iudy uo jwod fwg uadolway/:dny woly pspeojumod "020z ArenigeaH 0z Uo 89T9Z0-8T0Z-uadolwa/9eTT 0T Se paysiignd 1say :uado rING


http://bmjopen.bmj.com/

Page 1 of 30

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

A cohort study of high maternal Body Mass Index and the risk of
adverse pregnancy, delivery and neonatal outcomes in Scotland

Lawrence Doi'*, Andrew James Williams?, Louise Marryat3#, John Frank3°

*Correspondence: larry.doi@ed.ac.uk

'Scottish Collaboration for Public Health Research and Policy, School of Health in
Social Science, University of Edinburgh, Doorway 6, Old Medical School, Teviot
Place, EH8 9AG, UK.

2European Centre for Environment and Human Health, College of Medicine and
Health, University of Exeter, Knowledge Spa, Royal Cornwall Hospital, Truro,
Cornwall TR1 3HD, UK.

3Farr Institute at Scotland, University of Edinburgh, Nine, Edinburgh BioQuarter, 9
Little France Road, Edinburgh EH16 4UX, UK.

4Centre for Clinical Brain Sciences, University of Edinburgh, Royal Edinburgh
Hospital, Kennedy Tower, Morningside Park, Edinburgh EH10 5HF, UK.

SUsher Institute of Population Health Sciences and Informatics, University of
Edinburgh, Doorway 1, Old Medical School, Teviot Place, EH8 9AG, UK.

1

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 30


http://bmjopen.bmj.com/

Page 3 of 30

oNOYTULT D WN =

BMJ Open

Abstract

Objective: To examine the association between high maternal weight status on

pregnancy, delivery and neonatal outcomes.

Setting: Scotland

Participants: Data from 135,858 first time singleton deliveries in Scotland between
2008 and 2015 were used. Women with overweight and obesity were compared with
women with normal weight. Associations between maternal body mass index and
pregnancy and neonatal outcomes were evaluated in a staged fashion, according to

the clinical timelines by which pregnancy, delivery and neonatal outcomes occur.

Outcome measures: Gestational diabetes, gestational hypertension, pre-eclampsia,
placenta praevia, placental abruption, postpartum haemorrhage, induction of labour,
elective and emergency caesarean sections, pre-term delivery, post-term delivery,
low Apgar score, stillbirth, congenital anomalies, neonatal intensive care unit

admission, neonatal death, small for gestational age and large for gestational age.

Results: In the multivariable models controlling for potential covariates, we found
that compared with women with normal weight, the odds of the following outcomes
were significantly increased for women with overweight and obesity [overweight
adjusted odds ratio; 95% confidence interval, followed by the same for women with
obesity]: gestational hypertension [1.62; 1.5-1.75], [2.61; 2.42-2.82] ; gestational
diabetes [2.19; 1.91-2.52], [8.71; 7.74-9.81] ; pre-eclampsia [1.47; 1.33-1.63] [2.19;
1.98-2.42] ]; labour induction [1.33; 1.27-1.39], [1.76; 1.67-1.86] ; emergency
caesarean section [1.90; 1.78-2.02], [3.34; 3.12-3.57] and stillbirth [2.27; 1.20-4.29],

[3.21; 1.59-6.48].
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Conclusions: Women with overweight and obesity in Scotland are at greater risk of

adverse pregnancy, delivery and neonatal outcomes. The risk of these conditions

increases steadily with increasing body mass index. Health professionals should be

empowered and trained to deliver promising dietary and lifestyle interventions to

women at risk of overweight and obesity prior to conception, and control excessive

weight gain in pregnancy.

Strengths and limitations of this study

This study used a large, retrospectively accessed but cohort-structured,
national database covering all major maternal and neonatal outcomes in
Scotland over eight recent years.

The staged analysis approach employed ensured an estimate of the precise
impact of high maternal-weight status on each outcome.

All women with BMI of 30 kg/m? or more were considered as having obesity;
it is likely that differentiating morbid obesity or obesity class Il and Il from
obesity would have generated more precise risk estimates.

The completeness of the recording of BMI increased during the study period
(2008 to 2015) from 69% to 98%. Using data from the earlier years when
the BMI was missing more often might have biased the study sample if it

was the case that BMI was not missing at random.
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Introduction

The increasing global prevalence of overweight and obesity makes it more likely that
a growing number of women with high body mass index (BMI) are becoming
pregnant. High maternal BMI during pregnancy has adverse health implications for
women (1,2) and predisposes the unborn child to adverse outcomes, including
neonatal deaths, stillbirth, and admission to a neonatal unit (3,4,5). A recent
international systematic review involving 38 studies found that even modest
increases in maternal BMI were associated with increased risk of fetal death,
stillbirth, and neonatal, perinatal, and infant death (6). Obesity in pregnancy can
have health implications later in life for both mother and child. Among women this
could lead to diabetes, heart disease and hypertension, whilst children are more
prone to future obesity and hypertension (7). Wider service and economic
consequences can also be seen including indirect burdens of illness and associated
costs, in that women with high BMI also experience adverse birth outcomes such as
neonatal death or stillbirth (8,9,10). Such individuals may require support from family
and friends as well as bereavement support services within the community. There
are also substantial healthcare cost implications for infants who may require medical
attention. For example, a recent study examining infant health utilisation and costs
on the NHS in the UK of infants born to women with overweight or obesity found that
total mean additional resource cost for infants born to women who are overweight

was £65.13, and £1138.11 for infants born to women who are obese (11).

Maternal weights are currently high in Scotland: a recent study reported that 31.5%
of mothers were overweight and a further 23.6% were affected by obesity (12).

Another study examining the impact of maternal BMI on clinical complications, inpatient

4
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admissions, and additional short-term costs to the NHS in Scotland revealed that maternal
BMI influences maternal and neonatal morbidity, the number and duration of maternal and
neonatal admissions, and health service costs (13). However, no recent study in
Scotland has investigated the effect of high maternal BMI on the risk of pregnancy
and neonatal outcomes. The aim of this study was to examine the associations
between high maternal BMI during pregnancy and perinatal risks, including adverse
neonatal outcomes. Understanding of these associations can highlight areas where

prevention strategies could be targeted.

Methods

Study population and data sources

This retrospective cohort study used data from 135,858 first time mothers who gave
birth to only one child in Scotland between January 2008 and December 2015. The
women and infants were identified within three electronic medical record databases:
the Scottish Morbidity Record (SMR) 01 and 02 and Scottish Birth Record (SBR).
SMRO01 is generated for patients receiving inpatient or day care in the General or
Acute specialties, whilst SMRO02 is generated for patients receiving inpatient or day
care in the Obstetric Specialties. The SBR records all of a baby's neonatal care in
Scotland. The outcome variables are recorded in these databases according the
World Health Organization’s International Classification of Diseases, Tenth Revision
(ICD-10). Further description of the content of these databases is available (14) and
in the web-appendix. The study was designed as a clinical audit so did not require

approval from a Research Ethics Committee. However, approval was obtained from
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the Public Benefit and Privacy Panel via the national Electronic Data Research and

Innovation Service to use the anonymised data collected by these registries.
Patient and public involvement

Patients were not involved in the design, analysis and interpretation of this study.
Exposure variable

More than 80% of pregnant women in Scotland present themselves for antenatal
care during the first trimester of their pregnancy. Height and weight are measured
by the midwife at the first antenatal visit, typically before 12 weeks of pregnancy.
Body mass index was calculated using the formula weight (kg)/height (m?). BMI
completeness was 69% in 2008 but this increased gradually to 87% in 2011 when
recording of weight and height became mandatory. By 2015 BMI completeness was

98%. Women were categorised into three BMI groups as described in Table 1.

Table 1. Adult BMI definitions used

Variable Category BMI Definition
Maternal weight Normal <25 kg/m?
status Overweight >25 kg/m? to <30 kg/m?
Obesity 230 kg/m?
Outcomes

Outcome measures included were maternal or pregnancy complications such as
gestational diabetes, gestational hypertension, pre-eclampsia (high blood pressure
and protein in urine), placenta praevia (when a baby's placenta partially or totally
covers the mother's cervix), placental abruption (when the placenta separates early

from the uterus before childbirth) and postpartum haemorrhage (loss of more than

6
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500 ml or 1,000 ml of blood within the first 24 hours following childbirth). Delivery
complications studied were induction of labour, caesarean delivery (includes elective
and emergency caesarean sections), pre-term delivery (defined as less than 37
weeks of gestation), post-term delivery (more than 42 weeks of gestation), small for
gestational age (SGA), and large for gestational age (LGA). SGA were infants with
birthweight of <10t percentile for gestational age according to UK1990 growth
reference curve (15,16), and those with LGA were infants with birth weight 290t

percentile.

Neonatal outcomes studied were: low Apgar score (less than “7” at 5 minutes),
stillbirth, congenital anomalies, neonatal intensive care unit (NICU) admission,

neonatal death.

Covariates

Maternal age at delivery, smoking during pregnancy and Carstairs 2001 quintiles for
Scotland for the postcode sector of the mother’s residence at birth, were considered
as potentially confounding variables and were included as covariates in the adjusted
analyses. Table 2 describes the covariates used in this study by maternal weight
status among singleton (a pregnancy with one fetus as opposed to twins or
multiples) first-time pregnancies. The data in Table 2 show the numbers of women
who had data on age, deprivation and maternal smoking. This means that the total
number of women is slightly larger than the number in stage one of our analysis, as

there were women missing hypertension, diabetes or pre-eclampsia data.

7
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Table 2. Maternal characteristics among normal weight, overweight and obese

women* (singleton, first pregnancies)

Normal* Overweight* Obese*

N =73,130 N = 36,992 N = 25,738

N % N % N %
Maternal age (y)
20-24 19,874 27.2 9,368 25.3 7,016 27.3
25-29 24,443 33.4 12,174 32.9 8,475 32.9
30-34 20,880 28.6 10,522 28.4 6,922 26.9
35-39 7,933 10.9 4,928 13.3 3,325 12.9
Carstairs 2001 quintiles for
Scotland
Q1 (Least deprived) 14,695 20.1 6,785 18.3 3,870 15.0
Q2 13,820 18.9 6,851 18.5 4,639 18.0
Q3 14,581 19.9 7,549 20.4 5,117 19.9
Q4 15,338 21.0 7,994 21.6 6,079 23.6
Q5 (Most deprived) 14,696 20.1 7,813 211 6,033 23.4
Maternal smoking in
pregnancy
No 62,439 85.4 31,806 86.0 21,604 83.9
Yes 10,691 14.6 5,186 14.0 4,134 16.1

*Maternal weight status at first antenatal visit
*Figures show women who had complete data on age, deprivation and maternal smoking

Data analysis

Using Stata 14 (17), logistic regression was used to calculate odds ratios (ORs). BMI
groups with overweight and obesity were compared with the normal BMI group (the
reference population). A confidence interval (Cl) of 95% was produced for all ORs.
The analysis of the outcomes proceeded in a staged fashion according to the clinical

timelines by which pregnancy, delivery and neonatal outcomes occur (Figure 1).

Firstly, all conditions occurring during pregnancy such as gestational hypertension,
gestational diabetes and pre-eclampsia, which may also be a risk factor for later
outcomes, were compared with a ‘healthy’ group who did not have any of these
conditions. The second stage of the analysis considered only the group with none of
the stage one conditions. Placental abruption, placenta praevia, size for gestational
age and whether labour began before, at or after term were considered within this

stage because the risk of both conditions is associated with one or more of the stage

8
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one conditions. Therefore, by limiting the dataset to those without any of the stage
one conditions, a better estimate of the impact of maternal weight status is
established. This approach means the sample size reduces steadily as one moves
through the process. The stages used for the analyses are outlined in Figure 1. In
the final stage there are two sub-stages because postpartum haemorrhage is a
maternal outcome and we wanted to treat this outcome independent of NICU

admission, congenital anomaly and neonatal death.

<Figure 1>
Results

Within our study population 53.8 % of pregnant women were categorised as normal
weight, 27.3% overweight and 18.9% were affected by obesity. The socio-
demographic characteristics of the women in the three BMI categories are presented
in Table 2. Maternal smoking prevalence was slightly higher among women with
obesity than in women with normal weight or overweight. Among the women who
were overweight, 21.1% were from the most deprived and 18.3% were from the least
deprived group. However, the difference in social deprivation was more marked
within women with obesity. Among this group, 23.4% were from the most deprived

group whilst 15.0% were from the least deprived group.

Table 3 shows odd ratios for pregnancy and delivery complications, as well as
neonatal outcomes, among women who were overweight or obese, and with
singleton first-time births. The risk of the three conditions occurring during pregnancy
increased steadily with increasing BMI. For example, compared to the normal BMI

group, the risk of gestational diabetes was 2.19 (95% CI: 1.91-2.52) but among
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women who were obese the risk was increased to 8.71 (95% CI: 8.71 — 9.81).
Relative to women who were of normal weight, the adjusted OR of pre-eclampsia for
women who were overweight was 1.47 (95% CI: 1.33-1.63) and 2.19 (95% CI: 1.98-

2.42) for women who were obese.
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Total Normal Overweight c | Obese
sample | N (%) Cases (%) N (%) Cases (%) Adjusted OR*< | N (%) Cases (%) Adjusted OR*
(95% CI) S (95% CI)

Stage 1: Conditions occurring during pregnancy o

Gestational hypertension 128,977 | 70,276 (54.5) 1,554 (2.2) | 35,152 (27.3) 1,241 (3.5) | 1.62 (1.50, 1.78) | 23,549 (18.3) 1,280 (5.4) | 2.61 (2.42, 2.82)
Gestational diabetes 126.779 | 69,099 (54.5) 377 (0.6) | 34,329 (27.1) 418 (1.2) | 2.19 (1.91, 2.5%) | 23,351 (18.4) 1,082 (4.6) | 8.71 (7.74,9.81)
Pre-eclampsia 127,155 | 69,644 (54.8) 922 (1.3) | 34.586 (27.2) 675 (2.0) | 1.47 (1.33,1.6%) | 22,925 (18.0) 656 (2.9) | 2.19 (1.98, 2.42)
Stage 2: Conditions affecting delivery &

Placenta praevia 74,076 | 42,021 (56.7) 102 (0.2) | 19,817 (26.8) 64 (0.3) | 1.28 (0.93, 1.75) | 12,238 (16.5) 29 (0.2) | 0.96 (0.64, 1.46)
Placental abruption 74,081 | 42,040 (56.8) 121 (0.3) | 19,800 (26.7) 47 (0.2) | 0.80 (0.57, 1.1%) | 12,241 (16.5) 32 (0.3) | 0.87 (0.59, 1.29)
Small for gestational age 83,503 | 47,881 (57.3) | 5,962 (12.5) | 22,017 (26.4) | 2,264 (10.3) | 0.80 (0.76, 0.84) | 13,605 (16.3) | 1,396 (10.3) | 0.77 (0.72, 0.82)
(SGA) 2

Pre-term 79,013 | 44,831 (56.7) 2,912 (6.5) | 21,057 (26.7) 1,304 (6.2) | 0.94 (0.88, 1.0€) | 13,125 (16.6) 916 (7.0) | 1.06 (0.98, 1.14)
SGA and pre-term 74,510 | 42,260 (56.7) 341 (0.8) | 19,915 (26.7) 162 (0.8) | 0.99 (0.82, 1.28) | 12,335 (16.6) 126 (1.0) | 1.19 (0.96, 1.46)
Post-term 73,947 | 41,950 (56.7) 31(0.1) | 19,775 (26.7) 22 (0.1) | 1.53 (0.88, 2.6®) | 12,222 (16.5) 13 (0.1) | 1.52 (0.79, 2.92)
Large for gestational age 107,189 | 58,373 (54.5) | 16,454 (28.2) | 29,480 (27.5) | 9,727 (33.0) | 1.26 (1.22, 1.3@) | 19,336 (18.0) | 7,127 (36.9) | 1.52 (1.47, 1.58)
Stage 3: Delivery =

Induction of labour 55,265 | 33,032 (59.8) | 7,633 (23.1) | 14,222 (25.7) | 4,074 (28.7) | 1.33(1.27,1.38) | 8,011 (14.5) | 2,791 (34.8) | 1.76 (1.67, 1.86)
Caesarean section 51,963 | 31,235 (60.1) | 5,836 (18.7) | 13,348 (25.7) | 3,200 (24.0) | 1.34 (1.28,1.48) | 7,380 (14.2) | 2,160 (29.3) | 1.80 (1.70, 1.91)
Emergency caesarean 47,620 | 28,178 (59.2) 2,779 (9.9) | 12,303 (25.8) | 2,155 (17.5) | 1.90 (1.78,2.02) | 7,139 (15.0) | 1,919 (26.9) | 3.34 (3.12, 3.57)
section ]

Stage 4: Birth outcome =

Apgar score 40,716 | 25,379 (62.3) | 4,856 (19.1) | 10,130 (24.9) | 1,982 (19.6) | 1.02 (0.96, 1.0 5,207 (12.8) 983 (18.9) | 0.95 (0.88, 1.03)
Stillbirth 32,946 | 20,543 (62.4) 20(0.1) | 8,166 (24.8) 18 (0.2) | 2.27 (1.20,4.2 4,237 (12.9) 13 (0.3) | 3.21 (1.59, 6.48)
Stage 5: Postnatal outcomes (infant and maternal) o

NICU admission 32,722 | 20,423 (62.4) 719(3.5) | 8,101 (24.8) 322 (4.0) | 1.13(0.98, 1.2&) | 4,198 (12.8) 205 (4.9) | 1.39 (1.18, 1.63)
Neonatal death - | 19,707 (62.6) 3(<0.1) | 7,779 (24.7) 0(0.0) @ | 3,993 (12.7) 0(0.0) -
Congenital anomaly 16,951 | 10,609 (62.6) 29(0.3) | 4,177 (24.6) 16 (0.4) | 1.38(0.75,2.54) | 2,165 (12.8) 9(0.4) | 1.42 (0.67, 3.01)
Postpartum haemorrhage 32,895 | 20,523 (62.4) | 3,947 (19.2) | 8,148 (24.8) | 1,565 (19.2) | 0.99 (0.93, 4,224 (12.8) 879 (20.8) | 1.12 (1.03, 1.21)

OR = Odd Ratio; Cl = Confidence Interval; NICU = Neonatal Intensive Care Unit
*Adjusted for maternal age, deprivation and smoking in pregnancy
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Regarding conditions affecting delivery, the odds ratio of placenta praevia were not
statistically significant for both women who were overweight (OR 1.28, 95%CI: 0.93-
1.75) and obese (OR 0.96, 95%CI: 0.64-1.46) compared with women with normal
weight. The odds of experiencing placental abruption were also not significantly

different among the different BMI categories.

In contrast with the normal BMI group, births to women who were overweight and
obese were associated with decreased risk of small-for-gestational age, ORs 0.80
(95% CI: 0.76-0.84) and 0.77 (95% CI: 0.72-0.82) respectively. However, the
prevalence of large-for-gestational age increased among women with overweight,
OR of 1.26 (95%CI: 1.22-1.30) and women with obesity, OR 1.52 (95% CI: 1.47-

1.58) compared with women of normal weight.

The chance of induction of labour and caesarean section, either elective or
emergency increased with increasing BMI. Women who were overweight had odds
of 1.34 (95% CI: 1.28-1.41) higher for having an elective Caesarean section and
higher odds (OR 1.90, 95% CI: 1.78-2.02) for undergoing emergency Caesarean
section, compared with women of normal weight. The corresponding ORs for women

with obesity were 1.80 (95% CI: 1.70-1.91) and 3.34 (95% CI: 3.12-3.57).

In terms of birth outcomes, the risk of stillbirth was not significantly higher for both
women who were overweight (OR 2.27, 95%CI: 1.20-4.29) and obese (OR 3.21,
95%Cl: 1.59-6.48) relative to normal weight women. Being overweight (OR 1.02 ,
95% CI: 0.96-1.08 ) or obese (OR 0.95, 95% CI: 0.88-1.03) did not significantly

affect the risk of low Apgar score, likely because women with obesity and
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overweight may receive increased monitoring, which means issues can be identified

and managed earlier, to reduce any fetal distress in labour.

There were no statistically significant differences in ORs among women who were
overweight when postnatal outcomes were considered. However, among women
who were obese, the odds of a baby being admitted to NICU was 1.39 (95% CI:
1.18-1.63) in contrast to women with normal weight. The odds of experiencing
postpartum haemorrhage were also statistically significant for women who were

obese (OR 1.12, 95%CI: 1.03-1.21), compared with women of normal weight.

Discussion

In this large, retrospective cohort study using a staged approach to analysis, we
found that overweight or obesity during pregnancy increased the risk of several
adverse pregnancy and delivery complications, and as well as poor neonatal
outcomes. Some earlier studies have also found similar findings. Aside from obesity,
we also examined overweight because in most populations, a greater number of
women are overweight rather than obese, so it is important to also understand the

impact of overweight on pregnancy and neonatal outcomes.

In terms of the association between high maternal BMI and conditions that occur
during pregnancy, we found that the risk of all the conditions considered (gestational
hypertension, gestational diabetes and pre-eclampsia) increased steadily with
increasing BMI, which is in line with similar studies (2,3,4). A study compared women

ofnormal weight to women who were morbidly obese (BMI greater than 40), and also
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found that there was an increased risk of pre-eclampsia (OR 4.82; 95% ClI: 4.04-
5.74) (3). Our study also found that, aside from heightened pre-eclampsia risk for
women with obesity, being overweight was also significantly associated with this
outcome, albeit to a lesser degree. A meta-analysis of the association between
maternal BMI and the risk of pre-eclampsia showed that the risk doubled with each
5-7 kg/m? increase in pre-pregnancy BMI (18). It is evident that the risk of pre-
eclampsia increases with the degree of weight gain; therefore preventative strategies
should be focussed on getting women, especially those already overweight, to
reduce weight prior to conception. Weight loss in pregnancy requires careful
management in order to avoid unintended consequences (19). Nevertheless, women
often engage with health professionals during pregnancy; therefore dietary and
lifestyle interventions such as physical activity, which have been shown by reviews
and meta-analyses (19,20) to reduce gestational weight gain and improve outcomes

for both mother and baby, could be provided to them.

Generally, rates of Caesarean delivery have increased significantly across many
developed countries in recent years (21). Our study found that women with
overweight and obesity showed an increased risk of Caesarean delivery (both
elective and emergency) compared to normal-weight women, but we note that the
overall frequency of Caesarean delivery across our obstetric population seems quite
high, compared to a previous Swedish study (3). Possible reasons could be that
Caesarean delivery is probably less risky now, due to advances in medical science,
which facilitate accurate monitoring of the progress of labour and fetal intra-partum
condition (22). Nevertheless, this is quite concerning for Scotland, which has

invested in programmes aimed at promoting natural birth such as Keeping Childbirth
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Natural and Dynamic (KCND). The KCND is a maternity care programme introduced
by the Scottish Government with the aim of maximising opportunities for women to
have as natural a birth experience as possible, reduce unnecessary interventions in

low-risk pregnancy and childbirth, and to provide women-centred care (23,24,25).

We found that stillbirth was significantly associated with both overweight and obesity.
This is congruent with the Aune et al. (6) systematic review and meta-analysis.
However, Scott-Pillai et al. (4) observed that women who were overweight were not
at increased risk of stillbirth, neither were those with class | (BMI 30.00-34.99) and II
(BMI 35.00-39.99) obesity. Women in obesity class Ill (BMI 240) were found to be at
increased risk of stillbirth. Cedergren (3) also found that stillbirth was significantly
associated with both obesity and morbid obesity. Our study found that within the
cohort there were no fetal deaths to first time mothers who were overweight or obese
and who gave birth to only one child. This was in contrast to a previous study (3).
Since Caesarean deliveries were more frequent among our obstetric study
population, it is possible that health professionals in Scotland are probably
intervening early with regards to problems in labour among women with overweight
or obesity, in order to reduce fetal distress, and its worst outcome. This early
intervention in labour to reduce fetal distress could also possibly explain our findings
that overweight or obesity was not significantly associated with decreased risk of low

Apgar score.
Adiposity increases risk of large-for-gestational age and macrosomia; in this study,

we found that births to women with overweight and obesity were associated with an

increased risk of large-for-gestational age infants compared with women of normal
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weight. Excess weight in pregnancy may shift the entire birth weight distribution
upwards, perhaps through hormonal mechanisms that operate at lower levels than in

full-blown cases of macrosomia in infants of diabetic mothers.

Strengths and limitations

This study used a large, retrospectively accessed but cohort-structured, national
database covering all major maternal and neonatal outcomes. The staged analysis
approach we employed ensured a more precise estimate of the impact of high
maternal-weight status on each outcome. We restricted the analysis to only single
births and first pregnancies to ensure that the births in the sample are relatively
independent. The dataset we used combined underweight and normal weight
women as normal BMI group. Using this as reference group might have
strengthened the association between high maternal BMI and the pregnancy and
neonatal outcomes considered. However, only a very small number of women are
underweight during pregnancy in Scotland in recent years. Also, some studies
differentiate between different obesity categories, but in this study all women with
BMI of 30 or more were considered as having obesity. It is likely that differentiating
morbid obesity, or obesity class Il and Il from women with obesity, would have
generated additional insight. The completeness of the recording of BMI increased
during the study period (2008 to 2015) from 69% to 98%. Using data from the earlier
years, when the BMI was missing more often, might have biased the study sample if
BMI was not missing at random. The study included control for a limited set of
confounders. All these limitations are common in studies like this one, utilising
routinely collected administrative records, but such studies can be undertaken

inexpensively and quickly compered to studies collecting such data first hand.
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Conclusion

This study has shown that women who were overweight and obese in Scotland are

at greater risk of several pregnancy and delivery complications including gestational

hypertension, gestational diabetes, pre-eclampsia, labour induction and Caesarean

delivery. The risk of these conditions increases steadily with increasing BMI. Women

with obesity also had three-fold risk increase for stillbirth. Health professionals

should be empowered and trained to deliver promising dietary and lifestyle

interventions to women at risk of overweight and obesity prior to conception, and

control excessive weight gain in pregnancy.
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Figure 1. Maternal weight status and neonatal outcomes analysis
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Web-appendix: Description of data fields used in the study

Variable Name

Database Source

Variable Description/Values

Notes

4 0Z Up 89T9Z0-8T0Z-uadolwc

: All other codes

Mother_ID N/A - study Unique mother identifier 1516-0613/" foIIowed%;y an anonymous identifier
specific 3
Baby_ID N/A - study Unique baby identifier Mother_ID followed by delivery sequence number
specific followed by a baby seéguence number. The baby sequence
number for multiple Babies from same delivery not
necessarily in correctirder due to missing CHI numbers.
2
2
3
Delivery_Seq_No N/A - study Delivery sequence number of mother g
specific <l
Gest_Diabetes SMRO02 1: Yes, Gestational diabetes http://www.ndc.scot%hs.uk/Dictionarv-A—
(diagnosed during this pregnancy) Z/Definitions/index.a§?Search=D&ID=214&Title=Diabetes
0: Yes, Pre-existing diabetes _g
(diagnosed before pregnancy) & No §,
(no diabetes during this pregnancy) g
Missing: Yes, Time of diagnosis g
unknown & Not Known ;
©
Gest_Hypertension SMR02/SMRO01 1:ICD 10 code 013.X Flagged codes cover @stational hypertension
0: All other codes B
Pre_Eclampsia SMR02/SMRO01 1:ICD 10 code O14._ Flagged codes cover (¥e-eclampsia
0: All other codes E
Placental_Abruption SMR02/SMRO01 1:ICD 10 code 045. Flagged codes cover @acental abruption
0: All other codes 5
Placental_Praevia SMR02/SMRO01 1:ICD 10 code 044. Flagged codes cover @acenta praevia
0

1ybuAdoo Aq|pai
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HZ0-8T02-uadolwc

Postpartum_Haemorrhage SMR02/SMR01 1: ICD 10 code 072._ Flagged codes cover @stpartum haemorrhage
0: All other codes 9
Caesarean_Delivery SMRO02 1: Elective (planned) caesarean http://www.ndc.scot@hs.uk/Dictionary-A-
section & Emergency and unspecified Z/Definitions/index.a@?Search=M&ID=322&TitIe=Mode of
caesarean section Delivery - Babies 1 tog
0: All other codes <
Labour_Induction SMRO02 1: 1-8 - Induction of labour codes http://www.ndc.scot@hs.uk/Dictionary-A-
0: 0, None Z/Definitions/index.a€p?$earch=|&ID=295&Tit|e=|nduction
Missing: 9, Not known of Labour 2
=
SGA SMR02 1: Birthweight <10th percentile Small for gestational gge flag
0: Birthweight >10th percentile o
LGA SMR02 1: Birthweight >90th percentile Large for gestational %e flag
0: Birthweight <90th percentile >
Preterm_Delivery SMRO02 1: Estimated gestation < 37 weeks http://www.ndc.scot%hs.uk/Dictionarv-A—
0: Estimated gestation > 37 weeks Z/Definitions/index.adp?Search=E&|D=242&Title=Estimate
and < 42 weeks d Gestation 'Cgb
Missing: otherwise -l
3
Postterm_Delivery SMRO02 1: Estimated gestation > 42 weeks http://www.ndc.scotgihs.uk/Dictionarv-A—
0: Estimated gestation = 37 weeks Z/Definitions/index.ag?Search=E&ID=242&Title=Estimate
. o
and < 42 weeks d Gestation 3
Missing: otherwise -§_
Apgar_Score SMRO02 1: Apgar score at 5mins < 7 http://www.ndc.scot@hs.uk/Dictionary-A-
0: Apgar score at 5 mins =2 7 Z/Definitions/index.a%)?Search:A&lD:88&Title:Apgar
Score - Babies1to 3 g
Stillbirth SMRO02 1: Stillbirth http://www.ndc.scot@hs.uk/Dictionary-A-
0: Livebirth Z/Definitions/index.afTJ ?Search=0&|D=372&Title=Outcom

Missing: otherwise

e of Pregnancy - Babigg 1 to 3
o
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R
o
1 %
2 N
z Congenital_anomaly SBR 1: Acute life threatening; Note there is a lack ogoi:ompleteness until 2010, could be
5 Non-life threatening & Yes poor quality as not quality checked. Bias in recording levels
6 0: None - e.g. more highly recgyded in Glasgow HB than Lothian HB.
7 Missing: Suspected & Not known §
2 NICU_admission SMRO02 1: Admitted - for up to 48 hours http://www.ndc.scotfhs.uk/Dictionary-A-
10 & Admitted - for more than 48 Z/Definitions/index.agp?Search=N&ID=326&Title=Neonatal
11 hours Indicator - Babies 1 t0§3
12 0: Not admitted 'g
13 Missing: Not known 2
14 Neonatal_death SMRO02 1: Livebirth dying within the first 6 http://www.ndc.scot@hs.uk/Dictionary-A-
15 days (early neonatal death) & Z/Definitions/index.a 3 ?Search=0&ID=372&Title=Outcom
16 Livebirth dying on or after the 7th e of Pregnancy - Babigs 1to 3
1; completed day but before the 28th :3T
19 day (late neonatal death) =
20 0: Livebirth =
21 Missing: Otherwise %
22 Maternal_Obesity SMRO02 1: Obese status Adults with BMI > 30§Iassed as obese. BMI of girls aged 2 -
23 0: Overweight, Healthy or 19 years old standard?ged using UK1990 growth reference
24 underweight status values and z-score > 6(;;(3 (98th centile) classed as obese.
25 3
26 g
;é Maternal_Overweight_Obesity | SMR02 1: Overweight or Obese status Adults with BMI > 25 &lassed as overweight or obese. BMI
29 0: Healthy or underweight status of girls aged 2 - 19 yegrs old standardized using UK1990
30 growth reference valtilzes and z-score > 4/3 (91st centile)
31 classed as overweigh’@)r obese.
;g Age SMR02 Age of mother at delivery (in years) E
34 Parity SMRO02 Total number of previous http://www.ndc.scot@hs.uk/Dictionarv-A-
35 pregnancies Z/Definitions/index.a§9?$earch=P&ID=409&Tit|e=Previous
36 Pregnancies S
7 ()
28 Deprivation SMRO02 Carstairs 2001 quintiles for Scotland 1=least deprived; 5:r§ost deprived
39 N
40 S
41 2
42 S
Zi For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Smoking_Status SMRO02 1: Yes http://www.ndc.scot?':ghs.uk/Dictionarv-A—
0: No Z/Definitions/index.ag)?Search=S&ID=456&Title=Smoker
Missing: Not known During Pregnancy I3

Multiple_births SMRO02 1: More than one birth this http://www.ndc.scot@hs.uk/Dictionary-A-
pregnancy Z/Definitions/index.a§p?Search=N&ID=349&Title=Number
0: Single birth of Births this Pregnan‘l_’c:v

Multiple_births_in_NRS NRS Births 1: Multiple babies found for this Multiple babies recorfed in NRS Births but only a single
mother's delivery in NRS Births baby recorded in SM®2

Previous_Caesarean_section SMR02 1: More than zero http://www.ndc.scot%hs.uk/Dictionarv-A-
0: Zero Z/Definitions/index.a8p?Search=P&ID=406&Title=Previous

Caesarean Sections 2
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Abstract

Objective: To examine the association between high maternal weight status and

complications during pregnancy and delivery.

Setting: Scotland

Participants: Data from 135,860 first time singleton deliveries in Scotland between
2008 and 2015 were used. Women with overweight and obesity were compared with
women with normal weight. Associations between maternal body mass index and

complications during pregnancy and delivery were evaluated.

Outcome measures: Gestational diabetes, gestational hypertension, pre-eclampsia,
placenta praevia, placental abruption, induction of labour, elective and emergency
caesarean sections, pre-term delivery, post-term delivery, low Apgar score, small for

gestational age and large for gestational age.

Results: In the multivariable models controlling for potential covariates, we found
that compared with women with normal weight, the odds of the following outcomes
were significantly increased for women with overweight and obesity [overweight
adjusted odds ratio; 95% confidence interval, followed by the same for women with
obesity]: gestational hypertension [1.61; 1.49-1.74], [2.48; 2.30-2.68]; gestational
diabetes [2.14; 1.86-2.46], [8.25; 7.33-9.30]; pre-eclampsia [1.46; 1.32-1.63] [2.07;
1.87-2.29] ]; labour induction [1.28; 1.23-1.33], [1.69; 1.62-1.76] and emergency

caesarean section [1.82; 1.74-1.91], [3.14; 3.00-3.29].

Conclusions: Women with overweight and obesity in Scotland are at greater risk of
adverse pregnancy and delivery outcomes. The risk of these conditions increases

steadily with increasing body mass index. Health professionals should be

2
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empowered and trained to deliver promising dietary and lifestyle interventions to

women at risk of overweight and obesity prior to conception, and control excessive

oNOYTULT D WN =

weight gain in pregnancy.

Strengths and limitations of this study

This study used a large, retrospectively accessed but cohort-structured,
national database covering all major maternal and neonatal outcomes in
Scotland over eight recent years.

Analysis used whole study population with adequate adjustment for
confounders to estimate impact of high maternal-weight status on each
outcome.

All women with BMI of 30 kg/m? or more were considered as having obesity;
it is likely that differentiating morbid obesity or obesity class Il and Il from
obesity would have generated more precise risk estimates.

The completeness of the recording of BMI increased during the study period
(2008 to 2015) from 69% to 98%. Using data from the earlier years when
the BMI was missing more often might have biased the study sample if it

was the case that BMI was not missing at random.
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Introduction

The increasing global prevalence of overweight and obesity makes it more likely that
a growing number of women with high body mass index (BMI) are becoming
pregnant. High maternal BMI during pregnancy has adverse health implications for
women (1,2) and predisposes the unborn child to adverse outcomes, including
neonatal deaths, stillbirth, and admission to a neonatal unit (3,4,5). A recent
international systematic review involving 38 studies found that even modest
increases in maternal BM| were associated with increased risk of fetal death,
stillbirth, and neonatal, perinatal, and infant death (6). Obesity in pregnancy can
have health implications later in life for both mother and child. Among women this
could lead to diabetes, heart disease and hypertension, whilst children are more
prone to future obesity and hypertension (7). Wider service and economic
consequences can also be seen including indirect burdens of illness and associated
costs, in that women with high BMI also experience adverse birth outcomes such as
neonatal death or stillbirth (8,9,10). Such individuals may require support from family
and friends as well as bereavement support services within the community. There
are also substantial healthcare cost implications for infants who may require medical
attention. For example, a recent study examining infant health utilisation and costs
on the NHS in the UK of infants born to women with overweight or obesity found that
total mean additional resource cost for infants born to women who are overweight

was £65.13, and £1138.11 for infants born to women who are obese (11).

4
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Maternal weights are currently high in Scotland: a recent study reported that 31.5%
of mothers were overweight and a further 23.6% were affected by obesity (12).
Another study examining the impact of maternal BMI on clinical complications,
inpatient admissions, and additional short-term costs to the NHS in Scotland
revealed that maternal BMI influences maternal and neonatal morbidity, the number
and duration of maternal and neonatal admissions, and health service costs (13).
However, no recent study in Scotland has investigated the effect of high maternal
BMI on the risk of pregnancy and delivery outcomes. The aim of this study was to
examine the associations between high maternal BMI and complications during
pregnancy and delivery in Scotland. Understanding of these associations can

highlight areas where prevention strategies could be targeted.

Methods

Study population and data sources

This retrospective cohort study used data from 135,860 first time mothers who gave
birth to only one child in Scotland between January 2008 and December 2015. The
women and infants were identified within three electronic medical record databases:
the Scottish Morbidity Record (SMR) 01 and 02 and Scottish Birth Record (SBR).
SMRO01 is generated for patients receiving inpatient or day care in the General or
Acute specialties, whilst SMRO02 is generated for patients receiving inpatient or day
care in the Obstetric Specialties. The SBR records all of a baby's neonatal care in
Scotland. The outcome variables are recorded in these databases according the
World Health Organization’s International Classification of Diseases, Tenth Revision

(ICD-10). Further description of the content of these databases is available (14) and
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in the web-appendix. The study was designed as a clinical audit so did not require
approval from a Research Ethics Committee. However, approval was obtained from
the Public Benefit and Privacy Panel via the national Electronic Data Research and

Innovation Service to use the anonymised data collected by these registries.
Patient and public involvement

Patients were not involved in the design, analysis and interpretation of this study.
Exposure variable

More than 80% of pregnant women in Scotland present themselves for antenatal
care during the first trimester of their pregnancy. Height and weight are measured
by the midwife at the first antenatal visit, typically before 12 weeks of pregnancy.
Body mass index was calculated using the formula weight (kg)/height (m?). BMI
completeness was 69% in 2008 but this increased gradually to 87% in 2011 when
recording of weight and height became mandatory. By 2015 BMI completeness was

98%. Women were categorised into three BMI groups as described in Table 1.

Table 1. Adult BMI definitions used

Variable Category BMI Definition
Maternal weight Normal <25 kg/m?
status Overweight >25 kg/m? to <30 kg/m?
Obesity 230 kg/m?
Outcomes

Outcome measures included were maternal or pregnancy complications such as
gestational diabetes, gestational hypertension and pre-eclampsia (high blood

pressure and protein in urine). Conditions affecting delivery or delivery complications
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studied were placenta praevia (when a baby's placenta partially or totally covers the
mother's cervix), placental abruption (when the placenta separates early from the
uterus before childbirth), induction of labour, caesarean delivery (includes elective
and emergency caesarean sections), pre-term delivery (defined as less than 37
weeks of gestation), post-term delivery (more than 42 weeks of gestation), low Apgar
score (less than “7” at 5 minutes), small for gestational age (SGA), and large for
gestational age (LGA). SGA were infants with birthweight of <10t percentile for
gestational age according to UK1990 growth reference curve (15,16), and those with

LGA were infants with birth weight 290t percentile.

Covariates

Maternal age at delivery, smoking during pregnancy and Carstairs 2001 quintiles for
Scotland for the postcode sector of the mother’s residence at birth, were considered
as potentially confounding variables and were included as covariates in the adjusted
analyses. Table 2 describes the covariates used in this study by maternal weight
status among singleton (a pregnancy with one fetus as opposed to twins or
multiples) first-time pregnancies. The data in Table 2 show the numbers of women
who had data on age, deprivation and maternal smoking. This means that the total
number of women shown is slightly larger than the number of women ananlysed as

there were women missing some outcome data.

Table 2. Maternal characteristics among normal weight, overweight and obese

women* (singleton, first pregnancies)
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Normal* Overweight* Obese*

N =73,130 N = 36,992 N = 25,738

N % N % N %
Maternal age (y)
20-24 19,874 27.2 9,368 25.3 7,016 27.3
25-29 24,443 33.4 12,174 32.9 8,475 32.9
30-34 20,880 28.6 10,522 28.4 6,922 26.9
35-39 7,933 10.9 4,928 13.3 3,325 12.9
Carstairs 2001 quintiles for
Scotland
Q1 (Least deprived) 14,695 20.1 6,785 18.3 3,870 15.0
Q2 13,820 18.9 6,851 18.5 4,639 18.0
Q3 14,581 19.9 7,549 20.4 5,117 19.9
Q4 15,338 21.0 7,994 21.6 6,079 23.6
Q5 (Most deprived) 14,696 20.1 7,813 211 6,033 23.4
Maternal smoking in
pregnancy
No 62,439 85.4 31,806 86.0 21,604 83.9
Yes 10,691 14.6 5,186 14.0 4,134 16.1

*Maternal weight status at first antenatal visit
*Figures show women who had complete data on age, deprivation and maternal smoking

Data analysis

Using Stata 14 (17), logistic regression was used to calculate odds ratios (ORs). BMI
groups with overweight and obesity were compared with the normal BMI group (the
reference population). A confidence interval (Cl) of 95% was produced for all ORs.

The analysis of the outcomes proceeded in a systematic approach.

For the first group of outcomes (gestational diabetes, hypertension and pre-
eclampsia) the models were adjusted for confounders, and the two other conditions
that were not the dependent variable as these conditions can co-occur. This
approach was taken throughout the analysis, adjusting for conditions, which precede
or occur contemporarily with the outcome being examined as the dependent
variable. Unless, the outcomes could not co-occur such as pre-term and post-term,

SGA and LGA, or method of delivery (induction, elective or emergency c-section).
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Results

Within our study population 53.8 % of pregnant women were categorised as normal
weight, 27.3% overweight and 18.9% were affected by obesity. The socio-
demographic characteristics of the women in the three BMI categories are presented
in Table 2. Maternal smoking prevalence was slightly higher among women with
obesity than in women with normal weight or overweight. Among the women who
were overweight, 21.1% were from the most deprived and 18.3% were from the least
deprived group. However, the difference in social deprivation was more marked
within women with obesity. Among this group, 23.4% were from the most deprived

group whilst 15.0% were from the least deprived group.

Table 3 shows odd ratios for pregnancy and delivery complications, among women
who were overweight or obese, and with singleton first-time births. The risk of the
three conditions occurring during pregnancy increased steadily with increasing BMI.
For example, compared to the normal BMI group, the risk of gestational diabetes
was 2.14 (95% CI: 1.86-2.46) but among women who were obese the risk increased
to 8.25 (95% CI: 7.33 — 9.30). Relative to women who were of normal weight, the
adjusted OR of pre-eclampsia for women who were overweight was 1.46 (95% CI:

1.32-1.62) and 2.07 (95% CI: 1.87-2.29) for women who were obese.
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Table 3. Pregnancy and delivery complications among normal, overweight and obese singleton wolen

Total Normal Overweight Obese

sample | N (%) Cases (%) N (%) Cases (%) Adjusted OR* N (%) Cases (%) Adjusted OR*

(95% CI) (95% CI)

Conditions occurring during pregnancy :
Gestational hypertension 132,899 [ 71,538 (53.8) | 1,550 (2.2) [ 36,188 (27.2) | 1,239 (3.4) | 1.61 (1.49,1.78 | 25,173 (18.9) | 1,275 (5.1) | 2.48 (2.30, 2.68)
Gestational diabetes 132,899 | 71,538 (53.8) 377 (0.5) | 36,188 (27.2) 418 (1.2) | 2.14 (1.86, 2.46) | 25,173 (18.9) | 1,082 (4.3) | 8.25 (7.33, 9.30)
Pre-eclampsia 132,899 | 71,538 (53.8) 906 (1.3) | 36,188 (27.2) 664 (1.8) | 1.46 (1.32, 1.62) | 25,173 (18.9) 640 (2.5) | 2.07 (1.87, 2.29)
Conditions affecting delivery &
Placenta praevia' 132,212 [ 71,172 (53.8) 102 (0.1) | 36,001 (27.2) 66 (0.2) [ 1.23 (0.90, 1.68&) [ 25,039 (18.9) 30 (0.1) | 0.81 (0.54, 1.22)
Placental abruption’ 132,212 | 71,172 (53.8) 133 (0.2) | 36,001 (27.2) 55 (0.2) | 0.81 (0.59, 1.1%8) | 25,039 (18.9) 38 (0.2) | 0.76 (0.53, 1.10)
Small for gestational age’ | 132,212 | 71,172 (53.8) | 6,664 (9.4) | 36,001 (27.2) | 2,645 (7.4) | 0.76 (0.72, 0.8@) | 25,039 (18.9) | 1,726 (6.9) [ 0.69 (0.65, 0.73)
Large for gestational age’ | 132,212 | 71,172 (53.8) | 17,852 (25.1) | 36,001 (27.2) | 10,879 (30.2) | 1.30 (1.26, 1.3%) | 25,039 (18.9) | 8,575 (34.3) | 1.57 (1.52, 1.62)
Pre-term 132,212 | 71,172 (53.8) | 4,295 (6.0) | 36,001 (27.2) 2231 (6.2) | 1.02 (0.96, 1.08) | 25,039 (18.9) | 1,725 (6.9) | 1.11 (1.05, 1.18)
Post-term? 78,074 | 43,486 (55.7) 31(0.1) | 20,973 (26.9) 4 (0.1) 1.57(0.93,2.6&) 13,615(17.4) 14 (0.1) | 1.47 (0.78, 2.77)
Delivery
Induction of labour 92,967 | 53,617 (57.7) | 13,417 (25.0) | 24,342 (26.2) [ 7,420 (30.5) [ 1.28 (1.23, 1.3%) | 15,008 (16.1) | 5,712 (38.1) | 1.69 (1.62, 1.76)
Caesarean section 90,183 | 51,798 (57.4) | 11,598 (22.4) | 23,827 (26.4) | 6,905 (29.0) | 1.34 (1.29, 1.39) | 14,558 (16.1) | 5.262 (36.2) | 1.80 (1.73, 1.88)
Emergency caesarean 80,938 | 45,715 (56.5) | 5,515 (12.1) | 21,397 (26.4) | 4,475 (20.9) | 1.82 (1.74,1.9%) | 13,826 (17.1) | 4,530 (32.8) | 3.14 (3.00, 3.29)
section
Apgar score 129,773 | 70,012 (54.0) | 12,583 (18.0) | 35,307 (27.2) | 6,125 (17.4) | 0.95 (0.92, 0.99) | 24,454 (18.8) | 4,342 (17.8) | 0.96 (0.93, 1.00)

OR = Odd Ratio; Cl =

*Adjusted for maternal age, deprivation and smoking in pregnancy

80 post-term births were excluded from these models as none of them experienced the outcome being estimated
2No participants in the study had placenta praevia, placental abruption or had small or large for gestational age babies

45,957 participants were dropped from this analysis

Confidence Interval; NICU = Neonatal Intensive Care Unit
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Regarding conditions affecting delivery, the odds ratio of placenta praevia were not
statistically significant different for both women who were overweight (OR 1.23,
95%CI: 0.90-1.68) and obese (OR 0.81, 95%CI: 0.54-1.22) compared with women
with normal weight. The odds of experiencing placental abruption were also not

significantly different among the different BMI categories.

In contrast with the normal BMI group, births to women who were overweight and
obese were associated with decreased risk of small-for-gestational age, ORs 0.76
(95% CI: 0.72-0.80) and 0.69 (95% CI: 0.65-0.73) respectively. However, the
prevalence of large-for-gestational age increased among women with overweight,
OR of 1.30 (95%CI: 1.26-1.33) and women with obesity, OR 1.57 (95% CI: 1.52-

1.62) compared with women of normal weight.

The chance of induction of labour and caesarean section, either elective or
emergency increased with increasing BMI. Women who were overweight had odds
of 1.34 (95% CI: 1.29-1.39) higher for having an elective Caesarean section and
higher odds (OR 1.82, 95% CI: 1.74-1.91) for undergoing emergency Caesarean
section, compared with women of normal weight. The corresponding ORs for women
with obesity were 1.80 (95% CI: 1.73-1.88) and 3.14 (95% CI: 3.00-3.29). Being
overweight or obese was associated with reduced risk of low Apgar score. This was
barely significant for women who were overweight (OR 0.95, 95% CI: 0.92-0.99 )

and not obese (OR 0.96, 95% CI: 0.93-1.00).
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Discussion

In this large, retrospective cohort study, we found that overweight or obesity during
pregnancy increased the risk of several adverse pregnancy and delivery
complications. Some earlier studies have also found similar findings. Aside from
obesity, we also examined overweight because in most populations, a greater
number of women are overweight rather than obese, so it is important to also

understand the impact of overweight on pregnancy and neonatal outcomes.

In terms of the association between high maternal BMI and conditions that occur
during pregnancy, we found that the risk of all the conditions considered (gestational
hypertension, gestational diabetes and pre-eclampsia) increased steadily with
increasing BMI, which is in line with similar studies (2,3,4). A study compared women
of normal weight to women who were morbidly obese (BMI greater than 40), and
also found that there was an increased risk of pre-eclampsia (OR 4.82; 95% CI:
4.04-5.74) (3). Our study also found that, aside from heightened pre-eclampsia risk
for women with obesity, being overweight was also significantly associated with this
outcome, albeit to a lesser degree. A meta-analysis of the association between
maternal BMI and the risk of pre-eclampsia showed that the risk doubled with each
5-7 kg/m? increase in pre-pregnancy BMI (18). It is evident that the risk of pre-
eclampsia increases with the degree of weight gain; therefore preventative strategies
should be focussed on getting women, especially those already overweight, to
reduce weight prior to conception. Weight loss in pregnancy requires careful
management in order to avoid unintended consequences (19). Nevertheless, women
often engage with health professionals during pregnancy; therefore dietary and

lifestyle interventions such as physical activity, which have been shown by reviews
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and meta-analyses (19,20) to reduce gestational weight gain and improve outcomes

for both mother and baby, could be provided to them.

Generally, rates of Caesarean delivery have increased significantly across many
developed countries in recent years (21). Our study found that women with
overweight and obesity showed an increased risk of Caesarean delivery (both
elective and emergency) compared to normal-weight women, but we note that the
overall frequency of Caesarean delivery across our obstetric population seems quite
high, compared with a previous Swedish study (3). Possible reasons could be that
Caesarean delivery is probably less risky now, due to advances in medical science,
which facilitate accurate monitoring of the progress of labour and fetal intra-partum
condition (22). It is also possible that health professionals in Scotland are probably
intervening early with regards to problems in labour among women with overweight
or obesity, in order to reduce fetal distress, and its worst outcomes. Nevertheless,
this is quite concerning for Scotland, which has invested in programmes aimed at
promoting natural birth, such as Keeping Childbirth Natural and Dynamic (KCND).
The KCND is a maternity care programme introduced by the Scottish Government
with the aim of maximising opportunities for women to have as natural a birth
experience as possible, reduce unnecessary interventions in low-risk pregnancy and
childbirth, and to provide women-centred care (23,24,25). The early intervention in
pregnancy may also explain the reduced risk of low Apgar score for infants born to
women with overweight and obesity. It is likely that these women are may receive
increased monitoring, which means issues can be identified and managed earlier, to

reduce any fetal distress in labour.
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Adiposity increases risk of large-for-gestational age and macrosomia; in this study,
we found that births to women with overweight and obesity were associated with an
increased risk of large-for-gestational age infants compared with women of normal
weight. Excess weight in pregnancy may shift the entire birth weight distribution
upwards, perhaps through hormonal mechanisms that operate at lower levels than in

full-blown cases of macrosomia in infants of diabetic mothers.

Strengths and limitations

This study used a large, retrospectively accessed but cohort-structured, national
database covering several maternal and neonatal outcomes. The analysis used
whole study population with adequate adjustment for confounders to estimate impact
of high maternal-weight status on each outcome. We restricted the analysis to only
single births and first pregnancies to ensure that the births in the sample are
relatively independent. The dataset we used combined underweight and normal
weight women as normal BMI group. Using this as reference group might have
strengthened the association between high maternal BMI and the pregnancy and
neonatal outcomes considered. However, only a very small number of women are
underweight during pregnancy in Scotland in recent years. Also, some studies
differentiate between different obesity categories, but in this study all women with
BMI of 30 or more were considered as having obesity. It is likely that differentiating
morbid obesity, or obesity class Il and Il from women with obesity, would have
generated additional insight. The completeness of the recording of BMI increased
during the study period (2008 to 2015) from 69% to 98%. Using data from the earlier
years, when the BMI was missing more often, might have biased the study sample if

BMI was not missing at random. The study included control for a limited set of
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confounders and inclusion of other relevant confounders could have strengthened
the analysis. For example, variables such as ethnicity, previous caesarean sections,
time of birth were not available in dataset, which we accessed. Also, we could not
use neonatal outcomes such as stillbirth, neonatal death and congenital anomaly

because these outcomes are not completely ascertained in the dataset we used.

Conclusion

This study has shown that women who were overweight and obese in Scotland are
at greater risk of several pregnancy and delivery complications including gestational
hypertension, gestational diabetes, pre-eclampsia, labour induction and Caesarean
delivery. The risk of these conditions increases steadily with increasing BMI. Health
professionals should be empowered and trained to deliver promising dietary and
lifestyle interventions to women at risk of overweight and obesity prior to conception,
and control excessive weight gain in pregnancy.
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Web-appendix: Description of data fields used in the study

Variable Name

Database Source

Variable Description/Values

Notes

94 02 Up 89T920-8T0Z-uadolwic

Mother_ID N/A - study Unique mother identifier 1516-0613/' followed ?y an anonymous identifier
specific 2
Baby_ID N/A - study Unique baby identifier Mother_ID followed by delivery sequence number followed
specific by a baby sequence némber. The baby sequence number
for multiple babies frdgh same delivery not necessarily in
correct order due to nﬁssing CHI numbers.
2
3
Delivery_Seq_No N/A - study Delivery sequence number of mother ;
specific °
Gest_Diabetes SMRO02 1: Yes, Gestational diabetes http://www.ndc.scot.Bhs.uk/Dictionary-A-
(diagnosed during this pregnancy) Z/Definitions/index.a®?Search=D&ID=214&Title=Diabetes
0: Yes, Pre-existing diabetes .(30
(diagnosed before pregnancy) & No ‘_3’
(no diabetes during this pregnancy) 2
Missing: Yes, Time of diagnosis g
unknown & Not Known ;
o
Gest_Hypertension SMR02/SMR0O1 1:ICD 10 code 013.X Flagged codes cover ggstational hypertension
0: All other codes -B
Pre_Eclampsia SMR02/SMR01 1:ICD 10 code 014._ Flagged codes cover p'J\sJe-ecIampsia
0: All other codes Z
Placental_Abruption SMR02/SMR0O1 1: ICD 10 code 045._ Flagged codes cover p@cental abruption
0: All other codes ;
Placental_Praevia SMR02/SMR01 1:ICD 10 code 044._ Flagged codes cover p§acenta praevia
0

: All other codes
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920-8T0Z-uadolwc

Caesarean_Delivery SMRO02 1: Elective (planned) caesarean http://www.ndc.scot.iﬂﬁs.uk/Dictionary-A-
section & Emergency and unspecified Z/Definitions/index.asg?Search=M&ID=322&TitIe=Mode of
caesarean section Delivery - Babies 1 to ®
0: All other codes ;',f'
Labour_Induction SMRO02 1: 1-8 - Induction of labour codes http://www.ndc.scot. ghs uk/Dictionary-A-
0: 0, None Z/Definitions/index. as:p?Search 1&ID=295&Title=Induction
Missing: 9, Not known of Labour 8
SGA SMRO02 1: Birthweight <10th percentile Small for gestational age flag
0: Birthweight >10th percentile %
LGA SMRO02 1: Birthweight 290th percentile Large for gestational %e flag
0: Birthweight <90th percentile @
Preterm_Delivery SMRO02 1: Estimated gestation < 37 weeks http://www.ndc.scot. ghs uk/Dictionary-A-
0: Estimated gestation > 37 weeks Z/Definitions/index. asp;?Search E&ID=242&Title=Estimated
and < 42 weeks Gestation 2
Missing: otherwise 5
Postterm_Delivery SMRO02 1: Estimated gestation > 42 weeks http://www.ndc. scotﬁhs uk/Dictionary-A-
0: Estimated gestation > 37 weeks Z/Definitions/index. a%J?Search =E&ID=242&Title=Estimated
and <42 weeks Gestation
. . . O
Missing: otherwise 3
Apgar_Score SMRO02 1: Apgar score at 5 mins < 7 http://www.ndc.scot.ihs.uk/Dictionary-A-
0: Apgar score at 5 mins > 7 Z/Definitions/index.asp?Search=A&ID=88&Title=Apgar
Score - Babies 1to 3 5
Maternal_Obesity SMRO02 1: Obese status Adults with BMI > 30 %ssed as obese. BMI of girls aged 2 -

0: Overweight, Healthy or
underweight status

19 years old standard@ed using UK1990 growth reference
values and z-score 2 623 (98th centile) classed as obese.
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Maternal_Overweight_Obesity | SMR02 1: Overweight or Obese status Adults with BMI > 25 gassed as overweight or obese. BMI
0: Healthy or underweight status of girls aged 2 - 19 yeds old standardized using UK1990
growth reference valugs and z-score > 4/3 (91st centile)
classed as overweight®r obese.
o
Age SMRO02 Age of mother at delivery (in years) §
Parity SMRO02 Total number of previous http://www.ndc.scotEhs.uk/Dictionary-A-
pregnancies Z/Definitions/index.asg?Search=P&ID=409&Title=Previous
Pregnancies g
Deprivation SMRO02 Carstairs 2001 quintiles for Scotland 1=least deprived; 5=nr§st deprived
Smoking_Status SMRO02 1: Yes http://www.ndc.scot.ﬁhs.uk/Dictionary-A-
0: No Z/Definitions/index.asp?Search=S&|D=456&Title=Smoker
Missing: Not known During Pregnancy %
=
Multiple_births SMRO02 1: More than one birth this http://www.ndc.scotfhs.uk/Dictionary-A-
pregnancy Z/Definitions/index.asp ?Search=N&ID=349&Title=Number
0: Single birth of Births this Pregnang
o
Multiple_births_in_NRS NRS Births 1: Multiple babies found for this Multiple babies recor%ed in NRS Births but only a single
mother's delivery in NRS Births baby recorded in SMRB2
Previous_Caesarean_section SMRO02 1: More than zero http://www.ndc.scot.ghs.uk/Dictionary-A-

0: Zero

Z/Definitions/index.as@?Search=P&ID=406&Title=Previous
Caesarean Sections
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STROBE (Strengthening The Reporting of OBservational Studies in Epidemiology) Checklist

A checklist of items that should be included in reports of observational studies. You must report the page number in your manuscript

where you consider each of the items listed in this checklist. If you have not included this information, either revise your manuscript

accordingly before submitting or note N/A.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published

examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web

sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology

at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.

Section and Item

Item . Reported on
Recommendation
No. Page No.

Title and Abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the

abstract 1

(b) Provide in the abstract an informative and balanced summary of what was

done and what was found 2
Introduction
Background/Rationale 2 Explain the scientific background and rationale for the investigation being

reported 4,5
Objectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
Study Design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of

recruitment, exposure, follow-up, and data collection 5,6,7
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of

selection of participants. Describe methods of follow-up 5,6,7

Case-control study—Give the eligibility criteria, and the sources and methods of

case ascertainment and control selection. Give the rationale for the choice of N/A

cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and methods of

selection of participants N/A

(b) Cohort study—For matched studies, give matching criteria and number of

exposed and unexposed N/A

Case-control study—For matched studies, give matching criteria and the number

of controls per case N/A
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and

effect modifiers. Give diagnostic criteria, if applicable 6,7
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Recommendation

2 No. Page No.
3 Data Sources/ 8* For each variable of interest, give sources of data and details of methods of
4 Measurement assessment (measurement). Describe comparability of assessment methods if 567
5 there is more than one group o
6
7 Bias 9 Describe any efforts to address potential sources of bias 89
8 :
?O Study Size 10 Explain how the study size was arrived at 5
1; Quantitative Variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
13 describe which groupings were chosen and why 8,9
14
15 Statistical Methods 12 (a) Describe all statistical methods, including those used to control for
16 confounding 8,9
17
18 (b) Describe any methods used to examine subgroups and interactions N/A
19
20 (c) Explain how missing data were addressed 716
21 '
22 (d) Cohort study—If applicable, explain how loss to follow-up was addressed
23 N/A
24 Case-control study—If applicable, explain how matching of cases and controls was
25 addressed
26 N/A
27 Cross-sectional study—If applicable, describe analytical methods taking account of
28 sampling strategy N/A
29
2(1) (e) Describe any sensitivity analyses N/A
32 Results
33
2‘5" Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially
36 eligible, examined for eligibility, confirmed eligible, included in the study, 1
37 completing follow-up, and analysed
38
39 (b) Give reasons for non-participation at each stage N/A
40

Consid f a flow di .
41 (c) Consider use of a flow diagram Figure 1
42 b=—5————————— 1
43 Descriptive Data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and
44 information on exposures and potential confounders 56,78
45
46 (b) Indicate number of participants with missing data for each variable of interest 11
47
48 (c) Cohort study—Summarise follow-up time (eg, average and total amount) 56
49 !
50 Outcome Data 15* | Cohort study—Report numbers of outcome events or summary measures over
51 time 6,7
52
52 Case-control study—Report numbers in each exposure category, or summary
gS measures of exposure N/A
56 -
57 Cross-sectional study—Report numbers of outcome events or summary measures N/A
58
59
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No. Page No.

Main Results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates

and their precision (eg, 95% confidence interval). Make clear which confounders 910111213

were adjusted for and why they were included e

(b) Report category boundaries when continuous variables were categorized 8

(c) If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period N/A
Other Analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and

sensitivity analyses N/A
Discussion
Key Results 18 Summarise key results with reference to study objectives 13
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or

imprecision. Discuss both direction and magnitude of any potential bias 16
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence 13,14,15
Generalisability 21 Discuss the generalisability (external validity) of the study results 13
Other Information
Funding 22 Give the source of funding and the role of the funders for the present study and, if

20

applicable, for the original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in

cohort and cross-sectional studies.

Once you have completed this checklist, please save a copy and upload it as part of your submission. DO NOT include this

checklist as part of the main manuscript document. It must be uploaded as a separate file.
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Abstract

Objective: To examine the association between high maternal weight status and

complications during pregnancy and delivery.

Setting: Scotland

Participants: Data from 135,860 first time singleton deliveries in Scotland between
2008 and 2015 were used. Women with overweight and obesity were compared with
women with normal weight. Associations between maternal body mass index and

complications during pregnancy and delivery were evaluated.

Outcome measures: Gestational diabetes, gestational hypertension, pre-eclampsia,
placenta praevia, placental abruption, induction of labour, elective and emergency
caesarean sections, pre-term delivery, post-term delivery, low Apgar score, small for

gestational age and large for gestational age.

Results: In the multivariable models controlling for potential confounders, we found
that compared with women with normal weight, the odds of the following outcomes
were significantly increased for women with overweight and obesity [overweight
adjusted odds ratio; 95% confidence interval, followed by the same for women with
obesity]: gestational hypertension [1.61; 1.49-1.74], [2.48; 2.30-2.68]; gestational
diabetes [2.14; 1.86-2.46], [8.25; 7.33-9.30]; pre-eclampsia [1.46; 1.32-1.63] [2.07;
1.87-2.29]; labour induction [1.28; 1.23-1.33], [1.69; 1.62-1.76] and emergency

caesarean section [1.82; 1.74-1.91], [3.14; 3.00-3.29].

Conclusions: Women with overweight and obesity in Scotland are at greater risk of
adverse pregnancy and delivery outcomes. The risk of these conditions increases

steadily with increasing body mass index. Health professionals should be

2
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empowered and trained to deliver promising dietary and lifestyle interventions to

women at risk of overweight and obesity prior to conception, and control excessive
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weight gain in pregnancy.

Strengths and limitations of this study

This study used a large, retrospectively accessed but cohort-structured,
national database covering some of the major maternal and neonatal
outcomes in Scotland over eight recent years.

Analysis used whole study population with adjustment for key potential
confounders to estimate impact of high maternal-weight status on each
outcome.

All women with BMI of 30 kg/m? or more were considered as having obesity;
it is likely that differentiating morbid obesity or obesity class Il and Il from
obesity would have generated more precise risk estimates.

The completeness of the recording of BMI increased during the study period
(2008 to 2015) from 69% to 98%. Using data from the earlier years when
the BMI was missing more often might have biased the study sample if it

was the case that BMI was not missing at random.

3
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Introduction

The increasing global prevalence of overweight and obesity makes it more likely that
a growing number of women with high body mass index (BMI) are becoming
pregnant. High maternal BMI during pregnancy has immediate implications for
pregnancy complications as well as long-term health implications for both women
and offspring (1,2). For instance, in terms of pregnancy complications, a systematic
review and meta-analysis involving 11 cohort studies found that caesarean delivery
risk increased by 50% in pregnant women who were overweight and was more than
double for women who were obese compared with women with normal BMI (3).
Among women, high BMI during pregnancy could lead to future chronic disease such
as diabetes, heart disease and hypertension (4). Surviving offspring are also more
prone to long-term obesity, hypertension, coronary heart disease, diabetes, stroke
and asthma (4,5).

Both immediate and long-term health implications of high BMI during pregnancy
have economic consequences. For example, a recent study examining infant health
utilisation and costs on the NHS in the UK of infants born to women with overweight
or obesity found that total mean additional resource cost for infants born to women
who are overweight was £65.13, and £1138.11 for infants born to women who are

obese (6).

Maternal weights are currently high in Scotland: a recent study reported that 31.5%
of mothers were overweight and a further 23.6% were affected by obesity (7). A
retrospective cohort study using Scottish obstetric data from 2003 to 2010 examined
the impact of maternal BMI on clinical complications, inpatient admissions, and

additional short-term costs to the NHS in Scotland revealed that maternal BMI

4
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influences maternal and neonatal morbidity, the number and duration of maternal
and neonatal admissions, and health service costs (8). The study also showed that in
comparison with women of normal weight, women who were overweight, obese, or
severely obese had an increased risk of essential hypertension [1.87 (1.18-2.96),
11.90 (7.18-19.72), and 36.10 (18.33—71.10)], pregnancy-induced hypertension
[1.76 (1.60-1.95), 2.98 (2.65-3.36), and 4.48 (3.57-5.63)], gestational diabetes [3.39
(2.30—4.99), 11.90 (7.54-18.79), and 67.40 (37.84-120.03)], emergency caesarean
section [1.94 (1.71-2.21), 3.40 (2.91-3.96), and 14.34 (9.38-21.94)], and elective
caesarean section [2.06 (1.84-2.30), 4.61 (4.06-5.24), and 17.92 (13.20—24.34)] (8).
Smith et al. (9) using data from 187,290 women in Scotland to examine the risk of
maternal obesity in early pregnancy and the risk of pre-term delivery in a
retrospective cohort study, found that among nulliparous women, the risk of an
elective pre-term delivery increased with increasing BMI. The study also observed
that 40% of morbidly obese nulliparous women who experienced an elective pre-
term delivery had been diagnosed with pre-eclampsia, in contrast with only 2.6% of
the remaining study population (9). In the current study, our aim was to use more
recent data to examine the associations between high maternal BMI and
complications during pregnancy and delivery in Scotland. Understanding of these

associations can highlight areas where prevention strategies could be targeted.

Methods

Study population and data sources
This retrospective cohort study used data from 135,860 first time mothers who gave

birth to only one child in Scotland between January 2008 and December 2015. The

5
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1
2

z women and infants were identified within three electronic medical record databases:
5 , - , .

6 the Scottish Morbidity Record (SMR) 01 and 02 and Scottish Birth Record (SBR).

7

8 SMRO1 is generated for patients receiving inpatient or day care in the General or

9

1(1) Acute specialties, whilst SMRO02 is generated for patients receiving inpatient or day
:g care in the Obstetric Specialties. The SBR records all of a baby's neonatal care in
14

15 Scotland. The outcome variables are recorded in these databases according the

16

17 World Health Organization’s International Classification of Diseases, Tenth Revision
18

;g (ICD-10). Further description of the content of these databases is available (10) and
21

22 in the web-appendix. Approval was obtained from the Public Benefit and Privacy
23

24 Panel via the national Electronic Data Research and Innovation Service to use the
25

;? anonymised data collected by these registries.

28

;g Patient and public involvement

31

gg Patients were not involved in the design, analysis and interpretation of this study.
34

22 Exposure variable

37

gg More than 80% of pregnant women in Scotland present themselves for antenatal
j? care during the first trimester of their pregnancy. Height and weight are measured
42

43 by the midwife at the first antenatal visit, typically before 12 weeks of pregnancy.
44

45 Body mass index (BMI) was calculated using the formula weight (kg)/height (m?2).
46

j; BMI categories were defined as normal (<25 kg/m?), overweight (=25 kg/m? to

49

50 <30 kg/m?) and obese (=30 kg/m?). BMI completeness was 69% in 2008 but this

51

52 increased gradually to 87% in 2011 when recording of weight and height became
53

g‘s‘ mandatory. By 2015 BMI completeness was 98%.

56

57

58

59

60

6
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Outcomes

Outcome measures included were maternal or pregnancy complications such as
gestational diabetes, gestational hypertension and pre-eclampsia (high blood
pressure and protein in urine). Conditions affecting delivery or delivery complications
studied were placenta praevia (when a baby's placenta partially or totally covers the
mother's cervix), placental abruption (when the placenta separates early from the
uterus before childbirth), induction of labour, caesarean delivery (includes elective
and emergency caesarean sections), pre-term delivery (defined as less than 37
weeks of gestation), post-term delivery (more than 42 weeks of gestation), low Apgar
score (less than “7” at 5 minutes), small for gestational age (SGA), and large for
gestational age (LGA). SGA were infants with birthweight of <10t percentile for
gestational age according to UK1990 growth reference curve (11,12), and those with

LGA were infants with birth weight 290t percentile.
Covariates

Maternal age at delivery, smoking during pregnancy and Carstairs 2001 quintiles for
socio-economic status in Scotland, based on the postcode of the mother’s residence
at birth, were considered as potentially confounding variables and were included as
covariates in the adjusted analyses. Table 1 describes the covariates used in this
study by maternal weight status among singleton (a pregnancy with one fetus, as
opposed to twins or multiples) first-time pregnancies. The data in Table 1 show the
numbers of women who had data on age, deprivation and maternal smoking. This
means that the total number of women shown is slightly larger than the number of

women analysed as there were women missing some outcome data.

7
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Table 1. Maternal characteristics among normal weight, overweight and obese

women* (singleton, first pregnancies)

Normal* Overweight* Obese*

N =73,130 N = 36,992 N = 25,738

N % N % N %
Maternal age (y)
20-24 19,874 27.2 9,368 253 7,016 27.3
25-29 24,443 33.4 12,174 32.9 8,475 32.9
30-34 20,880 28.6 10,522 28.4 6,922 26.9
35-39 7,933 10.9 4,928 13.3 3,325 12.9
Carstairs 2001 quintiles for
Scotland
Q1 (Least deprived) 14,695 20.1 6,785 18.3 3,870 15.0
Q2 13,820 18.9 6,851 18.5 4,639 18.0
Q3 14,581 19.9 7,549 20.4 5,117 19.9
Q4 15,338 21.0 7,994 21.6 6,079 23.6
Q5 (Most deprived) 14,696 20.1 7,813 211 6,033 23.4
Maternal smoking in
pregnancy
No 62,439 85.4 31,806 86.0 21,604 83.9
Yes 10,691 14.6 5,186 14.0 4,134 16.1

*Maternal weight status at first antenatal visit
*Figures show women who had complete data on age, deprivation and maternal smoking

Data analysis

Using Stata 14 (13), logistic regression was used to calculate odds ratios (ORs). BMI
groups with overweight and obesity were compared with the normal BMI group (the
reference population). A confidence interval (Cl) of 95% was produced for all ORs.

The analysis of the outcomes proceeded in a systematic approach.

For the first group of outcomes (gestational diabetes, hypertension and pre-
eclampsia) the models were adjusted for confounders, and for the two other
conditions that were not the dependent variable, as these conditions can co-

occur. This approach was taken throughout the analysis, adjusting for conditions,

8
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which precede or occur contemporaneously with the outcome being examined as the
dependent variable. This was not done when the outcomes could not co-occur such
as pre-term and post-term, SGA and LGA, or method of delivery (induction, elective
or emergency C-section). Please see the supplemental file 1 for full details of the

variables adjusted for in each model.

Results

Within our study population 53.8 % of pregnant women were categorised as normal
weight, 27.3% as overweight and 18.9% as obese. The socio-demographic
characteristics of the women in the three BMI categories are presented in Table 1.
Maternal smoking prevalence was slightly higher among women with obesity than in
women with normal weight or overweight. Among the women who were overweight,
21.1% were from the most deprived and 18.3% were from the least deprived group.
However, the difference in social deprivation was more marked within women with
obesity. Among this group, 23.4% were from the most deprived group whilst 15.0%

were from the least deprived group.

Table 2 shows odds ratios (OR) for pregnancy and delivery complications, among
women who were overweight or obese. The risk of gestational diabetes, pre-
eclampsia and hypertension increased steadily with increasing BMI. Compared to
the normal BMI group, the odds ratio of gestational diabetes was 2.14 (95% CI: 1.86-
2.46) but among women who were obese the OR increased to 8.25 (95% CI: 7.33 —
9.30). Relative to women who were of normal weight, the adjusted OR of pre-

eclampsia for women who were overweight was 1.46 (95% CI: 1.32-1.62), and 2.07
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(95% CI: 1.87-2.29) for women who were obese. The OR of gestational
hypertension, compared with women with normal weight, was 1.61 (95% CI: 1.49-
1.74) for women with overweight, and 2.48 (95% CI: 2.30-2.68) for women with

obesity.
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Table 2. Pregnancy and delivery complications among normal, overweight and obese singleton wo@en

Page 12 of 29

Total

Normal

Overweight

7 up

Obese

sample

N (%)

Cases (%)

N (%)

Cases (%)

Adjusted OR* 2
(95% ClI)

N (%)

Cases (%)

Adjusted OR*
(95% CI)

Conditions occurring during pregnancy

E
5
Gestational hypertension 132,899 | 71,538 (53.8) 1,550 (2.2) | 36,188 (27.2) 1,239 (3.4) | 1.61 (1.49, 1.74) | 25,173 (18.9) 1,275 (5.1) | 2.48 (2.30, 2.68)
Gestational diabetes 132,899 | 71,538 (53.8) 377 (0.5) | 36,188 (27.2) 418 (1.2) | 2.14 (1.86, 2.4@ | 25,173 (18.9) 1,082 (4.3) | 8.25(7.33, 9.30)
Pre-eclampsia 132,899 | 71,538 (53.8) 906 (1.3) | 36,188 (27.2) 664 (1.8) | 1.46 (1.32, 1.62) | 25,173 (18.9) 640 (2.5) | 2.07 (1.87, 2.29)
Conditions affecting delivery g
Placenta praevia' 132,212 | 71,172 (53.8) 102 (0.1) | 36,001 (27.2) 66 (0.2) | 1.23 (0.90, 1.68) | 25,039 (18.9) 30(0.1) | 0.81 (0.54, 1.22)
Placental abruption’ 132,212 | 71,172 (53.8) 133 (0.2) | 36,001 (27.2) 55 (0.2) | 0.81(0.59, 1.18) | 25,039 (18.9) 38 (0.2) | 0.76 (0.53, 1.10)
Small for gestational age' 94,906 | 53,320 (56.2) | 6,664 (12.5) | 25,122 (26.5) | 2,645 (10.5) | 0.81 (0.78, 0.8%) | 16,464 (17.4) | 1,726 (10.5) | 0.79 (0.74, 0.83)
Large for gestational age’ 121,177 | 64,508 (53.2) | 17,852 (27.7) | 33,356 (27.5) | 10,879 (32.6) | 1.27 (1.23,1.3G) | 23,313 (19.2) | 8,575 (36.8) | 1.53 (1.48, 1.58)
Pre-term 132,212 | 71,172 (53.8) 4,295 (6.0) | 36,001 (27.2) 2,231 (6.2) | 1.02 (0.96, 1.0%) | 25,039 (18.9) 1,725 (6.9) | 1.11 (1.05, 1.18)
Post-term? 78,074 | 43,486 (55.7) 31 (0.1) | 20,973 (26.9) 24 (0.1) | 1.57(0.93, 2.6_@ 13,615(17.4) 14 (0.1) | 1.47 (0.78, 2.77)
Delivery =
Induction of labour 92,967 | 53,617 (57.7) | 13,417 (25.0) | 24,342 (26.2) | 7,420 (30.5) | 1.28 (1.23, 1.3§) | 15,008 (16.1) | 5,712(38.1) | 1.69 (1.62, 1.76)
Caesarean section 90,183 | 51,798 (57.4) | 11,598 (22.4) | 23,827 (26.4) | 6,905 (29.0) | 1.34 (1.29, 1.3%) | 14,558 (16.1) | 5.262 (36.2) | 1.80 (1.73, 1.88)
Emergency caesarean 80,938 | 45,715 (56.5) | 5,515(12.1) | 21,397 (26.4) | 4,475 (20.9) 82(1.74,1.9%) | 13,826 (17.1) | 4,530 (32.8) | 3.14 (3.00, 3.29)
section g
Apgar score 129,773 | 70,012 (54.0) | 12,583 (18.0) | 35,307 (27.2) | 6,125 (17.4) | 0.95 (0.92, 0. 9&) 24,454 (18.8) | 4,342 (17.8) | 0.96 (0.93, 1.00)

OR = Odd Ratio; Cl =

70 post-term births were excluded from these models as none of them experienced the outcome being estimated

Confidence Interval
*Adjusted for maternal age, deprivation, smoking in pregnancy and the pre- or co-existing conditions (see supplement%flle 2)

\vA|

2No participants in the study delivering post-term had placenta praevia, placental abruption or had small or large for geBtational age babies; therefore 45,957
participants were dropped from this analysis

1ybuAdoa Aq paraalold 1senb Aq 20z ‘0T
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Regarding conditions affecting delivery, the odds ratio of placenta praevia was not
statistically significant different for both women who were overweight (OR 1.23,
95%ClI: 0.90-1.68) or obese (OR 0.81, 95%ClI: 0.54-1.22), compared with women
with normal weight. The odds ratio of experiencing placental abruption was also not

statistically significantly different across the different BMI categories.

In contrast with the normal BMI group, births to women who were overweight and
obese were associated with decreased risk of small-for-gestational age ORs 0.81
(95% CI: 0.78-0.85) and 0.79 (95% CI: 0.74-0.83) respectively. However, the risk of
large-for-gestational age newborns increased among women with overweight, OR of
1.27 (95%ClI: 1.23-1.30) 1.30 (95%Cl: 1.26-1.33) and women with obesity, OR 1.53
(95%CI: 1.48-1.58), compared with women of normal weight. Compared to the
normal BMI group, the adjusted odds ratio of pre-term delivery was 1.02 (95% CI:
0.96-1.07), however among women who were obese the risk was 1.11 (95% CI:
1.05-1.18). Relative to women who were of normal weight, the adjusted OR of post-
term for women who were overweight was 1.57 (95% CI: 0.93-2.68) and 1.47 (95%

Cl: 0.78-2.77) for women who were obese.

The odds of induction of labour and caesarean section, either elective or emergency,
increased with increasing BMI. Regarding induction of labour, the odds ratios were
statistically significant for women with overweight (OR 1.28, 95%CI: 1.23-1.33) and
those with obesity (OR 1.69, 95%CI: 1.62-1.76) compared with women with normal
weight. Women who were overweight had odds ratios of 1.34 (95% CI: 1.29-1.39) for
having an elective Caesarean section and higher ORs (1.82, 95% CI: 1.74-1.91) for

undergoing emergency Caesarean section, compared with women of normal weight.
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The corresponding ORs for women with obesity were 1.80 (95% CI: 1.73-1.88) and
3.14 (95% CI: 3.00-3.29). Being overweight or obese was associated with reduced
risk of low Apgar score. This was barely statistically significant for women who were

overweight (OR 0.95, 95% CI: 0.92-0.99) or obese (OR 0.96, 95% CI: 0.93-1.00).

Discussion

In this large, retrospective cohort study, we found that overweight or obesity during
pregnancy increased the risk of several adverse pregnancy and delivery
complications. Some earlier studies have also found similar findings. Aside from
obesity, we also examined overweight because in most populations, a greater
number of women are overweight rather than obese, so it is important to also

understand the impact of overweight on pregnancy and neonatal outcomes.

In terms of the association between high maternal BMI and conditions that occur
during pregnancy, we found that the risk of all the conditions considered (gestational
hypertension, gestational diabetes and pre-eclampsia) increased steadily with
increasing BMI, which is in line with similar studies (2,14,15). A study compared
women of normal weight to women who were morbidly obese (BMI greater than 40),
and also found that there was an increased risk of pre-eclampsia (OR 4.82; 95% CI:
4.04-5.74) (14). Our study also found that, aside from heightened pre-eclampsia risk
for women with obesity, being overweight was also significantly associated with this
outcome, albeit to a lesser degree. A meta-analysis of the association between

maternal BMI and the risk of pre-eclampsia showed that the risk doubled with each
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5-7 kg/m? increase in pre-pregnancy BMI (16). It is evident that the risk of pre-
eclampsia increases with the degree of weight gain; therefore preventative strategies
should be focussed on getting women, especially those already overweight, to
reduce weight prior to conception. Weight loss in pregnancy requires careful
management in order to avoid unintended consequences (17). Nevertheless, women
often engage with health professionals during pregnancy; therefore dietary and
lifestyle interventions such as physical activity, which have been shown by reviews
and meta-analyses (17,18) to reduce gestational weight gain and improve outcomes

for both mother and baby, could be provided to them.

Generally, rates of Caesarean delivery have increased significantly across many
developed countries in recent years (19). Our study found that women with
overweight and obesity showed an increased risk of Caesarean delivery (both
elective and emergency) compared to normal-weight women, but we note that the
overall frequency of Caesarean delivery across our obstetric population seems quite
high, compared with a previous Swedish study (14). We also found that women with
overweight and obesity are at increased risk of labour induction. A very recent
systematic review found that women with obesity are more likely than women with a
normal weight to end labour induction with Caesarean delivery (20). Possible
reasons could be that Caesarean delivery is probably less risky now, due to
advances in medical science, which facilitate accurate monitoring of the progress of
labour and the detection of fetal intra-partum conditions (21). It is also possible that
health professionals in Scotland are probably intervening early with regards to
problems in labour among women with overweight or obesity, in order to reduce fetal

distress, and its worst outcomes. Nevertheless, this pattern of very high Caesarean
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rates is quite concerning for Scotland, which has invested in programmes aimed at
promoting natural birth, such as Keeping Childbirth Natural and Dynamic (KCND).
The KCND is a maternity care programme introduced by the Scottish Government
with the aim of maximising opportunities for women to have as natural a birth
experience as possible, reduce unnecessary interventions in low-risk pregnancy and
childbirth, and to provide women-centred care (22,23,24). The early intervention in
pregnancy may also explain the reduced risk of low Apgar score for infants born to
women with overweight and obesity. It is likely that these women are may receive
increased monitoring, which means issues can be identified and managed earlier, to

reduce any fetal distress in labour.

Adiposity increases risk of large-for-gestational age and macrosomia (25). In this

study, we found that births to women with overweight and obesity were associated
with an increased risk of large-for-gestational age infants compared with women of
normal weight. Excess weight in pregnancy may shift the entire birth weight
distribution upwards, perhaps through hormonal mechanisms that operate at lower
levels than in full-blown cases of macrosomia in infants of diabetic mothers. It is
therefore unsurprising that high maternal BMI significantly decreased the risk of

small-for-gestational age among our study population.

We found that pregnant women with obesity were at significantly increased risk of
pre-term delivery, however the risk was high but not statistically significant for
women with overweight. A systematic review examining the effect of maternal
overweight and obesity on pre-term delivery showed that both women with

overweight and obesity were at significantly higher risk of pre-term delivery (26). It
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has been shown that pre-eclampsia leads to pre-term delivery, especially in elective
pre-term delivery (27). It is not clear why the relative risk of pre-term delivery for
women with overweight in our study population was not statistically significant.
However, it is likely that the higher risk of pre-eclampsia in women with obesity,
compared with women with overweight, could explain this finding. Regarding post-
term delivery, there were no statistically significant relative risks among women with
both overweight and obesity. As discussed previously, it is likely that early
intervention in pregnancy among our study population reduced the risk of the

occurrence of post-term delivery.

We examined the association between high maternal BMI and placental abruption
and placenta praevia, but found no statistically significant association between each
of these two outcomes and overweight or obesity. This finding is congruent with a
previous study (14). It appears that the relationships between maternal overweight
and obesity, and both placental abruption and placenta praevia, may require further

attention in future research.

Strengths and limitations

This study used a large, retrospectively accessed but cohort-structured, national
database covering several maternal and neonatal outcomes. The analysis used
whole study population with some adjustment for confounders to estimate impact of
high maternal-weight status on each outcome. We restricted the analysis to only
single births and first pregnancies to ensure that the births in the sample are
relatively independent. The dataset we were provided with combined underweight

and normal weight women as normal BMI group. Using this as the reference group
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might have strengthened the association between high maternal BMI and the
pregnancy and neonatal outcomes considered. However, only a very small number
of women are underweight during pregnancy in Scotland in recent years. Also, some
studies differentiate between different obesity categories, but in this study the
dataset we accessed did not differentiate these categories, and it was not possible to
do this retrospectively; therefore all women with BMI of 30 or more were considered
as having obesity. It is likely that differentiating morbid obesity, or obesity class Il and
[Il from women with obesity, would have generated additional insight, in the form of a
full “dose response relationship”. The completeness of the recording of BMI
increased during the study period (2008 to 2015) from 69% to 98%. Using data from
the earlier years, when the BMI was missing more often, might have biased the
study sample if BMI was not missing at random. The study included control for a
limited set of confounders, due to data availability; inclusion of other relevant
confounders could have strengthened the analysis. For example, variables such as
ethnicity, previous caesarean sections, and time of birth were not available in the
dataset which we accessed. Also, we could not analyse neonatal outcomes such as
stillbirth, neonatal death and congenital anomaly because these outcomes are not

completely ascertained in the dataset we used.

Conclusion

This study has shown that women who were overweight, and especially those who
are obese in Scotland are at greater risk of several pregnancy and delivery
complications including gestational hypertension, gestational diabetes, pre-
eclampsia, labour induction and Caesarean delivery. The risk of these conditions

increases steadily with increasing BMI. Health professionals should be empowered
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and trained to deliver promising dietary and lifestyle interventions to women at risk of

overweight and obesity prior to conception, and control excessive weight gain in

pregnancy.
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Supplementary file 1: Description of data fields used in the study

Variable Name

Database Source

Variable Description/Values

Notes

Jenggd4 0z up 891920-8T0Z-uadolwc

: All other codes

Mother_ID N/A - study Unique mother identifier 1516-0613/' followed®y an anonymous identifier
specific 2
Baby_ID N/A - study Unique baby identifier Mother_ID followed by delivery sequence number followed
specific by a baby sequence nEmber. The baby sequence number
for multiple babies fr¢gh same delivery not necessarily in
correct order due to rﬁssing CHI numbers.
2
2
3
Delivery_Seq_No N/A - study Delivery sequence number of g
specific mother <l
Gest_Diabetes SMR02 1: Yes, Gestational diabetes http://www.ndc.scot.ghs.uk/Dictionarv-A—
(diagnosed during this pregnancy) Z/Definitions/index.as®?Search=D&ID=214&Title=Diabetes
0: Yes, Pre-existing diabetes g
(diagnosed before pregnancy) & No §,
(no diabetes during this pregnancy) g
Missing: Yes, Time of diagnosis g
unknown & Not Known ;
©
Gest_Hypertension SMR02/SMRO01 1:ICD 10 code 013.X Flagged codes cover ggstational hypertension
0: All other codes B
Pre_Eclampsia SMR02/SMRO01 1:ICD 10 code 014._ Flagged codes cover pre-eclampsia
0: All other codes E
Placental_Abruption SMR02/SMRO01 1: ICD 10 code 045. Flagged codes cover p@cental abruption
0: All other codes 5
Placental_Praevia SMR02/SMRO01 1: ICD 10 code 044._ Flagged codes cover p;kcenta praevia
0

1ybuAdoo Aq|pai
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HZ0-8T02-uadolwc

Postpartum_Haemorrhage SMR02/SMRO01 1:ICD 10 code 072._ Flagged codes cover p'gstpartum haemorrhage
0: All other codes 9
Caesarean_Delivery SMRO02 1: Elective (planned) caesarean http://www.ndc.scot.Bhs.uk/Dictionary-A-
section & Emergency and Z/Definitions/index.as@?Search=M&ID=322&TitIe=Mode of
unspecified caesarean section Delivery - Babies 1 to g
0: All other codes <
Labour_Induction SMRO02 1: 1-8 - Induction of labour codes http://www.ndc.scot.fhs.uk/Dictionary-A-
0: 0, None Z/Definitions/index.asjp?Search=I&ID=295&Tit|e=|nduction
Missing: 9, Not known of Labour 2
=]
SGA SMRO02 1: Birthweight <10th percentile Small for gestational %e flag
0: Birthweight >10th percentile o
LGA SMRO02 1: Birthweight 290th percentile Large for gestational %e flag
0: Birthweight <90th percentile >
Preterm_Delivery SMR02 1: Estimated gestation < 37 weeks http://www.ndc.scot%hs.uk/Dictionarv-A—
0: Estimated gestation > 37 weeks Z/Definitions/index.asp?Search=E&ID=242&Title=Estimate
and < 42 weeks d Gestation 'Cgb
Missing: otherwise -l
3
Postterm_Delivery SMRO02 1: Estimated gestation > 42 weeks http://www.ndc.scot.'ghs.uk/Dictionarv-A—
0: Estimated gestation = 37 weeks Z/Definitions/index.ash?Search=E&ID=242&Title=Estimate
and < 42 weeks d Gestation S
Missing: otherwise -§_
Apgar_Score SMR02 1: Apgar score at 5 mins < 7 http://www.ndc.scot.ghs.uk/Dictionary-A-
0: Apgar score at 5 mins > 7 Z/Definitions/index.a%?Search:A&lD=88&Tit|e=Apgar
Score - Babies1to3 >
Maternal_Obesity SMRO02 1: Obese status Adults with BMI 2 30 €assed as obese. BMI of girls aged 2 -

0: Overweight, Healthy or
underweight status

19 years old standardﬁed using UK1990 growth reference
values and z-score > 6£8 (98th centile) classed as obese.
o

"1ybuAdoo Ag paloal
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Adults with BMI > 25 &assed as overweight or obese. BMI

Maternal_Overweight_Obesity | SMR02 1: Overweight or Obese status S
0: Healthy or underweight status of girls aged 2 - 19 years old standardized using UK1990
growth reference valygs and z-score > 4/3 (91st centile)
classed as overweight®r obese.
o
Age SMRO02 Age of mother at delivery (in years) §
Parity SMR02 Total number of previous http://www.ndc.scotEhs.uk/Dictionarv-A—
pregnancies Z/Definitions/index.ai]:)?Search:P&lD:409&Title:Previous
Pregnancies o
Deprivation SMRO02 Carstairs 2001 quintiles for Scotland | 1=least deprived; 5=rr§)st deprived
Smoking_Status SMR02 1: Yes http://www.ndc.scot.ﬁhs.uk/Dictionarv-A—
0: No Z/Definitions/index.asp?Search=S&ID=456&Title=Smoker
Missing: Not known During Pregnancy  §
Multiple_births SMRO02 1: More than one birth this http://www.ndc.scot,ﬁhs.uk/Dictionarv-A—
pregnancy Z/Definitions/index.agp?Search=N&ID=349&Title=Number
0: Single birth of Births this Pregnang
o
Multiple_births_in_NRS NRS Births 1: Multiple babies found for this Multiple babies recorge d in NRS Births but only a single
mother's delivery in NRS Births baby recorded in SMRB2
Previous_Caesarean_section SMRO02 1: More than zero http://www.ndc.scot.éhs.uk/Dictionarv-A—

0: Zero

Z/Definitions/index.a@?Search:P&lD:406&Title:Previous

Caesarean Sections

uyBLAdos Ag paloaloid 1sanb Aq v20z ‘0T IHdy
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Total number of records
{2008-2015, Scotland)
454,973

BMJ Open

Ineligible
Mother aged <20 years: 25,603 (5.7%)
Mother aged =40 years: 17,052 (3.7%)
» Twin pregnancy: 13,502 (3.0%)

h J

MNumber of eligible recards
168,144 (37.0%)

Triplet pregnancy: 279 (0.1%)
Mot primigravida: 252,543 (55.5%)
Missing
Gravidity: 1,868 (0.4%)

¥

Number of records with
complete risk factor (maternal
deprivation, smoking and
weight status data
135,860 (80.8%)

Missing
Age: 0 (0.0%)
Deprivation: 596 (0.4%)
Smaoking status: 10,873 (6.5%)
Weight status: 28,067 (16.7%)

v

Mumber of records with
complete data on conditions
affecting pregnancy
132,899 (79.0%)

k

Missing
Gestational hypertension: 0 (0.0%)
Gestational diabetes: 2,961 (2.2%)
Pre-eclampsia: 0 (0.0%)

Missing

h 4

Mumber of records with
complete data on conditions
affecting delivery
132,282 (78.7%)

k

Placenta praevia: 0 (0.0%)
Placental abruption: 0 (0.0%)
Size for gestational age: 429 (0.3%)
Full, pre- or post-term: 188 (0.1%)

v

Mumber of records with
complete data on delivery
129,773 (77.2%)

h

Missing
Mode of delivery: 1,030 (0.8%)
Apgar score: 1,510 (1.1%)
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STROBE (Strengthening The Reporting of OBservational Studies in Epidemiology) Checklist

A checklist of items that should be included in reports of observational studies. You must report the page number in your manuscript

where you consider each of the items listed in this checklist. If you have not included this information, either revise your manuscript

accordingly before submitting or note N/A.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published

examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web

sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology

at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.

Section and Item

Item . Reported on
Recommendation
No. Page No.

Title and Abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the

abstract 1

(b) Provide in the abstract an informative and balanced summary of what was

done and what was found 2
Introduction
Background/Rationale 2 Explain the scientific background and rationale for the investigation being

reported 4,5
Objectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
Study Design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of

recruitment, exposure, follow-up, and data collection 5,6,7
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of

selection of participants. Describe methods of follow-up 5,6,7

Case-control study—Give the eligibility criteria, and the sources and methods of

case ascertainment and control selection. Give the rationale for the choice of N/A

cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and methods of

selection of participants N/A

(b) Cohort study—For matched studies, give matching criteria and number of

exposed and unexposed N/A

Case-control study—For matched studies, give matching criteria and the number

of controls per case N/A
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and

effect modifiers. Give diagnostic criteria, if applicable 6,7
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Recommendation

2 No. Page No.
3 Data Sources/ 8* For each variable of interest, give sources of data and details of methods of
4 Measurement assessment (measurement). Describe comparability of assessment methods if 567
5 there is more than one group o
6
7 Bias 9 Describe any efforts to address potential sources of bias 89
8 :
?O Study Size 10 Explain how the study size was arrived at 5
1; Quantitative Variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
13 describe which groupings were chosen and why 8,9
14
15 Statistical Methods 12 (a) Describe all statistical methods, including those used to control for
16 confounding 8,9
17
18 (b) Describe any methods used to examine subgroups and interactions N/A
19
20 (c) Explain how missing data were addressed 716
21 '
22 (d) Cohort study—If applicable, explain how loss to follow-up was addressed
23 N/A
24 Case-control study—If applicable, explain how matching of cases and controls was
25 addressed
26 N/A
27 Cross-sectional study—If applicable, describe analytical methods taking account of
28 sampling strategy N/A
29
2(1) (e) Describe any sensitivity analyses N/A
32 Results
33
2‘5" Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially
36 eligible, examined for eligibility, confirmed eligible, included in the study, 1
37 completing follow-up, and analysed
38
39 (b) Give reasons for non-participation at each stage N/A
40

Consid f a flow di .
41 (c) Consider use of a flow diagram Figure 1
42 b=—5————————— 1
43 Descriptive Data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and
44 information on exposures and potential confounders 56,78
45
46 (b) Indicate number of participants with missing data for each variable of interest 11
47
48 (c) Cohort study—Summarise follow-up time (eg, average and total amount) 56
49 !
50 Outcome Data 15* | Cohort study—Report numbers of outcome events or summary measures over
51 time 6,7
52
52 Case-control study—Report numbers in each exposure category, or summary
gS measures of exposure N/A
56 -
57 Cross-sectional study—Report numbers of outcome events or summary measures N/A
58
59
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Main Results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates

and their precision (eg, 95% confidence interval). Make clear which confounders 910111213

were adjusted for and why they were included e

(b) Report category boundaries when continuous variables were categorized 8

(c) If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period N/A
Other Analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and

sensitivity analyses N/A
Discussion
Key Results 18 Summarise key results with reference to study objectives 13
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or

imprecision. Discuss both direction and magnitude of any potential bias 16
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations,

multiplicity of analyses, results from similar studies, and other relevant evidence 13,14,15
Generalisability 21 Discuss the generalisability (external validity) of the study results 13
Other Information
Funding 22 Give the source of funding and the role of the funders for the present study and, if

20

applicable, for the original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in

cohort and cross-sectional studies.

Once you have completed this checklist, please save a copy and upload it as part of your submission. DO NOT include this

checklist as part of the main manuscript document. It must be uploaded as a separate file.
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Abstract

Objective: To examine the association between high maternal weight status and

complications during pregnancy and delivery.

Setting: Scotland

Participants: Data from 132,899 first time singleton deliveries in Scotland between
2008 and 2015 were used. Women with overweight and obesity were compared with
women with normal weight. Associations between maternal body mass index and

complications during pregnancy and delivery were evaluated.

Outcome measures: Gestational diabetes, gestational hypertension, pre-eclampsia,
placenta praevia, placental abruption, induction of labour, elective and emergency
caesarean sections, pre-term delivery, post-term delivery, low Apgar score, small for

gestational age and large for gestational age.

Results: In the multivariable models controlling for potential confounders, we found
that, compared with women with normal weight, the odds of the following outcomes
were significantly increased for women with overweight and obesity [overweight
adjusted odds ratio; 95% confidence interval, followed by the same for women with
obesity]: gestational hypertension [1.61; 1.49-1.74], [2.48; 2.30-2.68]; gestational
diabetes [2.14; 1.86-2.46], [8.25; 7.33-9.30]; pre-eclampsia [1.46; 1.32-1.63] [2.07;
1.87-2.29]; labour induction [1.28; 1.23-1.33], [1.69; 1.62-1.76] and emergency

caesarean section [1.82; 1.74-1.91], [3.14; 3.00-3.29].

Conclusions: Women with overweight and obesity in Scotland are at greater odds
of adverse pregnancy and delivery outcomes. The odds of these conditions

increases with increasing body mass index. Health professionals should be

2
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empowered and trained to deliver promising dietary and lifestyle interventions to

women at risk of overweight and obesity prior to conception, and control excessive

weight gain in pregnancy.

Strengths and limitations of this study

This study used a large, retrospectively accessed but cohort-structured,
national database covering some of the major maternal and neonatal
outcomes in Scotland over eight recent years.

Analyses were adjusted for some of the key potential confounders to
estimate impact of high maternal-weight status on each outcome.

All women with BMI of 30 kg/m? or more were considered as having obesity;
it is likely that differentiating morbid obesity or obesity class Il and Il from
obesity would have generated more precise estimates.

The completeness of the recording of BMI increased during the study period
(2008 to 2015) from 69% to 98%. Using data from the earlier years when
the BMI was missing more often might have biased the study sample if it

was the case that BMI was not missing at random.
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Introduction

The increasing global prevalence of overweight and obesity makes it more likely that
a growing number of women with high body mass index (BMI) are becoming
pregnant. High maternal BMI during pregnancy has immediate implications for
pregnancy complications as well as long-term health implications for both women
and offspring (1,2). For instance, in terms of pregnancy complications, a systematic
review and meta-analysis involving 11 cohort studies found that caesarean delivery
risk increased by 50% in pregnant women who were overweight and was more than
double for women who were obese compared with women with normal BMI (3). High
BMI during pregnancy could lead to future chronic disease such as diabetes, heart
disease and hypertension (4). Surviving offspring are also more prone to long-term
obesity, hypertension, coronary heart disease, diabetes, stroke and asthma (4,5).
Both immediate and long-term health implications of high BMI during pregnancy
have economic consequences. For example, a recent study examining infant health
utilisation and costs on the NHS in the UK of infants born to women with overweight
or obesity found that total mean additional resource cost for infants born to women
who are overweight was £65.13, and £1138.11 for infants born to women who are

obese (6).

Maternal weights are currently high in Scotland: a recent study reported that 31.5%
of mothers were overweight and a further 23.6% were affected by obesity (7). A
retrospective cohort study using Scottish obstetric data from 2003 to 2010 examined
the impact of maternal BMI on clinical complications, inpatient admissions, and
additional short-term costs to the NHS in Scotland revealed that maternal BMI

influences maternal and neonatal morbidity, the number and duration of maternal

4
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and neonatal admissions, and health service costs (8). The study also showed that in
comparison with women of normal weight, women who were overweight, obese, or
severely obese had an increased risk of essential hypertension [1.87 (1.18-2.96),
11.90 (7.18-19.72), and 36.10 (18.33—71.10)], pregnancy-induced hypertension
[1.76 (1.60-1.95), 2.98 (2.65-3.36), and 4.48 (3.57-5.63)], gestational diabetes [3.39
(2.30-4.99), 11.90 (7.54-18.79), and 67.40 (37.84—120.03)], emergency caesarean
section [1.94 (1.71-2.21), 3.40 (2.91-3.96), and 14.34 (9.38-21.94)], and elective
caesarean section [2.06 (1.84—-2.30), 4.61 (4.06-5.24), and 17.92 (13.20—24.34)] (8).
Smith et al. (9), using data from a retrospective cohort study of 187,290 women in
Scotland to examine the risk of maternal obesity in early pregnancy and the risk of
pre-term delivery, found that among nulliparous women, the risk of an elective pre-
term delivery increased with increasing BMI. The study also observed that 40% of
morbidly obese nulliparous women who experienced an elective pre-term delivery
had been diagnosed with pre-eclampsia, in contrast with only 2.6% of the remaining
study population (9). Maternal obesity has also been linked to low Apgar score and
pre-term and post-term delivery as well as the risk of intrapartum complications, such
as placenta praevia and placental abruption (2,10). It is likely that any risk of
intrapartum complications may necessitate labour induction or more frequent

caesarean delivery.

In the current study, we hypothesised, based on previous studies elsewhere, that
women with obesity and their babies experience higher rates of virtually all perinatal
complications, which are routinely collected in Scotland, except perhaps low birth
weight (due to the macrosomia effect of overt or covert gestational diabetes), and

that women with overweight and their babies experience an excess risk of these
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same outcomes, but one not as high as women with obesity and their offspring.
Therefore, our aim was to use more recent data to examine the associations
between high maternal BMI and complications during pregnancy and delivery in
Scotland. Understanding of these associations can highlight areas where prevention

strategies could be targeted.

Methods

Study population and data sources

This retrospective cohort study used data from 132,899 first time mothers who gave
birth to only one child in Scotland between January 2008 and December 2015. The
women and infants were identified within three electronic medical record databases:
the Scottish Morbidity Record (SMR) 01 and 02 and Scottish Birth Record (SBR).
SMRO1 is generated for patients receiving inpatient or day care in the General or
Acute specialties, whilst SMRO02 is generated for patients receiving inpatient or day
care in the Obstetric Specialties. The SBR records all of a baby's neonatal care in
Scotland. Relevant outcome variables are recorded in these databases according to
the World Health Organization’s International Classification of Diseases, Tenth
Revision (ICD-10) or NHS Scotland classifications (11). Further description of the
content of these databases is available (12) and in the supplemental file 1.. The
study was designed as a clinical audit so did not require approval from a Research
Ethics Committee. However, approval was obtained from the Public Benefit and
Privacy Panel via the national Electronic Data Research and Innovation Service to
use the anonymised data collected by these registries. As a clinical audit making

secondary use of anonymised electronic patient records, it was necessary to account

6
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for missing data which was relevant to this research study (see the supplemental file
2 for the flow diagram illustrating how the final sample size was reached. The large
number of variables involved in this study and a low likelihood that missingness was
at random meant that imputation methods would have been complicated and a

complete case analysis was more suitable for this population-wide study.

Patient and public involvement

Patients were not involved in the design, analyses and interpretation of this study.
Exposure variable

More than 80% of pregnant women in Scotland present themselves for antenatal
care during the first trimester of their pregnancy (13). Height and weight are usually
measured by the midwife at the first antenatal visit, typically before 12 weeks of
pregnancy. Body mass index (BMI) was calculated using the formula weight
(kg)/height (m?). BMI categories were defined as normal (<25 kg/m2), overweight
(=225 kg/m? to <30 kg/m?) and obese (=30 kg/m?). BMI completeness was 69% in 2008
but this increased gradually to 87% in 2011 when recording of weight and height

became mandatory. By 2015 BMI completeness was 98%.

Outcomes

Outcome measures included were maternal or pregnancy complications organised

into three groups related to when they occur during the pregnancy;

e Conditions affecting pregnancy: gestational diabetes, gestational hypertension

and pre-eclampsia (high blood pressure and protein in urine).
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e Conditions affecting delivery: placenta praevia (when a baby's placenta

partially or totally covers the mother's cervix), placental abruption (when

oNOYTULT D WN =

the placenta separates early from the uterus before childbirth), pre-term

10 delivery (defined as less than 37 weeks of gestation), post-term delivery

13 (more than 42 weeks of gestation), small for gestational age (SGA), and large
15 for gestational age (LGA). SGA were infants with birthweight of <10t

17 percentile for gestational age according to UK1990 growth reference curve
(14,15), and those with LGA were infants with birth weight =290t percentile.

22 e Delivery: induction of labour, caesarean delivery (includes elective and

24 emergency caesarean sections) and low Apgar score (less than “7” at 5

minutes).
Covariates

Maternal age at delivery, smoking during pregnancy and Carstairs 2001 quintiles for
35 socio-economic status in Scotland, based on the postcode of the mother’s residence
37 at birth, were considered as potentially confounding variables and were included as
39 covariates in the adjusted analyses. Table 1 describes the covariates used in this

) study by maternal weight status among singleton (a pregnancy with one fetus, as

44 opposed to twins or multiples) first-time pregnancies. The data in Table 1 show the
46 numbers of women who had data on age, deprivation, maternal smoking and the
three conditions being studied that occur during pregnancy.

Table 1. Maternal characteristics among normal weight, overweight and obese

53 women* (singleton, first pregnancies)

Normal* Overweight* Obese*
N =71,538 N = 36,188 N =25,173
N % N % N %

Maternal age (y)
20-24 19,372 27.1 9,152 25.3 6,851 27.2
60 25-29 23,871 334 11,895 32.9 8,280 32.9

8
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30-34 20,488 28.6 10,304 28.5 6,777 26.9
35-39 7,807 10.9 4,837 13.4 3,265 13.0
Carstairs 2001 quintiles for
Scotland
Q1 (Least deprived) 14,546 20.3 6,715 18.6 3,833 15.2
Q2 13,574 19.0 6,733 18.6 4,578 18.2
Q3 14,245 19.9 7,382 20.4 5,005 19.9
Q4 14,930 20.9 7,777 21.5 5,909 23.5
Q5 (Most deprived) 14,243 19.9 7,581 21.0 5,848 23.2
Maternal smoking in
pregnancy
No 61,116 85.4 31,119 86.0 21,130 83.9
Yes 10,422 14.6 5,069 14.0 4,043 16.1

*Maternal weight status at first antenatal visit
*Figures show women who had complete data on age, deprivation, maternal smoking and the
conditions occurring during pregnancy

Data analyses

Using Stata 14 (16), logistic regression models were fitted to calculate odds ratios
(ORs). BMI groups with overweight and obesity were compared with the normal BMI
group (the reference population). A confidence interval (Cl) of 95% was produced for

all ORs. The analyses of the outcomes proceeded in a systematic approach.

The outcomes were analysed in the three groups described above. As some of the
outcomes were mutually exclusive (e.g. a baby cannot be both small and large for
gestational age) those with the opposing outcome were excluded from the outcome
being analysed. Each model was also adjusted for any of the outcomes that
occurred earlier in the pregnancy. Table 2 provides information on the covariates

adjusted for in each model.
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Table 2. Full list of variables adjusted for in each of the models in Table 3

Risk factors

Maternal circumstances

Conditions affecting pregnancy

Conditions affecting delivery

Delivery

Conditions affecting pregnancy

Gestational o Age e Gestational diabetes - -
hypertension e Deprivation e Pre-eclampsia
e Smoking status
o Weight status
Gestational diabetes e Age e Gestational hypertension - -
e Deprivation e Pre-eclampsia
e Smoking status
o Weight status
Pre-eclampsia o Age e Gestational hypertension - -
e Deprivation e Gestational diabetes
e Smoking status
o Weight status

Conditions affecting delivery

@uqyjtcny wouy papeojumoq “0z0z Arenigad gBUo 89T9Z0-8T0z-uadolwc

Placenta praevia e Age e Gestational hypertension e Placental abrupti -
e Deprivation e Gestational diabetes e Size for gestationai age
e Smoking status e Pre-eclampsia e Full, pre- or post-term
o Weight status 3
Placental abruption e Age e Gestational hypertension e Placenta praevia g -
e Deprivation e Gestational diabetes e Size for gestationgl-age
¢ Smoking status e Pre-eclampsia e Full, pre-or post-@rm
o Weight status S
Small for gestational o Age e Gestational hypertension e Placental abruptiog -
age e Deprivation o Gestational diabetes o Placenta praevia 1,
e Smoking status e Pre-eclampsia e Full, pre-or post-t%m
o Weight status o
Large for gestational o Age e Gestational hypertension e Placental abruptiog -
age e Deprivation Gestational diabetes Placenta praevia 3
¢  Smoking status Pre-eclampsia Full, pre- or post-tgym
e Weight status S
Pre-term o Age e Gestational hypertension e Placental abruptioﬁ -
e Deprivation o Gestational diabetes o Placenta praevia =

Smoking status

e Pre-eclampsia

e Size for gestationa?age

1ybuAdo
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R

e Weight status o
Post-term o Age Gestational hypertension e Placental abruptiog

e Deprivation Gestational diabetes e Placenta praevia o

e Smoking status Pre-eclampsia e Size for gestationaﬁage

o Weight status &
Delivery 5
Induction of labour e Age Gestational hypertension e Placental abruptiof,

e Deprivation Gestational diabetes e Placenta praevia ®

e  Smoking status Pre-eclampsia e Size for gestation@age

o Weight status e Full, pre- or post-t&m
Caesarean section o Age Gestational hypertension e Placental abruptiog

e Deprivation Gestational diabetes e Placenta praevia &

e Smoking status Pre-eclampsia e Size for gestationaqlage

o Weight status e Full, pre-or post-té"fm
Emergency caesarean e Age Gestational hypertension e Placental abruptio@
section e Deprivation Gestational diabetes e Placenta praevia §

e Smoking status Pre-eclampsia e Size for gestationaFage

o Weight status e Full, pre-or post-t%m
Apgar score e Age Gestational hypertension e Placental abruptioR e Mode of delivery

o Deprivation Gestational diabetes e Placenta praevia >

e Smoking status Pre-eclampsia o Size for gestationa?-age

o Weight status e Full, pre-or post-t%m

1ybuAdoa Aq paroalold 1sanb Aq 720z ‘0T |udy uo
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Results

Within our study population 53.8% of pregnant women were categorised as normal
weight, 27.2% as overweight and 18.9% as obese. The socio-demographic
characteristics of the women in the three BMI categories are presented in Table 1.
Maternal smoking prevalence was slightly higher among women with obesity than in
women with normal weight or overweight. Among the women who were overweight,
21.0% were from the most deprived and 18.6% were from the least deprived group.
However, the difference in social deprivation was more marked within women with
obesity. Among this group, 23.2% were from the most deprived group whilst 15.2%

were from the least deprived group.

Table 3 shows odds ratios (OR) for pregnancy and delivery complications, among
women who were overweight or obese. The odds of gestational diabetes, pre-
eclampsia and hypertension increased steadily with increasing BMI. Compared to
the normal BMI group, the odds ratio of gestational diabetes was 2.14 (95% CI: 1.86-
2.46) but among women who were obese the OR increased to 8.25 (95% CI: 7.33 —
9.30). Relative to women who were of normal weight, the adjusted OR of pre-
eclampsia for women who were overweight was 1.46 (95% CI: 1.32-1.62), and 2.07
(95% CI: 1.87-2.29) for women who were obese. The OR of gestational
hypertension, compared with women with normal weight, was 1.61 (95% CI: 1.49-
1.74) for women with overweight, and 2.48 (95% CI: 2.30-2.68) for women with

obesity.
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Table 3. Pregnancy and delivery complications among normal, overweight and obese singleton wo@en
Total Normal Overweight > Obese
sample | N (%) Cases (%) N (%) Cases (%) Adjusted OR* -|O-| N (%) Cases (%) Adjusted OR*
(95% ClI) @ (95% CI)
Conditions affecting pregnancy c

Gestational hypertension 132,899 | 71,538 (53.8) 1,550 (2.2) | 36,188 (27.2) 1,239 (3.4) | 1.61(1.49, 1.74%| 25,173 (18.9) 1,275 (5.1) | 2.48 (2.30, 2.68)

Gestational diabetes 132,899 | 71,538 (53.8) 377 (0.5) | 36,188 (27.2) 418 (1.2) | 2.14 (1.86, 2.465| 25,173 (18.9) 1,082 (4.3) | 8.25(7.33, 9.30)

Pre-eclampsia 132,899 | 71,538 (53.8) 906 (1.3) | 36,188 (27.2) 664 (1.8) | 1.46 (1.32, 1.62P] 25,173 (18.9) 640 (2.5) | 2.07 (1.87, 2.29)

Conditions affecting delivery g

Placenta praevia’ 132,212 | 71,172 (53.8) 102 (0.1) | 36,001 (27.2) 66 (0.2) | 1.23(0.90, 1.68E| 25,039 (18.9) 30 (0.1) | 0.81(0.54, 1.22)

Placental abruption’ 132,212 | 71,172 (53.8) 133 (0.2) | 36,001 (27.2) 55(0.2) | 0.81(0.59, 1.118| 25,039 (18.9) 38 (0.2) | 0.76 (0.53, 1.10)

Small for gestational age'~? 94,906 | 53,320 (56.2) | 6,664 (12.5) | 25,122 (26.5) | 2,645 (10.5) | 0.81 (0.78, 0.85)§ 16,464 (17.4) | 1,726 (10.5) | 0.79 (0.74, 0.83)

Large for gestational age'? | 121,177 | 64,508 (53.2) | 17,852 (27.7) | 33,356 (27.5) | 10,879 (32.6) | 1.27 (1.23, 1.308| 23,313 (19.2) | 8,575(36.8) | 1.53 (1.48, 1.58)

Pre-term??2 132,212 | 71,172 (53.8) 4,295 (6.0) | 36,001 (27.2) 2,231 (6.2) | 1.02 (0.96, 1.07-_§ 25,039 (18.9) 1,725 (6.9) | 1.11 (1.05, 1.18)

Post-term?.23 78,074 | 43,486 (55.7) 31(0.1) | 20,973 (26.9) 24 (0.1) | 1.57 (0.93, 2.688| 13,615(17.4) 14 (0.1) | 1.47 (0.78, 2.77)
o

Delivery g

Induction of labour? 92,967 | 53,617 (57.7) | 13,417 (25.0) | 24,342 (26.2) | 7,420 (30.5) | 1.28 (1.23, 1.33E| 15,008 (16.1) | 5,712(38.1) | 1.69 (1.62, 1.76)

Caesarean section? 90,183 | 51,798 (57.4) | 11,598 (22.4) | 23,827 (26.4) | 6,905 (29.0) | 1.34 (1.29, 1.392 14,558 (16.1) | 5.262 (36.2) | 1.80 (1.73, 1.88)

Emergency caesarean 80,938 | 45,715 (56.5) | 5,515(12.1) | 21,397 (26.4) | 4,475 (20.9) | 1.82 (1.74, 1.91E 13,826 (17.1) | 4,530 (32.8) | 3.14 (3.00, 3.29)

section? 5

Apgar score 129,773 | 70,012 (54.0) | 12,583 (18.0) | 35,307 (27.2) | 6,125 (17.4) | 0.95 (0.92, 0.99E 24,454 (18.8) | 4,342 (17.8) | 0.96 (0.93, 1.00)

OR = Odds Ratio; Cl =

Confidence Interval

*Adjusted for maternal age, deprivation, smoking in pregnancy and the pre- or co-existing conditions (see supplementaﬂ%ﬂle 2)
170 post-term births were excluded from these models as none of them experienced the outcome being estimated
2These total sample sizes differ as the outcome being estimated is mutually exclusive from one or more of the other oucomes within that group. For example,
any baby being delivered pre -term cannot also have been delivered post-term and therefore these two models mcludeﬁ'\e same ‘controls’ those delivered at

term but difference ‘cases’ pre-term or post-term.
3No participants in the study delivering post-term had placenta praevia, placental abruption or had small or large for gestatlonal age babies; therefore 45,957
participants were dropped from this analyses
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Regarding conditions affecting delivery, the odds ratio of placenta praevia was not
statistically significant different for both women who were overweight (OR 1.23,
95%ClI: 0.90-1.68) or obese (OR 0.81, 95%ClI: 0.54-1.22), compared with women
with normal weight. The odds ratio of experiencing placental abruption was also not

statistically significantly different across the different BMI categories.

In contrast with the normal BMI group, births to women who were overweight and
obese were associated with decreased odds of small-for-gestational age ORs 0.81
(95% CI: 0.78-0.85) and 0.79 (95% CI: 0.74-0.83) respectively. However, the odds
of large-for-gestational age newborns increased among women with overweight, OR
of 1.27 (95%CI: 1.23-1.30) and women with obesity, OR 1.53 (95%CI: 1.48-1.58),
compared with women of normal weight. Regarding the odds ratios for the pre-term
and post-term outcomes, only the pre-term outcome for the obese group was
statistically significant and the others were not significant: compared to the normal
BMI group, the adjusted odds ratio of pre-term delivery was 1.02 (95% ClI: 0.96-
1.07), however among women who were obese the odds ratio was 1.11 (95% ClI:
1.05-1.18). Relative to women who were of normal weight, the adjusted OR of post-
term for women who were overweight was 1.57 (95% CI: 0.93-2.68) and 1.47 (95%

Cl: 0.78-2.77) for women who were obese.

The odds of induction of labour and caesarean section, either elective or emergency,
increased with increasing BMI. Regarding induction of labour, the odds ratios were
statistically significant for women with overweight (OR 1.28, 95%CI: 1.23-1.33) and
those with obesity (OR 1.69, 95%CI: 1.62-1.76) compared with women with normal

weight. Women who were overweight had odds ratios of 1.34 (95% CI: 1.29-1.39) for
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having an elective Caesarean section and higher odds ratios (1.82, 95% CI: 1.74-
1.91) for undergoing emergency Caesarean section, compared with women of
normal weight. The corresponding odds ratios for women with obesity were 1.80
(95% CI: 1.73-1.88) and 3.14 (95% CI: 3.00-3.29). Being overweight or obese was
associated with reduced odds of low Apgar score. This was barely statistically
significant for women who were overweight (OR 0.95, 95% CI: 0.92-0.99) or obese

(OR 0.96, 95% CI: 0.93-1.00).

Discussion

In this large, retrospective cohort study, we found that overweight or obesity during
pregnancy was associated with increased odds of several adverse pregnancy and
delivery complications. Aside from obesity, we also examined overweight because in
most populations, a greater number of women are overweight rather than obese, so
it is important to also understand the impact of overweight on pregnancy and

neonatal outcomes.

In terms of the associations between high maternal BMI and conditions that occur
during pregnancy, we found that the odds of all the conditions considered
(gestational hypertension, gestational diabetes and pre-eclampsia) increased
steadily with increasing BMI, which is in line with similar studies (2,10,17). A study
compared women of normal weight to women who were morbidly obese (BMI
greater than 40), and also found that there was an increased odds of pre-eclampsia

(OR 4.82; 95% CI: 4.04-5.74) (10). Our study also found that, aside from heightened
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pre-eclampsia odds for women with obesity, being overweight was also significantly
associated with this outcome, albeit to a lesser degree. A meta-analysis of the
association between maternal BMI and the risk of pre-eclampsia showed that the risk
doubled with each 5-7 kg/m? increase in pre-pregnancy BMI (18). It is evident that
the risk of pre-eclampsia increases with the degree of weight gain; therefore
preventative strategies should be focussed on getting women, especially those
already overweight, to reduce weight prior to conception. Weight loss in pregnancy
requires careful management in order to avoid unintended consequences (19).
Nevertheless, women often engage with health professionals during pregnancy;
therefore dietary and lifestyle interventions such as physical activity, which have
been shown by reviews and meta-analyses (19,20) to reduce gestational weight gain

and improve outcomes for both mother and baby, could be provided to them.

Generally, rates of Caesarean delivery have increased significantly across many
developed countries in recent years (21). Our study found that women with
overweight and obesity showed increased odds of Caesarean delivery (both elective
and emergency) compared to women with normal weight, but we note that the
overall frequency of Caesarean delivery across our obstetric population seems quite
high, compared with a previous Swedish study (10). We also found that women with
overweight and obesity are at increased odds of labour induction. A very recent
systematic review found that women with obesity are more likely than women with a
normal weight to end labour induction with Caesarean delivery (22). Possible
reasons could be that Caesarean delivery is probably less risky now, due to
advances in medical science, which facilitate accurate monitoring of the progress of

labour and the detection of fetal intra-partum conditions (23). It is also possible that
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health professionals in Scotland are intervening earlier with regards to problems in
labour among women with overweight or obesity, in order to reduce fetal distress,
and its worst outcomes. Nevertheless, this pattern of very high Caesarean rates is
concerning for Scotland, which has invested in programmes aimed at promoting
natural birth, such as Keeping Childbirth Natural and Dynamic (KCND). The KCND is
a maternity care programme introduced by the Scottish Government with the aim of
maximising opportunities for women to have as natural a birth experience as
possible, reduce unnecessary interventions in low-risk pregnancy and childbirth, and
to provide women-centred care (24,25,26). The early intervention in pregnancy may
also explain the reduced odds of low Apgar score for infants born to women with
overweight and obesity. It is likely that these women may receive increased
monitoring, which means issues can be identified and managed earlier, to reduce

any fetal distress in labour.

Adiposity has also been found to increase odds of large-for-gestational age and
macrosomia (27). In this study, we found that births to women with overweight and
obesity were associated with increased odds of large-for-gestational age infants,
compared with women of normal weight. Excess weight in pregnancy may shift the
entire birth weight distribution upwards, perhaps through hormonal mechanisms that
operate at lower levels, rather than in full-blown cases of macrosomia in infants of
diabetic mothers. It is therefore unsurprising that high maternal BMI significantly

decreased the odds of small-for-gestational age among our study population.

We found that pregnant women with obesity were at significantly increased odds of

pre-term delivery, however the odds ratio was high but not statistically significant for
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women with overweight. A systematic review examining the effect of maternal
overweight and obesity on pre-term delivery showed that both women with
overweight and obesity were at significantly higher risk of pre-term delivery (28). It
has been shown that pre-eclampsia leads to pre-term delivery, especially in elective
pre-term delivery (29). It is not clear why the odds ratio of pre-term delivery for
women with overweight in our study population was not statistically significant.
However, it is likely that the higher odds of pre-eclampsia in women with obesity,
compared with women with overweight, could explain this finding. Regarding post-
term delivery, there were no statistically significant odds ratios among women with
both overweight and obesity. As discussed previously, it is likely that early
intervention in pregnancy among our study population reduced the odds of the

occurrence of post-term delivery.

We examined the association between high maternal BMI and placental abruption
and placenta praevia, but found no statistically significant association between each
of these two outcomes and overweight or obesity. This finding is congruent with a
previous study (10). It appears that the relationships between maternal overweight
and obesity, and both placental abruption and placenta praevia, may require further

attention in future research.

Strengths and limitations

This study comprised a large, retrospectively accessed but cohort-structured,
national database, covering several maternal and neonatal outcomes. The analyses
used a population-wide data with adjustment for some confounders to estimate

impact of high maternal-weight status on each outcome. We restricted the analyses
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to only single births and first pregnancies to ensure that the births in the sample were
relatively independent. The dataset we were provided with combined underweight
and normal weight women as normal BMI group. Using this as the reference group
might have strengthened the association between high maternal BMI and the
pregnancy and neonatal outcomes considered. However, only a very small number
of women are underweight during pregnancy in Scotland in recent years (2.8% in
2018/19) (30). Also, some studies differentiate between different obesity categories,
but in this study the dataset we accessed did not differentiate these categories, and
it was not possible to do this retrospectively; therefore all women with BMI of 30 or
more were considered as having obesity. It is likely that differentiating morbid
obesity, or obesity class Il and Ill from women with obesity, would have generated
additional insight, in the form of a full “dose response relationship”. The
completeness of the recording of BMI increased during the study period (2008 to
2015) from 69% to 98%. Using data from the earlier years, when the BMI was
missing more often, might have biased the study sample if BMI was not missing at
random. In addition, mothers aged below 20 years and over 40 years were excluded
from analyses due to the low numbers of cases in these age groups with obesity and
experiencing adverse outcomes. The study controlled for a limited set of
confounders, due to data availability; inclusion of other relevant confounders could
have strengthened the analyses. For example, variables such as ethnicity, previous
caesarean sections, and time of birth were not available in the dataset, which we
accessed. Also, we could not analyse neonatal outcomes such as stillbirth, neonatal
death and congenital anomaly because these outcomes are not completely

ascertained in the dataset we used.
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Conclusion

This study has shown that women who are overweight, and especially those who

are obese in Scotland are at greater odds of several pregnancy and delivery

complications including gestational hypertension, gestational diabetes, pre-

eclampsia, labour induction and Caesarean delivery. The odds ratios of these

conditions increased with increasing BMI. Health professionals should be

empowered and trained to deliver promising dietary and lifestyle interventions to

women at risk of overweight and obesity prior to conception, and control excessive

weight gain in pregnancy.
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Supplementary file 1: Description of data fields used in the study

Variable Name

Database Source

Variable Description/Values

Notes

Jenggd4 0z up 891920-8T0Z-uadolwc

: All other codes

Mother_ID N/A - study Unique mother identifier 1516-0613/' followed®y an anonymous identifier
specific 2
Baby_ID N/A - study Unique baby identifier Mother_ID followed by delivery sequence number followed
specific by a baby sequence nEmber. The baby sequence number
for multiple babies fr¢gh same delivery not necessarily in
correct order due to rﬁssing CHI numbers.
2
2
3
Delivery_Seq_No N/A - study Delivery sequence number of g
specific mother <l
Gest_Diabetes SMR02 1: Yes, Gestational diabetes http://www.ndc.scot.ghs.uk/Dictionarv-A—
(diagnosed during this pregnancy) Z/Definitions/index.as®?Search=D&ID=214&Title=Diabetes
0: Yes, Pre-existing diabetes g
(diagnosed before pregnancy) & No §,
(no diabetes during this pregnancy) g
Missing: Yes, Time of diagnosis g
unknown & Not Known ;
©
Gest_Hypertension SMR02/SMRO01 1:ICD 10 code 013.X Flagged codes cover ggstational hypertension
0: All other codes B
Pre_Eclampsia SMR02/SMRO01 1:ICD 10 code 014._ Flagged codes cover pre-eclampsia
0: All other codes E
Placental_Abruption SMR02/SMRO01 1: ICD 10 code 045. Flagged codes cover p@cental abruption
0: All other codes 5
Placental_Praevia SMR02/SMRO01 1: ICD 10 code 044._ Flagged codes cover p;kcenta praevia
0

1ybuAdoo Aq|pai

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



http://www.ndc.scot.nhs.uk/Dictionary-A-Z/Definitions/index.asp?Search=D&ID=214&Title=Diabetes
http://www.ndc.scot.nhs.uk/Dictionary-A-Z/Definitions/index.asp?Search=D&ID=214&Title=Diabetes
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

HZ0-8T02-uadolwc

Postpartum_Haemorrhage SMR02/SMRO01 1:ICD 10 code 072._ Flagged codes cover p'gstpartum haemorrhage
0: All other codes 9
Caesarean_Delivery SMRO02 1: Elective (planned) caesarean http://www.ndc.scot.Bhs.uk/Dictionary-A-
section & Emergency and Z/Definitions/index.as@?Search=M&ID=322&TitIe=Mode of
unspecified caesarean section Delivery - Babies 1 to g
0: All other codes <
Labour_Induction SMRO02 1: 1-8 - Induction of labour codes http://www.ndc.scot.fhs.uk/Dictionary-A-
0: 0, None Z/Definitions/index.asjp?Search=I&ID=295&Tit|e=|nduction
Missing: 9, Not known of Labour 2
=]
SGA SMRO02 1: Birthweight <10th percentile Small for gestational %e flag
0: Birthweight >10th percentile o
LGA SMRO02 1: Birthweight 290th percentile Large for gestational %e flag
0: Birthweight <90th percentile >
Preterm_Delivery SMR02 1: Estimated gestation < 37 weeks http://www.ndc.scot%hs.uk/Dictionarv-A—
0: Estimated gestation > 37 weeks Z/Definitions/index.asp?Search=E&ID=242&Title=Estimate
and < 42 weeks d Gestation 'Cgb
Missing: otherwise -l
3
Postterm_Delivery SMRO02 1: Estimated gestation > 42 weeks http://www.ndc.scot.'ghs.uk/Dictionarv-A—
0: Estimated gestation = 37 weeks Z/Definitions/index.ash?Search=E&ID=242&Title=Estimate
and < 42 weeks d Gestation S
Missing: otherwise -§_
Apgar_Score SMR02 1: Apgar score at 5 mins < 7 http://www.ndc.scot.ghs.uk/Dictionary-A-
0: Apgar score at 5 mins > 7 Z/Definitions/index.a%?Search:A&lD=88&Tit|e=Apgar
Score - Babies1to3 >
Maternal_Obesity SMRO02 1: Obese status Adults with BMI 2 30 €assed as obese. BMI of girls aged 2 -

0: Overweight, Healthy or
underweight status

19 years old standardﬁed using UK1990 growth reference
values and z-score > 6£8 (98th centile) classed as obese.
o
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Adults with BMI > 25 &assed as overweight or obese. BMI

Maternal_Overweight_Obesity | SMR02 1: Overweight or Obese status S
0: Healthy or underweight status of girls aged 2 - 19 years old standardized using UK1990
growth reference valygs and z-score > 4/3 (91st centile)
classed as overweight®r obese.
o
Age SMRO02 Age of mother at delivery (in years) §
Parity SMR02 Total number of previous http://www.ndc.scotEhs.uk/Dictionarv-A—
pregnancies Z/Definitions/index.ai]:)?Search:P&lD:409&Title:Previous
Pregnancies o
Deprivation SMRO02 Carstairs 2001 quintiles for Scotland | 1=least deprived; 5=rr§)st deprived
Smoking_Status SMR02 1: Yes http://www.ndc.scot.ﬁhs.uk/Dictionarv-A—
0: No Z/Definitions/index.asp?Search=S&ID=456&Title=Smoker
Missing: Not known During Pregnancy  §
Multiple_births SMRO02 1: More than one birth this http://www.ndc.scot,ﬁhs.uk/Dictionarv-A—
pregnancy Z/Definitions/index.agp?Search=N&ID=349&Title=Number
0: Single birth of Births this Pregnang
o
Multiple_births_in_NRS NRS Births 1: Multiple babies found for this Multiple babies recorge d in NRS Births but only a single
mother's delivery in NRS Births baby recorded in SMRB2
Previous_Caesarean_section SMRO02 1: More than zero http://www.ndc.scot.éhs.uk/Dictionarv-A—

0: Zero

Z/Definitions/index.a@?Search:P&lD:406&Title:Previous
Caesarean Sections
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Total number of records
(2008-2015, Scotland)
454,973

\ 4

A 4

Number of eligible records
168,144 (37.0%)

Ineligible
Mother aged <20 years: 25,803 (5.7%)
Mother aged >40 years: 17,052 (3.7%)
Twin pregnancy: 13,502 (3.0%)
Triplet pregnancy: 279 (0.1%)
Not primigravida: 252,543 (55.5%)
Missing
Gravidity: 1,868 (0.4%)

\ 4

Number of records with complete
covariate (maternal age, deprivation,
smoking and weight status) data
135,860 (80.8%)

A 4

Missing
Age: 0 (0.0%)
Deprivation: 596 (0.4%)
Smoking status: 10,873 (6.5%)
Weight status: 28,067 (16.7%)

\ 4

Number of records with complete
data on conditions affecting
pregnancy
132,899 (79.0%)

\ 4

\ 4

Missing
Gestational hypertension: 0 (0.0%)
Gestational diabetes: 2,961 (2.2%)
Pre-eclampsia: 0 (0.0%)

\ 4

Number of records with complete
data on conditions affecting
delivery
132,282 (78.7%)

\ 4

Missing
Placenta praevia: 0 (0.0%)
Placental abruption: 0 (0.0%)
Size for gestational age: 429 (0.3%)
Full, pre- or post-term: 188 (0.1%)

\ 4

Number of records with complete
data on delivery
129,773 (77.2%)

Missing
Mode of delivery: 1,030 (0.8%)
Apgar score: 1,510 (1.1%)
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Study Size 10 Explain how the study size was arrived at 5
Quantitative Variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why 8,9
Statistical Methods 12 (a) Describe all statistical methods, including those used to control for
confounding 8,9
(b) Describe any methods used to examine subgroups and interactions N/A
(c) Explain how missing data were addressed 716
(d) Cohort study—If applicable, explain how loss to follow-up was addressed
N/A
Case-control study—If applicable, explain how matching of cases and controls was
dd d
addresse N/A
Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy N/A
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