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Maternal nutrition is essential for optimal health and well-being of women and their infants.
This review aims to provide a critical overview of the evidence-base relating to maternal
weight, obesity-related health inequalities and dietary interventions encompassing the
reproductive cycle: preconception, pregnancy, postnatal and interpregnancy. We provide
an overview of UK data showing that overweight and obesity affects half of UK pregnan-
cies, with increased prevalence among more deprived and minoritised ethnic populations,
and with significant health and cost implications. The existing intervention evidence-base
primarily focuses on the pregnancy period, where extensive evidence demonstrates the
power of interventions to improve maternal diet behaviours, and minimise gestational
weight gain and postnatal weight retention. There is a lack of consistency in the intervention
evidence-base relating to interventions improving pregnancy health outcomes, although
there is evidence of the potential power of the Mediterranean and low glycaemic index
diets in improving short- and long-term health of women and their infants. Postnatal
interventions focus on weight loss, with some evidence of cost-effectiveness. There is an evi-
dence gap for preconception and interpregnancy interventions. We conclude by identifying
that interventions do not address cumulative maternal obesity inequalities and overly focus
on individual behaviour change. There is a lack of a joined-up approach for interventions
throughout the entire reproductive cycle, with a current focus on specific stages
(i.e. pregnancy) in isolation. Moving forward, the potential power of nutritional interven-
tions using a more holistic approach across the different reproductive stages is needed to
maximise the benefits on health for women and children.

Health inequalities: Diet: Intervention: Maternal

Maternal weight status is defined by BMI before/early
pregnancy using WHO BMI categories (Table 1). In
England, maternal obesity prevalence has increased over
time, from 7⋅6% in 1989(1) to 21⋅3% in 2015–2017(2).

Whereas maternal recommended weight has decreased
over this same time period from 65⋅6 to 47⋅3%. Recent
data published in the National Maternal and Perinatal
Audit (NMPA, England, Wales and Scotland)(2), and
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the Northern Ireland Maternity System (NIMATS)(3)

highlights that overweight and obesity affects half of all
pregnancies, with some UK differences in prevalence.
Maternal overweight prevalence was consistent across
England (28⋅0%), Wales (28⋅5%) and Scotland (28⋅4%),
and slightly higher in Northern Ireland (29⋅5%).
Whereas maternal obesity prevalence was highest for
Wales (26⋅2%), followed by Scotland (23⋅2%), England
(21⋅3%) and Northern Ireland (20⋅1%).

Gestational weight gain (GWG) is the amount of
weight gained between conception and delivery, includ-
ing increases in fat mass and fluids and the weight of
the fetus and placenta. Although there is no international
consensus on recommended GWG, the US National
Academy of Medicine (NAM) recommendations(4)

(Table 1) have been widely adopted, although not in
the UK(5). These guidelines require maternal weight at
conception and full-term delivery to calculate total
GWG(4). However, these specific measures are not con-
sistently applied in research(6), which can result in
inaccurate interpretations. Additionally, the NAM
recommendations do not account for different obesity
classes. Some studies indicate that lower GWG results
in better pregnancy outcomes for obesity classes II and
III(7–9). UK data(10) suggest that women with class I or
II obesity gain excessive weight whereas class III have
inadequate GWG below the NAM guidelines.
Developing a global consensus on recommended GWG
ranges, including for obesity classes I–III, and inconsist-
ency in applying existing NAM GWG guidelines to data
are areas requiring further research.

This review aims to provide a critical overview of the
evidence-base relating to maternal weight, obesity-related
health inequalities and dietary interventions encompassing
the reproductive cycle: preconception, pregnancy, post-
natal and interpregnancy. The first part of this review
introduces maternal weight around the reproductive
cycle with a focus on health outcomes, inequalities and
costs. The second part of the review provides a critical dis-
cussion of diet interventions in the preconception, preg-
nancy and postnatal periods.

Maternal weight and health implications

Maternal obesity and excessive GWG can have adverse
impacts on maternal and infant outcomes. These include
adverse events during and immediately after pregnancy,
but can also persist across the life-course and have inter-
generational effects.

Pregnancy

Women entering pregnancy with obesity are at increased
risk of multiple adverse outcomes, including gestational
diabetes (GDM), pre-eclampsia, emergency caesarean
delivery, induction of labour, antenatal depression and
maternal mortality(11,12). Infants also have increased
risks, such as large-for-gestational-age (LGA) or macro-
somia, neonatal hypoglycaemia and admission to neo-
natal intensive care units(13). Postnatally, there is
reduced breastfeeding, and increased depression(14–16)

and weight retention(17). The intrauterine environment
can impact on fetal development, the results of which
persist across the life course through fetal program-
ming(18). Children born to women with obesity and/
or excessive GWG are significantly more likely to
develop overweight or obesity themselves(19,20). The asso-
ciations between maternal obesity and child health per-
sist into adulthood, particularly relating to diabetes(21).
The increased risks may be explained by the fetal overnu-
trition hypothesis or due to metabolic, inflammatory and
neuroendocrine changes that occur from an altered fetal
hormone and nutrient exposure when mothers have obes-
ity during pregnancy(22,23).

Preconception and interpregnancy

Following pregnancy, the postnatal period is also a pre-
conception period for women who have future pregnan-
cies, providing an opportunity for preconception dietary
and weight management interventions(24). A recent sys-
tematic review explored associations between weight
change in the prepregnancy period (including both pre-
conception and interpregnancy) and outcomes in a subse-
quent pregnancy(25). Compared with weight stability,
weight gain significantly increased the odds of developing
subsequent GDM, hypertensive disorders, preeclampsia,
LGA, caesarean delivery, stillbirth and low Apgar score,
and reduced the odds of having a vaginal birth following
previous caesarean(25). Interestingly, prepregnancy
weight loss significantly reduced the odds of developing
GDM compared with weight stability, but increased
the odds of SGA, stillbirth and preterm delivery. There
were also different patterns when analysis was carried
out based on maternal BMI. For example, preterm deliv-
ery was significantly increased for women with a
BMI≥25 kg/m2 but not for BMI<25 kg/m2. Weight loss
reduced the odds of LGA for women with a BMI≥25
kg/m2 but increased the odds of SGA in women with a
BMI<25 kg/m2. Other systematic reviews exploring the
interpregnancy period have found similar results(26–28).
The associations between prepregnancy weight loss
(which is the current UK guideline recommendation)
and some potential for increased risks in subsequent

Table 1. Weight status categories and GWG recommendations

Weight status
categories 0⋅22
kg/week

BMI range,
kg/m2

Total
GWG*,
kg

2nd and 3rd trimester
mean (range) weekly

GWG{, kg

Underweight <18⋅5 12⋅5–18 0⋅51 (0⋅44–0⋅58)
Recommended
weight

18⋅5–24⋅9 11⋅5–16 0⋅42 (0⋅35–0⋅50)

Overweight 25⋅0–29⋅9 7–11⋅5 0⋅28 (0⋅23–0⋅33)
Obese class I 30⋅0–34⋅9

5–9 0⋅22 (0⋅17–0⋅27)Obese class II 35⋅0–39⋅9
Obese class III ≥40⋅0

GWG, gestational weight gain; NAM, National Academy of Medicine.
* The NAM GWG recommendations do not differentiate between WHO
obesity classes(4).
{ The total GWG recommendations includes a 1st trimester weight gain of
0⋅5–2 kg, which is not accounted for in the 2nd and 3rd trimester weekly
weight gain values.
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pregnancies require further exploration. For example,
how important is the amount of weight loss, reason for
weight loss (e.g. intentional or unintentional) and time-
scale for weight loss? These data would help inform
evidence-based guidelines to optimise maternal and
infant health.

Healthcare costs

Healthcare services have increased costs relating to
maternal obesity due to the additional care required to
minimise risks and maximise healthy outcomes for
women and their babies. A study in Wales identified
that women with overweight and obesity in pregnancy
have increased service usage and costs of 23% and 37%,
respectively(29). However, this was restricted to just direct
costs rather than complete health costs. Other economic
studies show similar results(30–32). Additionally, a study
in Canada reported that children born to mothers with
overweight or obesity had more physician visits, hospital
admissions and longer hospital stays with estimated costs
in the first 18 years of life of $1415 (95% CI 590, 2285),
compared to $231 (95% CI −403, 847) for maternal
recommended weight(33). The additional costs required
for routine care for women with maternal overweight
and obesity support the need for interventions to reduce
risks from both a maternal and infant health and well-
being perspective, but also from an economic perspective.

Socio-demographic inequalities

Similar to obesity trends in the general population, there
are significant associations between maternal obesity,
deprivation and ethnic groups.

Deprivation

UK data show a deprivation gradient with maternal
weight status. Women have increased odds of their BMI
being above or below the recommended range as the
level of deprivation increases (Table 2). These data dem-
onstrate wider determinants of maternal obesity than indi-
vidual behaviour. There is potential for interventions that
focus on individual agency and behaviour change alone to
increase the inequality gap for maternal obesity.
Alongside increasing levels of deprivation and poverty in
the UK, food insecurity is also increasing. Women are
particularly vulnerable to food insecurity due to working
in low-income or part-time jobs, as well as societal expec-
tations for them to be the main carers for children and
family members, carry out unpaid housework and be
the main providers of food(34–36). When finances are
scarce, women report restricting their own food intake in
favour of their children and other household
members(37–39). Food insecurity is associated with a nutri-
tionally poor diet, consumption of energy-dense food and
living in an obesogenic environment, thus increasing the
risk of developing obesity(40–43). The preconception, preg-
nancy and postnatal periods present increased nutrient
requirements, and food insecurity in pregnancy increases
the risk of adverse health outcomes for both mother and

child(44,45). In the UK, food insecurity has increased
since the implementation of austerity measures following
the global financial crisis in 2008(46–48), further exacer-
bated by Covid-19(48,49), and most recently in 2022 by
increases in the cost of living (largely influenced by
increased costs in fuel and food)(48,50,51) (Fig. 1). The
implications of continuing increases in food insecurity
on maternal nutritional health and well-being, and the
potential impact on fetal development, are severe.

Ethnic groups

Data for England between 1995 and 2007 showed a sign-
ificantly increased prevalence of maternal obesity among
Black and South Asian (compared with White) ethnic
groups (adjusted odds ratio (AOR) 1⋅70, 95 % CI 1⋅62,
1⋅78; AOR 1⋅72, 95 % CI 1⋅66, 1⋅79 respectively)(52).
Within the South Asian group, Pakistani women
had the highest odds of maternal obesity (AOR
2⋅19, 95 % CI 2⋅08, 2⋅31), followed by Indian (AOR
1⋅49, 95 % CI 1⋅39, 1⋅60) and Bangladeshi (AOR 1⋅15,
95 % CI 1⋅06, 1⋅24). This study applied the WHO
Asian-specific BMI criteria for obesity (BMI≥27⋅5 kg/
m2) for South Asian women(53). More recent data have
been published for by the NMPA and NIMATS
(Table 2). Due to the categorisation used by NIMATS
(White and Other), UK-wide data can only estimate
odds of BMI categories for minoritised ethnic groups
compared with White. These data show a significantly
increased odds of underweight, overweight and
obesity class I, but significantly decreased odds of obesity
classes II and III among minoritised ethnic groups
(Table 2). However, data reported by the NMPA show
that the pooling of heterogeneous ethnic groups masks
the significantly increased odds for Black women for all
obesity classes (OR ranging from 2⋅06; 95 % CI 1⋅96,
2⋅16 for class III, to 2⋅54; 95 % CI 2⋅48, 2⋅61 for class
I) (Table 2). A limitation of the NMPA data is that it
did not apply the WHO Asian-specific BMI criteria,
which is likely to explain the difference in results com-
pared with previously published data(52).

Intersectionality

It is important to consider the implications of multiple
inequalities through an intersectionality lens: how do
the different inequalities reported in this paper
(i.e., deprivation, food insecurity, ethnicity, obesity) as
well as others not discussed (e.g. stigma and discrimin-
ation) collide and have a cumulative impact on preg-
nancy health? Recent data show the cumulative
increased risks for ethnic groups and deprivation. These
data relate to stillbirth, preterm delivery and fetal growth
restriction, where the highest risks were seen for Black
and South Asian women residing in the highest depriv-
ation quintile(54). However, there is limited evidence
relating to maternal obesity and intersectionality, which
warrants further exploration.

Maternal diet interventions and health 3
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Overview of the evidence-base for nutritional
interventions

There is potential power for nutritional interventions,
delivered during the preconception, pregnancy and post-
natal/interpregnancy periods, to have substantial benefits

on maternal and infant health, in the short- and long-
term. There are also public health benefits from capitalis-
ing on these reproductive life course stages for prevention
of adverse health outcomes and promotion of health
behaviours. This section provides an overview of the
existing evidence-base drawn from interventions.

Table 2. Odds of maternal BMI category and area of residence deprivation

OR (95% CI)*

<18⋅5 kg/m2 18⋅5–24⋅9 kg/m2 25–29⋅9 kg/m2 30–34⋅9 kg/m2 35–39⋅9 kg/m2 ≥40 kg/m2

Deprivation measured by IMD quintile{

2 1⋅10 (1⋅05, 1⋅15) Reference 1⋅08 (1⋅07, 1⋅10) 1⋅20 (1⋅17, 1⋅22) 1⋅31 (1⋅27, 1⋅35) 1⋅40 (1⋅34, 1⋅47)
3 1⋅24 (1⋅19, 1⋅29) Reference 1⋅16 (1⋅14, 1⋅18) 1⋅40 (1⋅37, 1⋅43) 1⋅62 (1⋅57, 1⋅67) 1⋅86 (1⋅78, 1⋅95)
4 1⋅48 (1⋅43, 1⋅54) Reference 1⋅27 (1⋅25, 1⋅28) 1⋅67 (1⋅64, 1⋅71) 1⋅96 (1⋅90, 2⋅02) 2⋅34 (2⋅24, 2⋅44)
5 most deprived 1⋅92 (1⋅85, 1⋅99) Reference 1⋅38 (1⋅36, 1⋅40) 2⋅02 (1⋅98, 2⋅06) 2⋅52 (2⋅45, 2⋅60) 3⋅24 (3⋅11, 3⋅37)

Ethnic groups: NMPA data for England, Scotland and Wales and NIMATS data for Northern Ireland
Minoritised ethnic
groups{

1⋅45 (1⋅42, 1⋅49) Reference 1⋅43 (1⋅41, 1⋅44) 1⋅22 (1⋅20, 1⋅24) 0⋅92 (0⋅90, 0⋅94) 0⋅73 (0⋅70, 0⋅75)

Ethnic groups: NMPA data for England, Scotland and Wales
South Asian 1⋅62 (1⋅57, 1⋅68) Reference 1⋅24 (1⋅23, 1⋅26) 1⋅06 (1⋅04, 1⋅08) 0⋅70 (0⋅67, 0⋅72) 0⋅44 (0⋅41, 0⋅46)
Black 1⋅01 (0⋅94, 1⋅09) Reference 1⋅99 (1⋅95, 2⋅04) 2⋅54 (2⋅48, 2⋅61) 2⋅23 (2⋅15, 2⋅31) 2⋅06 (1⋅96, 2⋅16)
Mixed 1⋅17 (1⋅08, 1⋅28) Reference 1⋅08 (1⋅04, 1⋅11) 1⋅09 (1⋅04, 1⋅14) 0⋅98 (0⋅92, 1⋅04) 1⋅00 (0⋅92, 1⋅08)
Other 3⋅08 (2⋅91, 3⋅26) Reference 2⋅22 (2⋅16, 2⋅28) 1⋅86 (1⋅79, 1⋅93) 1⋅27 (1⋅20, 1⋅34) 0⋅85 (0⋅77, 0⋅93)

NHS, National Health Service; NIMATS, Northern Ireland Maternity System; NMPA, National Maternal and Perinatal Audit; IMD, index of multiple deprivation.
* OR calculated from data from the NMPA for births in England, Scotland and Wales NHS maternity services between 1st April 2015 and 31st March 2017, and
from the NIMATS for Northern Ireland 2011–2017(2,3). Bold data are statistically significant.
{ IMD quintile 1, least deprived = deprivation reference group.
{Minoritised ethnic groups include the categories defined by the NMPA report as South Asian, black, mixed and other ethnic group(2); and by the NIMATS as
other (i.e. not white)(3).

Fig. 1. Household food insecurity in the UK.Note: Moderate or severe food insecurity indicates answering yes to one or more of
having smaller/skipping meals, been hungry but not eaten and/or not eaten for a whole day. Reproduced using data from the Food and
You survey 2018(48), Food Foundation 2020, 2021, 2022(49,50,51).
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Preconception interventions

The preconception period could be the ideal opportunity
for interventions to address risk factors for pregnancy
prior to conception, based on the life course approach
and embryo developmental programming(55,56).
However, the preconception phase is not straight-forward
to define and the exact time of conceiving is often
unknown as half of pregnancies in high-income countries
are unplanned(57,58). While observational evidence
demonstrates strong relationships between health beha-
viours before pregnancy and positive pregnancy out-
comes, limited intervention evidence exists(59–61).
Preconception interventions to date tend to be universal
(e.g. folic acid fortification) or focus on fertility outcomes,
with limited evidence specific to maternal weight(62–64).
Systematic reviews published during the past decade
have attempted to identify preconception intervention
evidence, but little progress has been made in relation
to obesity. In 2014, a systematic review explored the
effectiveness of preconception interventions on maternal,
new-born and child health outcomes; however, no data
for maternal obesity were reported amongst the included
studies(65). In 2015, a Cochrane review aimed to identify
preconception weight loss interventions targeting over-
weight or obesity, but found no eligible studies for inclu-
sion(66). A systematic review in 2017 assessed the effect of
preconception interventions on maternal and child health
outcomes but again, no data on maternal obesity were
reported from the included studies(67). Preconception
interventions for overweight and obesity were identified
in systematic reviews published in 2017 and 2018(63,64);
however, these were specific to women seeking fertility
treatment. Most recently in 2021, an integrative review
identified evidence on preconception care(68). However,
the outcomes related to women’s knowledge of precon-
ception care in relation to overweight and obesity, rather
than preconception nutrition or obesity interventions(68).
Across all of these reviews, the evidence for preconception
interventions identified tended to be poor or moderate
quality, highlighting the need for further high-quality
research in the preconception period. An on-going trial,
Get Ready!, uses an online digital tool to identify South
Asian women with a BMI≥23 kg/m2 or women with a
BMI≥25 kg/m2 for all other ethnicities who are planning
pregnancies, and provides a personalised intervention to
improve behaviours and biomarkers of metabolic
health(69). In summary, the preconception periods present
theoretical promise, but there is currently a lack of high-
quality interventions to inform evidence-based care.

Pregnancy interventions

There is a very different picture in relation to interven-
tions delivered during pregnancy. Two recent systematic
reviews of systematic reviews reported data for interven-
tion effects on maternal diet and physical activity beha-
viours during pregnancy (n 16 reviews reporting data
from 311 unique papers)(70), and on health-related out-
comes (n 63 reviews reporting data from 675 unique
papers)(71). For maternal behaviour outcomes, the data
showed overall consistent evidence for interventions

increasing fruit and vegetable consumption and decreas-
ing carbohydrate and fat intake, and for beneficial effects
on physical activity. However, there was a lack of results
from meta-analysis included in the reviews due to the
heterogeneity in how studies reported behavioural
outcomes(70).

For the health-related outcomes, the data showed a
consistent pattern in interventions significantly reducing
GWG in intervention arms (among 80 % of
meta-analyses)(71). When data were grouped according
to intervention type, results were proportionately similar
regardless of whether the interventions were diet only,
physical activity only or combined. However, there was
a noticeable difference in effect sizes with the largest
reduction in GWG seen among diet-only interventions
compared with physical activity-only or combined inter-
ventions (Table 3). Patterns in meta-analyses of postnatal
weight retention were similar, with a majority showing a
significant reduction. However, there were limited data to
explore patterns according to intervention type. Results
for most other health outcomes (e.g. GDM,
pregnancy-induced hypertension, LGA) were mixed(71).
Overall, the meta-analyses tended to show a negative dir-
ection of effect among the intervention arms, although
there was minimal or inconsistent statistical significance.
An example is in Table 3 for GDM, where overall only
37 % of meta-analyses showed a significant reduction in
GDM among intervention arms. However, when the
meta-analyses were grouped according to intervention
type, there was an increase in the proportion of statistic-
ally significant results in diet or physical activity-only
interventions compared with combined interventions.
Similar to GWG, the largest effect sizes were seen with
diet-only interventions(71).

These data suggest that we need to understand more
about why some pregnancy interventions are effective
and others are not to move the evidence-base forward
and identify the best strategies for improving the health
of women and their babies. For example, what can we
learn from the content, mode of delivery, timing and
intensity of interventions that are effective compared
with those that are not effective? The review data suggest
that diet-only interventions may have the greatest effect,
although the benefits of physical activity during preg-
nancy should not be dismissed. Two types of diet inter-
ventions, the Mediterranean and low glycaemic index
(GI) diets, are used as examples to demonstrate the
need to move our knowledge forward in this area.

Mediterranean diet during pregnancy

Mediterranean diet interventions focus on implementing
a new dietary pattern rather than altering specific compo-
nents. This may be beneficial as food and nutrients are
consumed together rather than in isolation, which may
provide a more comprehensive insight to the understand-
ing of diet–disease relationships(72). Within pregnancy,
two key trials have highlighted the potential benefit of
the Mediterranean diet: ESTEEM and St Carlos(73,74).

The ESTEEMmulticentre trial in the UK recruited 1252
women with metabolic risk factors (obesity, chronic

Maternal diet interventions and health 5
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hypertension or hypertriglyceridemia) and aimed to address
inequalities by targeting inner-city women(73): 60% of
participants were Black or Asian and 69% had obesity.
The intervention consisted of a Mediterranean-style
diet where women were encouraged to have a high intake
of nuts, extra virgin olive oil, fruits, vegetables,
non-refined grains and legumes; moderate to high con-
sumption of fish; low intake of poultry, dairy products,
red and processed meats; and avoidance of sugary drinks,
fast food and food rich in animal fat. The results
suggested that women in the intervention group had a
35 % reduction in odds of GDM (AOR 0⋅65, 95 % CI
0⋅47, 0⋅91), with a greater reduction among women
with obesity (AOR 0⋅58, 95 % CI 0⋅40, 0⋅86). Women
receiving the dietary intervention also gained less weight
throughout pregnancy (mean difference [MD] −1⋅2 kg,
95 % CI −2⋅2, –0⋅2 kg), and improved dietary beha-
viours. These included a significantly increased consump-
tion of olive oil, nuts, fish, pulses and preferential
consumption of chicken and turkey, and significantly
reduced consumption of red/processed meat and butter/
margarine. However, there was no significant difference
between intervention and control arms for additional
health outcomes such as pre-eclampsia, SGA or still-
birth. The St Carlos trial was based in Spain and
recruited 874 women(74). The population was different
to the ESTEEM trial: two-thirds of women were
White, with a mean BMI of 22⋅9 kg/m2 (SD 3⋅6) in the
intervention arm and 23⋅3 kg/m2 (SD 4⋅0) in the control.
However, the results relating to GDM were almost iden-
tical to ESTEEM (AOR 0⋅67, 95 % CI 0⋅53, 0⋅84).
Additionally, this study identified improved glucose tol-
erance among all women, and a significant reduction in
some pregnancy outcomes including reduced LGA,
SGA, caesarean delivery and preterm birth.

Taken together, these two trials suggest that the
Mediterranean diet may be an effective strategy for the

prevention of GDM. The similar effect sizes demonstrate
that the interventions are effective in very different popu-
lations and may go some way to addressing inequalities.
Both trials also reported high adherence, suggesting that
the Mediterranean diet is an acceptable intervention for
pregnant women. The potential mechanisms for benefi-
cial effect include the increased intake of polyphenol-rich
foods, which act to improve glycaemic control through a
variety of biological pathways(75). The increased intake
of MUFA and n-3 PUFA may exert an anti-
inflammatory response, particularly in adipose tissue,
and counteract the effect of SFA which decrease insulin
sensitivity(76). The increased intake of fruits, vegetables
and wholegrains reduces GI and increases fibre, which
both act to promote euglycaemia(77). As the
Mediterranean diet changes the whole dietary pattern,
the beneficial effect from different aspects may com-
pound towards a positive effect. Further research could
focus on applying this dietary strategy in the context of
the preconception and postnatal/interpregnancy periods.

Low GI diet during pregnancy

The UPBEAT multicentre randomised-controlled trial in
the UK encouraged switching from high GI foods to low/
moderate GI foods(78). The intervention targeted women
with obesity and maternity services in deprived areas
with high prevalence of Black and South Asian popula-
tions. Results showed no intervention effect on GDM
or LGA; however, there was a significant reduction in
GWG (MD −0⋅55 kg, 95 % CI −1⋅08, −0⋅02) and
there were improvements in diet and physical activity.
There was a significantly reduced dietary glycaemic
load (MD −21, 95 % CI −26, −21), energy intake/day
(MD −0⋅70MJ/day, 95 % CI −0⋅96, −0⋅45), carbohy-
drate intake (MD −1⋅4%, 95% CI −2⋅2, −0⋅58), total
fat (MD −0⋅88 %, 95% CI −1⋅49, −0⋅26) and saturated

Table 3. Summary of meta-analysis results for interventions delivered during pregnancy

Any intervention Diet and PA Diet only PA only

GWG: n 36 systematic reviews reporting n 66 meta-analyses
Significantly reduced 53 (80%) 26 (81%)* 8 (80%){ 19 (79%){

No significant difference 13 (20%) 6 (19%) 2 (20%) 5 (21%)
Significantly increased 0 0 0 0

Postnatal weight retention: n 7 systematic reviews reporting n 16 meta-analyses
Significantly reduced 9 (56%)§ 8 (53%) 0 1 (100%)
No significant difference 6 (38%) 6 (40%) 0 0 (0%)
Significantly increased 1 (6%) 1 (7%) 0 0

GDM: n 29 systematic reviews reporting n 59 meta-analyses
Significantly reduced 22 (37%) 5 (19%)‖ 6 (43%)¶ 11 (58%)**
No significant difference 37 (63%) 21 (81%) 8 (57%) 8 (42%)
Significantly increased 0 0 0 0

GDM, gestational diabetes; GWG, gestational weight gain; PA, physical activity; RR, relative risk; MD, mean difference.
* Results ranged from MD −0⋅21 kg (95% CI −0⋅34, −0⋅08) to MD −4⋅65 kg (95% CI −8⋅14, −0⋅56).
{Results ranged from MD −1⋅56 kg (95% CI −2⋅94, −0⋅99) to MD −5⋅77 kg (95% CI −9⋅34, −2⋅21).
{Results ranged from MD −0⋅36 kg (95% CI −0⋅64, −0⋅09) to MD −2⋅22 kg (95% CI −3⋅13, −1⋅30).
§ Results ranged from MD −0⋅68 kg (95% CI −1⋅28, −0⋅09) at 12 months to MD −1⋅90 kg (95% CI −1⋅69, −1⋅12) at 6 months.
‖Results ranged from RR 0⋅61 (95% CI 0⋅41, 0⋅90) to RR 0⋅83 (95% CI 0⋅69, 1⋅00).
¶ Results ranged from OR 0⋅33 (95% CI 0⋅14, 0⋅76) to RR 0⋅56 (95% CI 0⋅36, 0⋅87).
** Results ranged from RR 0⋅51 (95% CI 0⋅31, 0⋅82) to RR 0⋅74 (95% CI 0⋅57, 0⋅97).
Data from: Hayes et al.(71).
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fat intake (MD 0⋅85%, 95 % CI −1⋅2, −0⋅51), and sign-
ificantly increased median physical activity at 28 weeks’
gestation (intervention 1836 metabolic equivalents
[METS]/per week (interquartile range [IQR] 792–4158);
control 1386 METS/week (IQR 639–3363), P = 0⋅001).
There was also a significant difference in maternal sum
of skinfolds at 36 weeks’ gestation (control 125 mm
(SD 27); intervention 122 mm (SD 26), P= 0⋅008) sug-
gesting reduced adiposity among women receiving the
intervention.

Despite not observing a significant intervention effect
for the primary outcome, the women and children were
followed up. Analysis of these data investigated the effect
of maternal dysglycaemia on the infant epigenome(79). A
sub-set of 557 women were included in the analysis of the
relationship between maternal GDM and genome-wide
DNA methylation in the infant. Results from the ana-
lysis of cord blood samples indicated that maternal
GDM, fasting plasma glucose and 1 and 2 h plasma glu-
cose levels were associated with significant changes to the
cord blood methylome in sites associated with cell signal-
ling and transcriptional regulation. Women who had
received the intervention appeared to display an attenu-
ation of epigenetic changes associated with GDM, 1
and 2 h plasma glucose-associated methylation. These
results suggest that low GI diet may have had an effect
at epigenetic level, therefore, having a life course impact
beyond pregnancy. Further analysis of 514 mothers and
infants at 3 years also indicated sustained benefits of
the low GI intervention. Infants born from mothers in
the intervention arm had a significantly lower pulse
rate (−5 bpm, 95% CI −8⋅41, −1⋅07), which may
imply a reduced CVD risk, although odds of childhood
overweight or obesity were not significant at this time
point (OR 0⋅73, 95 % CI 0⋅50, 1⋅08)(80). There was evi-
dence that the positive intervention effect on maternal
diet persisted 3 years postnatal with lower glycaemic
load, total energy and SFA intake, and increased protein
intake. These data highlight the importance of long-term
follow-up to fully understand the potential for wider ben-
efits of interventions beyond pregnancy for both mater-
nal and child health.

Postnatal and interpregnancy interventions

As previously described, the postnatal period can be a
preconception or interpregnancy period for diet interven-
tions, and women have shown motivation for weight loss
during this time(81). Additionally, approximately half of
women have excessive GWG with associated postnatal
weight retention(82). Interventions in this period could
support longer-term weight management as well as pre-
conception weight management for women who have
subsequent pregnancies. A systematic review(83) high-
lighted that commencement of postnatal interventions
varies, with some beginning in pregnancy while others
commence at varying postnatal time points. There have
been several systematic reviews and meta-analyses
exploring postnatal interventions to date, which over-
whelmingly related to postnatal weight loss(83–86) with a

lack of data on other maternal health outcomes or subse-
quent pregnancies.

Meta-analyses demonstrate that interventions appear
to be effective at reducing weight in the postnatal per-
iod(83–86). In contrast to the evidence-base for pregnancy
interventions, postnatal intervention data suggest that
combined diet and physical activity interventions result
in greater effect, and more consistent statistical sig-
nificance, than either behaviours on their own. For
example, Dodd et al.(85) reported greater postnatal
weight loss for combined interventions (MD −2⋅49 kg,
95 % CI −3⋅34, −1⋅63) than for diet (MD −1⋅82 kg, 95
% CI −2⋅19, −1⋅44) or physical activity (MD −1⋅45 kg,
95 % CI −2⋅41, −0⋅50). Similarly, meta-analyses from
Lim et al.(84,86) reported significantly greater weight
loss from combined interventions (MD −3⋅15 kg, 95 %
CI −4⋅34, −1⋅96 and −3⋅15 kg, 95 % −4⋅34, −1⋅96)
than physical activity (MD −1⋅63 kg, 95 % −2⋅16,
−1⋅10 and −0⋅78 kg, 95 % CI −1⋅73, 0⋅16) or diet-only
interventions (MD −2⋅30 kg, 95 %CI −5⋅27, 0⋅67).
When reported, postnatal weight loss was also signifi-
cantly greater in interventions which targeted women
with overweight or obesity compared to those targeting
all women (MD −3⋅17 kg, 95 % CI −4⋅45, −1⋅89 and
−1⋅04 kg, 95 % CI −1⋅74, −0⋅34 respectively)(86).
Unlike pregnancy, the potential duration of the postnatal
period is highly variable, and this is reflected in the dur-
ation of postnatal interventions. One review suggested
that short/medium duration (≤6 months) interventions
tended to show greater weight loss than longer durations
(>12 months)(83). Whereas, a meta-analysis showed simi-
lar results regardless of whether weight was measured at
the end of the intervention with variable durations (MD
−2⋅49 kg, 95 % CI −3⋅34, −1⋅63) or at 12 months post-
natal (MD −2⋅41 kg, 95 % CI −3⋅89, −0⋅93)(85). Thus,
future interventions should further explore the optimal
duration of the intervention for weight reduction.

Evidence from general populations suggests greater
intervention intensity results in greater weight loss(87,88),
whereas a systematic review(86) of postnatal interventions
to date shows greater weight loss with low intensity and
flexible interventions. Further research exploring post-
natal intervention intensity and duration is required to
inform the best approach for this population. Of note,
we identified few postnatal weight management interven-
tions that focused solely on women with obesity within
the existing literature. As women with obesity are at
greater risk of postnatal weight retention (>5 kg) and
are more likely to gain two or more interpregnancy
BMI units compared to women with recommended
weight(89), there is a need for effective strategies targeting
women with obesity.

Cost-effectiveness evidence for interventions

The cost-effectiveness evidence for interventions across
the reproductive cycle is limited, and focused on the preg-
nancy and post-partum periods. An economic evaluation
of diet and/or physical activity interventions in preg-
nancy using individual participant data from thirty trials
(n 17 727 women) found no evidence that interventions
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were cost-effective compared to usual care(90). This result
remained when secondary analysis was performed based
on maternal BMI. The heterogeneity between studies due
to different intervention types and intensities may have
reduced the accuracy of the costs imputed into the
model. As discussed in the pregnancy intervention sec-
tion of this paper, there appears to be differences in effect
size of interventions for some outcomes depending on
whether they are combined, or diet or physical activity
only. Further work extending the economic evaluation
to look at specific intervention components and modes
of delivery, as well as expanding data on costs to allow
for calculation of quality-adjusted life years (QALY),
would allow for a full cost-utility analysis. A further limi-
tation with current intervention cost-effectiveness ana-
lyses is that they tend to focus only on outcomes that
have been significantly different in intervention and con-
trol arms. For example, a cost-effectiveness analysis of
the LIMIT trial (an intervention targeting women with
a BMI≥25 kg/m2 in pregnancy) focused on respiratory
distress syndrome and infant macrosomia, even though
data were collected on a range of maternal and infant
outcomes(91,92).

A cost-utility analysis was conducted for a postnatal
weight loss intervention that was delivered to sixty-eight
Swedish women for 12 weeks(93). The intervention tar-
geted women with a BMI>25 kg/m2 and focused on
energy intake reduction. The cost-utility analysis sug-
gested the intervention was effective; the intervention
group had a cost per QALY of 8643–9758 USD and
the willingness to pay per QALY was set at 50 000
USD. Another Swedish postnatal dietary intervention
in 110 women found similar results(94). The 12-week
intervention with 2-year follow-up showed a significant
improvement in quality of life compared to standard
care (P < 0⋅050). The cost per QALY gained was 1704–
7889 USD, and the likelihood of cost-effectiveness was
0⋅77–1⋅00 based upon a willingness to pay of 50 000
USD per QALY. These two studies suggest a beneficial
effect of interventions in the postnatal period on quality
of life, as well as being cost-effective. Given the small
sample sizes of these trials, cost-effectiveness data from
larger studies with a more diverse demographic would
provide a better understanding of cost-effectiveness. A
gap in the existing evidence-base is for economic evalua-
tions to also incorporate longer-term outcomes that may
be improved by interventions, such as those reported by
the UPBEAT trial, and outcomes more closely aligned
with public health, such as improvements in maternal
behaviours. Future research could also incorporate
patient and public involvement to help guide the design
of economic evaluations with a focus on more holistic
patient benefit beyond clinical outcomes.

Interventions and inequalities

Given the significant associations between maternal
weight and inequalities, particularly deprivation, food
insecurity and ethnicity, we must take a critical look at
the potential for interventions to reduce the inequality
gap, or to widen it. There are some existing interventions,

such as ESTEEM and UPBEAT, which have specifically
targeted inequalities in their study design and could have
potential for addressing these inequalities. However, on
the whole, the evidence-base to date does not address
inequalities through targeting. The focus of interventions
to date is also on individual responsibility (albeit sup-
ported) for women to improve diet, physical activity,
minimise GWG, prevent adverse pregnancy outcomes
and lose weight postnatally. This focus on individuals
has the potential to increase the inequality gap given
that individual responsibility places resource demands
(e.g. financial and time) on the individuals, and can
also limit potential for scale-up and implementa-
tion(95,96). Evidence suggests that the transition from
pregnancy to postnatal may be associated with a poorer
diet, and it can be challenging to identify ways to increase
physical activity, restrict intakes of food and drink and
cope with child rearing at the same time, especially
amongst low-income women(97,98). As women are dispro-
portionately affected by food insecurity, particularly
those living in poverty, access to healthy food and indi-
vidual agency for healthy diets is more difficult(36).
Interventions which use technology-based strategies
have shown potential impact on postnatal weight man-
agement, but the effectiveness of those interventions in
disadvantaged groups of women is limited(99–101). Thus,
interventions also need to consider ways to reduce health
inequalities more holistically, considering the wider
determinants of health, and any focus on individual
responsibility needs to include access to the resources
required for women to make behaviour changes.
Further research is required to identify how to optimise
diet interventions across reproductive stages in a way
that is equally accessible to all women in order to tackle
inequalities. More involvement of patients and public,
who have lived experience of these inequalities, in the
design of interventions, possibly using co-production
methods, may be one way to move this agenda forward.

Conclusions

This review paper has provided an overview of the
importance of addressing maternal weight before, during
and after pregnancy. It includes evidence of the increas-
ing prevalence, inequalities and costs of maternal obesity,
as well as reviewing observational evidence relating to
GWG, preconception and interpregnancy weight change
and health outcomes. There is a critical discussion of the
existing intervention evidence-base, primarily drawn
from systematic reviews. This has highlighted an abun-
dance of pregnancy interventions demonstrating effect-
iveness at improving maternal behaviour and weight,
the need to understand more about the mechanisms relat-
ing to health outcomes and potential benefits of
Mediterranean and Low GI diets. However, there is a
paucity of evidence for preconception interventions and
a limited focus of postnatal interventions on weight loss
without capitalising on the interpregnancy period for
future pregnancies or considering other maternal health
outcomes. We have also highlighted the limited evidence
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to date from economic evaluations of interventions and
provided a critical discussion of how interventions to
date might impact on inequalities.

The review has identified some key areas for future
research relating to the topics discussed in this paper,
such as more focus on preconception and interpregnancy
periods for future interventions, and advancing our
understanding of how pregnancy interventions might
work in order to maximise effectiveness. We should
also consider potential unintended consequences of inter-
ventions, both positively and negatively. For example, do
interventions targeting women have a ‘ripple effect’ to
their wider family or households? Do they have a nega-
tive impact by widening the existing inequalities observed
for maternal obesity? There is a clear need for interven-
tions to address the multiple inequalities associated
with maternal obesity, and using an intersectionality
approach is one opportunity to explore how these
compound and impact on maternal and infant health.

The existing evidence-base demonstrates the im-
portance of diet around the reproductive cycle in the con-
text of maternal obesity and GWG, and the potential
power of dietary interventions in the pregnancy period
to have life-long benefits for women and their children.
However, there is a lack of a joined-up approach for
interventions throughout the entire reproductive cycle,
with a current focus on specific stages (i.e. pregnancy)
in isolation. Moving forward, we should consider the
potential power of diet interventions using a more holis-
tic approach across the different reproductive stages to
maximise the benefits on health for women and their
children.
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