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Abstract

Background: Approximately one in five pregnant women have obesity. Obesity is associated with an increased risk
of antenatal, intrapartum, and perinatal complications, but many women with obesity have uncomplicated
pregnancies. At a time where maternity services are advocating for women to make informed choices, knowledge
of the chance of having an uncomplicated (healthy) pregnancy is essential. The objective of this study was to
calculate the rate of uncomplicated pregnancy in women with obesity and evaluate factors associated with this
outcome.

Methods: This prospective cohort study was conducted using the Ontario birth registry dataset in Canada (703,115
women, April 2012–March 2017). The rate of uncomplicated or complicated composite pregnancy outcomes
(hypertensive disorders of pregnancy, gestational diabetes, preterm birth, neonate small- or large- for gestational
age at birth, congenital anomaly, fetal death, antepartum bleeding or preterm prelabour membrane rupture) were
calculated for women with and without obesity. Associations between uncomplicated pregnancy and maternal
characteristics were explored in a population of women with obesity but without other pre-existing co-morbidities
(e.g., essential hypertension) or obstetric risks identified in the first trimester (e.g., multiple pregnancy), using log
binomial regression analysis.

Results: Of the studied Ontario maternity population (body mass index not missing) 17·7% (n = 117,236) were
obese. Of these 20·6% had pre-existing co-morbidities or early obstetric complicating factors. Amongst women with
obesity but without early complicating factors, 58·2% (n = 54,191) experienced pregnancy without complication; this
is in comparison to 72·7% of women of healthy weight and no early complicating factors. Women with obesity and
no early pregnancy complicating factors are more likely to have an uncomplicated pregnancy if they are
multiparous, younger, more affluent, of White or Black ethnicity, of lower weight, with normal placental-associated
plasma protein-A and/or spontaneously conceived pregnancies.
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Conclusions: The study demonstrates that over half of women with obesity but no other pre-existing medical or
early obstetric complicating factors, proceed through pregnancy without adverse obstetric complication. Care in
lower-risk settings can be considered as their outcomes appear similar to those reported for low-risk nulliparous
women. Further research and predictive tools are needed to inform stratification of women with obesity.
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Background
Worldwide, the prevalence of obesity (body mass index
(BMI) ≥30 kg/m2) in women of reproductive age is ris-
ing, affecting approximately 31.8% of pregnant women
in the United States of America, 21.3% in the United
Kingdom (UK) and 19.0% in Canada [1–3]. Whilst it is
well documented that women with obesity have at least
a two-fold increase in prenatal complications (gestational
diabetes, hypertensive disorders, thromboembolism) [4],
it is unclear what proportion of women may have un-
complicated pregnancies, with previous studies either
targeted at the absence of a previous complication, or
reporting on uncomplicated pregnancy and birth
together.
Two studies have been identified which report on

prevalence of uncomplicated pregnancy for women with
obesity. The UK Birthplace study (2014) reported that
only 12.9% of women with obesity had a medical risk
factor (e.g. asthma, diabetes) at the onset of pregnancy
and by 37 weeks’ gestation, less than half (45.4%) had ei-
ther a pre-existing or new obstetric risk factor (e.g. pre-
vious Caesarean section, pre-eclampsia) [5]. The authors
reporting a secondary analysis of a prospective Dutch
cohort study (2014) compared obstetric referral rates for
pregnant women with obesity, to those for women of
healthy weight. They reported no difference in the rate
of obstetric referral between women of normal BMI
(18.5–24.9 kg/m2) and BMI 30–35 kg/m2. Of women
with a BMI of 35 kg/m2 or above, 55% remained with
midwifery-led care throughout pregnancy, and 30% had
births in midwifery-led settings. Multiparity was associ-
ated with a greater chance of a midwifery-led pregnancy
and birth across all BMI groups [6]. Vieira et al. (2017)
studied the rate of uncomplicated pregnancy with un-
complicated birth, finding that 36.0% of women with
obesity from their small cohort (n = 1409) had uncompli-
cated pregnancies and births. This outcome could be
predicted using a combination of early pregnancy factors
(multiparity, plasma adiponectin, glycated haemoglobin,
maternal age and systolic blood pressure) with an
AUROC of 0.72 (95% CI 0.68 to 0.76) [7].
The Ontario Public Health Association document on

Informed Decision Making for Labour and Birth recog-
nises that ‘In order to make an informed decision, indi-
viduals must receive the best scientific evidence of the

benefits, risks and alternatives of an intervention from
their [healthcare professional]’ [8]. Other settings, such
as the UK, are also advocating for personalised care in
maternity, where women are empowered to make in-
formed choices [9]. A qualitative evidence synthesis
which studied how women with obesity perceive pre-
natal and birth risks and make related choices identified
that women’s relationships with their healthcare profes-
sionals and the nature of counselling received were in-
fluential in both [10]. Understanding the prevalence of
uncomplicated pregnancy and its related factors, to-
gether with accurate prognostic information, is required
to implement this vision of promoting evidence-based
choices, both for pregnancy and for birth.

Methods
This study has been reported according to the guidelines
issued in the STROBE statement (STrengthening the
Reporting of OBservational studies in Epidemiology).
This is available in Additional file 1.

Aim
The aim of this study was to calculate the rate of an un-
complicated pregnancy (antenatal period) in pregnant
women with obesity and to determine the demographic
and clinical factors which are associated with such un-
complicated pregnancies. We also set out to determine
if the prediction of uncomplicated pregnancy using iden-
tified factors is feasible amongst women with obesity.

Study design
This population-based cohort study was conducted
using routinely collected data stored within BORN (Bet-
ter Outcomes Registry and Network) Ontario. BORN is
a prescribed maternal, newborn and child registry
funded by the Ontario Ministry of Health and Long-
Term Care. During the study period (April 2012 –
March 2017), the data was entered from the pregnancies
and births of 703,115 women.

Study population
Women with pregnancies ongoing beyond 22 + 0 gesta-
tional weeks, with complete data on weight and the ex-
posures of interest (complete case analysis) were
included. Women were included regardless of BMI,
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because a comparison was conducted between women
of healthy and obese weights. Subgroups were formed
through identification of early pregnancy complicating
factors, defined as either pre-existing medical comorbidi-
ties or obstetric complicating factors present in the first
trimester (Table 1). Otherwise healthy women are con-
sidered so because they do not have co-morbidities or
early pregnancy complicating factors.

Exposures and outcomes
Pre-pregnancy BMI was calculated (kg/m2) using mater-
nal pre-pregnancy weight and height. Weight was esti-
mated from two sources: pre-pregnancy weight
calculated by subtracting 2 kg from the first trimester
weight recorded in the Perinatal Screening database in
BORN Ontario, or self-reported pre-pregnancy weight
recorded in the aggregated BORN Ontario dataset.

Weight recorded in the Perinatal Screening database was
prioritised because this was primarily measured rather
than self-reported. The method of subtracting 2 kg to
calculate pre-pregnancy weight from first trimester
weight was established following modelling by Cheikh
Ismail et al. (2016) [11]. Height was taken from that self-
reported in the aggregated pregnancy dataset.
The primary outcome was the rate of uncomplicated

pregnancy (antenatal period) in women with obesity.
Uncomplicated pregnancy is a composite measure
(Table 1) defined by the absence of both pre-existing
medical co-morbidities (e.g., type 2 diabetes, essential
hypertension), pre-existing/early obstetric (e.g., multiple
pregnancy) or new-onset obstetric (e.g., gestational dia-
betes, pre-eclampsia) complications. Uncomplicated
labour and birth amongst the same group of women is
outside the scope of this analysis, because its prediction
is most suited to women in whom alternative low risk
birthplace choices could most safely be offered, i.e.,
those women who have already had an uncomplicated
pregnancy. It is therefore planned as a follow-up
analysis.
We planned to compare the rate of uncomplicated

pregnancy (absence of new onset pregnancy complica-
tions) (Table 1) between otherwise healthy women (no
pre-existing medical or early obstetric complicating fac-
tors) with BMI above or below 30 kg/m2, and between
women with a BMI in the obese range but with or with-
out pre-existing medical or early obstetric complicating
factors.
Finally, we planned to examine sociodemographic and

clinical factors and determine whether they were associ-
ated with uncomplicated pregnancy in otherwise healthy
women with obesity. The planned sociodemographic
and clinical factors for study were based on a priori hy-
pothesis and availability of data items: maternal age at
conception, pre-pregnancy BMI (reported as continuous,
not categorical), parity, race, first language (native/non-
native), neighbourhood income quintiles, smoking or al-
cohol at first visit, timing of first trimester visit, women
with adjusted placental-associated plasma protein-A
(PAPP-A) < 0.3 MoM, and use of assisted reproductive
techniques. Those factors which were associated with
the outcome on univariable analysis were taken forward
for inclusion in the multivariable regression model.

Management of missing data
The level of missingness was calculated and reported for
all sociodemographic and clinical characteristics. Height
was missing in 10.4% of records and imputed for these
cases using single imputation according to the median
height for ethnicity. All analyses were conducted only in
those women with a completed set of characteristics and
outcomes, after imputation of missing height.

Table 1 Factors used to define the early pregnancy
complicating factors and uncomplicated pregnancy composite
measures

Early pregnancy complicating factors

Pre-existing medical
co-morbidities:

• Autoimmune conditions e.g., lupus
• Cardiovascular conditions e.g., congenital or
acquired heart disease, pre-existing
hypertension

• Type 1 or 2 diabetes
• Endocrine e.g., hyperthyroidism
• Gastrointestinal e.g., inflammatory bowel
disease, hepatitis

• Renal disease
• Haematology e.g., sickle cell disease,
thrombophilia

• Neurology e.g., epilepsy
• Pulmonary e.g., cystic fibrosis, previous
pulmonary embolism

• Psychiatric e.g., Bipolar disorder,
schizophrenia

• Infectious disease e.g., active tuberculosis,
human immunodeficiency virus

Early obstetric
complicating factors:

• Alcohol/illicit drug exposure in pregnancy
• Multiple pregnancy
• Previous preterm birth
• Previous stillbirth

New onset obstetric complications

• Gestational hypertension/pre-eclampsia/
eclampsia

• Gestational diabetes
• Fetal anomaly
• Intrauterine fetal death (> 20 + 0 weeks
gestation or > 500 g at birth)

• Small-for-gestational age (birthweight <10th
centile)

• Intrauterine growth restriction (birthweight
<3rd centile)

• Large-for-gestational age (birthweight >90th
centile)

• Placental abruption
• Persistent and unexplained antepartum
vaginal bleeding

• Preterm birth
• Premature rupture of membranes
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Statistical methods
The prevalence of pre-pregnancy obesity was calculated
in categories of BMI as defined by the World Health
Organization (BMI < 18.5 kg/m2: underweight, BMI
18.5–24.9 kg/m2: normal weight, BMI 25.0–29.9 kg/m2:
overweight, BMI 30.0–34.9 kg/m2: class I obesity, BMI
35.0–39.9 kg/m2: class II obesity, and BMI ≥40.0 kg/m2:
class III obesity) [12], and compared by reporting year.
The rate of uncomplicated pregnancy was calculated

using frequency (n) and percentage (%) and compared
among women with obesity and with or without early
pregnancy complicating factors for antenatal complica-
tion using Chi-squared tests. The maternal socio-
demographic characteristics and clinical factors of
otherwise-healthy women with obesity were described
(mean/standard deviation (SD) or n/% as appropriate)
and compared between those with complicated and un-
complicated pregnancy (Chi-squared test, student t-test
for parametric data and Kruskal-Wallis H test for non-
parametric data). Log-transformation was applied to
BMI data due to non-normal distribution.
Multivariable log-binomial regression models were

used to estimate the adjusted relative risk (aRR) and 95%
confidence intervals (95% CI) of the associations be-
tween uncomplicated pregnancy and associated sociode-
mographic or clinical factors, among women with
obesity but no other early pregnancy complicating fac-
tors and compared to women without obesity or early

pregnancy complicating factors. Potential confounders
were identified by presence of a 10% change in the
measure of association (crude/adjusted RR) for the ex-
posure before and after introduction of confounders into
the model. Where confounders were identified, these
were used to adjust the final multivariable model.
Backward stepwise logistic regression was then used,

with Akaike’s Information Criteria as the stop rule, to
identify factors that were independently associated with
uncomplicated pregnancy. The area under the receiver
operating characteristic curve (AUROC) was then used
to calculate the accuracy of the multivariable model in
discriminating between women with complicated and
uncomplicated pregnancy.
All analyses were performed using the Statistical Ana-

lysis System (SAS) for Windows, version 9.4 (SAS Insti-
tute, Cary.NC).

Results
Between 2012 and 2017, there were 703,115 pregnancies
with data recorded in the BORN Ontario registry. Fol-
lowing exclusion of 42,455 women with missing weight
(6.0%), the final study population was composed of 660,
660 women. Of these, 17.7% (n = 117,236) had a re-
corded BMI ≥ 30 kg/m2 (Fig. 1). This is very similar to
the rate of obesity reported for women aged 18–34 years,
living in Ontario during 2016 (17.4%) [13]. The rate of
obesity slowly increased year-on-year, from 17.4% in

Fig. 1 Composition of the cohort population
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2012/13 to 18.1% in 2016/17. Among women with obes-
ity, 59.2% (n = 69,383) of women had class I obesity,
25.1% (n = 29,386) had class II obesity and 15.8% (n = 18,
467) of women had class III obesity.
Of women with BMI ≥30 kg/m2, 20.6% of women had

early pregnancy complicating factors (8.8% had medical
risks, 13.5% had early obstetric complicating factors –
some had both), compared to 16.5% of women with BMI
18.5–24.9 kg/m2 (p < 0.001) (Table 2). The reduction in
the latter group was mostly in pre-existing medical com-
plicating factors (8.8 to 5.0%; p < 0.001). The rates of
pre-existing medical and early obstetric complicating
factors for women within each BMI group are presented
in Table 2.
The rate of each complicating antenatal diagnosis from

the ‘complicated pregnancy’ composite outcome is pre-
sented in Table 3 for the women without early preg-
nancy complicating factors, stratified by BMI group. For
comparison, this table has also been reproduced for
women with early pregnancy complicating factors in the
Additional file 2. The rate of pregnancy-induced hyper-
tension, gestational diabetes, intrauterine fetal death,
large-for-gestational-age infant, and development of any
pregnancy complication increases with advancing BMI
category, both for women with and without early preg-
nancy complicating factors. The rate of preterm birth
was highest for women with a low (< 18.5 kg/m2) or high
(≥30 kg/m2) BMI (‘U’-shaped curve relationship). The
rate of small-for-gestational-age/growth restricted infant
and antepartum bleeding decreases with advancing BMI
category but other complications have no clear trend.
Of 93,079 women with obesity but no early pregnancy

complicating factors for antenatal complication, 54,191
(58.2%) had uncomplicated pregnancies. Of 24,157
women with obesity and other early pregnancy compli-
cating factors, only 10,978 (45.4%) had uncomplicated
pregnancies. The relative risk of complicated pregnancy

for women with obesity and early pregnancy complicat-
ing factors, compared to otherwise healthy women who
have obesity was 1.67 (95% CI: 1.63–1.72, p < 0.001).
Of women with obesity and no identified early preg-

nancy complicating factors, women with uncomplicated
pregnancies were more likely to be younger, of a lower
class of obesity, multiparous, Black or Caucasian ethni-
city (than Asian or Other ethnicities), and in the highest
two quintiles for neighbourhood income. They were less
likely to have a low PAPP-A measurement, be of Asian
ethnicity, and have conceived through assisted repro-
ductive technology. On univariable analysis, first lan-
guage (RR 0.99, 95% CI 0.96–1.01, p = 0.28), smoking
status (RR 0.99, 95% CI 0.94–1.03, p = 0.87), alcohol
consumption (RR 1.02, 95% CI 0.98–1.06, p = 0.35), and
timing of first trimester visit (RR 0.97, 95% CI 0.92–1.02,
p = 0.27) were not associated with the uncomplicated
pregnancy outcome and therefore not included in the
multivariable model. Frequency, percentage, crude and
adjusted relative risks are presented in Table 4.
The characteristics predictive of uncomplicated preg-

nancy in women with obesity but no early pregnancy
complicating factors were compared to those predictive
for women of healthy weight (BMI 18.5–24.9 kg/m2) or
overweight (BMI 25.0–29.9 kg/m2) and without early
pregnancy complicating factors for antenatal
complication.
The predictive characteristics for women of healthy

weight are summarised in Additional files 3 and 4. In
women of healthy weight, PAPP-A < 0.3 MoM was more
strongly associated with uncomplicated pregnancy out-
come (aRR 0.76, 95% CI 0.73–0.79) compared to women
with obesity (aRR 0.82, 95% CI 0.77–0.88). BMI category
was confirmed as an effect modifier for the relationship
with PAPP-A and uncomplicated pregnancy amongst
women without early pregnancy co-morbidities or com-
plications by post hoc Wald test (p < 0.0001).

Table 2 Rate of pre-existing medical or obstetric complicating factors for adverse antenatal outcome, stratified by body mass index
group

BMI (kg/
m2)

Women with early pregnancy complicating factors Women
without early
pregnancy
complicating
factors

Total

Pre-existing medical
complicating factor(s)

Obstetric complicating
factor(s)

Pre-existing medical and/or early obstetric
factors (subtotal)

n % n % n % n % n

< 18·5 2124 5·4 5365 13·6 7070 17·9 32,336 82·1 39,406

18·5–24·9 17,290 5·0 42,762 12·4 57,038 16·5 288,387 83·5 345,425

25·0–29·9 9418 5·9 19,882 12·5 27,490 17·3 131,103 82·7 158,593

30·0–34·9 5293 7·6 9193 13·2 13,465 19·4 55,918 80·6 69,383

35·0–39·9 2820 9·6 4042 13·8 6331 21·5 23,055 78·5 29,386

40·0–49·9 1884 11·7 2251 14·0 3754 23·4 12,285 76·6 16,039

50·0+ 312 12·9 372 15·3 607 25·0 1821 75·0 2428
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Following stepwise logistic regression, maternal
age, BMI, PAPP-A < 0.3 MoM, neighbourhood in-
come quintiles 1 or 2, multiparity, ethnicity, and
artificial reproductive techniques remained as inde-
pendent predictors for the uncomplicated pregnancy
outcome in women with obesity but no other early
pregnancy complicating factors. The point estimates
and 95% confidence intervals for the odds ratios are
detailed in Table 5. Using the final prediction
model, the AUROC for uncomplicated pregnancy
was 0.578.

Discussion
This study aimed to calculate the rate of uncomplicated
pregnancy among pregnant women with obesity and to
determine the demographic and clinical factors which
are associated with such uncomplicated pregnancies.
Through this large prospective cohort study of women

with obesity in Ontario, Canada, we have identified that
79.4% of women with obesity had no other early preg-
nancy complicating factors (obstetric or co-morbidities).
Of these, 58.2% had an uncomplicated pregnancy. Un-
complicated pregnancy was significantly more likely (RR:

Table 4 Characteristics associated with uncomplicated pregnancy in women with obesity but no other early pregnancy
complicating factors

All women Uncomplicated
pregnancy
(n = 21,776)

Complicated pregnancy (n = 16,
279)

Crude RRa (95% CI) Adjusted RRa

(95% CI)

N Mean / n SD / % n %

Maternal age (years)

Mean (SD) 81,014 30·1 5·1 35·0 4·9 NA NA

/1-year increase NA NA NA NA NA 0·99 (0·98–0.99) 0·99 (0·98–0·99)

Pre-pregnancy BMI

Mean (SD) 81,014 30·9 5·1 35·6 5·1 NA NA

/unit increase in log (BMI) NA NA NA NA NA 0·32 (0·29–0·36) 0·31 (0·27–0·34)

PAPP-A (MoM)

≥ 0·3 37,116 21,332 57·5% 15,784 42·5% Reference Reference

< 0·3 939 444 47·3% 495 52·7% 0.82 (0.77–0.88) 0.82 (0.77–0.88)

Missing 42,959 25,446 59·2% 17,513 40·8% 1·03 (1·02–1·04) 1·00 (0·99–1·02)

Neighbourhood income level

Quintile 1 (lowest) 20,844 12,208 58·6% 8636 41·4% 1·00 (0·98–1·02) 0·98 (0·96–0·998)

Quintile 2 16,193 9316 57·5% 6877 42·5% 0·98 (0·96–0·999) 0·97 (0·96–0·99)

Quintile 3 16,390 9615 58·7% 6775 41·3% Reference Reference

Quintile 4 17,675 10,275 58·1% 7400 41·9% 0·99 (0·97–1·01) 1·00 (0·98–1·02)

Quintile 5 (highest) 9912 5808 58·6% 4104 41·4% 1.00 (0.98–1.02) 1·01 (0·99–1·04)

Parity

Nulliparous 31,380 17,738 56·5% 13,642 43·5% Reference Reference

Multiparous 49,634 29,484 59·4% 20,150 40·6% 1·05 (1·04–1·06) 1·09 (1·07–1·10)

Ethnicity

Caucasian 35,513 20,665 58·2% 14,848 41·8% Reference Reference

Asian 6006 3103 51·7% 2903 48·3% 0·89 (0·87–0·91) 0·88 (0·85–0·90)

Black 4676 2850 60·9% 1826 39·1% 1·05 (1·02–1·07) 1·03 (1·01–1·06)

Other 3107 1705 54·9% 1402 45·1% 0·94 (0·91–0·98) 0·93 (0·90–0·96)

Unknown 31,712 18,899 59·6% 12,813 40·4% 1·02 (1·01–1·04) 0.99 (0.98–1.01)

Conception type

In-vitro fertilization 1254 570 45·5% 684 54·5% 0·77 (0·73–0·82) 0·85 (0·80–0·90)

Intrauterine insemination 2027 1022 50·4% 1005 49·6% 0·86 (0·82–0·90) 0·92 (0·88–0·96)

Spontaneous 77,733 45,630 58·7% 32,103 41·3% Reference Reference

RR adjusted for all other factors listed in the table
aRR < 1 indicates lower chance of uncomplicated pregnancy (i.e., more likely to be complicated) and vice versa
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1.28, 95% CI 1.26–1.30, p < 0.001) for women with obes-
ity but no early pregnancy complicating factors com-
pared to women with obesity and early pregnancy
factors (45.4%). In women with obesity but without
other early pregnancy complicating factors, an uncom-
plicated pregnancy was more likely if they were younger,
with lower BMI, multiparous, black or Caucasian ethni-
city or in the highest three quintiles for neighbourhood
income; and less likely if the women had a low PAPP-A
measurement at prenatal screening, were of Asian ethni-
city or had conceived through artificial reproductive
techniques. At present, these predictive factors identified
through population-level routinely collected data were
not strong enough to discriminate between uncompli-
cated and complicated pregnancy outcomes in this
group.

Comparison with existing literature
The prevalence of uncomplicated pregnancy in this
study is very similar to the rates reported in the UK
Birthplace cohort, where less than half (45.4%) of women
with obesity had either a pre-existing or new obstetric
risk factor (e.g., previous Caesarean section, pre-
eclampsia) at the time of admission to the maternity unit
for birth [5], and the Dutch cohort study (2014), where
55% of women with BMI > 35 kg/m2 did not require re-
ferral for obstetric care during pregnancy [6].
Where our study differs from these national cohort

studies is in the comparison of complications for women
with obesity with and without pre-existing complicating
factors, and in the study of characteristics associated
with an uncomplicated pregnancy outcome. As in Vieira
et al’s proof of concept study (2017) uncomplicated
pregnancy was independently associated with multiparity
and younger age [7]. Many of the predictors in Vieira’s
study are not routinely collected, limiting immediate
translational potential. We also identified additional

predictors in BMI (continuously reported), ethnicity,
markers of socioeconomic deprivation, use of fertility
treatments and PAPP-A; this information is routinely
available for the majority of women giving birth in mod-
erate- or high-income settings.

Strengths and limitations
The strengths of this study are in the large cohort used
from a country with universal access to healthcare, pro-
viding an opportunity to identify risk of even rare out-
comes, e.g., intrauterine fetal death, and in the
methodology to stratify women with obesity according
to presence or absence of early pregnancy complications
which will inform pathways of prenatal of care. It is im-
portant to note the methodological limitations of using a
routinely collected dataset, including our choice of using
self-reported pre-pregnancy weight where measured
weight was not available and the decision to impute
height using single imputation for mean height in the
ethnic group for the 10.4% of women for whom height
was not recorded. It has previously been established that
heavier women are more likely to underestimate their
weight when self-reporting [14, 15], however self-
reported and measured values for BMI are highly corre-
lated [16–18]. Whilst our assumptions may have led to a
small proportion of women being placed into the incor-
rect BMI category, given the large sample size, uncer-
tainty in the presented estimates is expected to be
minimal. Finally, we did not have access to data on clin-
ical and biochemical measurements (e.g., systolic blood
pressure or parameters of glucose metabolism) which
have previously been shown to improve prediction of
uncomplicated outcomes in this population [7].

Implications for practice and policy
In some settings it is routine practice to manage other-
wise low-risk nulliparous women in midwifery-led or

Table 5 Point estimate of the independent odds ratios of predictors for uncomplicated pregnancy in women with obesity but no
other early pregnancy complicating factors

Predictor Adjusted relative risk 95% Confidence Interval

Maternal age (per 1 year of age) 0·96 0·96–0·97

BMI (/ 1 unit of log (BMI)) 0·07 0·05–0·09

PAPP-A < 0·3 MoM 0·65 0·57–0·74

Neighbourhood income quintile Quintile 1 0·95 0·91–0·98

Quintile 2 0·93 0·89–0·96

Multiparity 1·22 1·18–1·25

Ethnicity Asian 0·75 0·71–0·79

Black 1·11 1·04–1·18

Other 0·84 0·78–0·91

Artificial reproductive therapies In-vitro fertilization 0·73 0·65–0·82

Intrauterine insemination 0·84 0·77–0·92
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primary care settings where available, if they choose to
do so. The rate of complicated outcomes in the group of
women with obesity appears to be similar, it therefore
follows that these women with obesity should also have
the option of having prenatal care in midwifery-led set-
tings, assuming that appropriate surveillance and timely
reflex referral to higher-risk care providers continues for
potential complications (e.g., routine screening for gesta-
tional diabetes and blood pressure/urine tests for signs
of pre-eclampsia).

Further research
Confidence in risk stratification strategies for this group
of women is expected to improve with the aid of deci-
sion support tools, incorporating predictive algorithms.
The predictive power demonstrated in this study was
limited by the absence of clinical, ultrasound and bio-
chemical measurements. Other cohort studies have
recognised that these additional factors, not present in
routinely-collected registries, augment predictive power
[19, 20]. Furthermore, the different performance of bio-
chemical markers for prediction of adverse outcome in
pregnant women with obesity has previously also been
shown [7, 21]. Further research is required to develop,
test and validate a predictive tool, specific to pregnant
women with obesity, which incorporates these additional
parameters, and to conduct a similar analysis which sep-
arately identifies the rate and factors associated with un-
complicated birth amongst women with obesity but
otherwise uncomplicated prenatal periods.

Conclusions
The study demonstrates that over half of women with
obesity, but no other pre-existing medical or early ob-
stetric complicating factors proceed through pregnancy
without adverse obstetric complication. This is similar to
the rate of uncomplicated pregnancy noted in nullipar-
ous women through an international cohort study [22].
Whilst the ability to predict uncomplicated outcomes
needs further research, acknowledgement and prediction
has the potential to personalise the provision of care to
women with obesity, including provision of care in low
risk settings for women most likely to have uncompli-
cated pregnancies, and triaging women at high risk of
complications into care settings which are set up to
monitor for and offer treatment for these.
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