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ABSTRACT

Objectives Explore (1) associations between maternal
body mass index (BMI), demographic and clinical
characteristics, (2) longitudinal trends in BMI, (3)
geographical distributions in prevalence of maternal
overweight and obesity.

Design Retrospective population-based study.

Setting Linked, anonymised, routinely collected
healthcare data and official statistics from Northern
Ireland.

Participants All pregnancies in Northern Ireland (2011-—
2017) with BMI measured at <16 weeks gestation.
Methods Analysis of variance and y? tests were used to
explore associations. Multiple linear regression was used
to explore longitudinal trends and spatial visualisation
illustrated geographical distribution. Main outcomes are
prevalence of overweight (BMI >25 kg/m?) and obesity
(BMI =30 kg/m?).

Results 152961 singleton and 2362 multiple pregnancies
were included. A high prevalence of maternal overweight
and obesity in Northern Ireland is apparent (singleton:
52.4%; multiple: 48.3%) and is increasing. Obesity was
positively associated with older age, larger numbers

of previous pregnancies and unplanned pregnancy
(p<0.001). BMI category was also positively associated
with unemployment (35% in obese class Il vs 22% in
normal BMI category) (p<0.001). Higher BMI categories
were associated with increased rate of comorbidities,
including hypertension (normal BMI: 1.8% vs obese lI:
12.4%), diabetes mellitus (normal BMI: 0.04% vs obese |II:
1.29%) and mental ill-health (normal BMI: 5.0% vs obese
lll: 11.8%) (p<0.001). Prevalence of maternal obesity
varied with deprivation (most deprived: 22.8% vs least
deprived: 15.7%) (p<0.001). Low BMI was associated with
age <20 years, nulliparity, unemployment and mental ill-
health (p<0.001).

Conclusions The prevalence of maternal BMI >25 kg/
m? is increasing over time in Northern Ireland. Women are
entering pregnancy with additional comorbidities likely to
impact their life course beyond pregnancy. This highlights
the need for prioritisation of preconception and inter-
pregnancy support for management of weight and chronic
conditions.

INTRODUCTION

Globally, prevalence of overweight and obesity
in the general population has increased
dramatically in the last four decades and

,! Christopher Cardwell,? lan Young,? Kelly-Ann Eastwood

2,3

Question

» This study explored changing distribution of over-
weight and obesity across Northern Ireland, both
geographically and over time. It also investigated the
association between body mass index (BMI) class
and demographic and socioeconomic background,
and presence of comorbidities in early pregnancy.

Finding

» The prevalence of maternal overweight and obesity
is increasing in Northern Ireland and varies with ge-
ography and demographic background. This study
also shows that overweight and obesity is now an
issue affecting large proportions of pregnancies
across all socioeconomic areas, with the most af-
fluent areas relatively spared but not unaffected.
Prevalence of maternal comorbidities, including hy-
pertension and mental ill-health, increased with BMI
category in early pregnancy.

Meaning

» Large proportions of women are entering preg-
nancy with increased BMI and other comorbidities.
This finding highlights the need for prioritisation of
preconception and inter-pregnancy care in order to
optimise health prior to pregnancy. Women should
be supported in making positive changes to nutrition
and lifestyle behaviours affecting weight and man-
agement of chronic conditions.

currently over 50% of all women are over-
weight or obese.! A small number of studies
suggest that this trend is reflected in the
obstetric population.??

Itis well established that maternal obesity is
associated with increased maternal, fetal and
neonatal risks.*® At the extreme, overweight
and obesity are related to excess maternal and
infant death and severe morbidity.®” Women
who are obese are more likely to develop
gestational diabetes,” ® ¥ venous thrombo-
embolism,"’  gestational hypertension® *
and pre-eclampsia.” '' Maternal obesity also
increases the likelihood of induction of
labour, caesarean section and prolonged
labour.® '* Postnatal complications associated
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with obesity include increased risk of genital and urinary
tract infections,” wound infection® " and postpartum
haemorrhage.® In the longer term, effects of maternal
obesity and gestational diabetes include a marked
increased risk of developing type 2 diabetes.'*

Infants of obese mothers are also exposed to increased
risks including prematurity,”® '* fetal growth restriction
and macrosomia,5 815 1ow Apgar scores,16 stillbirth,8 17
cerebral palsy,' congenital defects' and neonatal and
infant death.”” *' Maternal obesity also impacts the accu-
racy and completion rates of fetal monitoring, screening
and diagnostic tests due to increased maternal abdominal
adipose tissue.* *

Obesity in pregnancy not only has implications in
the perinatal period, but also presents continuing life-
long implications for offspring.”> Such associations are
observed in increased rates of childhood obesity** and
cardio-metabolic (eg, type 1 diabetes)® and respiratory
(eg, asthma)® ill-health. Emerging evidence also points
to the influence of in utero exposure to maternal obesity
on fetal neurological development, particularly cognitive,
emotional and behavioural development, and motor,
spatial and verbal skills.”” Furthermore, meta-analyses
have shown a relationship between maternal obesity and
autism spectrum disorder and attention deficit hyperac-
tivity disorder.”’

Maternal obesity is also associated with a more complex
antenatal pathway and increased financial burden.
Women with obesity often require consultant led or
shared care, and input from multiple specialities. Trained
personnel must be available in the peripartum period to
provide safe and effective care, for example a dedicated
obstetric anaesthetist.* Resources are further impacted by
additional scanning time, repeated fetal anomaly scans,
screening for gestational diabetes mellitus, the need
to commence anticoagulation therapy and prolonged
length of hospital admission after delivery.! Costs to
providers increase further as they must also ensure appro-
priate facilities and specialist equipment with appropriate
dimensions and load-bearing capacity for women preg-
nant with obesity.**®

Guidance from The Royal College of Obstetricians and
Gynaecologists and The National Institute for Health
and Care Excellence suggests that primary healthcare
providers ensure all women with a body mass index
(BMI) of 30kg/m* or greater have an opportunity to
optimise their weight before pregnancy.** * Suggested
models of care include delivery of advice on weight and
lifestyle during preconception counselling or contracep-
tive consultations.! Yet, by making every contact count,
preconception care could be embedded more widely
and systematically within other pre-existing healthcare
services, for example, sexual and reproductive healthcare
clinics or in community pharmacies.” **

In 2017, the National Maternity and Perinatal Audit
provided data on maternal characteristics throughout
England, Scotland and Wales, however, Northern Ireland
did not contribute to data collection.*® Of note, Northern

Ireland is the most deprived nation in the UK,** and has
some of the poorest perinatal outcomes in the UK. Tt
is therefore particularly important to understand trends
in maternal overweight and obesity, how these impact
maternal and child health, and consider future implica-
tions for healthcare service design and delivery. As such,
the aims of this study were to (1) assess demographic
and clinical characteristics of the maternal population in
Northern Ireland women in relation to BMI category, (2)
to explore trends in BMI in early pregnancy over time
in both singleton and multiple pregnancies and (3) to
explore the relationship between deprivation and geog-
raphy, and prevalence of maternal overweight and obesity.

METHODS

A retrospective population-based study was conducted
using routinely collected data from the Northern Ireland
Maternity System (NIMATS). NIMATS holds maternal
demographic and healthcare data including medical and
obstetric history, for all pregnancies (including stillbirths)
in Northern Ireland from booking (defined in this study
as a gestational age <16 weeks) until discharge. Data were
retrieved from 2011 to the point of full regional coverage.

Inclusion criteria were: (1) all pregnancies occurring
in Northern Ireland between 1 January 2011 and 31
December 2017 and (2) booking visit (defined as first
scheduled antenatal visit) conducted at 16 weeks gesta-
tion or less. Three thousand four hundred and eighty-one
(2.1%) singleton pregnancies with missing BMI data were
excluded.

Maternal BMI is calculated from measured height and
weight at the mother’s booking appointment and catego-
rised according to the WHO’s (2000) definition: under-
weight (<18.5kg/m?); normal weight (18.5-24.99kg/
m?); overweight (25.00-29.99kg/m%); obese I (30.00—
34.99kg/m?); obese II (85.00-39.99 kg/m?) and obese III
(>40kg/m?).*

The Northern Ireland Multiple Deprivation Measure
(NIMDM 2017) was used to estimate maternal depriva-
tion.”” The NIMDM provides a mechanism for ranking
super output areas from most deprived (rank 1) to least
deprived (rank 890). It represents a combination of
seven weighted domains (25% ‘income’, 25% ‘employ-
ment’, 15% ‘health and disability’, 15% ‘education, skills
& training’, 10% ‘access to services’, 5% ‘living environ-
ment’ and 5% ‘crime & disorder’). The NIMDM provides
a method of comparing relative deprivation at a point in
time, but not extent of deprivation in each area. Due to
small numbers of women expecting multiples, analysis of
deprivation was restricted to the singleton dataset.

Statistical disclosure control

Due to statistical disclosure controls for administra-
tive health data, small counts of fewer than 10 were
removed. Data on ethnicity for non-white mothers
were unavailable due to small numbers. All ethnici-
ties other than white were reported as ‘other’ due to
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small counts. Twins and higher order pregnancies were
analysed as one cohort. For comparison of characteris-
tics across BMI categories, age was combined into two
groups (<30 years; 30+ years). For longitudinal anal-
ysis, BMI categories were combined into three groups
(underweight and normal; overweight; obese I, II and
III). Where combining categories was not possible,
small cell counts were suppressed.

Statistical analysis

Descriptive statistics were used to describe demo-
graphic and clinical characteristics of women, and
missing data across each BMI category. Analysis of vari-
ance (continuous variables) and X2 tests (categorical
variables) were used to analyse the differences across
BMI categories. Statistical tests were considered signif-
icant at p<0.01.

An unadjusted linear regression was applied with BMI
as the outcome and year of booking as the explanatory
variable to investigate changes in BMI over time. Further,
multiple linear regression was applied with BMI as the
outcome and year of booking, age at booking and number
of previous births as explanatory variables. Age and
number of previous births were included in this adjusted
model as they have previously been shown to contribute
to increased BMI. A full model was then built on other
demographic characteristics found to be related to BMI,
including planned pregnancy, employment and ethnicity.
Linear regression was then repeated with the additional
demographic characteristics sequentially removed item-
wise to explore the effect of each variable.

The NIMATS (maternal data) and NIMDM (depri-
vation data) were linked by super output area code.*

The prevalence of maternal overweight and obesity was
then calculated as a percentage of the total pregnancies
in each super output area. Deprivation was categorised
into fifths in the first instance. However, the availability of
the large country-wide dataset allowed for a more detailed
evaluation of this relationship. Thus, super output areas
were grouped into urban, rural or mixed, and preva-
lence of overweight and obesity plotted against NIMDM
rank. A smoothed curve was then fitted using the locally
weighted smoothing method, with a shaded 95% CI. Two
super output areas with small counts were removed from
the scatter graph to prevent disclosure, however, the
smoothed curve is based on the full dataset.

The singleton cohort was grouped by super output
area, and the prevalence of overweight and obesity calcu-
lated for each area. Super output area boundaries were
obtained in geographical information system format.™
These were used to generate a map of prevalence of
overweight and obesity across Northern Ireland. Two
super output areas had small counts and were therefore
suppressed to prevent disclosure by treating them as
missing values.

All statistical analyses were performed using R,*
with geographical representation of the prevalence of

Total observations
n=199,705

N

Duplications removed
n=168,685

Singleton births
n=163,566

N

Non-missing BMI
n=160,085

N

Booking £16 weeks
gestation
n=152,961

N

Singleton cohort
n=152,961

Multiple births
n=2,537

N

Non-missing BMI
n=2,537

NF

Booking <16 weeks
gestation
n=2,362

N

Multiple birth
cohort
n=2,362

(n=2323 twin

n=39 higher order)

Figure 1 Selection of cases. BMI, body mass index.

maternal overweight and obesity performed using the sf
package.”

RESULTS

The dataset contained 199 705 pregnancies. After removal
of duplications, pregnancies with missing BMI data and
booking visits after 16 weeks gestation, 152961 singleton
and 2362 multiple (2323 twin; 39 higher order) pregnan-
cies remained (figure 1). Mean (SD) gestation at booking
within the study population was 10.56 (1.8) weeks. Within
the singleton cohort, 77313 mothers contributed single
pregnancy, while two pregnancies were contributed by
30271 mothers and three or more pregnancies were
contributed by 4891 mothers.

Singleton pregnancies
Disparity in maternal demographics and clinical characteristics
across BMI categories
Around half of women were classified as overweight
or obese in early pregnancy, with approximately one
in five women classified as obese. Statistically signifi-
cant differences were seen across BMI categories for
all characteristics. Mothers categorised as obese were
significantly older (40+ years), parous, more likely to
be unemployed and reported more unplanned preg-
nancies. Mothers in the underweight category demon-
strated significantly greater rates of unemployment
compared with the normal BMI cohort, were younger
(aged 13-19 years), more likely to have an unplanned
pregnancy and showed a greater reported history of
psychiatric illness. Most women in the dataset had a
white ethnic background (79.3%). The percentage of
women with ethnicity other than white reduced as BMI
category increased (tables 1 and 2).

Self-reported alcohol abstinence was greater than 99%
across all BMI categories and the small but statistically
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significant differences across categories are unlikely to be
clinically significant. Smoking rates differed significantly
across BMI categories and ranged from 13% to 25%, with
the underweight group having the highest rate. Women
in the normal BMI category reported the highest rates of
having never smoked, with the rates decreasing as BMI
category increased. Self-reported folic acid supplementa-
tion increased slightly as BMI category increased.

Maternal history of hypertension increased signifi-
cantly from 1.8% in the normal BMI cohort to 12% in
the obese III cohort. This was reflected by a statistically
significant increase in blood pressure as category of BMI
increased, with close to a 20 mm Hg difference in systolic
pressure and a 12mm Hg difference in diastolic pres-
sure across BMI categories. We also noted that women
entered pregnancy with additional comorbidities as their
BMI class increased. Type 2 diabetes mellitus increased
exponentially from 0.04% in the normal weight class to
1.29% in the obese III class (p<0.001). Type 1 diabetes
mellitus, was statistically higher in the overweight and
obese categories compared with the normal BMI cate-
gory. A previous history of transient ischaemic attacks or
stroke also showed a trend towards increasing prevalence
across BMI categories; however, the numbers were small
and the differences did not reach statistical significance.
The presence of mental health conditions increased from
5.04% in the normal weight class to 11.76% in obese II
class.

Social deprivation and geography is associated with maternal
overweight and obesity

Higher BMI was significantly associated with greater
maternal deprivation (table 3). In the most deprived
areas, more women were underweight (2.6%) or obese
(22.8%) compared with those living in the least deprived
areas (underweight: 1.9%, obese: 15.7%). A smaller
percentage of women from the most deprived areas
entered pregnancy within the normal BMI category
(45.5%) compared with the least deprived areas (53.3%).
Of note, the prevalence of women in obese class III in
the most deprived areas approached double of that in
the least deprived (3.0% vs 1.6%). These trends persisted
when evaluated by individual deprivation domains
(online supplemental table S1).

Figure 2 demonstrates the complex relationship
between deprivation and prevalence of overweight and
obesity. A greater number of urban areas (blue) are clus-
tered at either end of the scale of deprivation, while rural
areas (green) demonstrate a clustering of deprivation
levels in midrange. Both rural and urban areas demon-
strate an average prevalence of overweight and obesity of
over 50% from the first to third quintile of deprivation,
before a steeper decline in prevalence moving into the
fifth, or least deprived, quintile. Across all areas, the prev-
alence ranges from 22% to 69%.

Geographical visualisation of prevalence of maternal
overweight and obesity is available in the online supple-
mental figure SI1. Prevalence differs markedly across
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Table 3 Percentages of women in each BMI category according to deprivation quintile and rurality

Underweight Normal weight Overweight Obese | Obese Il Obese Il ANOVA 2
Total (n) 3147 74041 45098 19097 7861 3717
n % n % n % n % n % n %
Northern Ireland multiple deprivation measure
(Most deprived) Q1 880 2.6 15570 45.5 9988 29.2 4723 13.8 2057 6.0 1035 3.0 p<0.001
Q2 665 2.0 15245 46.4 9800 29.8 4381 13.3 1897 5.8 869 2.6
Q3 563 1.8 15031 48.0 9421 30.1 3943 12.6 1616 5.2 769 25
Q4 568 1.9 14865 50.1 8743 295 3495 11.8 1343 4.5 640 2.2
(Least deprived) Q5 456 1.9 12659 53.5 6818 28.8 2442 10.3 907 3.8 388 1.6
Rurality
Mixed 261 2.0 6426 50.1 3805 29.6 1471 11.5 583 4.5 288 2.2 p<0.001
Rural 849 1.7 24710 48.6 15397 30.3 6176 121 2549 5.0 1169 2.3
Urban 2022 2.3 42234 47.9 25568 29.0 11337 12.9 4688 5.3 2244 2.5

Underweight <18.5 kg/m?; normal weight 18.5-24.99 kg/m?; overweight 25.00-29.99 kg/m?; obese | 30.00-34.99 kg/m?; obese Il 35.00-39.99 kg/m?; obese IIl >40 kg/m?

BMI, body mass index.

Northern Ireland, with areas of greater prevalence scat-
tered across the region and particularly apparent in the
Western regions, where deprivation levels are greater.
While a small belt of lower prevalence is observed in areas
of lower deprivation surrounding Northern Ireland’s
capital city, Belfast.

Prevalence of maternal overweight and obesity is increasing
Between 2010 and 2017, there has been a marked
decrease in the percentage of women entering pregnancy
in the normal weight category (50.8%—45.6%) (figure 3;
online supplemental table S2). This is associated with
an increase in percentage of women in categories obese
I (11.9%-13.3%), obese II (4.2%—-6.4%) and obese III
(2.3%—2.8%).
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Figure 2 Prevalence of maternal overweight and obesity
versus Northern Ireland multiple deprivation measure (1=most
deprived; 890=least deprived). BMI, body mass index.

The unadjusted linear model showed that per calendar
year, maternal BMI in Northern Ireland was higher by
on average 0.11kg/m* (95% CI: 0.096 to 0.123; p<0.001)
(table 4). An extended model showed that per calendar
year, BMI was higher by on average 0.10kg/m* (95% CI:
0.086 to 0.114; p<0.001), after adjusting for age and
number of previous pregnancies. The full model which
included age, previous births, planned pregnancy,
employment status and ethnicity showed an increase of
0.184kg/m* (95% CI: 0.118 to 0.151; p<0.001).

Multiple pregnancies

Similar to the singleton cohort, over half of women with a
multiple pregnancy were overweight or obese. Compared
with singleton pregnancies, the prevalence of women
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Figure 3 Trends in BMI class between 2010 and 2017 in
singleton pregnancies. BMI, body mass index.
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Table 4 Increase in BMI recorded at booking appointment
per calendar year

Increase in BMI per
calendar year (95% Cl)

0.109 (0.096 to 0.123)
0.100 (0.086 to 0.114)
0.100 (0.086 to 0.113)

Unadjusted
Adjusted for maternal age

Adjusted for maternal age and number of
previous births

Adjusted for maternal age, number of 0.134 (0.118 t0 0.151)
previous births, planned pregnancy,

employment status and ethnicity

Adjusted for maternal age, number of 0.101 (0.087 to 0.115)
previous births, planned pregnancy and

employment status

Adjusted for maternal age, number of 0.136 (0.120 to 0.153)
previous births, employment status and

ethnicity

Adjusted for maternal age, number of
previous births, planned pregnancy and
ethnicity

0.132 (0.116 to 0.148)

All coefficients were significant at p<0.001

BMI, body mass index.

who were overweight was slightly higher at 31%, however,
prevalence of obesity appeared to be slightly lower in the
multiple birth cohort (online supplemental table S3).

Overall, women in the multiple pregnancy cohort were
older than women in the singleton cohort. When age was
dichotomised into two groups (<30 years vs 30+ years),
advanced maternal age appeared to be more associated
with the normal and overweight categories. Mothers who
were overweight or obese were statistically more likely to
be unemployed, parous and have an unplanned preg-
nancy. The percentage of white ethnicity was lower in
the multiple birth cohort compared with the singleton
cohort across all BMI categories. However, no signifi-
cant differences in ethnicity were detected across BMI
categories. Due to small numbers, rates of alcohol absti-
nence cannot be presented across BMI categories. Self-
reported folic acid supplementation ranged from 91.7%
to 95.8% across BMI categories, and differences were not
significant.

Due to small counts, associations between BMI cate-
gory and history of hypertension, type 1 and 2 diabetes
mellitus and TIA/stroke are not presented. Both systolic
and diastolic blood pressure increased across BMI cate-
gories, and also appeared to be higher compared with
the women in the singleton cohort across all categories.
History of psychiatric illness was demonstrated to have
a relationship with BMI category, similar to that in the
singleton cohort.

No discernible trends over time were detected in
prevalence of overweight or obesity among women with
multiple pregnancies (online supplemental table S4),
however, this could reflect the lower numbers in the
cohort.

DISCUSSION

Main findings

These results uniquely characterise a large pregnancy
cohort over time. Reflecting trends elsewhere, a high prev-
alence of maternal overweight and obesity in Northern
Ireland is apparent. Worryingly, the prevalence of obesity
is increasing at a fast rate. Our results demonstrate a
greater prevalence of obesity compared with a previous
study in a large regional maternity hospital in the same
UK region conducted in 2004-2011.° In the current
study, there is a large decrease (52.5%-45.6%) in women
entering pregnancy with a BMI in the normal range, and
conversely increases in overweight (27.8%-29.9%) and
obesity (16.9%-22.5%).

Interpretation

We have identified links between maternal obesity
and other medical comorbidities, including, hyperten-
sion, diabetes mellitus and history of psychiatric illness.
Strategies to optimise the health of mothers entering
pregnancy are urgently needed. The importance of
preconception care is widely acknowledged, and further
research to support implementation of evidence-based
interventions is required.” The presence of obesity and
multiple comorbidities has been shown to be linked to
a higher risk of severe maternal morbidity and mortality,
and increased cost to healthcare.* Furthermore, there
is evidence that the effects of pre-pregnancy obesity on
offspring are independent of gestational weight gain.*
This suggests that effects of lifestyle interventions during
pregnancy may be limited. Optimisation of health prior to
pregnancy in relation to management of chronic condi-
tions, nutrition and lifestyle behaviours could improve
maternal and child health across the lifespan.” Our study
has shown that self-reported pregnancy intention rates
were high across all cohorts (67%-71%). This may repre-
sent a vital opportunity to implement preconception care
aimed at managing obesity, comorbidities and other life-
style behaviours.*

This study is the first of its kind to highlight the impact
of low BMI. In this cohort, women who entered preg-
nancy underweight were more likely to be younger, have
fewer previous pregnancies, be unemployed and have
a history of psychiatric illness. These associations also
highlight that, in addition to preconception care, there
are cohorts of younger primiparous women who could
benefit from focused postpartum care to optimise health
prior any subsequent pregnancies.

In terms of health-related behaviours, smoking rates
in our population were relatively high compared with
the UK and Ireland, at 14.4% for the whole singleton
group.* * This further highlights the need for counsel-
ling about the risks posed by behaviours that impact their
health.

This study also adds to evidence concerning multiple
pregnancies, an area often neglected in obstetric research.
Our results highlight important findings in this popula-
tion concerning the high rates of overweight and obesity
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and its association with demographic characteristics such
as advanced maternal age, unemployment and unplanned
pregnancy, and with rate of comorbidities such as hyper-
tension and psychiatric illness. There were higher rates of
unplanned pregnancy in the overweight and obese cate-
gories and, compared with the singleton cohort, obesity
rates appeared to be lower. These findings may be in part
explained by advice for having a BMI less than 30 for
successful in vitro fertilisation treatment, which is known
to be associated with multiple pregnancies; a relationship
that further research might elucidate.* There is a need
for researchers to better describe the multiple pregnancy
population to optimise our understanding of obesity
in these pregnancies and inform how best to counsel
women, for example, regarding appropriate gestational
weight gain.

Northern Ireland is the most deprived of the four
UK nations, with 37% of the population living in areas
ranked most deprived fifth of UK, and with none of
the population (0%) living in the least deprived fifth
of the UK.* This study builds on the existing litera-
ture, by demonstrating the complex non-linear rela-
tionship between deprivation and maternal BMI. The
majority of geographical areas in this study demon-
strate high percentages of overweight and obesity.
The steep decline in prevalence in the fifth quintile
demonstrates that only a small proportion of the
least deprived areas are relatively spared the negative
effects of deprivation. This may reflect the distribution
in Northern Ireland’s deprivation in absolute terms.
The locality of the areas with the lowest prevalence is
striking in terms of their proximity to each other and
to the largest city in Northern Ireland. The areas are
almost exclusively contained within a small area where
deprivation is at its lowest, forming a ‘belt of health
and wealth’.

A significant proportion of women are entering preg-
nancy with increased BMI and other comorbidities.
Primary care should support couples of childbearing
age in making positive changes to nutrition and life-
style behaviours affecting weight and management of
chronic conditions.” In order to improve maternal and
child outcomes, there is a need for future primary health
research focusing on developing and evaluating precon-
ception and inter-pregnancy strategies in the community
to optimise health prior to pregnancy.

This study contributes to epidemiological under-
standing of maternal overweight and obesity. It involved
use of a large country-wide dataset, and is the first of its
kind in the Northern Ireland maternity population. In
our use of routinely collected healthcare data, we have
observed trends in maternal BMI over time, as well as asso-
ciations with a range of demographic characteristics and
comorbidities. The size of the dataset has also allowed for
subgroup analyses for both singleton and multiple preg-
nancy cohorts.

The ability to link healthcare data to official measures
of deprivation and spatial data has allowed for detailed

analysis and visualisation of the relationships between
health, and deprivation and geography. It has also allowed
the team to establish a rich resource of data and code
which can be built on over time and made available for
further research.

A further strength of this study is the use of directly
measured BMI at an early stage of pregnancy. Many other
studies rely on self-reported pre-pregnancy BMI, which has
previously been shown to misclassify BMI in over 13% of
cases."” In particular, overweight and obese categories tend
to be underreported, therefore underestimating preva-
lence in such studies. Typically, the first scheduled ante-
natal visit is <10 weeks gestation with a midwife.*® For the
purpose of this study, pregnancies with a measured BMI
<16 weeks gestation were included. There is evidence to
suggest that pregnancy related weight gain before 18
weeks gestation is modest.*’ In addition, retrospective anal-
ysis of routinely collected healthcare data from maternity
units across the UK highlights the complex links between
maternal women obesity and delayed timely access to
obstetric care.” Therefore, the choice of 16 weeks as a cut-
off for inclusion in this study represents a compromise; it is
later than recommended for first access to antenatal care
(ie, booking appointment) in order to capture women
who may have delayed access to maternity care, but before
the steeper pregnancy related weight gain typically occurs.

For many characteristics, differences were remarkable
between the BMI categories. For some, however, for
example proportions of mothers abstaining from alcohol,
statistical tests returned significant results for small differ-
ences. Clinical judgement should be employed when
interpreting these smaller differences. Additionally, data
for some variables, for example smoking and alcohol
intake, are obtained by self-report and may therefore be
under-reported.

We ensured that our cohorts reflected the true obstetric
population. Other reports commonly select only one
pregnancy per mother in a given time period. In our
study, a proportion of mothers contributed more than
one pregnancy. Had the study reported only the initial
pregnancy for each mother, prevalence of obesity may
have been lower as those with interpregnancy weight gain
would have been excluded.

The study also highlights the challenges faced when
using routinely collected data. As an example, small
numbers in ethnic groups other than white neces-
sitated the combining of these ethnicities into one
group. This reflects the largely white population of
Northern Ireland. Although statistically appropriate,
this, however, meant that we were unable to adjust the
cut-off points for BMI categories according to ethnicity
to accurately reflect natural differences in anthro-
pometrics. It also hinders our understanding of the
distribution of BMI across cohorts of women who may
be at increased risk of poor maternal and neonatal
outcomes. Additionally, caution should be employed
when interpreting p values associated with some small
counts in the multiples cohort.
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CONCLUSION

Clear patterns emerged from this comprehensive regional
dataset which demonstrates marked disparity in maternal
deprivation and clinical characteristics across BMI cate-
gories. Women who are overweight or obese are entering
pregnancy with additional comorbidities and the preva-
lence of overweight and obesity is increasing. Improved
understanding of population demographics and the
burden of multimorbidity in pregnancy will help inform
future preconception health strategies and public health
campaigns.
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