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College of Health, Wellbeing and Life Sciences, Sheffield Hallam University, Sheffield, UK

ABSTRACT

Background: Women with obesity are at increased risk of excessive gestational weight gain. Women
with a body mass index (BMI) of 40kg/m? or more are known to have different patterns of weight
gain than women with lower levels of obesity. This study therefore aimed to determine the characteris-
tics associated with gestational weight gain (GWG) among women with a BMI of 40 kg/m? or more.
Methods: Secondary analysis was undertaken on a retrospective cohort of women with a BMI of 40 kg/
m? or more, with a singleton pregnancy referred to an antenatal healthy lifestyle service between 2009
and 2015 (n=735). GWG was calculated by subtracting weight at the first antenatal appointment from
final recorded weight in pregnancy provided the final weight was recorded from at least 34 + 0 weeks
gestation. Univariable and multiple linear regression analyses were employed to determine the associ-
ation between GWG and different maternal and infant characteristics.

Results: Average GWG among women with a BMI of 40kg/m? or more was 6.0 (+7.1)kg. Multiple
regression showed GWG decreased with increasing BMI and increasing parity. Other socio-demographic
factors were also significantly associated with GWG, with higher GWG seen among those with high lev-
els of deprivation, where the highest household occupation was of a manual nature, in older women
and women of non-White British ethnicity.

Conclusion: GWG in this cohort of women with a BMI of 40kg/m? or more was within Institute of
Medicine recommendations. Using a systems approach to GWG management that incorporates bio-
logical, psychological and socio-ecological factors is important.

PLAIN ENGLISH SUMMARY

Women with the highest levels of obesity are known to have different patterns of weight gain during
pregnancy than other women. This study looked at what factors were linked to pregnancy weight gain
in women with the highest levels of obesity. Pregnancy weight gain was calculated by subtracting the
woman's weight at her first pregnancy appointment from her weight at the end of pregnancy, provid-
ing she was at least 34 weeks pregnant when she was weighed.

The higher the woman’s body mass index above 40 kg/m? at the start of pregnancy, the less weight
they gained in pregnancy. Women gained less weight during pregnancy if they already had one or
more children rather than were having their first baby or if they lived in households where no one
worked. Weight gain was also linked to whether the woman lived in a deprived area and weight gain
was higher in women from an ethnic minority. In the future any interventions during pregnancy to
help women gain the correct amount of weight need to consider multiple things including how many
children they already have, as well as the influence of the woman's family and friends and where the
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woman lives.

Introduction

A body mass index (BMI) of 25.0-29.9kg/m?” is classified as
overweight and a BMI >30kg/m? as obese, with obesity subdi-
vided into three classes, class | (BMI 30.00-34.99 kg/m?), class II
(BMI 35.00-39.99kg/m?) and class Ill (BMI >40.00 kg/m?)
(WHO 2000). Across most of the globe overweight and obes-
ity during pregnancy has increased over recent decades
(Devlieger et al. 2016). In England rates of obesity during
pregnancy have approximately tripled from 7.6% in 1989
(Heslehurst et al. 2010) to 22.2% in 2018-2019 (National

Health Service (NHS) Digital 2019). Individuals with the high-
est levels of obesity (BMI >40kg/m?) were rare several deca-
des ago. However, recently the incidence of women with a
BMI >40kg/m? in early pregnancy has been found to vary
being 1.6% in Spain (Williamson et al. 2020), 3.3% in England
(Public Health England (PHE)), 2019a) and 9.7% in the United
States (Williamson et al. 2020).

Numerous adverse risks are associated with maternal

obesity during pregnancy for both the woman and neonate
(Lutsiv et al. 2015; Santos et al. 2019). Maternal overweight or

CONTACT Frankie J. Fair @ f.fair@shu.ac.uk @ College of Health, Wellbeing and Life Sciences, Sheffield Hallam University, Sheffield, UK
@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/01443615.2023.2288228.

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the Accepted

Manuscript in a repository by the author(s) or with their consent.


http://crossmark.crossref.org/dialog/?doi=10.1080/01443615.2023.2288228&domain=pdf&date_stamp=2023-11-28
https://doi.org/10.1080/01443615.2023.2288228
http://creativecommons.org/licenses/by/4.0/
http://www.tandfonline.com

2 (&) F.J.FAIR AND H. SOLTANI

obesity are estimated to be linked to 23.9% of pregnancy
complications, with the highest risk of complications occur-
ring in women with a BMI >40kg/m? (Santos et al. 2019).
Additionally, women with obesity prior to pregnancy are at
increased risk of excessive gestational weight gain (GWG)
(Samura et al. 2016). The Institute of Medicine (IOM) recom-
mends a GWG between 5 and 9kg for women with obesity
(Rasmussen & Yaktin 2009). However, 44% of women with
obesity gain more than this recommended weight
(Rogozinska et al. 2017). Increased GWG is itself associated
with many adverse outcomes such as increased risk of
caesarean birth (Goldstein et al. 2017), labour induction
(Xu et al. 2021), large for gestational age infants (Santos et al.
2019; Goldstein et al. 2017), long term maternal weight
retention (Samura et al. 2016), and childhood obesity
(Voerman et al. 2019).

Several studies have explored whether factors such as
maternal age, ethnicity, parity, socio-economic status, marital
status, education, and smoking status are associated with
GWG (Lindberg et al. 2016; Samura et al. 2016; Garmendia
et al. 2017; Emery et al. 2021; Cheng et al. 2021). Women
with a BMI >40kg/m? are at the highest risk of many adverse
pregnancy outcomes (Lutsiv et al. 2015; Santos et al. 2019;
D'Souza et al. 2019) and are known to have different GWG
patterns to other women with lower levels of obesity
(Lindberg et al. 2016). However, women with a BMI >40kg/
m? are underrepresented in current research, with no studies
specifically looking at factors associated with GWG among
this subgroup of women. Given the increasing prevalence of
women with a BMI >40kg/m? attending for perinatal care
(Devlieger et al. 2016), better understanding of the factors
associated with GWG in this group of women is particularly
pertinent.

The objective of this study was therefore to determine the
characteristics associated with GWG among women with a
BMI of 40 kg/m? or more.

Methods
Participants and procedures

Secondary analysis of a retrospective cohort study was under-
taken of women who booked for antenatal care from July
2009 to 2015 in a National Health Service Trust in the
Yorkshire and Humber region of England. This Trust had high
rates of maternal obesity and deprivation compared to the
rest of England (Public Health England (PHE) 2019b). Women
were eligible for inclusion if they had a BMI >40kg/m? when
first attending for antenatal care and had a singleton preg-
nancy that remained viable at 24 weeks gestation. Maternal
and neonatal data were obtained from routinely collected
pregnancy and birth health records.

At the NHS Trust during this time women with a BMI
240kg/m2 were offered access to a midwife-led antenatal
healthy lifestyle service. This has been described in full else-
where (West 2010; Fair and Soltani 2023). At this service
women were routinely offered either one (July 2009-2011) or
three visits (2012-2015), with women also able to access the
service for additional appointments if they desired. Women

were offered support and advice at this service covering four
key aspects: minimising GWG, healthy eating, undertaking
physical activity, and breastfeeding.

Measures

Sociodemographic data

At the first antenatal appointment women self-reported edu-
cational level, smoking status, marital status and ethnicity, as
well as the occupation of herself and her partner. The highest
occupation category for each household (either the woman
or her partner) was calculated using the three category
National Statistics Socio-Economic Classification (NS-SEC) sys-
tem (Office for National Statistics (ONS), 2010). Furthermore,
postcode was used to determine an Index of Multiple
Deprivation (IMD) score. This is the official measure of relative
deprivation in England, combining information from seven
domains (income, employment, education, health, crime,
housing and living environment) to give an overall score
from 1 (most deprived) to 32844 (least deprived) (Smith et al.
2015). These scores were designated into quintiles.

Maternal BMI

BMI was calculated using weight and height measured at the
first antenatal appointment. In a small minority of cases
(n=9) BMI was obtained from the medical records as weight
or height were not recorded to calculate BMI independently.

Pregnancy and intrapartum data

Women self-reported parity. Other pregnancy and intrapar-
tum related data were documented by healthcare providers
such as, birthweight and infant sex, as well as expected date
of birth on ultrasound from which gestation at appointments
and birth were calculated.

Gestational weight gain

The final recorded weight in pregnancy was used, providing
the gestation of this weight was at least the middle of the
third trimester (34 + 0 weeks gestation). If a weight was not
recorded from 34+ 0weeks gestation onwards the woman
was classified as not having GWG recorded. GWG was deter-
mined by subtracting weight at the first antenatal appoint-
ment from final weight. Given variation in GWG timings,
gestation at the first and last recorded weight in pregnancy
were adjusted for within the multiple regression analysis.

Statistical analysis

Logical checks and data cleaning were carried out and incon-
sistencies returned to the field for clarification. Characteristics
were compared between women who had GWG recorded
(n=618) and those who did not (n=117) using student’s
t-test or Chi-square test. For women who had a recorded
GWG, the independent relationship between GWG and
maternal  socio-demographic  characteristics, pregnancy
characteristics and infant characteristics were explored using
linear regression with GWG as the dependent variable.
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Figure 1. STROBE flow chart of study participant selection.

Variables were chosen by consulting previous literature on the
topic (Lindberg et al. 2016; Samura et al. 2016; Garmendia
et al. 2017; Emery et al. 2021; Cheng et al. 2021). Factors were
then entered into a multiple regression main effects linear
model to determine the significance of each variable on GWG
once controlling for other factors. The multiple regression
model was adjusted for birthweight, gestation at the first ante-
natal weight, gestation at the final recorded weight and gesta-
tion at birth. Education was omitted from the multiple
regression model due to the large number of missing cases.
Additionally marital status was omitted from the multiple
regression model as this factor had high variance inflation fac-
tors leading to concerns over multi-collinearity. A separate
model was constructed for women whose pregnancies were
not complicated by either diabetes (type 1, type 2 or gesta-
tional) or hypertension (pre-existing or pregnancy induced).
For each linear regression model, assumptions were checked
using standard regression diagnostics for linearity, normality,
leverage and influence. Where outliers or points of potentially
high leverage were identified, data analysis was rerun after
removal of these points to determine any impact on the sig-
nificance or direction of the effect size. Where differences in
the magnitude or direction of the effect size were noted, both
effect sizes have been presented. For all models the unstandar-
dised B co-efficient alongside its 95% confidence interval (Cl)
are presented. p < 0.05 was regarded as statistically significant.
All analyses were undertaken in SPSS 26.0.

Ethical approvals

This study was approved by the East England - Cambridge
East Research Ethics Committee (IRAS: project number

207998). The need for informed consent was waived
by the ethics committee due to the retrospective nature of
this study.

Results

Figure 1 provides a flowchart of study participant selection.
Of the 735 eligible women, 618 had their GWG recorded.
Women with and without the primary outcome GWG were
compared (Table 1). Women who already had two or more
children or who gave birth prematurely were significantly
less likely to have GWG recorded. Women whose highest
household occupation was classified as either ‘routine or
manual’ or ‘housewife/unemployed/student’ also tended to
be less likely to have GWG recorded. Of women who gave
birth prematurely, 64.8% (n=46) did not have GWG
recorded. These women and those who moved away from
the area (n=18) accounted for 55% of those lacking the out-
come of GWG.

Mean GWG was 6.0kg (£7.1) and ranged from a weight
loss of 17.6 kg to weight gain of 27.6 kg. The average gesta-
tion of the final weight was 37.4 (+1.8) weeks, with a median
final weight to birth interval of 1.9 weeks (interquartile range
0.9-3.1 weeks). GWG decreased with increasing maternal BMI
at the first antenatal appointment and parity (Table 2). GWG
increased with ethnicity other than white British and in
households with someone in employment. Compared to
those in the most deprived quintile, women in the second
most deprived quintile had a significantly higher weight gain
during pregnancy. Compared to attending no antenatal
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healthy lifestyle service appointments, attending one, two or
three or more appointments had no impact on GWG.

Within the multiple regression main effects linear model
(Table 3), maternal BMI, parity, ethnicity, deprivation and
highest household occupation remained significantly inde-
pendently associated with GWG. However, within the mul-
tiple regression model only women whose highest household
occupation was a manual occupation had higher GWG.
Furthermore, maternal age became significant within the
multiple regression model. This multiple regression model
accounted for 21.1% of the total variance in GWG. After
removing the thirteen outliers/points of high leverage
(Table S1), factors significantly associated with GWG
remained the same except that maternal age was no longer
significant and smoking status when booking for antenatal
care was associated with increased GWG. When only looking
at pregnancies that were not complicated by diabetes or
hypertension, the factors associated with GWG remained the
same except for maternal age which was no longer signifi-
cantly associated with GWG (Table S2).

Discussion

Average weight gain within this cohort was 6.0 kg which is
within the 5-9kg range recommended for women with
obesity (Rasmussen & Yaktin 2009). The present study
showed wide variability in GWG among women with a BMI
>40kg/m?. The multiple regression model showed that GWG
decreased with increasing BMI and increasing parity. Higher
GWG was seen among those with high levels of deprivation,
where the highest household occupation was of a manual
nature, in older women and women of non-White British
ethnicity.

Previous studies and reviews of women of all BMI catego-
ries have similarly noted maternal BMI (Kirchengast and
Hartmann 2013; Cheney et al. 2017), and parity (Deputy et al.
2015; Heery et al. 2015; Pawlak et al. 2015; Garmendia et al.
2017; Rogozinska et al. 2017; Nunnery et al. 2018; Cheng
et al. 2021) to be factors associated with GWG or excessive
GWG, although these factors were not always significant
when adjusting for covariates. Parity has also previously been
associated with GWG when specifically looking at women
with obesity (Raymond et al. 2014; Deputy et al. 2015). In all
instances nulliparous women had higher GWG or were at
increased risk of excessive GWG.

The literature regarding deprivation is inconsistent. Low
socio-economic status or proxy measures of socioeconomic
status such as education, employment or housing type have
been found to increase the odds of GWG below guidelines
(Lindberg et al. 2016), increase risk of excessive GWG in early
pregnancy (Cheney et al. 2017) and to have no significant
impact on GWG (Garmendia et al. 2017; Cheng et al. 2021)
even though all of the studies were undertaken in high
income countries. A complicated interaction between depriv-
ation and GWG was noted within this study. Once controlling
for other factors GWG was higher in women in the second
most deprived quintile compared to those in the most
deprived quintile, and higher in those from a manual

occupation than in those who were unemployed or a house-
wife. The reasons for this are unclear but may be due to
women in the most deprived quintile being less able to
afford a healthy lifestyle, particularly an adequate quantity of
food during pregnancy. Within this cohort after controlling
for confounders such as deprivation there was a trend for
those who smoked to have a higher GWG, which became sig-
nificant after removing outliers. Other studies have similarly
shown current and previous history of smoking to be signifi-
cantly associated with GWG outside of the recommended
range (Kirchengast and Hartmann 2013; Pawlak et al. 2015;
Lindberg et al. 2016), although women with a BMI 24Okg/m2
were a small minority of these samples.

Maternal age has been noted to be associated with GWG
in previous studies, with women with excessive GWG noted
to be younger on average than those with inadequate or
adequate GWG (Kirchengast and Hartmann 2013; Cheng et al.
2021). Others have also found women over 35 years of age to
have significantly lower GWG than younger women (Heery
et al. 2015) and for GWG to decrease with increasing mater-
nal age (Rogozinska et al. 2017). This previously noted effect
may in part be explained by nulliparous women having
higher GWG, as only one study adjusted for parity
(Rogozinska et al. 2017). Additionally, BMI increases with
maternal age (National Health Service (NHS) Digital 2019)
and as there is a trend for GWG to decrease with increasing
BMI (Siega-Riz et al. 2020) this may also partly explain the
lower GWG with advancing maternal age. Within our multiple
regression analysis that adjusted for parity and maternal BMI
there was a trend towards higher GWG with advancing
maternal age after the removal of outliers.

Women of ethnicity other than white British had higher
GWG within this study, despite their mean BMI being higher
at the start of pregnancy. However, given the limited number
of women on non-white ethnicity these results should be
treated with caution. The literature regarding the impact of
ethnicity on GWG provides a complex picture. One study
noted that women of non-lrish nationality had increased
GWG (Heery et al. 2015), and another that being of African
American ethnicity was associated with increased odds of
excess GWG (Nunnery et al. 2018). Others have however
noted non-White ethnicity to decrease mean GWG
(Rogozinska et al. 2017) or the odds of GWG above recom-
mendations (Pawlak et al. 2015; Lindberg et al. 2016). These
differences may be explained by the ethnic composition
within the studies, as a further study found some ethnicities
to be associated with inadequate GWG and others with
excess GWG among women with obesity (Deputy et al. 2015).

Attendance at the antenatal healthy lifestyle service was
not significantly associated with GWG in either the univariate
or multiple regression analysis. No data was collected by the
service regarding whether service attendance led to any
improvements in diet or physical activity. When women with
access to the antenatal healthy lifestyle service have previ-
ously been compared to women in a separate NHS Trust
who did not have access to such a service, the only clinical
outcome that favoured the lifestyle service was breastfeeding
at discharge from the hospital (Fair and Soltani 2023). No
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Table 1. Maternal characteristics of women with and without gestational weight gain outcome recorded.

Variable Category With GWG (n=618) Without GWG (n=117) p-value
Body mass index 44.0 (£3.7) 44.0 (£3.7) 0719 J
Gestation at first antenatal weight (weeks) 9.1 (+3.3) 8.9 (¥3.2) (n=116) 0.515
Maternal age (years) 28.3 (+5.4) 29.1 (+5.3) 0.171
Smoking status at first antenatal appointment 0.109
Smoker 129 (20.9%) 32 (27.6%)
Non-smoker 489 (79.1%) 84 (72.4%)
Parity 0.004**
0 190 (30.8%) 30 (25.6%)
1 219 (35.4%) 29 (24.8%)
2 or more 209 (33.8%) 58 (49.6%)
Ethnicity 0.952
White British 587 (95.6%) 112 (95.7%)
All other ethnicities 27 (4.4%) 5 (4.3%)
Deprivation quintile 0.123
Quintile 1: Most deprived 339 (54.9%) 78 (66.7%)
Quintile 2 127 (20.5%) 21 (17.9%)
Quintile 3 78 (12.6%) 9 (7.7%)
Quintile 4 53 (8.6%) 8 (6.8%)
Quintile 5: Least deprived 21 (3.4%) 1 (0.9%)
Highest household occupation 0.077
Professional or higher occupations 107 (17.8%) 15 (13.3%)
Intermediate occupations 141 (23.5%) 17 (15.0%)
Routine and manual occupations 197 (32.8%) 46 (40.7%)
Housewife/ Unemployed/ student 156 (25.9%) 35 (31.0%)
Education 0.589
GCSE/ equivalent or lower 102 (43.4%) 17 (44.7%)
AS/A level or equivalent 60 (25.5%) 12 (31.6%)
Degree, postgraduate or equivalent 73 (31.1%) 9 (23.7%)
Marital status 0.508
Married/civil partnership 210 (34.2%) 46 (39.3%)
Partner 334 (54.4%) 57 (48.7%)
Single 70 (11.4%) 14 (12.0%)
Preterm birth (<37 + 0 weeks gestation) 0.000%**
No 592 (95.9%) 54 (54.0%)
Yes 25 (4.1%) 46 (46.0%)

Data are mean + standard deviation or n (%). Abbreviations GWG: gestational weight gain; IMD: Index of Multiple Deprivation.

’Mann Whitney U test used as data not normally distributed.

*. The single category included 10 women who were divorced/ separated/widowed.

** statistically significant at p < 0.01 level,.
*HRE statistically significant at p < 0.01 level.

impact on other outcomes such as vaginal birth, birthweight
or preterm birth were noted (Fair and Soltani 2023).

Given the higher GWG among nulliparous women and the
complex inter-ethnic variability noted within this and previ-
ous studies, the importance of adapting interventions to the
needs of nulliparas and specific ethnic groups is highlighted.
This is especially important given that women themselves
report wanting more information in their first pregnancy (Fair
et al. 2022). Additionally, current interventions are believed
to inadequately consider culture and ethnic differences (Byrd
et al. 2018) despite known ethnic health disparities (Jardine
et al. 2021). Furthermore, the multifaceted interaction
between GWG and ethnicity, socioeconomic status and other
maternal and infant outcomes, emphasise the need to con-
sider obesity and GWG management not just at an individual
level, but through a wider lens that incorporates social, envir-
onmental, political and economic responsibilities and implica-
tions (Devlieger et al. 2016). A systems approach to obesity
has therefore been recommended (Lee et al. 2017). This
approach addresses all interconnected factors that contribute
to obesity including the individual biological variables such
as genetics and physiological aspects, psychological effects
and socio-ecological factors (Lee et al. 2017). Incorporating
socio-ecological factors moves from an exclusively individual
focus to also tackle the influences on women from their

family and home, work and peers, community, industry, gov-
ernment, culture and society (Hill 2021).

Strengths and limitations of the study

This study explored the factors associated with GWG within a
large sample of women with a BMI >40kg/m? a category
often lacking in previous studies. Some limitations however
need to be acknowledged. Women within this cohort had
been invited to an antenatal healthy lifestyle service, how-
ever attendance at this service had no impact on GWG sug-
gesting the results are still generalisable to a wider
population. Retrospective data collection is known for its limi-
tations around data completeness (Hasson et al. 2015). Poor
documentation of maternal education was particularly evi-
dent within this study. Additionally, women of high parity
and those whose highest household occupation was classi-
fied as housewife, unemployed or student were significantly
less likely to have a final weight within the medical notes.
This may have influenced the impact of these factors within
the multiple regression model. The retrospective nature of
the study also limited the availability of some factors previ-
ously noted in the literature to be associated with GWG such
as psychosocial factors and maternal diet. Women were rou-
tinely weighed at booking and at 36 weeks gestation within
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Table 2. Crude regression coefficients and 95% confidence intervals for each variable with gestational weight gain.

Variable Category n B (95% Cl) p-value
Number of healthy lifestyle clinic appointments attended 0 618 REF
1 0.02 (-1.75, 1.80) 0.979
2 0.49 (-1.32, 2.30) 0.596
3+ 0.78 (-0.97, 2.53) 0.380
Body mass index 618 —0.18 (-0.33, —0.03) 0.021*
Maternal age (years) 618 0.05 (-0.05, 0.16) 0.328
Smoking status at first antenatal appointment Non-smoker 618 REF
Smoker —0.22 (-1.60, 1.16) 0.754
Parity 0 618 REF
1 —2.50 (-3.86, —1.14) 0.0007%**
2 or more —3.23 (-4.61, —1.86) 0.000%**
Ethnicity White British 614 REF
All other ethnicities 4.24 (1.52, 6.97) 0.002**
Deprivation quintile Quintile 1: Most deprived 618 REF
Quintile 2 1.98 (0.53, 3.43) 0.007**
Quintile 3 0.58 (-1.16, 2.33) 0.512
Quintile 4 0.89 (-1.16, 2.95) 0.395
Quintile 5: Least deprived 0.64 (-2.49, 3.77) 0.688
Highest household occupation Professional or higher occupations 601 2.62 (0.87, 4.36) 0.003**
Intermediate occupations 1.95 (0.34, 3.57) 0.018*
Routine and manual occupations 2.33 (0.84, 3.82) 0.002**
Housewife/ Unemployed/ student REF
Education GCSE/ equivalent or lower 235 REF
AS/A level or equivalent 2.13 (-0.16, 4.41) 0.068
Degree, postgraduate or equivalent 1.35 (-0.81, 3.50) 0.220
Marital status Married/civil partnership 614 0.44 (-1.49, 2.36) 0.657
Partner —0.66 (-2.48, 1.17) 0.482
Single * REF
Infant sex Female 617 REF
Male 0.97 (-0.15, 2.09) 0.090 §

Abbreviations: B: regression coefficient; 95% Cl: = 95% confidence interval; REF: referent;.
Removing the outlier(s) and / or point(s) of high leverage, did not change the direction of the effect or the significance except in the case detailed below:.
SFurther away from reaching significance when removing the 2 cases with large standardised residuals [0.826, 95% Cl -0.281, 1.933) p=0.143, n=615].

*. The single category included 9 women who were divorced/ separated/widowed.

* statistically significant at p < 0.05 level,.
** statistically significant at p < 0.01 level,.
K statistically significant at p < 0.01 level.

Table 3. Multiple regression model of factors associated with gestational weight gain in women with a BMI > 40kg/m? (n = 596).

Variable Category B (95% Ch# p-value
Constant 14.71 (-2.62, 32.04) 0.096
Body mass index —0.22 (-0.36, —0.07) 0.003%*
Maternal age 0.12 (0.005, 0.24) 0.041%*
Smoking status at first antenatal appointment Non-smoker REF

Smoker 1.33 (-0.07, 2.73) 0.062
Parity 0 REF

1 —3.10 (-4.44, —1.76) <0.0071%**

2 or more —3.96 (-5.47, —2.44) <0.007%%*
Ethnicity White British REF

All other ethnicities 3.07 (0.47, 5.67) 0.021*
Deprivation quintile Quintile 1: Most deprived REF

Quintile 2 2.00 (0.63, 3.37) 0.004**

Quintile 3 0.21 (-1.46, 1.89) 0.803

Quintile 4 0.13 (-1.91, 2.17) 0.899

Quintile 5: Least deprived 0.16 (-2.84, 3.16) 0.915
Highest household occupation Professional or higher occupations 1.41 (-0.35, 3.18) 0.117

Intermediate occupations 1.17 (-0.42, 2.76) 0.149

Routine and manual occupations 1.56 (0.14, 2.98) 0.032*

Housewife/ Unemployed/ student REF
Number of healthy lifestyle clinic appointments attended 0 REF

1 —0.54 (-2.26, 1.18) 0.537

2 —0.12 (-1.86, 1.62) 0.890

3+ —0.02 (-1.74, 1.70) 0.982
Infant sex Female REF

Male 0.39 (-0.68, 1.45) 0.478

*Adjusted for birthweight, gestation at first antenatal weight, gestation at final recorded weight and gestation at birth.

R2=0.211 F=7.328 p < 0.001, n =596 df = 21.

Within the final model, normality of the residuals was checked graphically. Durbin Watson = 1.981. Collinearity tolerance ranged from 0.426 to 0.953 and vari-
ance inflation factors ranged from 1.05 to 2.35, therefore no concerns with multicollinearity were indicated within this model.
No cases with extreme Cook’s values were identified, 3 cases had standardised residuals > + 3 and 10 cases had Mahalanobis distances where p <0.001. For
analysis removing these outliers/ points of leverage please see Table S1.
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the Trust with the antenatal healthy lifestyle service. To cap-
ture as many women as possible we included anyone who
had a final weight recorded from 34weeks gestation
onwards. However, a large proportion of women who gave
birth prematurely did not have a final weight recorded, so
this study is largely applicable to women with a term or late
preterm birth. Given the multiple tests undertaken within the
univariate and multiple regression model the probability of a
type 1 error increases; it is therefore possible that some of
the findings within this study were chance findings and did
not actually represent observed differences. Additionally, out-
liers within the multiple regression model suggested the
model fitted less well for the few cases where BMI was 60 or
more and when women attended for their first antenatal
care appointment after 26 weeks gestation.

Conclusions

Among women with a BMI >40kg/m?, higher GWG was seen
among those who were nulliparous, with high levels of
deprivation and where the highest household occupation
was of a manual nature. While there were too few cases
within this analysis to make generalisations, the requirement
for further understanding around GWG according to ethnicity
among women with a high BMI has been demonstrated.
Furthermore, the study has highlighted the need to specific-
ally focus on the effectiveness of any interventions developed
among nulliparous women and those from more deprived
backgrounds.
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