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The Health Development Agency (HDA) was established
in 2000. Between then and 2005, when the functions of
the HDA were transferred to the National Institute for
Health and Clinical Excellence (NICE), the HDA helped to
build the evidence base in public health with an emphasis
on what works and a special focus on reducing
inequalities in health.

The HDA had the task of mapping and synthesising the
evidence across priority areas of public health. It
developed a number of ways of taking a systematic
approach to compiling the evidence, identifying gaps and
making the evidence base accessible. The evidence
briefing series was one of the ways in which the HDA
Evidence Base was disseminated (full details of the
process of developing the Evidence Base and the
associated methodological activities can be found in
Graham and Kelly 2004; Kelly et al. 2002, 2003, 2004;
Killoran and Kelly 2004; Swann et al. 2005). 

The necessity for reviewing reviews, or tertiary-level
research, stems from the proliferation over the last
decade, or more, of systematic and other types of review
in medicine and public health. The HDA published a
range of evidence briefings that cover:

• Teenage pregnancy and parenthood
• HIV prevention
• Prevention of sexually transmitted infections
• Management of obesity and overweight
• Ante- and post-natal home-visiting programmes
• Prevention of low birth weight
• Breastfeeding
• Accidental injuries in children and older people
• Public health interventions for increasing physical

activity among adults
• Smoking and public health
• Drug misuse

• Youth suicide prevention
• Health impact assessment
• Prevention and reduction of alcohol misuse
• Prevention and reduction of exposure to second-hand

smoke 
• Secondary interventions for chronic illness
• Housing.

Taken together these briefings provide a comprehensive
synthesis of the evidence drawn from review-level
literature. They are available on the NICE website –
www.publichealth.nice.org.uk

These evidence briefings have been based on evidence
drawn from systematic and other kinds of reviews. 
This means that the type of evidence that does not
traditionally find its way into reviews has not been
considered in detail for these documents.  

To address this evidence gap, in another HDA evidence
series, evidence reviews, of which this is one, the scope
of the coverage is extended to primary research, other
kinds of evidence and other types of study. Evidence
reviews are traditional reviews, overviews or syntheses of
multiple evidence sources drawn from different research
traditions. These take a variety of forms and formats (see
for example the evidence reviews on drug misuse
prevention (Coomber et al. 2004a) and risky behaviour
(Coomber et al. 2004b). In some cases evidence reviews
consist of analyses of primary studies, drawn from the
published and unpublished literature. In other cases they
comprise summaries of the theoretical concepts and ideas
that relate to the evidence base in public health. Overall,
evidence reviews provide a general evidence resource on
a range of public health topics.  

The construction of the HDA Evidence Base involved
collaboration with a number of partners who have
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interests and expertise in practical and methodological
matters concerning the drawing together of evidence and
its dissemination. In particular the HDA acknowledged
the following: the Centre for Reviews and Dissemination
at the University of York; the EPPI-Centre at the Institute
of Education at the University of London; Health Evidence
Bulletins Wales; the ESRC UK Centre for Evidence Based
Policy and Practice at Queen Mary College, University of
London and its nodes at the City University London and
the MRC Public Health Sciences Unit at the University of
Glasgow; members of the Cochrane and Campbell
collaborations; the United Kingdom and Ireland Public
Health Evidence Group and the members of the Public
Health Evidence Steering Group. This latter organisation
acted as the overall guide for the HDA’s evidence-
building project. The cooperation of colleagues in these
institutions and organisations has been of significant help
in the general work in preparing the framework for how
we assess the evidence. 

Every effort has been made to be as accurate and 
up-to-date as possible in the preparation of this evidence
review. However, we would be very pleased to hear from
readers who would like to comment on the content or 
on any matters relating to the accuracy of the review. 
We will make every effort to correct any matters of fact
in subsequent editions. 

Professor Michael P Kelly 
Director, Centre for Public Health Excellence
National Institute for Health and Clinical Excellence
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Poverty predisposes childbearing women and their babies
to poor nutritional and health outcomes (Institute of
Medicine 1996), and to health behaviours such as
smoking that worsen the negative impact of poverty on
birth outcomes (Hamlyn et al. 2002; Penn and Owen
2002). Babies born to low-income women are at higher
risk of low birth weight. Low birth weight babies are
more likely to suffer serious morbidities during the first
year of life and are more likely to die before their first
birthday (Macfarlane and Mugford 2000). This
disadvantage appears to follow them into adult life with
greater odds of developing hypertension and diabetes
(Barker 1992), and dying earlier than those born with
birth weights within the normal range (Syddall et al. 2005).

Childbearing women living on low incomes have difficulty
in accessing healthy diets (Rogers and Emmet 1998). The
Avon Longitudinal Study of Pregnancy and Childhood
(ALSPAC) found that only three nutrients among the 20
studied in the diets of women were unaffected by
financial constraints (Rogers and Emmet 1998). Pregnant
teenagers, the large proportion of whom live on very low
incomes, have unhealthy diets and often skip meals
because of lack of money (Burchett 2003). Women from
marginalised minority ethnic groups have diets deficient
in a number of key nutrients (Rees et al. 2005). However,
the link between maternal diet and fetal and child health
in industrialised countries is as yet unclear (Enkin et al.
2000).

Notwithstanding the lack of evidence linking maternal
diet to perinatal outcomes, public health programmes
provide food supplements and nutritional advice to
childbearing women in the expectation that they will
bring about improvements in the health not only of
mothers but of their babies as well. Well-known
programmes in developed countries are the Special
Supplemental Nutrition Programme for Women, Infants

and Children (WIC) in the USA, and the Welfare Food
Scheme in the UK. Expected outcomes of such
programmes include: 

• improvements in maternal nutrient intake,
haematological and biochemical indices and uptake of
maternity services 

• increase in maternal weight gain 
• reduction in rates of low birth weight, intrauterine

growth retardation, pre-term birth and perinatal
mortality 

• increases in mean birth weight and duration of
gestation 

• reduction in rates of health-related behaviours such as
maternal smoking 

• improvements in other physical and psychological
health outcomes in the first year of life

• increases in breastfeeding initiation and duration. 

These outcomes are expected for a woman’s first
pregnancy. Existing national food-support programmes
such as WIC do not aim to change long-term outcomes
such as perinatal outcomes in subsequent pregnancies.
The Welfare Food Scheme is scheduled to be replaced by
a new scheme, Healthy Start, in 2006/7.

The health status and financial condition of mothers and
their babies came into focus after the release of the
report, Independent inquiry into inequalities in health
(Acheson 1998), and was addressed in a series of policy
initiatives including a programme to tackle inequalities in
infant mortality and life expectancy at birth (Department
of Health (1999b, 2000, 2003). The public health white
paper, Choosing Health (Department of Health 2004),
continued the policy commitment to address health
inequalities, giving high priority to tackling smoking, and
supporting maternal and child nutrition in low-income
groups through the new Healthy Start scheme.
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This review studies the effectiveness and cost
effectiveness of food-support programmes that aim to
have an impact on low birth weight and other outcomes
related to maternal and infant nutrition. It was
commissioned by the Health Development Agency (HDA)
as part of the work of the Public Health Collaborating
Centre for Maternal and Child Nutrition and is published
by the National Centre for Health and Clinical Excellence
(NICE) as a result the HDA’s functions being transferred
to NICE in 2005. 

Methodology

• A review of the literature was carried out in
accordance with systematic review methodology. 

• Studies of childbearing women in developed countries
who were in low-income or in otherwise
disadvantaged groups were included. 

• Interventions of interest were those that aimed to
improve maternal nutritional intake. 

• The primary outcome of interest is low birth weight.
• Other indicators used as proxies for low birth weight

were mean birth weight, gestational age at birth,
intrauterine growth retardation, perinatal and infant
mortality, maternal weight change and maternal
nutritional status. 

• A search strategy was developed on the basis of the
inclusion criteria, and 15 electronic databases were
searched. 

• Studies were appraised for quality only after inclusion
in the review.

Results

The search resulted in approximately 9500 citations. 
A total of 348 papers were retrieved, of which 19
intervention studies met all the inclusion criteria, while 
12 cost-analysis studies met the inclusion criteria for the
economic section of this review. Of the 19 intervention
papers, six studies of WIC were included, two of which
were large-scale national evaluations. The others were
three studies of stand-alone nutrition supplements, eight
of nutritional advice/education/counselling, and two
complex healthcare interventions that had a nutrition
component. 

With respect to the primary outcome of interest, low
birth weight, the results of this review do not provide
evidence that food-support programmes have any impact.
However, there are favourable impacts on other
outcomes. There is indicative evidence* of an increase in
mean birth weight of babies born to heavy smokers, a
high proportion of whom are in low-income groups.
There is also evidence of the beneficial impact of food
support on maternal weight gain and dietary intake in a
woman’s first pregnancy. 

The economic studies included in this review do not
provide reliable evidence of the cost effectiveness of
food-support programmes.

The key findings of the review follow (CT = controlled
trial; RCT = randomised controlled trial). 

Effectiveness of WIC

• Prenatal WIC participation is likely to result in increased
maternal weight gain; this effect is enhanced when
participation begins earlier in pregnancy and lasts
longer (moderately strong evidence from one CT)

• Prenatal WIC participation is likely to result in increased
intakes of energy, protein, vitamin B6, iron, thiamin,
riboflavin, vitamin C and calcium (moderately strong
evidence from one CT)

• Prenatal WIC participation is likely to result in higher
energy intake among heavy smokers (moderately
strong evidence from one CT)

• Postpartum WIC participation is likely to result in
increased haemoglobin concentration and reduced
rates of anaemia among non-lactating women, if
participation is uninterrupted for 6 months (moderately
strong evidence from one CT)

• Prenatal WIC participation is likely to result in increased
newborn head circumference (moderately strong
evidence from one CT)

• Prenatal WIC participation is likely to result in reduced
rates of premature rupture of membranes (moderately
strong evidence from one CT)

• Prenatal WIC participation is likely to result in more
women receiving nutrition counselling sessions and
more receiving more than two sessions (moderately
strong evidence from one CT)

• Mean birth weight of babies born to smokers,
particularly heavy smokers, probably improves as a
result of prenatal WIC participation (moderately strong
evidence from one RCT)
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• Higher programme quality may improve perinatal
outcomes (moderately strong evidence from one CT)

• Prenatal WIC participation is unlikely to reduce rates of
low birth weight (moderately strong evidence from one
RCT and one CT)

• Prenatal WIC participation is unlikely to raise mean
birth weight in the whole population, ie smokers and
non-smokers (moderately strong evidence from one
RCT and one CT)

• Prenatal WIC participation is unlikely to reduce rates of
pre-term birth or increase duration of gestation
(moderately strong evidence from one RCT and one
CT)

• Prenatal WIC participation is unlikely to increase the
uptake of prenatal care (moderately strong evidence
from one CT)

• Prenatal WIC participation probably does not result in
increased maternal haemoglobin concentration at 36
weeks gestation (moderately strong evidence from one
CT)

• Prenatal WIC participation probably does not have an
effect on reduction in the time women work outside
the home during their pregnancy (moderately strong
evidence from one CT)

• There is insufficient evidence of the effect of prenatal
WIC participation on fetal survival.

Effectiveness of stand-alone high-protein and
protein-energy supplements 

• Stand-alone high-protein supplements are very likely to
result in early pre-term births among women who had
adequate protein intake at baseline (strong evidence
from one RCT)

• Stand-alone high-protein supplements are very likely 
to result in intrauterine growth retardation among
women who had adequate protein intake at baseline
(strong evidence from one RCT)

• Stand-alone balanced protein-energy and high-protein
supplements are very unlikely to result in increased
mean birth weight among all study participants
(smokers + non-smokers) (strong evidence from one
RCT)

• Stand-alone balanced protein-energy supplements are
very likely to result in an increase in length of gestation
(strong evidence from one RCT)

• Stand-alone balanced protein-energy and high-protein
supplements are likely to result in an increase in mean
birth weight of babies born to heavy smokers (strong
evidence from one RCT)

• Stand-alone high-protein supplements are likely to result
in improvement in some infant psychological outcomes
at 1 year (strong evidence from one RCT)

• Stand-alone protein-energy supplements are unlikely to
improve somatic outcomes in infants (strong evidence
from one RCT)

Effectiveness of nutrition education and/or
counselling 

• Nutrition education interventions aimed at improving
poor diets are likely to improve intakes of calcium,
protein, carbohydrate, vitamin C, niacin, riboflavin and
thiamin but not iron or fat intake (moderately strong
evidence from one RCT and one CT)

• Nutrition education interventions aimed at improving
poor diets are likely to reduce the proportion of
women with low levels of calcium, ascorbic acid 
and riboflavin (moderately strong evidence from 
one RCT)

• Nutrition education aimed at reducing the risk of
gestational diabetes in a high-risk group is likely to
result in improvements in folic acid intake at 6 months
postpartum (moderately strong evidence from one
before-after study)

• Nutrition counselling may have an impact on mean
birth weight (moderately strong evidence from one CT)

• Nutrition education targeting a high-risk group is unlikely
to reduce their risk of developing gestational diabetes,
reduce their maternal energy intake during pregnancy, or
reduce mean birth weight of their babies (moderately
strong evidence from one before-after study)

• Nutrition counselling probably has no impact on rates
of low birth weight (moderately strong evidence from
two CTs and one before-after study)

• Nutrition counselling probably has no impact on
gestational age at birth, newborn head circumference
or length at birth (moderately strong evidence from
two CTs and one before-after study)

Effectiveness of complex health and social care
interventions including a nutrition component 

• Complex health and social care interventions are very
likely to reduce rates of pre-term birth among heavy
smokers (≥ 15 cigarettes/day) (strong evidence from
one RCT)

• Complex health and social care interventions are very
likely to reduce the number of cigarettes smoked each
day (strong evidence from one RCT)
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• Complex health and social care interventions are very
unlikely to have a favourable impact on low birth weight
and mean birth weight (strong evidence from two RCTs)

• Complex health and social care interventions are very
unlikely to have a favourable impact on gestational age
at birth (strong evidence from one RCT)

• Complex health and social care interventions are
unlikely to have an impact on maternal weight gain
(strong evidence from one RCT)

• Complex health and social care interventions may have
a small impact on mean birth weight of babies born to
very young mothers (moderately strong evidence from
one RCT)

Conclusions

Historically, food-support programmes have aimed at
improving key maternal and perinatal outcomes (Institute
of Medicine 1996). The lack of any significant impact on
low birth weight, pre-term birth and other perinatal
outcomes along with the favourable impact on maternal
weight gain and nutrient intakes provide a basis both for
re-thinking the aims and objectives of current food-
support programmes, and for searching for other means
of improving perinatal outcomes. Setting out-of-reach
goals for food-support programmes such as reduction in
rates of low birth weight and pre-term birth is probably
not useful until there is strong evidence of what works to
improve those outcomes. 

Childbearing women in the UK have diets that are known
to be deficient in key nutrients (Rogers and Emmet 1998).
Furthermore those living on low incomes face financial
difficulties in feeding themselves and their children
(Rogers et al. 1998). In this respect, teenage mothers are
perhaps the most vulnerable group. Programmes
providing women with food supplements are therefore
likely to help them and their children to eat healthier
diets. This in itself is a desirable outcome for any
programme. In-depth studies of the diets of women from
socially-disadvantaged groups would help to improve the
efficiency of a food-support programme in a defined
service area.

Women all over the world, particularly those in low-
income groups, often complain of tiredness and
exhaustion during pregnancy, postnatally and while
breastfeeding. There has been little research into
tiredness in pregnancy (Enkin et al. 2000). It is important

for robust studies to be undertaken of the impact of food
supplementation on these health outcomes and others
such as postnatal depression. Improvements in maternal
health outcomes will inevitably play a role in women’s
return to work. 

Perhaps the most important gap in the evidence base is
the lack of study of the long-term effects of food support
on maternal and child health. Evaluations of interventions
included in this review are limited to outcomes in the 
first pregnancy for both mother and baby; none of the
included studies addressed outcomes in subsequent
pregnancies. Experts in the field of maternal nutrition
recommend a life-course approach to improving perinatal
outcomes among women living on low incomes.
Therefore, evaluations of food-support programmes 
need to study the impact of maternal nutrition
supplementation on subsequent births and on the health
of infants, children and adults born to women who
received food supplements during pregnancy. The results
of on-going studies are awaited (Tang et al. 2004).

Further research is required to find out more about
deficiencies in the diets of childbearing women in the UK,
and to study the impact of the new welfare food scheme,
Healthy Start. A robust national evaluation of the new
programme should be prospective in design with a priori
sample size calculation for key outcomes. Such a study
should follow women through subsequent pregnancies,
and their children through into adult life. A qualitative
component to such a study would ensure that women’s
views of the importance of nutrition, barriers to accessing
healthy diets, and the content and delivery of the new
programme are given due importance. 
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Recognition of the need for healthier diets during
pregnancy and the early years for low-income women
and their babies has led to the introduction of food-
support programmes in both developing and developed
countries. In policy terms, food support is seen to have
the potential to improve nutritional and health outcomes
for people living in poverty. Well-known national
programmes in developed countries are the Special
Supplemental Nutrition Programme for Women, Infants
and Children (WIC) and the Expanded Food and Nutrition
Education Programme (EFNEP) in the USA; and the
Welfare Food Scheme in the UK. A number of smaller
programmes such as the Higgins nutrition intervention
programme in Canada for particularly vulnerable
childbearing women such as teenagers, are based on the
same principles as the major national programmes. 

The underlying premise of food-support programmes is
that low income and/or reduction in food availability
predisposes childbearing women and their children to
poor nutritional status and consequently poor health
outcomes (Institute of Medicine 1996). Changes in
nutritional intake, one of the proximal determinants of
maternal and infant nutritional status, and the one most
amenable to intervention, can be achieved through
health promotion interventions and provision of nutrition
supplements. These approaches are central to most food-
support programmes targeting women and children who
are at nutritional risk.

1.1  Pregnancy outcome, socio-economic
status and nutritional risk

Epidemiological reviews and analyses of routine data for
England and Wales show that there is a direct link
between birth weight and socio-economic status, with a
higher incidence of low birth weight (< 2500g) among

babies born into less privileged households (Botting 1997;
Kramer 2003; Macfarlane and Mugford 2000). The
proportion of low birth weight is higher among babies
whose fathers are in manual occupations, among single
mothers and in inner-city populations. Smoking in
pregnancy, a health-related behaviour more common in
low-income groups, further increases the risk of low birth
weight. Preterm birth and impaired fetal growth are two
leading causes of low birth weight. Impaired fetal growth
has been linked to poor health outcomes in infancy and
early childhood and an increased risk of heart disease,
stroke and diabetes in adult life (Barker 1992).

There has been some debate about the link between
maternal nutrition and fetal growth, but available
evidence from UK studies is inconclusive. For example,
Mathews et al. (1999) studied the relationship between
birth weight and maternal nutritional status in a sample
of 693 primigravid women in Portsmouth, who were not
specifically from low-income groups. They found that
placental weight and birth weight were unrelated to
intake of any macro-nutrient. Early in pregnancy only
vitamin C was found to be independently associated with
birth weight. In their study of 538 Southampton mothers
Godfrey et al. (1996) found that high intake of
carbohydrate in early pregnancy and low intake of animal
protein in late pregnancy was associated with lower birth
weight. Approximately 20% of the sample was in social
classes IV and V. 

Evidence of a link between maternal dietary intake of
women from industrialised nations and pregnancy
outcomes is not strong. The only exception to date is folic
acid intake – the evidence is indisputable that adequate
folate intake in the periconceptional period is directly
linked to a lower number of neural tube defects in the
newborn (Murphy et al. 2000). Further to this there is a
small but growing body of evidence linking single and
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multiple micro-nutrient deficiencies with other congenital
defects (Keen et al. 2003). 

An important question relevant to this review is whether
there is evidence that women living on low-incomes and
other socially disadvantaged women (who have a higher
risk of low birth weight, growth retarded and pre-term
babies) have poor diets. Mothers on state benefits may
not be able to afford a healthy diet (Dallison and Lobstein
1995; Lobstein 1991) and may reduce their own intake to
feed their children (Dobson et al. 1994; Dowler and
Calvert 1995). 

The Avon Longitudinal Study of Pregnancy and Childhood
(ALSPAC) estimated the dietary intakes of 11,923
pregnant women in the South West of England (Rogers
et al. 1998; Rogers and Emmet 1998). Mean intakes of
energy, iron, folate, magnesium and potassium were
lower than the reference nutrient intakes (RNI) for
pregnant women for all study participants.
Supplementary vitamin and mineral use during pregnancy
were low and iron supplements were taken by less than a
quarter (22.5%) of pregnant women before 18 weeks of
pregnancy; this percentage nearly doubled by 32 weeks.
The corresponding figures for folate supplements were
9% and 18%. There was a strong relationship between
difficulty in affording food, and food and nutrient intake
(Rogers et al. 1998). 

Another study of non-pregnant women in Southampton
aged 20–34 found that those who smoked, lived with
children, had low educational achievement or did not
take strenuous exercise were less likely to consume a
‘prudent’ diet (Inskip et al. 2004). Red cell folate levels
were 10% higher in women with a degree than those
without qualifications. 

A number of studies have been conducted among
childbearing women in east London in the last two
decades; east London has a high rate of low birth weight
compared with the rest of the city (Office for National
Statistics 2000). These studies have revealed a high
prevalence of poor nutrition during pregnancy (Doyle 
et al. 1989, 1990; Rees et al. 2002). 

A recent study compared the nutrient intakes of 165 east
London mothers from different ethnic groups who had
given birth to low birth weight babies (Rees et al. 2005).
This study, a re-analysis of baseline data collected for two
earlier intervention studies, found a high prevalence of

under-nutrition among mothers of low birth weight
babies. Folate and iron intakes were lower than the RNI 
in all ethnic groups, while vitamin D intake was lower
among Asian and Caucasian women compared with
African women. Nearly 90% of women studied did not
meet the RNI for iron. 

In another local study of 89 low-income pregnant women
in a Sure Start area in the North of England, energy
intake was found to be less than the RNI but similar to
ALSPAC participants (Ford 2004). Fibre intake among
these women was much lower than both the RNI and
that reported in the ALSPAC study. Iron and folate
intakes were also low in this sample of pregnant women.
Those living in the most deprived wards of the study area
had higher calcium and sodium intakes and significantly
lower intakes for most of the minerals studied. 

The Southampton Women’s Survey (SWS), currently
underway, is said to include almost the whole range of
Townsend deprivation scores and a wide range of social
groups. It aims to characterise the diets of 3000 pregnant
women for whom information is available from even
before their pregnancies. Results from this survey are
awaited (see the SWS site at the MRC Environmental
Epidemiology Unit, www.mrc.soton.ac.uk). 

Overall, the common findings from these studies point to
low iron and folate intakes among childbearing women in
the UK, with lower rates among poor women. 

Overweight and obesity are more prevalent among low-
income groups. A survey of women in England found that
28% of women in social class V were obese compared
with half that number in social class I (Department of
Health 1999a). Improved nutrition in pregnancy could play
a part in reducing obesity and in establishing patterns of
healthy eating for the woman and the family. 

To complicate the question of the link between diet and
low income, smoking, which is more common among
groups of disadvantaged women, may be independently
associated with nutrient intakes during pregnancy.
Mathews et al. (1999) found a 104g decrease in birth
weight among babies of smokers, and Godfrey et al.
(1996) a decrease of 148g. Ethnic differences in fetal size
can be attributed to maternal weight, height and other
factors (Drooger et al. 2005) but the association between
diet and ethnicity is not as clear. 
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1.2  Poor diets and financial constraints

Rogers et al. (1998) found that only three nutrients
among the 20 studied in the ALSPAC sample were
unaffected by financial constraints. Independent of
smoking status, but not of age, poorer women had lower
nutrient intakes. Findings from this study are similar to
those suggested earlier by Wynn et al. (1994). In a recent
study of the diets of pregnant teenagers, a large
proportion of whom came from low-income groups,
Maternity Alliance found that these young mothers often
skip meals due to lack of money (Burchett 2003). They
are more likely to eat cheap and unhealthy foods such as
chips. Jayaweera and colleagues, in a small study of
Bangladeshi women living in the UK, describe how low
income and hardship impact on women’s health and
wellbeing during pregnancy and early motherhood
(Jayaweera et al. 2005). 

1.3  Existing public health policies 

Ever since the report, Independent inquiry into
inequalities in health (Acheson 1998), the health status
and financial condition of mothers and their babies has
come into focus. Our Healthier Nation, the government’s
white paper that followed, highlighted the need for
policies and programmes targeting childbearing women
and their children, with the specific aim of reducing
inequalities in the health of the UK population
(Department of Health 1999b). The NHS Plan defined
targets to reduce inequalities, including a reduction by
10% in the rate of infant mortality between the highest
and lowest income groups in the country (Department of
Health 2000). 

More recently, Tackling Health Inequalities: a programme
for action, planned to tackle inequalities in infant
mortality and life expectancy at birth (Department of
Health 2003). Key strategies include improving nutrition
in pregnancy and the early years; reducing smoking
during pregnancy; improving the quality and accessibility
of antenatal care and early years support; and supporting
teenage parents. The public health white paper, Choosing
Health, which continues the policy commitment to
addressing inequalities in health, gives a high priority to
tackling smoking, and also to supporting maternal and
child nutrition in low income groups, primarily through
the new Healthy Start scheme (Department of Health
2004).

Food support is offered to low-income women and their
babies through the Welfare Food Programme in the UK;
this programme is likely to be replaced by the new
Healthy Start scheme in 2006/7. Information and
guidance on breastfeeding and nutrition are available in
the Sure Start local programme and Children’s Centre
areas to all families with young children.

1.4  Food-support programmes

1.4.1  The Welfare Food Scheme, UK

The Welfare Food Scheme was introduced in the UK 
in 1940 as part of the war effort to safeguard the
nutritional status of pregnant women and young children
(Department of Health 2002). Foods initially included in
the scheme were liquid milk, national dried milk (NDM),
concentrated orange juice and cod liver oil. Current
entitlement includes one milk token per week that can be
exchanged for 4 litres of liquid milk. Bottlefed infants less
than 1 year of age are entitled to 900g formula from any
of nine different brands of formula milk. Pregnant and
breastfeeding mothers, and children under 5, receive 
free vitamins in the form of drops or tablets. Vitamin
drops for pregnant women and breastfeeding mothers
contain vitamins A, D and C, while tablets for
breastfeeding mothers have calcium and iodine in
addition to these vitamins (Department of Health 2002).
Health promotion and nutrition education are not
components of this scheme.

The Welfare Food Scheme was universal for all pregnant
and lactating women and children aged less than 5 years.
Later the emphasis shifted from universal provision to
targeting those on social security. Therefore, social
security eligibility is used by the Welfare Food Scheme as
a proxy for nutritional risk. 

Currently families in receipt of Income Support or
Income-based Jobseeker’s Allowance, expectant mothers
and children below the age of 5 receive the entitlements
free of charge.*

Young women below the age of 16 can claim welfare
foods only if their parents are receiving Income Support
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or Jobseeker’s Allowance; they cannot claim in their own
right. Under the scheme, an unemployed 16–17 year 
old is entitled to receive Income-based Support (and
therefore welfare food) if forced to live away from home
and if she meets a number of hardship conditions.
Otherwise 16–17 year old women are entitled to Income
Support (and therefore welfare food), but only within 11
weeks of the expected date of delivery. Asylum seekers
are not beneficiaries of this scheme.

The total cost of the Welfare Food Scheme was about
£167 million for the year 1997/98, of which the cost of
food was about £154 million and administration £13.5
million. Currently, approximately 800,000 women and
children are enrolled in the scheme.

There has been no scientific evaluation of the scheme.
However, a stakeholder review was undertaken by the
Panel on Maternal and Child Nutrition of the Committee
on Medical Aspects of Food and Nutrition Policy (COMA)
in 1999 ((Department of Health 2002). The panel was of
the view that although there was great potential for
improving the health of nutritionally at-risk women and
children through the scheme, there were major problems
with it. Importantly, it did not meet the wider nutritional
needs of pregnant women and young children. Failure to
meet the nutritional needs of women increased their risk
of lower uptake of periconceptional folic acid
supplements, poor dietary intakes during pregnancy and
vitamin D deficiency. 

Equally important, the scheme inadvertently acted as a
disincentive to breastfeeding. Breastfeeding mothers
received only 7 pints of liquid milk, whereas non-
breastfeeding mothers were entitled to receive 900g of
infant formula, which was distributed by NHS staff. 
The scope for breastfeeding promotion was limited by 
the lack of contact with people who would provide
advice about infant feeding, as tokens were sent directly
to women or they were collected through post offices. It
was noted that the scheme provided more milk/formula
than was needed by young children and it did not
promote awareness or uptake of vitamins. Uptake rates
of vitamin supplements were reportedly low, particularly
among low-income households (Department of Health
2002).  

As a result of recommendations of the COMA review the
scheme is undergoing major changes under the new
name of Healthy Start. The key changes are: 

• widening the nutritional basis of the scheme by the
addition of fresh fruit and vegetables to the current
entitlement of milk and formula 

• replacing the token with a fixed-value food voucher 
• running a public education and information campaign

on the importance of good nutrition 
• registering for the scheme at the time of the first ante-

natal visit through a healthcare professional.

1.4.2  The WIC programme, USA

A White House conference in 1969 on food, nutrition
and health recommended that pre-school children and
pregnant women be given priority for nutrition
programmes; this was the basis of authorising the WIC
programme as a 2-year pilot project in 1972 (Kennedy
1999). The WIC programme has three main components:
food supplementation, nutrition counselling and referral
to health and social care services. The food package is
designed to supplement the normal diet of the recipient
(pregnant or postnatal woman or a child) rather than
replace part or all of it. 

Women are given fixed-value food vouchers, which are
exchangeable for a basket of food at participating food
stores (Besharov and Germanis 2000). Vouchers for 1 to
3 months are issued at WIC outlets. The food basket is
designed to provide nutrients that are known to be
lacking in the diets of women; foods are rich in protein,
calcium, iron, and vitamins A and C. WIC foods for
pregnant women currently include iron-fortified adult
cereal, vitamin C-rich fruit and/or vegetable juice, eggs,
milk, cheese, peanut butter, dried beans or peas, tuna
fish and carrots. See the US Department of Agriculture’s
Food and Nutrition Service website,
www.fns.usda.gov/fns

The food basket can be tailored to an individual’s needs;
for example, women with high cholesterol are likely to
receive less eggs and peanut butter and more skimmed
milk. Certain ‘medical’ foods may be provided when
prescribed by a physician or a health professional for a
specified medical condition. At the time of WIC
certification a woman is offered at least two nutrition-
counselling sessions. However, women may opt out of
taking one or both of the sessions. 

WIC is mandated to provide referral to other social and
healthcare services as and when the need arises for
participants. Referrals can be made for smoking cessation,
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family planning and prenatal care. Benefits continue until
1 year after childbirth if women are breastfeeding, and for
6 months postpartum if they are not. Typically, WIC is
administered through healthcare organisations with
arrangements varying from state to state.

Proxies for nutritional risk in this programme are financial,
dietary and anthropometric measures. For the financial
year 2004/05, to be eligible by income the household
income had to be ≤ 185%* of the United States poverty
income guideline before taxes were withheld. For
example, a woman would be eligible for WIC if she was
living in a two-person household with a gross annual
income of $23,107 before taxes; this figure rose by
approximately $5883 with every additional person in the
household (see www.fns.usda.gov/fns). 

Anthropometric risk criteria are based on evidence that 
a particular variable is amenable to change and
measurement as a result of the WIC programme. 
These include low pre-pregnancy weight, low and high
maternal weight gain, weight loss during pregnancy, and
postpartum underweight and overweight. Maternal short
stature is not used as an indicator of risk. 

The following are used routinely to assess nutritional risk:

• biochemical risk criteria (including anaemia)
• medical conditions including conditions related to the

intake of specific foods
• conditions relating to pregnancy (including age, parity,

history of low birth weight, preterm birth, neonatal
loss, late prenatal care)

• dietary risk factors (including food insecurity, failure to
meet dietary guidelines, infrequent breastfeeding). 

‘Inadequate diet’ as such is not used as a risk indicator.
Predisposing risk criteria (including homelessness and
migrant status) are also considered. The risk criteria were
tightened considerably after a review conducted by the
Institute of Medicine in the mid-1990s (Institute of
Medicine 1996).

There are a few important aspects of WIC that are worth
noting. First, it is a federally (centrally) funded grant

programme for which the United States Congress
authorises a specified amount of funds each year. It is
administered at the federal level by the Food and
Nutrition Service of the United States Department of
Agriculture (USDA), and at the state level by WIC state
agencies through authorised retailers. 

Second, WIC is not an entitlement programme. This
means that the federal government does not set aside
funds for every eligible woman/child. Therefore not all
people who are eligible for WIC receive the service. 

Third, WIC is a $4 billion programme serving over 
7 million women and children (see www.fns.usda.gov/fns).
This figure includes over $1 billion saved to the
government as a result of rebates provided (under
pressure) by infant formula manufacturers – state WIC
agencies pay on an average 85% less than the wholesale
price for infant formula (Oliveira et al. 2002). An average
food package in 1997 was worth about $46 a month,
against an average cost to the government of about $32. 

Fourth, the total average monthly cost of a WIC food
package provided to a mother and her newborn can
exceed $100 a month at 1997 rates. 

Fifth, the United States General Accounting Office
estimated that every federal dollar spent on prenatal WIC
returned $3.50 in savings, primarily in reduced healthcare
costs (US General Accounting Office 1992). These
estimates were based on a number of influential
evaluation studies conducted since the inception of the
programme. The studies were typically conducted
retrospectively, linking WIC records with birth and other
records. 

Finally, it is important to note that WIC has always been
intended to serve as an adjunct to healthcare, in that it
works alongside healthcare services to improve health
outcomes for women and their children. It is not a stand-
alone programme from the United States Department of
Agriculture.

There have been numerous evaluations of the WIC
programme since its inception. 
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* United States Federal Government Household Poverty Guideline
for 2004 for a household of four was $18,850 per annum in the
majority of States. According to the WIC eligibility guidelines, a
household of four with an income of $34,872 (≤ 185% of $18,850)
would be eligible to claim WIC benefits.



1.4.3  Expanded Food and Nutrition Education
Programme (EFNEP), USA

EFNEP is a federally-funded nutrition education
programme conducted through the Cooperative
Extension Service (CES) in every state and territory of the
USA since 1969. It is designed to assist people on low
income to acquire the skills, attitudes and behaviour
changes necessary for their diets to be nutritionally
adequate, and to contribute to their personal
development and the improvement of household diet and
nutritional wellbeing. 

Increasing an individual’s self-worth is one of the key
aims of this programme. Low-income youth and families
with young children (including pregnant women and
teenagers) are the targets, and the programme aims to
improve food resource management, nutrition practices
and food safety. Breastfeeding promotion is also a key
focus of EFNEP. 

It is delivered as a series of lessons over several months 
by professionals and lay volunteers. The approach is
hands-on, learn-by-doing, and allows participants to 
gain practical skills necessary for behaviour change. 
This programme reached 164,000 adults and 447,000
young people in 2001. EFNEP cooperates with WIC, Food
Stamp and a range of other government and non-
government programmes. 

1.5  Existing reviews

Several Cochrane reviews provide evidence of the
effectiveness of nutritional supplements for childbearing
women. Two reviews compiled evidence of the
effectiveness of maternal nutrient supplementation for
suspected impaired fetal growth (Merialdi et al. 2003; 
Say et al. 2003). Two others reviewed nutritional
interventions for the prevention of maternal morbidity
and pre-term delivery (Kulier et al. 1998; Villar et al.
2003). Other reviews have examined the effect of specific
macro- and micro-nutrient supplements on key maternal
and perinatal outcomes (Attalah et al. 2002; Kramer and
Kakuma 2003; Mahomed 1997a/b/c, 1999; Mahomed
and Gulmezoglu 1997, 1999; Makrides and Crowther
2001; van den Broek et al. 2002). These Cochrane
reviews include studies from low- and high-income
countries. None examined the effectiveness of national
food-support programmes. 

Van Teijlingen et al. (1988) examined the effectiveness of
interventions to promote healthy eating in pregnant
women and women of childbearing age. The outcomes
of interest were changes in knowledge, attitudes and
behaviour among participant women. While it included
health promotion interventions that are of interest in this
review, it did not study outcomes of interest, 
ie birth weight and other key perinatal outcomes. 

Owen and Owen (1997) conducted a review of WIC
studies. They included both prospective and retrospective
studies but this review includes only prospective studies. 

A more recent ‘review of reviews’ of public health
interventions in relation to low birth weight studied
smoking cessation and nutrition interventions targeting
pregnant women (Bull et al. 2003). While the
interventions and the outcomes are of interest to this
review, the authors found no good quality systematic
review of WIC or any other food-support programme
targeting low-income childbearing women. 

This current review therefore addresses this gap in the
evidence base – the effectiveness of food-support
programmes targeting low-income and socially
disadvantaged women, with a view to improving
perinatal and other health outcomes. 
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This review was commissioned by the Health
Development Agency (HDA) as part of the work of the
Public Health Collaborating Centre for Maternal and
Child Nutrition. It is published by the National Institute for
Health and Clinical Excellence (NICE) after the HDA’s
functions were transferred to NICE on 1 April 2005. 

2.1  Review question

What is the effectiveness and cost-effectiveness of food-
support programmes for low-income and socially
disadvantaged childbearing women that aim to have an
impact on low birth weight and other outcomes related
to maternal and infant nutrition? 

2.2  Objectives of the review

• To study the effectiveness and where possible the cost-
effectiveness of food-support programmes in
improving low birth weight and other physical and
psycho-social health outcomes for low-income and
socially disadvantaged women and their babies.

• To identify which components of existing programmes
that aim to improve nutrition of childbearing women
show signs of success.

• To identify which programmes or their components are
effective for particular groups of women. 

• To identify any adverse effects of food-support
programmes.

• To explore the potential of food-support programmes
to reduce the health inequalities of mothers and their
babies.

This review is relevant to policy in England and Wales.
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2  Aims of the review



A systematic review of the literature was undertaken.

3.1  Criteria for inclusion

3.1.1  Participants and settings

Studies of childbearing women* in developed country
settings are included in this review. In particular, studies
of women who are socially disadvantaged by virtue of
their income, age, ethnicity and area of residence were
eligible for inclusion. If a study happened to involve high-
income women then it was included on the condition
that separate results were available for high- and low-
income women. Women may have been recruited to a
study during pregnancy, in the postpartum period, in the
inter-pregnancy interval, or during the periconceptional
period. Studies concerning women who are in need of a
special diet as a result of a medical condition (eg diabetes
mellitus) are excluded. Studies conducted in developed
country** settings are included; those conducted in low-
income/developing countries are excluded. 

3.1.2  Types of intervention

Food-support programmes for childbearing women are
defined as those interventions that aim to improve
nutritional intake among women, and/or the nutritional
and health status of mother and newborn. Programmes
including any or all of the following components are
included in the review:

• food supplements in the form of either raw ingredients
or prepared meals

• fixed-value food vouchers or tokens exchangeable for
food items, and food stamps

• income support exclusively for food purchase
• ways of altering dietary intake in terms of both quality

and quantity, ie nutrition education, advice and
counselling.

Complex health and social care interventions that 
include all or some of the above are included in the
review; they may also have other components such as
social and practical support, and micro-nutrient
supplementation.

For the purpose of this review, studies of the effects of
specific vitamin and mineral supplements are excluded
because updated good quality systematic reviews of
effectiveness of macro- and micro-nutrients are 
available from the Cochrane Database of Systematic
Reviews. Health promotion interventions that aim to
encourage women to take foods rich in key
vitamins/minerals are included. Multivitamins as a
subsidiary component of food-support programmes 
are also included. 

Outcomes

Primary outcomes
The primary outcome of interest is low birth weight – 
a reduction in the proportion of births below 2500g.
However, studies do not always report a specific outcome
labelled low birth weight; instead, they may use a range
of outcomes, including birth weight and gestational age
at birth. To decide on whether or not a study would be
included, the following outcomes were used as probable
indicators of low birth weight: 
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* The term ‘childbearing’ in this review refers to women who
were in the childbearing age range.
** Australia, Austria, Belgium, Canada, Denmark, Finland, 
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Spain, Sweden, Switzerland, United Kingdom, United States.
(Source: World Bank (2001) World Development Report. Oxford:
Oxford University Press.

3  Scope and methods of the review



• mean birth weight 
• gestational age at birth 
• pre-term birth 
• perinatal and infant mortality 
• change in maternal weight 
• maternal nutritional status. 

Any significant difference in mean birth weight between
groups was considered important. 

Secondary outcomes
Secondary outcomes of interest are: 

• participation rates in welfare programmes
• dietary intakes of nutrients 
• health, wellbeing and pregnancy outcomes in

subsequent pregnancies 
• maternal anaemia (prenatal/postnatal) 
• pregnancy induced hypertension (PIH) 
• length of labour 
• instrumental delivery 
• maternal blood loss 
• Apgar scores 
• admission to a special care baby unit (SCBU) 
• maternal and infant infections 
• postnatal depression 
• maternal exhaustion 
• infant/child health indicators 
• educational and behavioural outcomes in the child of a

first pregnancy. 

Changes in knowledge among participants, changes in
women’s food choices, and views of women and staff
delivering programmes (if reported) are included. 
Key service delivery issues such as service outlets,
mechanisms for delivery, criteria for inclusion/exclusion 
to a programme or success of the programme, and
monitoring are studied if reported. 

It must be noted that studies may not have been powered
to detect differences in our outcomes of interest.

3.1.4  Study design 

Evaluation studies employing the following designs were
included in the review: 

• randomised controlled trials (RCTs) 
• non-randomised controlled trials (CTs) with concurrent

controls 

• before-after studies of cohorts or different groups 
• cost-analysis studies. 

Studies were excluded if they were not conducted
prospectively or if control groups were selected
retrospectively. Cost-effectiveness studies of large-scale
food-support programmes are included as a separate
section in the review (see section 4.5).

3.2  Identification of literature 

The following bibliographic databases were searched:

• CAB Abstracts
• CINAHL 
• Cochrane Central Register of Controlled Clinical Trials

(CENTRAL)
• Cochrane Database of Systematic Reviews
• DARE
• EMBASE
• Food Science and Technology Abstracts
• HealthPromis
• MEDLINE 
• PscyINFO
• Science Citation Index 
• SIGLE 
• SOCABS 
• Social Science Citation Index 
• Trip Database plus 

Details of the search strategy for MEDLINE, the interface
used, database coverage, search date and numbers of
records retrieved can be found in Appendix 1. 

Unpublished studies were not identified because of time
constraints.

3.3  Data handling

Titles and abstracts identified through the search
(approximately 9500) were assessed for relevance by one
reviewer and independently checked by a second reviewer.
By this process 348 potentially relevant studies were
identified and hard copies of all were retrieved through
networked sources, local libraries and interlibrary loan from
the British Library. In the case of theses, short summaries
were printed out via Dissertation Abstracts International
(DAI) and checked for relevance by two reviewers. 
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A pre-screen form was developed on the basis of
inclusion criteria for this review (see Appendix 2). Each
study was independently assessed by one reviewer 
and decisions checked by another reviewer. Any
disagreements were discussed, or referred to a third
reviewer for resolution. Decisions were marked as either
‘pre-screened and rejected’, or ‘for data extraction’.
Classification was done only after all studies were
assessed. Classification is as follows: 

• evaluation studies of WIC 
• studies of stand-alone nutrition supplements 
• nutrition education/counselling/advice 
• complex health and social care interventions including

at least one nutrition component 
• cost-effectiveness studies of national food-support

programmes.

Data were entered onto a database designed specifically
for the review. Tables were then generated in a
structured format. Data extraction tables are presented 
in Appendix 3, one table per study. A second reviewer
independently checked each table. Table 1 gives
information on studies identified, excluded and included.

3.4  Quality assessment 

Study quality was assessed only after inclusion; none
were excluded on the basis of quality assessment. The
quality of each study was assessed using guidance in
Undertaking systematic reviews of research on
effectiveness. CRD’s guidance for those carrying out or
commissioning reviews, first by one reviewer and then
independently by a second reviewer (Centre for Reviews
and Dissemination 2001). Any disagreements were
discussed and/or referred to a third reviewer. 

Quality was assessed for RCTs and non-randomised
controlled trials using the following questions. 

• Were inclusion/exclusion criteria specified?
• Was sample size calculated a priori?
• Was the method of group allocation in controlled trials

appropriate?
• Was the assignment to groups in RCTs truly random?
• Were groups comparable at baseline?
• Were outcome assessors blinded to group allocation at

outcome assessment?
• What were the number and reasons for withdrawals

and losses?
• Was analysis by intention-to-treat?
• Was the method of dietary assessment appropriate?

In the case of before-after studies the following questions
were used:

• Were the groups selected from a suitable sampling
frame?

• Were both groups selected from the same sampling
frame?

• What was the sampling method used (random or
other)?

• Were inclusion/exclusion criteria specified?
• Was sample size calculated a priori?
• Was adjustment made for possible confounding

factors?
• Was analysis appropriate?
• Was the method of dietary assessment appropriate?

See Appendix 4 for quality assessment tables. 
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Number of citations identified through 9222 

electronic search

Number of citations meeting some 348

inclusion criteria

Numbers of papers retrieved and 348 (3 duplicates)

pre-screened

Number of intervention studies 3

identified through secondary search

Intervention studies identified (total) 38

Intervention studies rejected on basis 19

of design

Total intervention studies included 19

Total economic studies included 12

Total included studies 31

Total excluded studies 317

Table 1: Numbers of included and excluded studies

* See Section 6.4 for a discussion of excluded studies and Appendix 6 for the list of
excluded studies.
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3.5  Strength of evidence 

Each study was given a rating denoting the strength of
evidence (–, +, or ++) according to the extent to which
the quality criteria were fulfilled (see Table 2). Studies
meeting few or none of the quality criteria were given
less weight than those meeting all or most of the criteria. 

3.6  Assessment of economic studies

A checklist drawn up for submissions to the British
Medical Journal (on which the CRD’s guidelines for
evaluating economic studies are based) was used as a
guide to assessing the quality of economic studies
(Drummond and Jefferson 1996).

3.7  Synthesis  

A narrative approach was adopted for the synthesis of
study findings. Meta-analysis was not feasible because of
the different study designs. The synthesis of included
studies is presented in the following section under five
categories: 

• WIC evaluations 
• trials of stand-alone supplemental nutrition

interventions 
• studies of nutrition education/counselling interventions 
• complex health and social care interventions
• cost-analysis studies.

++ All or most of the quality criteria have been fulfilled

Where they have been fulfilled the conclusions of the 

study or review are thought very unlikely to alter

+ Some of the criteria have been fulfilled

Where they have been fulfilled the conclusions of the 

study or review are thought unlikely to alter

– Few or no criteria fulfilled

The conclusions of the study are thought likely or very 

likely to alter

Table 2: Grading of evidence*

* Source: NICE 2004



Studies included in the review

A total of 19 studies evaluating food-support type
programmes and 12 cost-analysis studies met the
inclusion criteria for the review. Intervention studies
meeting the review criteria were classified as follows.

• Evaluation studies of the WIC programme, a complex
healthcare intervention in which the key component is
food supplementation;* this is linked with nutrition
education and referral to health and social care. WIC is
available on certification for women at nutritional risk
during pregnancy and the postpartum period.

• Evaluations of stand-alone nutritional supplements**
for women at nutritional risk during pregnancy.

• Evaluations of interventions in which the key
component is nutrition education or nutrition
counselling; participants in these studies were not
exclusively low-income.

• Evaluations of complex health and social care
interventions in which one – albeit minor – component
was nutrition-related.

• Cost-analysis studies of national food-support
programmes (WIC, EFNEP).

Table 3 below gives a summary of studies by intervention
type and design.
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4  Results of the review

RCT Non-randomised CT Before-after Total

WIC evaluations 1 4 1 6

Studies of stand-alone supplements 1 2 – 3

Nutrition education studies 4 3 1 8

Complex health and social care intervention studies 2 – – 2

Total intervention studies 8 9 2 19

Cost-analysis studies – – – 12

GRAND TOTAL 8 9 2 31

Table 3: Included studies by intervention type and study design 

* Supplements in this type of intervention are actual foods, 
ie cereals, milk, eggs etc; they are more likely to be shared by
other household members.
** Supplements in this type of intervention are nutrients from
one or more of the main food classes (carbohydrate, protein, fat)
and provided in a form other than food, ie as a drink; they are
less likely to be shared by other household members.



4.1  Results of studies evaluating the special
supplemental nutrition programme for
women, infants and children (WIC)

4.1.1  Number of WIC studies

Six evaluation studies of WIC were identified. Two were
large-scale national evaluations (Edozien et al. 1979; 
Rush et al. 1988 – the first and second WIC national
evaluations). See Table 4 for a summary of studies, and
for data extraction see Tables 1–6, Appendix 3. 

4.1.2  Characteristics of participants

Intervention group (WIC) participants in all six studies
were, as expected, low-income women, certified to be at
nutritional risk for poor health outcomes. In three studies
control group women were from better-off households
(Collins et al. 1985; Metcoff et al. 1985; Rush et al.
1988), while in the other three they were reported to 
be in the same income group (Bailey 1983; Edozien 
et al. 1979; Pehrsson et al. 2001). Many of the women
were also receiving other welfare benefits. For example,
just under half of the study group participants in the
national evaluation by Rush et al. (1988) were on food
stamps and/or Aid to Families with Dependent Children
(AFDC). Many of the participants in other studies had, or
were eligible for, Medicaid cover. 

• The mean age of study participants was between 21
and 25. The percentage of young women (< 18 years)
was reported in one study to be 25% and 28% in the
intervention and control groups respectively (Bailey
1983). 

• The ethnic composition of groups varied from study to
study. The first national WIC evaluation included just
over 74% women from minority ethnic groupings
(Edozien et al. 1979). Between 21% and 62% women
were identified as ‘black’ in the smaller studies.

• Educational attainment was low; participants had
between 9 and 12 years of education. 

• Some studies reported figures for married women of
between 42% and 57%. 

• Not all studies reported smoking habits of participants
at entry; where they did the proportions varied from
7% to 56%. 

• A history of delivering a low birth weight baby in the
past varied from 6% to 22%, although these data
were not reported for all six studies.

4.1.3  Characteristics of the WIC programme

Although only two papers described the intervention in
detail, it can be assumed that it was broadly the same in
all six studies. Pregnant and lactating women participating
in the WIC programme were given vouchers or cheques
that could be exchanged for a monthly food basket
consisting of milk (29.33L) or cheese (453g in lieu of
2.83L milk); eggs (30); cereal (4 x 226g packs); and juice
(6 x 1.36L cans). The cereal contained ≥ 45%
recommended daily allowance (RDA) of iron and ≤ 6g
sucrose for 28g dry weight of cereal. At that time cereal
was not fortified with folic acid. This food basket was
meant to supplement the normal diet of poor women,
and not to replace it. 

Nutrition education in the form of classes, counselling
and other activities to teach participants about proper
nutrition, positive food habits and prevention of nutrition-
related health problems was offered to each participant
at the time of certification. Breastfeeding promotion and
support was a key part of the programme. Women were
also offered information and referral to other health and
social care services such as immunisation clinics, and the
Medicaid and Food Stamp programmes for vulnerable
households. Section 1 provides a more detailed
description of the WIC programme. 

4.1.4  Outcomes measured

All the studies bar Pehrsson et al. (2001) were of WIC
participation in pregnancy and measured mean birth
weight (MBW) and all except one (Edozien et al. 1979) of
these measured rates of low birth weight. Two studies
(Collins et al. 1985; Metcoff et al. 1985) conducted
separate analyses of mean birth weight for babies of
women who smoked at the time of entry to the study.
Other outcomes were as follows.

• Rush et al. (1988) was the only study reporting on
head circumference at birth; this national evaluation
also measured programme quality. 

• Dietary intake of energy, proteins and selected vitamins
(in particular iron and folic acid) were measured in 
four papers (Bailey 1983; Edozien et al. 1979; Pehrsson
et al. 2001; Rush et al. 1988). 

• Pehrsson et al.’s study of non-lactating postpartum
women measured haemoglobin, plasma ferritin and
transferrin receptor. Some or all of these biochemical
indices and/or rates of anaemia, and serum iron and
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Table 4: Summary of WIC studies 

Author, year

Bailey 1983 

Collins et al.
1985 

Edozien 
et al. 
1979 

Metcoff 
et al.
1985

Rush et al.
1988 

Pehrsson et
al. 2001 

Design

CT

CT

Before-after

RCT
Computerised
random
numbering

CT

CT

WIC
participants

WIC
participants in
Florida, USA 

WIC
participants in
Alabama, USA

WIC
participants in
14 states, USA

WIC
participants
attending
prenatal clinics,
Oklahoma

Women
attending WIC
clinics in
counties across
the USA

Women who
had participated
in WIC during
the last
pregnancy; re-
certified for WIC
participation in
the postpartum
period 

Controls

Women attending
public health
clinics in adjoining
county; not in WIC

Women attending
public health
clinics, same area
– more affluent;
not in WIC

Women in same
14 states, low-
income, not in
WIC

Women attending
prenatal clinics
not in WIC

Women attending
prenatal clinics in
counties where
WIC had not yet
started

Women who had
participated in
WIC during the
last pregnancy but
NOT re-certified in
the postpartum
period 

Sample
size

89

519

9867

410
(not
clear)

6563

110

Outcome measures

LBW; MBW; serum
iron, folate, transferrin,
haematocrit

MBW, maternal weight
gain, health and
nutrition-related
knowledge and practices

MBW, gestational age
at birth, IUGR; pre-term
birth, weight gain in
pregnancy, dietary
intake

LBW, MBW, gestational
age at birth,
biochemical indices

LBW, MBW, maternal
weight gain, head
circumference at birth
infant growth, nutrient
intake choice of infant
feeding method, other
outcomes 

Haemoglobin
concentrations,
transferrin level, 
ferritin level

Strength of
evidence 

–

–

–

+

+

+

Key findings

Differences in LBW, MBW
between groups not
significant

Differences in MBW
between groups not
significant

Differences in MBW
between groups not
significant

Differences in LBW between
groups not significant;
overall differences in MBW
not significant; babies born
to smokers in WIC group
significantly heavier than
babies born to control group
smokers

Differences in LBW, MBW,
duration of gestation
between groups not
significant; significant
reduction in early pre-term
births < 33 weeks in WIC
group; higher energy and
protein intake in WIC group;
significantly higher maternal
weight gain in WIC group;
head circumference larger in
babies of WIC participants;
better programme quality
linked to accelerated fetal
growth, lower rates of LBW
and larger head
circumference

Haemoglobin concentration
of WIC women increased
with longer participation
reaching statistical
significance at 6 months

CT = controlled trial  RCT = randomised controlled trial  LBW = low birth weight (< 2500g)  MBW = mean birth weight  IUGR = intrauterine growth retardation



folate were reported in the other five studies. 
• Maternal weight change was measured in four studies

(Collins et al. 1985; Edozien et al. 1979; Metcoff et al.
1985; Rush et al. 1988). 

• Only one study reported pregnancy and nutrition-
related knowledge and practices (Collins et al. 1985). 

• Rush et al. (1988) reported on breastfeeding intention
and breastfeeding at hospital discharge. 

• Apgar scores and newborn ponderal index (birth
weight in g/crown-heel length in cm) were reported in
Bailey (1983). 

• Two studies including a national evaluation reported
on complications of pregnancy such as vaginal
bleeding and premature rupture of membranes 
(Collins et al. 1985; Rush et al. 1988). 

4.1.5  Methodological quality of included 
WIC studies

Of the six studies included in this section of the review,
one was an RCT, four were CTs* and one was a before-
after study. Sample size ranged from 89 to 9867.
Inclusion criteria were clear in all except one paper
(Edozien et al. 1979). Overall the quality of the WIC
studies was not good.

Groups were not comparable at baseline in three of the
six studies – women in the control groups were better off
than the WIC group (Collins et al. 1985; Metcoff et al.
1985; Rush et al. 1988). 

Of all the studies only the 1988 national WIC evaluation
by Rush et al. discussed sample size calculation; however,
it did not recruit the desired number of women to the
control group. Furthermore, one quarter of the women 
in the control group at study entry crossed over to the
WIC group. Analysis was done both ways – ie according
to the group allocation at study entry when there were
only two groups (WIC and control), and according to
group at follow-up when there were three groups (WIC,
WIC-Control and Control).** The final sample had a
power of 0.25 to detect a difference of 30g mean birth
weight at an ∝ level of 0.05. Other outcomes such as

maternal weight gain, dietary intake and pregnancy
complications were reported in this large-scale national
evaluation. 

In the RCT (Metcoff et al.), the method of randomisation
was true. Blinding at outcome assessment was not used
or not reported in any of the trials. Rush et al. discussed
withdrawals and losses in detail, giving reasons by group,
and Pehrsson et al. gave numbers lost but without
reason, while others did not provide any such detail. 

The largest of the WIC evaluations (sample size 9867)
appeared to be a before-after study, in that the mean
value for a group was compared to the initial value
obtained at the time of enrolment (Edozien et al. 1979).
This was a poorly reported study – the paper does not
give a clear account of the sampling method; inclusion
and exclusion criteria for study entry are not clear; and
withdrawals and losses are not reported adequately.
Intention-to-treat method of analysis was followed only in
Rush et al. (1988), the second national evaluation. None
of the studies provided detailed information about the
timing of smoking cessation. The conclusions from these
studies need to be interpreted with caution.

4.1.6 Dietary assessment methods

Four of the five studies of prenatal WIC participation used
24-hour recall to estimate dietary intake. The fifth study
(Collins et al. 1985) made no mention of assessing dietary
intake. Not all studies mentioned who collected these data. 

• Rush et al. used trained field workers. In this study
75% of participants were interviewed about their diets
at study entry and the same women were interviewed
at follow-up (36 weeks). 

• Edozien et al. obtained 24 hour dietary intakes from
‘half the sample’ at entry and at follow-up. 

• Pehrsson et al.’s study of postpartum WIC participation
used a self-administered low-literacy food frequency
questionnaire designed to rank consumption of foods
contributing to iron and vitamin C intake relative to other
participants (rather than measuring actual intakes). The
authors state that the instrument had poor sensitivity.
Intakes were generally reported as both means and
percentages of the recommended daily allowance (RDA). 

Rush et al. (1988) is the only study in this group that
tested the reliability of the 24 hour recall; they conclude
that any reported differences in intake would tend to be
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* CT = controlled trial; RCT = randomised controlled trial.
** There were three groups in this study: 
• WIC group – participants who were assigned to the WIC group

and remained in the group until the end of the study 
• Control group – participants who were assigned to the control

group and remained in that group until the end of the study
• WIC-Control group – participants who were assigned to the control

group but crossed over to the WIC group later in the study.



under-estimates rather than over-estimates. 

4.1.7  Effectiveness of WIC

See Appendix 7 for evidence of effectiveness.

Rates of low birth weight were reported in one large-
scale national evaluation and three smaller studies of
prenatal WIC participation.

• Bailey and Collins et al. made no mention of adjusting
for gestational age.

• Metcoff et al. stated that pre-term birth was not taken
into account when reporting on rates of low birth weight. 

• Rush et al. made adjustments for gestational age at
birth. 

• Bailey reported low birth weight rates of 5% and
10%, Collins et al. 6.4% and 3.8%, Metcoff et al. 6%
and 8.8% and Rush et al. 7.4% and 7.6% for WIC
and control groups respectively; these differences did
not reach statistical significance. 

The higher quality studies (Metcoff et al. 1985; Rush et
al. 1988), both of which show small but not statistically
significant differences in favour of the WIC group,
provide moderately strong evidence that prenatal WIC
participation has no significant impact on reducing rates
of low birth weight. 

All five studies of prenatal WIC participation report on
mean birth weight.

• Edozien et al., Metcoff et al. and Rush et al. adjusted
birth weight for maternal weight at entry to the
programme, gestational age at birth and smoking;
Bailey and Collins et al. did not report such
adjustments. 

• Bailey found that babies in the WIC group were 47g
lighter than in the WIC group, but this difference did
not reach statistical significance. 

• Collins et al. found that mean birth weight was the
same for both groups at 3200g. 

• Edozien et al. found a statistically significant increase
of approximately 68g in mean birth weight among
babies born to mothers who participated in WIC for 
36 months during a first pregnancy. An observed
difference of about 5 days in duration of gestation is
likely to have influenced mean birth weight. It is
notable, however, that the study did not meet many of
the quality criteria for this review. 

• Metcoff et al. found that an initial difference of 91g in
mean birth weight was not significant at p < 0.05
when maternal weight at entry was factored into the
analysis. 

• Rush et al. found that in the central analysis mean
birth weight of WIC babies was 7g less than babies of
mothers who were in the control group at study
registration. 

It must be noted that the final sample in Rush et al. was
smaller than had been originally planned and the power
of this study to detect a difference of 30g birth weight as
a result of WIC participation at an ∝ level of 0.05 was
only 0.25, ie if there was an actual birth weight effect of
30g there was a 75% chance of accepting the null
hypothesis if it was not true. 

The higher quality studies provide moderately strong
evidence that prenatal WIC participation has no
significant effect on mean birth weight (Metcoff et al.
1985; Rush et al. 1988). 

Two studies reported on the impact of prenatal WIC
participation on mean birth weight of babies born to
smokers. 

• Bailey found that the large difference (485g) observed
between babies born to smokers and non-smokers in
the control group was not seen in the WIC group – the
difference went down by 417g. 

• Metcoff et al. found that babies born to women in the
intervention group who smoked more than 10
cigarettes a day were 168g heavier (p < 0.01) than
those in the control group after adjusting for the
number of prenatal visits, maternal weight at entry to
the programme and inter-pregnancy interval. 

The higher quality study suggests that prenatal WIC
participation may have a beneficial effect on mean birth
weight of babies born to heavy smokers (Metcoff et al.
1985). Whether this is directly attributable to WIC food
supplementation or to a smoking cessation intervention is
not clear from the paper. Therefore this study gives only
indicative evidence* that prenatal participation in WIC
benefits babies born to mothers who smoke heavily
during their pregnancy.
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Gestational age and/or pre-term birth were reported in
both national evaluations and one smaller study. 

• The rates of pre-term birth reported in Collins et al.
were 5.4% and 4.9% in the WIC and control groups
respectively; these differences were not statistically
significant. 

• Edozien et al.’s evaluation found an increase of
approximately 6 days of gestation between women who
received prenatal WIC benefits for less than 3 months
and those that received them for more than 6 months 
(p < 0.05). As noted earlier this study was of poor quality 

• The second national evaluation, Rush et al., found an
increase in the mean duration of gestation as a result
of WIC, which was not statistically significant. The
frequency of pre-term birth (< 37 weeks gestation) in
the WIC group was 1.3% lower than in the control
group, and very preterm (< 33 weeks gestation) birth
was 0.9% lower; again these figures did not reach
statistical significance. 

It is notable that the power of Rush et al. (1988) to
demonstrate a 1% difference from a baseline of 15% in
the rate of pre-term birth was only 0.11 at the 0.05
significance level; the study was underpowered to
measure accurately the impact on pre-term birth.

Only one study reported on head circumference at birth
(Rush et al. 1988). The study found a small but
statistically significant (p < 0.01) increase of 0.18-0.21cm
with programme participation. It is notable that the
increase in head circumference was not related to birth
weight, and that this finding was incidental and not
hypothesised at the planning stage of the study. This
study provides moderately strong evidence of the
effectiveness of WIC in increasing the head circumference
of babies born to participating mothers.

Change in maternal weight was reported in four
studies. 

• Collins et al. found that women in the WIC group
gained 11.7kg during a first pregnancy and those in
the control group gained 11.3kg; this difference was
not statistically significant.

• Edozien et al. reported a significant difference of 1.3kg
between all pregnant women in the WIC and control
groups (p < 0.01) 

• Metcoff et al. found that WIC women weighed 2.5kg
more at 36 weeks than the control group women 

(p = 0.057), after adjusting for differences in weight at
entry to the study (19 weeks). However, there were no
differences in weight gain per week 

• In Rush et al.’s national evaluation, WIC women were
found to be 0.72kg lighter at entry compared to
control group women (p < 0.01), and WIC-Control*
women were 0.87kg lighter (p < 0.05); these
observations were adjusted for weight at the time of
conception. Both groups participating in WIC had
lower early pregnancy weight gain. By late pregnancy
WIC participation brought the weights of WIC women
up to the same level as control group women. This can
be interpreted as a total higher weight gain among
those who participated in WIC. 

The WIC-Control group women, who crossed over to WIC
later in Rush et al., actually put on weight after entering
the programme, but they were still 0.27kg lighter than
controls in late pregnancy. Maternal weight gain was lower
for black women (Rush et al. 1988). Late pregnancy fat
stores were lower among WIC women (Rush et al. 1988).
There is moderately strong evidence from the two higher
quality studies that earlier and longer participation in WIC
is likely to have a greater impact on maternal weight gain
weight (Metcoff et al. 1985; Rush et al. 1988). 

Haemoglobin concentrations, and/or other indices of iron
and folate sufficiency are reported in four studies.

• Bailey found no significant differences in haematocrit
and serum iron; there were significant differences in
transferrin saturation (p < 0.05) and serum folacin 
(p < 0.05). 

• The first national evaluation, Edozien et al., found
significant differences in the rates of anaemia between
women entering the WIC programme after 28 weeks
of pregnancy and their controls (p < 0.05); the same
difference was noted among postpartum women 
(p < 0.05). As discussed earlier this study was not of
good quality. 

• The second national evaluation, Rush et al., reported
increases in haemoglobin concentration by late
pregnancy with WIC participation but this did not
reach statistical significance. Late pregnancy
haemoglobin levels were significantly lower among
black women. Women who reported taking iron
supplements did not have higher levels of haemoglobin
in late pregnancy. 
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• Pehrsson et al.’s study of non-lactating postpartum
women found that haemoglobin concentrations
increased in the WIC group over the first 6 months
postpartum, at which point differences between WIC
and control groups reached statistical significance 
(p < 0.05). Rates of anaemia reduced steadily in parallel
with the rise in haemoglobin so that at 6 months
differences in rates of anaemia between the groups
were statistically significant (p < 0.05). The differences
in ferritin and transferrin levels were not significant. 

There is moderately strong evidence from Pehrsson et al.
(2001) to suggest that uninterrupted WIC participation
during the postpartum period has a beneficial effect on
both haemoglobin concentration and rates of anaemia
among non-lactating women. 

Pregnancy complications, and abnormalities of
labour and delivery were reported in two studies. 

• Collins et al. reported no effect of WIC participation on
pregnancy complications except for a significant
difference in numbers of women with albumin in the
urine (p < 0.02). 

• Rush et al. studied a number of conditions including
high blood pressure, haemorrhage and premature
rupture of membranes. They found a significant
reduction in the frequency of premature rupture of
membranes between WIC and control groups 
(p < 0.01). Fever and infections were less in the WIC
group but the differences were not significant. 

Rush et al. (1988) provide moderately strong evidence of
a reduction in premature rupture of membranes as a
result of WIC participation.

Infant mortality, one of the outcomes of interest in this
review, was not measured in any of the six included
studies. Rush et al. measured fetal mortality and found
differences of some magnitude between WIC and control
groups. However, the numbers were too small in the final
study sample to test fetal mortality separately. 

When WIC was launched in the early 1970s food
supplements were designed to provide protein, iron,
calcium and vitamin C and A. Four studies reported on
maternal dietary intake of a range of nutrients.

• Bailey reported significant increases in iron and vitamin
B6 intakes in the WIC group. 

• Edozien et al. reported increases in protein, iron,
calcium, phosphorous, and vitamins B6 and C, but
these were not significant. 

• Pehrsson et al.’s study of postnatal WIC participation
found no differences in dietary intakes of iron. 

• Rush reported no differences in intakes of macro- and
micro-nutrients in the three study groups at the initial
interview. 

In Rush et al., participation in WIC was associated with an
increase in intakes of protein, iron, calcium and vitamin C
(four of the five targeted WIC nutrients) and magnesium,
phosphorous, thiamin, riboflavin, niacin, B6 and B12.
Increments in caloric intake of the two groups (WIC and
WIC-Control groups)* exposed to the WIC programme
were 5.8% and 7.5%. There was a greater programme
impact on energy intake for the heaviest smokers (> 15
cigarettes/day). No explanation is offered for this finding.
There is moderately strong evidence that WIC participation
results in an increase in a wide range of nutrients,
particularly for those targeted by the programme.

Rush et al. also found that more WIC women than
controls smoked cigarettes at study entry (p < 0.05) but
this was reversed by the end of pregnancy. Collins et al.
found no differences in rates of smoking.

Breastfeeding was reported in two studies. 

• Collins et al. found that differences in rates of women
planning to breastfeed were not significant. 

• Rush et al. reported on breastfeeding intention as well as
breastfeeding at hospital discharge. Fewer women in the
WIC groups intended to breastfeed, and fewer breastfed
at hospital discharge than control group women.
However, after controlling for socio-demographic factors
the differences in both breastfeeding intention and
initiation fell and became non-significant. 

It is important to note that both these studies were
conducted before the federal mandate for breastfeeding
promotion came into effect in the early 1990s. See two
recent reviews of breastfeeding interventions for the
effectiveness of WIC on breastfeeding initiation and
duration (Fairbank et al. 2000; Renfrew et al. 2005).

Rush et al. reported on other outcomes such as number of
prenatal visits and nutrition counselling sessions, and
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changes in hours worked each week. WIC participation
had no effect on frequency of prenatal care. There was no
evidence that WIC participation enabled women to reduce
the time worked. More WIC enrolled women than control
group women had two or more nutrition education
sessions (p < 0.001) and fewer WIC enrolled women than
control group women had no sessions (p < 0.001). This
study generated moderately strong evidence that WIC
participation increases the number of women receiving
nutrition education and the number of such sessions each
woman receives. WIC did not have an impact on income
transfer or on frequency of prenatal care.

Rush et al. also made observations about the impact of
programme quality on perinatal outcomes. The study
found that higher programme quality had beneficial effects
on rates of low birth weight and newborn head
circumference. Head circumference varied less (than low
birth weight) with programme quality, suggesting that it
might have been more directly related to food
supplementation. 

It is notable that WIC directors assessed programme quality
and so there may have been an element of subjectivity in
the assessments. Furthermore, there is not sufficient
evidence from this paper as to which components of the
programme (counselling, quality of nutrition education,
individual care plans, or compliance with state and federal
regulations) resulted in these associations. Rush et al.
(1988) provides indicative evidence* that improving
programme quality may have a positive effect on low birth
weight and head circumference.

4.1.8  Summary of evidence of effectiveness 
of WIC 

Six studies of WIC are included in this section of the
review, five on prenatal WIC participation and one on
postnatal participation. Three of the five prenatal studies
met few quality criteria for this review, and only two
studies provide reliable evidence on the effectiveness of
prenatal WIC participation (Metcoff et al. 1985; Rush et
al. 1988). Both of these studies provide moderately strong
evidence that WIC did not have a significant impact on
the primary outcome of interest – low birth weight. 

• The authors of the second national WIC evaluation (Rush

et al. 1988) did report a significant positive association
between programme quality and rates of low birth
weight. WIC directors assessed programme quality so
this finding needs to be interpreted with caution. 

• There is evidence from both the higher quality studies
that WIC had no significant impact on mean birth
weight (Metcoff et al. 1985; Rush et al. 1988). 

• Metcoff et al. demonstrated a favourable effect of WIC
participation on the birth weight of babies born to
women who smoked heavily. Rush et al. did not find a
reduction in smoking as a result of WIC. This suggests
that any increase in birth weight of babies born to WIC
mothers who smoked was probably not due to
smoking cessation. 

• Energy intake was higher among WIC women smokers.
• There is moderately strong evidence that head

circumference (unrelated to increments in birth weight)
increased as a result of participation in WIC. 

• Gestational age at birth and the frequency of preterm
birth was not influenced by WIC participation. 

• WIC does not appear to have any significant positive
impact on complications during labour and delivery
except for reduction in rates of premature rupture of
membranes. 

• Rush et al.’s national evaluation did not generate
evidence of a significant impact of WIC on fetal
mortality. 

• Dietary intakes for the majority of nutrients including
protein, vitamin C, iron and folate increased among
WIC groups. However, folate intake was noted to be
below the RDA even towards the end of the pregnancy. 

• Maternal weight gain is favourably affected by WIC
participation. 

• Haemoglobin and other iron and folate sufficiency
measures reflected improvements in iron intake with
participation in WIC. 

• There is no evidence that WIC had an impact on
breastfeeding initiation in hospital. 

• More women were likely to receive nutrition counselling
during pregnancy and have more than two counselling
sessions if they participated in the programme. 

• Evidence generated from the second national
evaluation by Rush et al. suggests that women who
participated in WIC did not reduce their working hours. 

Only one study (Pehrsson et al. 2001) generated evidence
of effectiveness of postpartum WIC participation. There is
strong evidence from this study that uninterrupted
participation in the programme for six months after
delivery resulted in reducing the prevalence of anaemia
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4.2  Results of studies evaluating stand-
alone nutrition supplement interventions

4.2.1  Number of studies

Three studies of stand-alone nutrition supplement
interventions were identified (Rush et al. 1980; Viegas et
al. 1982a/b). See Table 5 for an overview of the studies,
and Tables 7–9 in Appendix 3 for data extracted.

4.2.2  Characteristics of participants

Participants in all three studies were from minority ethnic
groups. The RCT (Rush et al. 1980) was a study of low-
income black women in the USA. In this study, between
24.6% and 26.5% were welfare recipients at the time of
the study. Mean age ranged from 21.5–21.9 in the three

arms of the study. Protein intake was low in
approximately half of all participants. Groups were
comparable at baseline. In the two other studies (Viegas
et al. 1982a/b) participants were Asian women living in
the UK; they were of Pakistani, Indian or Bangladeshi
origin. The second of these two studies recruited women
who were identified as being at higher nutritional risk,
defined as ≤ 20mm/week increment in triceps skin fold
thickness during the second trimester. 

4.2.3 Characteristics of the interventions

In the USA study the first experimental group received a
high protein supplement consisting of two eight ounce
cans a day of high protein beverage containing 40g
animal protein and 470 calories; the second experimental
group received a balanced protein-energy supplement in
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Table 5: Overview of stand-alone nutrition supplement interventions

Author, year

Rush et al.
1980

Viegas et al.
1982a

Viegas et al.
1982b

Design

RCT
Method of
randomisation
not stated

CT

CT

WIC
participants

Low-income
black women in
the USA

Asian women in
the UK

Asian women at
nutritional risk
in the UK

Controls

–

Fewer Hindus and
Sikhs; higher
mean weight and
height 

More Muslims
from Pakistan,
more
consanguineous
marriages, fewer
vegetarians

Sample
size

1051

153

130

Outcome measures

LBW, MBW, maternal
weight gain

MBW, newborn skin
fold thickness and
MUAC, placental
weight, maternal
weight gain, skin fold
thickness, MUAC and
plasma proteins

MBW, gestational age
at birth, newborn
length and head
circumference,
placental weight

Strength of
evidence 

++

–

–

Key findings

Overall differences in MBW
of term babies between
groups not significant;
babies of smokers in the
intervention group
significantly heavier than
control group babies;
differences in head
circumference not
significant; differences in
maternal weight gain not
significant; higher early
neonatal mortality (25–29
weeks) in high protein
supplement group

Birth weight similar in
supplemented and control
groups; differences in
maternal weight gain
between 18–28 weeks
significant; differences in
maternal weight gain in
third trimester not
significant

Crude birth weight
significantly higher in at-risk
supplemented group
compared with at-risk
unsupplemented group;
differences in gestational
age, length at birth not
significant

CT = controlled trial  RCT = randomised controlled trial  LBW = low birth weight (< 2500g)  MBW = mean birth weight   MUAC = mid-upper-arm circumference



the form of two eight ounce cans of beverage a day
containing 6g animal protein and 322 calories. The
control group and both intervention groups also received
vitamins and minerals. The intervention was delivered at
home by a specially trained health aide. It began at ≥ 30
weeks gestation and stopped at the birth of the baby. 

In the UK studies one group received 3mg iron, 30mg
vitamin C and a carbonated glucose drink providing
273kcal (1.1MJ) energy, while the other group received
the same plus protein in 26g of a chocolate-flavoured
powder. The control group received only the vitamins.
Supplements were started in the 28th week and
continued until the 38th week. Community midwives
delivered the supplements to women’s homes every 
5 weeks. In addition a dietitian discussed the use of
supplements on clinic visits. It is notable that the
supplements, although supplied as a beverage, were
medicinal in their presentation. 

4.2.4  Outcomes measured

The North American study measured maternal intake of
supplements, maternal weight gain during pregnancy and
duration of gestation along with perinatal mortality.
Infant weight, length, head and arm circumference and
skin-fold thickness, and neurological measures of maturity
were measured at birth. Both UK studies measured
weight gain, skin fold thickness, mid-upper-arm
circumference (MUAC), plasma proteins and ribonuclease
activity in the mother; birth weight, skin fold thickness
and MUAC in the newborn; and placental weight. 

4.2.5  Methodological quality of studies of
stand-alone nutrition supplement interventions

Rush et al. (1980) was an RCT and both the UK studies
(Viegas et al. 1982a/b) were non-randomised CTs. Sample
size ranged from 130 to 814 women and inclusion and
exclusion criteria were clear in the RCT. Both CTs had
clear inclusion, but not exclusion, criteria. 

Groups were comparable at baseline in the RCT. In the
CTs there were important differences between groups.
For example, one of the three groups in the second trial
had more Muslims from Pakistan and therefore more
consanguineous marriages, and fewer vegetarians. 
A priori sample size calculation was performed in the case
of the RCT but not the two CTs. 

Rush et al.’s RCT was powered to detect a 125g
difference in mean birth weight at an ∝ level of 0.05. It
is not clear what method of randomisation was used.
There is not enough detail to ascertain how women were
allocated to groups in the CTs; the first was designed to
give the same distribution for parity, abnormal past
obstetric history and vaginal bleeding in the current
pregnancy. All three trials reported withdrawals and
losses with reasons. Blinding at outcome assessment was
used in the RCT, but there was no mention of blinding in
the CTs. Analysis was by intention-to-treat in the case of
the RCT, but not in either of the CTs – results from these
two studies need to be interpreted with caution.

4.2.6  Dietary assessment methods

Rush et al. (1988) used 24 hour quantitative dietary recall
by a nutritionist at recruitment, 2 weeks and 6 weeks,
and at approximately 32 weeks gestation. The authors
note that compliance was high. Both UK studies (Viegas
et al. 1982a/b) also used 24 hour recalls, along with
weighed diet periods of 3 to 7 days. 

4.2.7  Effectiveness of stand-alone nutrition
supplement interventions

See Appendix 7 for evidence of effectiveness.

The North American study found that differences between
groups in rates of low birth weight were not statistically
significant. Women who had delivered low birth weight
babies in the past were more likely to deliver a low birth
weight baby. The UK trials did not study low birth weight. 

Findings concerning mean birth weight were different
in the three studies. The North American study (Rush et
al. 1980) found no significant differences in mean birth
weight in the whole sample when gestational age was
not factored into the analysis. However, sub-set analysis
of pre-term births (< 37 weeks gestation) suggested that
babies born to women in the high-protein supplemented
group were significantly lighter than those in both the
balanced protein-energy group (p < 0.02) and the control
group (p < 0.01). The high protein supplement appeared
to have caused intrauterine growth retardation. It is
notable that there was no deficiency in dietary protein
intake in either groups at baseline. This trial also found
that babies of heavy smokers (≥ 15 cigarettes/day) in the
supplemented groups were significantly heavier at birth
compared with babies of smokers in the control group. 
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The first UK study (Viegas et al. 1982a) found no impact
of the protein-energy-vitamin supplement on mean birth
weight (crude birth weight). The second UK study (Viegas
et al. 1982b), targeting high risk Asian women, found
that nutritionally at-risk mothers who received the
protein/energy/vitamin supplement had babies who were
heavier at birth irrespective of gestational age. These
differences were the same when study data were
compared with datasets of babies born to women in
Edinburgh and Birmingham. Both UK studies meet only
few of the quality criteria of this review. 

• In the USA study (Rush et al. 1980), balanced protein-
energy supplementation given to black women
resulted in an increase in the length of gestation, but
high protein supplements caused very early pre-term
births. 

• Differences in gestational age at birth among high risk
Asian women found in the second UK study were not
significant (Viegas et al. 1982b). 

• Rush et al. found that neonatal mortality was higher
in the high-protein group but this did not reach
statistical significance. 

• Rush et al. also found that differences in head
circumference were not statistically significant. 
The second UK study found significant differences 
(p < 0.02) in head circumference between babies
born to supplemented and control group mothers in
the low-risk group, but there were no similar
differences in the high-risk groups. 

• In the USA study (Rush et al.) differences in other
somatic measures of infant health were not 
significant in the RCT. However, at 1 year a 
significant (favourable) effect was observed in infant
psychological health in terms of visual habituation,
visual dis-habituation and length of play episodes in
babies born to mothers in the high-protein
supplemented group. 

The USA study and the second UK study found that
overall there were no significant differences between
groups in maternal weight gain. Women receiving the
high-protein supplement from early in pregnancy gained
more weight in early pregnancy (p < 0.05) than the
balanced energy-protein group, but they lost this
advantage and by the time they delivered they had
markedly decreased weight gain (Rush et al. 1980). 
The first UK study, however, found that women in the
protein-energy-vitamin group gained significantly more
weight and fat between 18 and 28 weeks than the

control group (Viegas et al. 1982a). There were
significantly higher (p < 0.05) weekly increments in
triceps skin fold thickness in the protein/energy/vitamin
supplemented group than the control group, who got
only vitamins. 

There is strong evidence from Rush et al. (1980) that 
high protein supplements are very likely to result in
intrauterine growth retardation and very early pre-term
births among women who had adequate protein in their
normal diets at study entry. This study generated strong
evidence that a balanced protein/energy supplement is
likely to increase the length of gestation, and that heavy
smokers who receive supplements are likely to have
heavier babies than those who do not. Infant
psychological outcomes are likely to improve as a result
of high-protein supplements.

4.2.8  Summary of evidence of effectiveness of
stand-alone nutrition supplement interventions

Three studies are included in this section of the review.
The USA study (Rush et al. 1980) met most of the quality
criteria, while both UK studies met few quality criteria.
There is strong evidence from Rush et al. that a balanced
supplement containing protein and energy had no
significant impact on rates of low birth weight among
black American women. The evidence is similarly strong
that babies born to heavy smokers who receive
supplements containing protein and energy are heavier
than those born to heavy smokers who have not received
a protein/energy supplement. High-protein supplements
resulted in impaired fetal growth and very early preterm
births. Infants of mothers who received high protein
supplements had significantly better psychological
outcomes compared to balanced protein energy or
vitamin only supplemented groups. 
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4.3  Results of nutrition education and/or
counselling studies

4.3.1  Number of studies

Eight studies of nutrition education interventions
targeting pregnant women were identified. Table 6
provides a summary of the included studies in this
section. For data extracted see Tables 10–17, Appendix 3. 

4.3.2 Participants and settings

One study was conducted in the UK, one in Canada, one
in Greece and five in North America. 

• Participants in all but one study were between 21 and 24
years of age. In the remaining study all participants were
young women below the age of 20 (Long et al. 2002). 

• Three studies recruited only women from minority
ethnic groups – African-American (Briley et al. 2002),
immigrants from Mexico (Hunt et al. 1976) and native-
Americans from Cree communities in Canada (Gray-
Donald et al. 2000). 

• Three studies reported educational achievement of
women (Briley et al. 2002; Hunt et al. 1976; Kafatos 
et al. 1989). Between 44% and 100% had less than
high school education, with all women in Hunt et al.
having less than 6 years’ education. 

• The majority of participants in four of the eight studies
were reported to be in low-income groups (Briley et al.
2002; Hunt et al. 1976; Kafatos et al. 1989; Widga and
Lewis 1999). In Hunt et al. all participants were in very
low-income households (annual income < $6000).

• Between 46% and 100% of women in the three
studies reporting marital status were single (Briley et al.
2002; Doyle et al. 1992; Widga and Lewis 1999). 

• Three studies included information on smoking during
pregnancy; the proportion ranged from 30% to 52%
(Doyle et al. 1992; Gray-Donald et al. 2000; Sweeney
et al. 1985). 

• Body Mass Index (BMI = weight in kg/height in cm2 x
100) was reported in three studies (Briley et al. 2002;
Doyle et al. 1992; Gray-Donald et al. 2000). Mean 
BMI indicated acceptable weight for study participants
at baseline, except in Gray-Donald et al., where mean
BMI of participant women was high at 29.6–30kg/m2. 

Overall, participants in the included studies were young
women with low levels of educational achievement and
poor dietary intakes. 

4.3.3  Characteristics of nutrition education
and/or counselling interventions 

All eight papers were studies of multi-faceted nutrition
education interventions. It is difficult to distinguish
between exclusive education and exclusive counselling
interventions as there are elements of both in the
strategies described in these papers. 

• Information gleaned from dietary recall was used for
goal setting, education and counselling in two studies
(Briley et al.; Doyle et al.). 

• Two were based on the same nutrition education
curriculum formulated by Widga and Lewis (Briley et al.
2002; Widga and Lewis 1999). Education in these two
studies included the basic concepts of nutrition, weight
gain in pregnancy, breastfeeding, identification of
‘harmful’ substances and ‘healthful’ habits, along with
menu planning, shopping tips and continued good
nutrition after delivery. Nutrition education in two
other studies included shopping, menu planning, food
preparation, storage of food and improving the
nutritious value of cooked food (Hunt et al.; Kafatos 
et al.). Written information was provided as part of the
intervention for women in Greece (Kafatos et al.). 

• One intervention involved computerised assessments of
dietary intake based on food diaries kept by
participating women, used as a basis for counselling
(Doyle et al.). 

• Another intervention involved counselling women to
comply with a daily prescription of energy and protein,
based on the woman’s body weight and nutritional
status (Sweeney et al.). It was designed on Higgins’s
model (see Higgins et al. 1989). 

• A community intervention for women at risk for
gestational diabetes used a nutritional advice
intervention about staying within the limits of weight
gain in pregnancy by avoiding energy rich and
nutrient-low foods, and increasing physical activity
(Gray-Donald et al.). 

• Another intervention used group discussion and hands-
on activities (not defined) to deliver nutrition education
to adolescent mothers (Long et al. 2002). 

Four interventions were delivered in the woman’s home
(Briley et al., Doyle et al.; Kafatos et al.; Widga and Lewis)
and one at a prenatal clinic (Hunt et al.); it is not clear
where the others were delivered. A dietitian, a nutritionist
or a specially trained nurse delivered the intervention. The
frequency of delivery was usually weekly in the first few
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Table 6: Summary of studies of nutrition education interventions 

Design

CT

CT

Before-after

RCT
Method of
randomisation
not reported

RCT
Cluster
randomised,
method not
reported

CT

RCT – ‘Biased coin
methodology’ after
stratifying by pre-
pregnancy weight
and weight gain in
first trimester

CT

Participants

African-
American low-
income
women, USA

Women
attending a
hospital in
East London

American-
Indian women
from Cree
communities,
Canada

Mexican
women living
in the USA on
very low
income

Low-income
women living
in a remote
part of
northern
Greece 

Adolescents/
high school
children, USA

White low
income
women, USA

Low-income
women, USA

Controls

Similar

Maternal
weight 1.4kg
less; BMI ~0.5
kg/m2 less
before
counselling
began

Similar to
intervention
group

–

–

Details not
reported

–

More minority
ethnic women
than
intervention
group women 

Sample
size

27

1082

219

344

559

219

43

81

Outcome measures

Maternal weight gain,
MBW, pre-term birth,
dietary intake

Maternal weight gain,
LBW, MBW, infant
anthropometric measures,
gestational age at birth

LBW, MBW, maternal
weight gain, dietary
intake, physical activity,
development of
gestational diabetes

Dietary intakes,
biochemical indices of
nutritional status
(deficiencies), nutrition
knowledge

Maternal weight gain,
MBW, infant
anthropometric measures,
dietary intakes, gestational
age, biochemical indices,
infant morbidity/mortality

Maternal weight gain,
MBW, LBW, Agar scores,
dietary intakes, caesarean
section rates, nutrition
knowledge

Maternal weight gain,
MBW, dietary intake

Maternal weight gain,
MBW, dietary intake,
gestational age at birth

Strength of
evidence 

–

+

+

+

–

–

–

–

CT = controlled trial  RCT = randomised controlled trial  LBW = low birth weight (< 2500g)  MBW = mean birth weight  

Author,
year

Briley 
et al.
2002

Doyle 
et al.
1992

Gray-
Donald 
et al.
2000 

Hunt 
et al.
1976

Kafatos 
et al.
1989

Long 
et al.
2002

Sweeney
et al.
1985

Widga
and Lewis
1999

Key findings

Babies of women in
intervention group significantly
heavier than control group;
differences in maternal weight
gain between groups not
significant

MBW significantly higher in
counselled group; differences in
LBW, head circumference, length
at birth between counselled and
non-counselled groups not
significant; differences in
maternal weight gain between
counselled and non-counselled
groups not significant 

Differences in rates of LBW, BW
> 4000g, MBW between groups
not significant; differences in
maternal weight gain between
groups not significant; no
differences in plasma glucose
and rate of development of
gestational diabetes

Significantly higher nutrition
knowledge in intervention
group; significantly higher caloric
intake in intervention group;
fewer women in intervention
group with low RDA for calcium,
vitamin C and riboflavin

Differences in LBW, MBW,
gestational age at birth
between groups not significant;
maternal weight gain
significantly higher in
intervention group

Rate of LBW significantly lower
in intervention group;
differences in MBW, maternal
weight gain between groups
not significant

Intervention group babies
significantly heavier than
control group babies; maternal
weight gain higher in
intervention group

Differences in MBW between
groups not significant;
significantly higher energy,
folate, calcium, zinc and vitamin
B6 intake in intervention women



weeks and then reduced to every 3 to 4 weeks until
delivery. In all except one study (Kafatos et al.), which
began towards the end of the first trimester,
interventions began around the second or early third
trimester and lasted until the end of pregnancy. 

4.3.4  Outcomes measured

Seven of the eight papers measured birth weight,
maternal weight gain and dietary intake of nutrients 
(the exception being Hunt et al. 1976). The nutrient
intakes measured were energy, protein, iron, folic acid
calcium, vitamins B6, B12 and vitamin C. 

• Gestational age at birth was included as an outcome in
Doyle et al., Kafatos et al. and Widga and Lewis. 

• Kafatos et al. also collected data on infant morbidity
and mortality. 

• One study measured a large number of biochemical
indices including haemoglobin concentrations and
plasma iron (Hunt et al.). 

• Another reported on rates of pregnancy complications
(Sweeney et al.). 

• Caesarean section rates were reported in Gray-Donald
et al. and Long et al.

4.3.5  Methodological quality of nutrition
education studies

There are two RCTs, one cluster randomised trial, four
non-randomised CTs and one before-after study (see
Table 6).

• Between 27 and 1082 participants were recruited to
each of the studies. 

• Most groups were comparable at baseline, except in
Widga and Lewis where there were significantly more
women from minority groups in the control arm. 

• Only Gray-Donald et al. reported an a priori sample
size calculation. The sample was powered to detect
differences of 215g in mean birth weight, 1396kJ in
energy intake, 0.74mmol/L in plasma glucose,
0.01kg/week increment in maternal weight and 1.9kg
in weight retention at 6 weeks postpartum. 

• None of the CTs reported method of group allocation. 
• Blinding at outcome was not reported in any of the

trials. 
• The number of losses and withdrawals were reported

in five trials of which two included the reasons for
losses/withdrawals. 

• The intention-to-treat model was not used in any of
the studies. 

• In the before-after study (Gray-Donald et al.) both
groups were selected from the same sampling frame,
although the method of sampling was not clear.
Sample size was not calculated in advance. 

• None of the studies provided detailed information
about the timing of smoking cessation.

4.3.6 Dietary assessment methods

Six studies used 24-hour dietary recall as the chosen
method of assessment at study entry and after the
intervention, typically in the 36th week of pregnancy
(Briley et al.; Gray-Donald et al.; Hunt et al.; Long et al.;
Sweeney et al.; Widga and Lewis).  

• Doyle et al. used a food diary for 1 week only in the
counselled group, as a means of informing individual
counselling. 

• Sweeney et al. used a 7 day dietary history. 

Under- or over-reporting was not considered in any of
the studies. 

4.3.7  Effectiveness of nutrition education
interventions

See Appendix 7 for evidence of effectiveness.

Four studies measured rates of low birth weight.

• Long et al. reported a significant difference of 5.7% in
favour of the intervention group (p < 0.05). 

• Gray-Donald et al. reported rates of 2.83 and 1.94%,
and Kafatos et al. 4.5 and 3.9% in the intervention
and control groups respectively; these differences were
not statistically significant. 

• Doyle et al. reported rates of 5.4 and 7.5% low 
birth weight in the intervention and control groups
respectively. This study did not take account of the
lower rates of smoking in the intervention group. 

There is indicative evidence* that nutrition counselling
has no impact on rates of low birth weight. 
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All except one study (Hunt et al.) reported on mean
birth weight. 

• Briley et al. found a significant difference of 48g in
favour of the intervention group (p < 0.05). 

• Doyle et al. found that individual nutritional
counselling provided by a dietician at home to
pregnant women could have a beneficial impact on
mean birth weight of their babies. The difference was
78g when adjusted for maternal body weight before
study entry (p < 0.02). As noted earlier, the lower rates
of smoking appear to have favoured the intervention
group.

• Kafatos et al. and Long et al. both found differences in
birth weight in favour of the intervention group but
these were not significant. 

• Sweeney et al. found that there were no significant
differences in mean birth weight between the
intervention and control groups. However, sub-group
analysis of women in the ‘adequate’* group and
‘inadequate’ group resulted in significant differences 
in mean birth weight in favour of the adequate group
(p < 0.04). 

Briley et al., Kafatos et al. and Sweeney et al. met few
quality criteria. There is indicative evidence** from Doyle 
et al.’s study that nutritional counselling may have a small
effect on mean birth weight.

Only one study in the review looked at reducing birth
weight and maternal weight gain (Gray-Donald et al.);
this was in a native North American group in whom
gestational diabetes, macrosomia (birth weight > 4000g)
and rates of caesarean section were higher than in the
non-native population in the area. There is moderately
strong evidence from this study that nutrition counselling
and education had only a small impact on mean birth
weight of babies born to mothers at risk of gestational
diabetes. Babies born to women in the intervention
group were 55g lighter than those in the control group,
but this did not reach statistical significance. There were
more babies weighing over 4000g in the intervention

group but again this did not reach statistical significance.
The conclusions of this study have application for groups
of women who are identified as being at high risk for
gestational diabetes, and consequently for having heavier
babies and possibly higher rates of caesarean section. 

Gestational age at birth was reported in four studies.
Doyle et al., Hunt et al., Kafatos et al. and Long et al.
found no significant effect on gestational age at birth.
The evidence generated from Doyle et al.’s study provides
moderately strong evidence that gestational age is
unlikely to change as a result of nutritional counselling. 

Only Kafatos et al. reported on rates of pre-term birth.
The authors found a significant difference of 4.6% in
favour of the intervention group (p < 0.04), but this study
met few quality criteria.

Head circumference and length at birth were reported in
Doyle et al. There is moderately strong evidence from this
study that nutritional counselling has no significant impact
on newborn head circumference or on length at birth.

Six studies reported on maternal weight change. 

• Doyle et al. reported maternal weight gain of 12.3 and
11.9kg in the counselled and control groups
respectively (p = 0.221). 

• Kafatos et al. found a significant difference between
intervention and control groups. 

• Sweeney et al. reported significant differences in
maternal weight gain between groups having
adequate and inadequate diets (p < 0.005). 

• Long et al. and Widga and Lewis found that
differences between groups were not statistically
significant. 

• Gray-Donald et al., whose study set out to restrict
weight gain during pregnancy and weight retention in
the postpartum period through nutrition education
and physical activity, found no significant differences in
maternal weight gain between the intervention and
control groups. Both groups gained over 0.5kg a
week. However, those with a BMI ≥ 29kg/m2 gained
significantly less weight than those with a BMI ≤ 29
kg/m2. It must be noted that women in native North
American communities perceived that plumpness was
a desirable attribute for women and that traditionally
they felt that women ought to gain considerable
weight during pregnancy; these issues were not
addressed through the intervention. 
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Four of these studies, as noted earlier, met only a few
quality criteria. Overall there is not enough reliable
evidence about changes in maternal weight as a result of
nutrition counselling and education.

Six studies measured nutrient intakes. 

• Briley et al. reported a significant increase in iron intake
(p < 0.01) but not in energy, calcium, or vitamin B6. 

• Gray-Donald et al. found a significant reduction in
caffeine intake during pregnancy in the intervention
group and an increase in folate intake at 6 weeks
postpartum (p < 0.03).

• Hunt et al. demonstrated significant increases in
calories (p < 0.02), and calcium (p < 0.01), but not in
protein and iron intakes. 

• Kafatos et al. reported a significant increase in energy
intake in the intervention group. 

• Sweeney et al. found a significant increase in protein
(p < 0.01) but not caloric intake as a result of the
intervention. 

• Widga and Lewis found significant increases in energy
(p < 0.05), folate (p < 0.01), calcium (p < 0.01) and
vitamin B6 intakes (p < 0.01) in the intervention group. 

Except for Hunt et al., the studies reporting on nutrient
intakes met few quality criteria. 

Indices of iron and folate sufficiency were reported in
two papers. 

• Hunt et al. reported that nutrition education did not
result in significant increases in haemoglobin
concentration, haematocrit and serum iron. Serum
folate, however, increased significantly in the
intervention group (p < 01). 

• Kafatos et al. found no significant impact on serum
iron and rates of anaemia.

Two studies reported on rates of caesarean section
(Gray-Donald et al.; Long et al.) There were no significant
differences in rates reported in these studies. 

Gray-Donald et al. also reported on the development of
gestational diabetes mellitus among participants and
found no differences between groups. 

Gray-Donald et al. reported no differences in
breastfeeding rates between the groups. 

4.3.8  Summary of effectiveness of nutritional
advice, education and counselling

This section of the review included three RCTs, four non-
randomised CTs and one before-after study. Overall,
variations in the characteristics of participants, study
settings and quality were wide. Three met some of the
quality criteria (Doyle et al.; Gray-Donald et al.; Hunt 
et al.) and the remaining studies met only a few. 

The strength of evidence from two of the RCTs in this
section is weak. The stronger evidence comes from three
studies, one before-after study (Gray-Donald et al.), one
CT (Doyle et al.) and one RCT (Hunt et al.).

• There is indicative evidence* that nutrition counselling
can have a small impact on mean birth weight and
maternal weight gain, and probably has no impact on
low birth weight, gestational age at birth, and
newborn head circumference and length. 

• There is moderately strong evidence that nutrition
education for women who are at high risk of
developing gestational diabetes and delivering large
babies is not effective in restricting maternal weight
gain during pregnancy, reducing weight retention in
the postpartum period, and preventing macrosomia
and gestational diabetes mellitus. 
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4.4  Results of evaluations of complex
health and social care interventions

4.4.1  Number of studies

Two studies of complex health and social care
interventions were identified, with each having at least
one nutrition component. Table 7 provides a summary of
the two studies.  Data extraction tables are in Tables 18
and 19, Appendix 3. 

4.4.2  Participants and settings

Both studies were conducted in the USA. The mean age
of women participating in Graham et al.’s study was 24,
with 21% below the age of 19; 38% were primiparous
and 11% were married. Medicaid cover was significantly
higher in the intervention group. Participants in Olds et
al. were young (47% below 19), poor, primiparous and
single. The adequacy of diet (average percentage of RDA
of 12 nutrients) was 72.46 in the intervention group and
69.34 in the control group (p < 0.05). Intervention group
women smoked 6.94 cigarettes a day compared with
7.65 in the control group. 

4.4.3  Characteristics of the complex health and
social care interventions

Both interventions were delivered in the woman’s home.
Peer-type home visitors were especially trained to deliver
the intervention described in Graham et al. – they
provided psychosocial support. Family members were
encouraged to increase their support for the woman and
to be present for home visits, clinic visits, maternity
classes and delivery. Home visitors also made efforts to
reduce family stress and act as advocates when required.
Other components of the intervention were nutrition
education, referral to other services such as smoking
cessation, provision of information about the health risks
of smoking and alcohol consumption, increased
awareness of community resources, and information
about prenatal care and childbirth. 

In Olds et al. the key intervention was again home visits,
which were designed to enhance social support in the
prenatal period, increase participation in other services
such as WIC and encourage healthy habits such as a
good diet. Nurses made home visits about every 2 weeks
– an average of nine visits for each pregnancy. Each visit
lasted 1 hour and 15 minutes; more than two-thirds of
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Table 7: Summary of studies of complex health and social care interventions 

Author, year

Graham 
et al. 1992

Olds et al.
1986

Design

RCT –
table of
random
numbers
used 

RCT –
pack of
cards used
to
randomise
participants
after
stratifying
for race,
marital
status, area
of
residence
and
ethnicity

Participants

African-
American
women with
poor family
functioning
scores + one
recent stressful
event 

Low income,
young single
first-time
mothers in the
USA

Controls

–

–

Sample
size

145

400

Outcome measures

LBW (< 2500g),
number of visits to
prenatal clinic, efficacy
of screening tool

Use of services
including WIC, support-
person’s behaviour,
obstetric conditions
such as bleeding and
spotting, health habits
such as smoking and
alcohol consumption,
birth weight, length of
gestation

Strength of
evidence 

+

++

Key findings

Differences in rates of LBW
between groups not
significant

Overall differences in LBW
and MBW between groups
not significant; significantly
lower rates of pre-term
delivery in intervention
group smokers; significantly
more women in the
intervention group used
nutrition supplement
vouchers; significantly more
women in the intervention
group stopped smoking in
pregnancy

RCT = randomised controlled trial  LBW = low birth weight (< 2500g)  



the time was spent on education (including nutrition
education). This intervention spanned both prenatal and
postnatal periods until the child from the first pregnancy
was 2 years old.

4.4.4  Outcomes measured

Low birth weight and number of prenatal care visits were
the main outcomes measured in the study conducted by
Graham et al. This study also tested the efficacy of a
screening tool to identify women at high risk for low
birth weight babies. Olds et al. also measured birth
weight and the number of prenatal visits. In addition, the
study provided data on the adequacy of diet, number of
cigarettes smoked each day, number of services known
by a participant and childbirth education attendance. 
The number of nutrition supplement vouchers collected
(under the WIC programme), number of calls to the
doctor and support-person’s behaviour were also
measured, and obstetric conditions such as bleeding,
spotting, pregnancy-induced hypertension, oedema and
kidney infections were reported.

4.4.5  Methodological quality of studies

Graham et al. recruited 145 women and Olds et al. 
400 women. Graham et al.’s RCT met some of the quality
criteria, including true randomisation and a priori sample
size calculation. Calculations were performed to detect
differences in low birth weight, but other outcomes were
also studied. Groups were not comparable at baseline,
there was no mention of blinding at outcome assessment
and the intention-to-treat model was not used in the
analysis. The method of dietary intake assessment was
not reported in the paper. Olds et al. met many of the
quality criteria, including true randomisation. This study
did not calculate sample size beforehand and analysis was
not by intention-to-treat. Dietary intake was assessed by
24 hour recall. 

4.4.6  Dietary assessment methods 

Olds et al. used 24 hour dietary records and recalls.
Dietary data were collected for 74% of the sample for
two consecutive 24 hour periods at each assessment. 
For an additional 14% of the sample, data were collected
for only one 24 hour period. Reliability of the data was
tested; the authors conclude that it was of an acceptable
standard. Graham et al. did not report on dietary
assessment. 

4.4.7  Effectiveness of complex health and social
care interventions

See Appendix 7 for evidence of effectiveness.

One of the studies (Graham et al. 1992) met some quality
criteria, and the other (Olds et al. 1986) met many quality
criteria, and therefore provide moderate to strong
evidence of effectiveness. 

Peer-type home visiting for women with low family
functioning scores and recent experience of stress was
found to have no impact on rates of low birth weight
(Graham et al.). Adequacy of prenatal clinic visits did not
change this outcome. It is likely that four home visits
during the second and third trimesters are insufficient to
address the complex social and health problems
experienced by these women. 

Olds et al. found that differences between intervention
and control groups were not statistically significant. Sub-
group analysis showed a significant difference between
older non-smokers in the two groups; nurse-visited older
non-smokers had a low birth weight rate of 10.7% while
the controls had no low birth weight babies (p < 0.01).
There were two low birth weights in the control group
and none in the nurse-visited group among 14–16 year
old mothers. However, the numbers of very young
mothers were small (28 in the nurse-visited group and 17
controls), and the means cited in the table (see Appendix
3, Table 19) were not adjusted for co-variates such as
gestational age. Therefore the findings need to be
interpreted with caution. 

Olds et al. reported on mean birth weight. Home
visiting by trained nurses did not have a favourable
impact on mean birth weight of all study participants.
Sub-group analyses of babies born to very young mothers
who had the benefit of nurse visits showed the babies
were an average 324g heavier than their controls. When
the means were adjusted for length of gestation at study
entry, the effect was concentrated exclusively among
adolescents registering in the programme before mid-
pregnancy. As pointed out earlier, the numbers in this
sub-set were small so caution is needed in interpreting
this finding. There was no similar intensification of
treatment effect on mean birth weight for smokers and
older non-smokers after adjustment for gestational age at
entry.
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Gestational age at birth was not significantly different
between women who were visited at home and those
who were not visited (Olds et al.). However, sub-group
analyses showed a statistically significant difference in
favour of the control group among older non-smokers 
(p < 0.01). Differences in preterm delivery between all
women in the intervention and control groups were not
significant. But sub-group analyses showed significant
differences in rates of preterm delivery in favour of the
intervention group (p < 0.05) among smokers, and
significant differences in favour of the control group
among older non-smokers (p < 0.001). Although there
were differences in rates of pre-term delivery among very
young mothers, the conclusions cannot be said to be
reliable because of the small numbers and absence of
adjustment for co-variates. 

Olds et al. also report on maternal weight gain. They
found that differences in maternal weight gain between
the groups did not reach statistical significance. Social
support was enhanced as a result of the intervention and
the rate of kidney infections was significantly reduced 
(p < 0.01). Differences in obstetric complications such
as pregnancy induced hypertension and proteinurea, and
obstetrical conditions such as vaginal bleeding, were not
statistically significant.

Also in Olds et al., the number of nutritional
supplementation vouchers used by the final visit was
significantly higher in the intervention than in the control
group (p < 0.05). However, this was not reflected in the
adequacy of diet (percentage of RDA) between study
entry and 32nd week of pregnancy. The nurse visits 
had a significant impact on reduction in daily cigarette
smoking in favour of the intervention group (p < 0.001).

A screening tool used in Graham et al. to identify
women nutritionally at risk of having low birth weight
babies did not appear to be sensitive.  

4.4.8  Summary of effectiveness of complex
health and social care interventions

There is strong evidence that complex health and social
care interventions designed to improve nutritional intake
and social support among low-income pregnant women,
and delivered in their homes, are very likely to have no
impact on low birth weight, mean birth weight and
gestational age at birth; and are likely to have a small but
significant impact on reduction in the number of

cigarettes smoked each day, and rates of preterm birth in
favour of smokers in the intervention group. Although
there is not enough detail in the papers to make an
assessment of nutrition education input, these studies
provide important evidence to inform the development of
complex health and social care interventions
incorporating elements of food support. 
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4.5  Economic studies of food-support
programmes

This section stands apart from the four previous sections
in that inclusion/exclusion criteria, data handling and
method of analysis are different. All economic studies and
any study design were accepted, including retrospective
analyses of data; this was necessary because almost all
economic studies are based on retrospective data linkage
studies. Cost studies of vitamin supplementation are
excluded. One reviewer appraised and reviewed all
studies included in this section. 

4.5.1  Number of studies 

A total of 12 economic papers were identified in the
search. Of these, eight are studies of WIC, three of EFNEP
and one examined breastfeeding. One paper reported on
a meta-analysis of costing studies of WIC. These studies
are summarised in Tables 8-10. Full economic appraisal of
each of the included studies detailed in these tables is
given in Appendix 5.

4.5.2  Quality of economic studies

All papers from the USA used charges, reimbursement or
some variant of this, rather than actual treatment costs.

While often claiming to be cost-benefit studies, there was
no measurement of benefit beyond averted treatment
costs, so they were generally cost-consequence studies.
None of these studies was based on an RCT; they
compared WIC or EFNEP participants with eligible non-
participants, so selection bias is likely. Although WIC led
to an increase in prenatal care, these costs were generally
not included. There was limited or no sensitivity analyses. 

4.5.3  Summary of economic studies

Little can be said with confidence about the cost
effectiveness of WIC or EFNEP due to the poor quality of
studies and the strength of the designs.  
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Table 8: Summary of WIC studies of cost

Study type, 
no. participants

Record linkage

WIC 1883 
Non-WIC 5745

Record linkage

WIC 3261 
Non-WIC 5285 

Costs

Mothers 
No differences

Babies (up to 30 days) 
Medicaid costs  
WIC $574
Non-WIC $672

WIC costs $229,000
Medicaid savings $191,000

CBR 1:0.83 (95% CI  0.4–1.3)

Babies (up to 45 days)
Medicaid costs
WIC $1250
Non-WIC $1326

WIC costs $508,000

CBR 1:0.49 (95% CI  0.07–0.9)

LBW = low birth weight (< 2500g)  MBW = mean birth weight  CBR = cost benefit ratio (benefit here refers to averted costs)

Author, year,
country

Schramm
1985, USA

Schramm
1986, USA

Comments

Limited testing of comparability;
problems with matching; no
sensitivity analyses 

As above

Outcomes

LBW %
WIC         10.7
Non-WIC  12.6 

LBW %
WIC           10.1
Non-WIC    13.1

NICU admissions
WIC          3.9% 
Non-WIC   4.5%
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Table 8: Summary of WIC studies of cost (cont.)

Study type,
no. participants

Statistical modelling
study

Record linkage

105,000 births

Record linkage

22,343 women

Review – economic
modelling

Included studies
ranged from 49 to
31,732 women

Costs

Estimated cost per additional 1000
participants (neonatal mortality) (at 1984
values)
WIC 
White $145,000
Black $145,000

Estimated cost per life saved (at 1984
values)
WIC 
White $39–118 
Black $21–47 

Estimated cost per additional 1000
participants to avert LBW (at 1984 values)
WIC 
White $4.7–not stated
Black $2.6–6.3 

Savings in Medicaid costs for mothers and
newborns (0–60 days) 
WIC mothers and babies     $277–598

Estimated WIC programme cost for
newborns and mothers
$151–232 

CBR for mothers and newborns $1.77–3.13 

CBR for babies only $2.84–3.90 

Actual claims (up to 60 days) 
WIC $1856
Non-WIC $2350

WIC programme costs $170 per person

CBR 
White 1:1.92 
Black 1:3.75 

Estimated total 1st year medical costs 
VLBW $56,407
MLBW $9937

LBW = low birth weight (< 2500g)  MLBW = moderately low birth weight  VLBW = very low birth weight  CBR = cost benefit ratio (benefit here refers to averted costs)

Author,
year, country

Joyce et al.
1988
USA 

Devaney 
et al. 1990,
1992;
Devaney
1998 
USA

Buescher 
et al. 1993
USA

Avruch and
Cackley
1995
USA

Comments

Inputs to equations rather crude;
assumption that additional users
will be same as current users; no
sensitivity analyses

Limited information on
comparability of cases deleted
from linkage and comparability
of WIC non-WIC; no sensitivity
analyses

Cost differences over-estimated
due to treatment costs spanning
60 days; no sensitivity analyses

Some of costing quite crude; no
sensitivity analyses

Outcomes

Estimated lives saved per
1000 additional participants
(neonatal mortality
reductions)
WIC
White 1.2–3.7
Black  3.1–6.9 

Estimated LBW births averted
per 1000 additional
participants 
WIC
White  0–30.5
Black  23.1–53.3 

Estimated reduction in rates
of LBW 
2.2–5.1%

Estimated reduction in rates
of pre-term births
2.3–6.3%

Estimated reduction in LBW
White 22% 
Black 31%

Estimated reduction in VLBW 
White 44%
Black 57% 

Reported reductions in LBW 
0.9–5.2 percentage points 

Reported reduction in  VLBW
0.3–1.8 percentage points 
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Table 9: Summary of EFNEP studies of cost

Study type,  
no. participants

Observational

384 women

Modelling based on
literature
3100 women in
Virginia EFNEP

Modelling based on
literature

368 women in
Oregon EFNEP

Costs

Cost of programme
$388/person

Savings on food per month, mean $ [SD]
A    10.36 [9.79]
B    19.53 [6.79]
C   –5.52  [8.64]

Savings accrued for 5 years
at 3% discount
$696

at 7% discount 
$147 savings

Cost of programme 
$1,713,081

Averted costs of treatment 
$17,880,626

Averted costs of lost productivity 
$343,354

CBR 1:10.64
Sensitivity analyses 

CBR range  
1:2.66-17.04

Cost of Oregon programme 
$446,003

Averted costs of time off work (treatment +
lost productivity) 
$1,619,321

CBR 1:3.63

CBR range 1:0.91-1.94.

Author, year,
country

Burney and
Haughton
2002
USA

Rajgopal 
et al. 2002
USA

Schuster 
et al. 2003
USA

Comments

Consecutive allocation to 
A, B and C; long-term
effectiveness of intervention
doubtful; food recall may be
biased;  limited sensitivity
analyses

24 hour food recall may be
biased; assumption that EFNEP
graduates practice optimal
nutrition behaviour for life;
averted costs of lost productivity
assume that women are
employed; limited sensitivity
analysis; costs of LBW only
modelled to 1 year

As above - slightly better
sensitivity analysis

Outcomes

Participants saved $124–234 
a year and ate more fruit and
vegetables

Reduction in diseases and
conditions through ‘optimal
nutrition behaviour’

Reduction in diseases and
conditions through ‘optimal
nutrition behaviour’

Table 10: Breastfeeding study

Study type,  
no. participants

Modelling study of
effects of exclusive
breastfeeding

Costs

Cost savings WIC over 90 months 
With rebate        $202
Without rebate    $1787 

Author, year,
country

Tuttle and
Dewey
1996
USA

Comments

No sensitivity analyses except
discount rates

Outcomes

Interval between pregnancies,
gastro-intestinal infection,
otitis media

CBR = cost benefit ratio (benefit here refers to averted costs)



As far as the authors are aware, this is the first systematic
review of food-support interventions for childbearing
women in developed country settings. Rigorous
systematic review methods were used throughout the
work. An information officer at the Centre for Reviews
and Dissemination (CRD) developed the search strategy
and conducted the search; researchers and reviewers
were involved in the review process and analysis; an
experienced researcher and reviewer supervised the
review process at every stage; and a perinatal health
economist conducted analysis of the economic studies of
national programmes. 

The entire process was transparent, with two reviewers
independently involved in the different stages: trawling,
short-listing of papers, assessment of quality of studies
and production of tables. The draft report was peer
reviewed by seven academics with expertise and interest
in public health, public policy, nutrition, perinatal health,
and maternal and child health.

This section starts with a description of the limitations of
the review. This is followed by a discussion of the
effectiveness of strategies for improving nutrition among
childbearing women, with a note on whether or not
food-support programmes, as reported in included
studies, address the problem of inequalities in the health
of childbearing women. The methodological quality of
studies is discussed, including examination of some
studies excluded from this review. Gaps in the evidence
are identified, and implications for policy, practice and
research are described.

5.1  Limitations and challenges of the
review

This review included RCTs, non-randomised controlled
trials and before-after studies. The exclusion of other
study designs may have resulted in a loss of studies
reporting on process, views and costs. As it stands there
is little information on women’s views, costs or process
outcomes that may have been useful in informing the
development of current practice. These design limitations
also resulted in exclusion of studies of very marginalised
groups such as travellers and homeless women.
Unpublished studies were not sought owing to time
constraints. 

This search string was used throughout the strategy to
limit the various sub-sections of the search:

mother or mothers or maternal or childbear$ or
pregnant or pregnancy or breastfeed$ or breast feed$
or lactating or lactation or periconcept$ or preconcept$
or postnatal or prenatal or postpartum

Therefore studies not using these descriptors were not
identified. 

The strategy for this review was to include all studies
identified in the search that met the review criteria.
Quality assessment was conducted only after inclusion. 
It was found that many of the included studies were
flawed, with problems noted either in the design or in
the analysis. Conclusions from these studies are
considered likely or very likely to alter and do not
therefore provide reliable evidence of effectiveness. This
has been noted throughout the review.

A priori sample size was calculated for only three studies
(Graham et al. 1992; Rush et al. 1980, 1988) These
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5  Discussion and conclusions



studies were powered to detect differences in key
perinatal outcomes – low birth weight, mean birth weight
and gestational age at birth. Findings from studies not
powered for a particular outcome were considered in this
context.

There was marked heterogeneity in the participants 
with respect to age, ethnicity and anthropometric
measurements. In some papers these were not described,
or if described they were not factored into the analysis.
Even the start and duration of the intervention with
respect to timing in gestation varied a great deal across
included studies. The variability in studies has made it
difficult to review them all together and to draw out
straightforward conclusions about their effectiveness.
Furthermore, variability in compliance with food
supplements in the WIC studies makes it difficult to
compare them with the nutrition education interventions
in terms of outcomes.

5.2  Applicability of review findings to the
UK population

This review was commissioned to inform policy and
practice in the UK. The majority of included studies 
(all except four) were set in North America. 

Between-country differences in healthcare, social care,
population characteristics, food fortification and welfare
provision limit the usefulness of these review findings.
Findings from the WIC studies, which demonstrate many
positive effects, need to be interpreted with caution. 

5.3  Evidence of effectiveness of food-
support programmes

The effectiveness of food-support strategies is discussed
here in the light of the quality rating of included studies.
Evidence described in this section is based on findings of
only those studies that meet some or all of the quality
criteria for this review. Those studies meeting only a few
or none of the criteria cannot be relied on as a source of
evidence. Furthermore, less weight is given to negative
conclusions on outcomes for which the study was not
powered. Readers are referred to sections 4.1.7, 4.2.7,
4.3.6 and 4.4.6 for a more extensive discussion of
findings from all included studies. See Appendix 7 for
evidence of effectiveness.

Evidence of effectiveness of food support on low birth
weight is generated from seven studies that meet some
or many quality criteria for the review: 

• two WIC evaluations (Metcoff et al. 1985; Rush et al.
1988)

• one stand-alone nutrition supplement intervention
(Rush et al. 1980) 

• two nutrition counselling/education studies (Doyle 
et al. 1992; Gray-Donald et al. 2000) 

• two complex health and social care intervention studies
(Graham et al. 1992; Olds et al. 1986). 

None of the studies found a significant favourable impact
on low birth weight in the intervention group. A point
worth noting is that one of the large-scale studies (Rush
et al. 1988, the second WIC national evaluation) recruited
a smaller sample of women than was originally planned;
the study therefore did not have enough power to detect
expected changes in low birth weight. Whether a larger
sample size would have found a significant reduction in
low birth weight is debatable. 

We can have confidence from these studies that multi-
faceted food-support programmes such as WIC, stand-
alone nutrition supplement programmes, nutrition
counselling and education, or complex health and social
care interventions that include a nutrition education
component are unlikely to have an impact on rates of low
birth weight in a woman’s first pregnancy. Further research
is needed to investigate the impact of such programmes
on rates of low birth weight in future pregnancies. Low
birth weight is probably not a useful measure of the short-
term effectiveness of such programmes. 

Evidence of the effectiveness of food support on mean
birth weight is generated from six included studies that
met some or many quality criteria for the review:

• two WIC evaluation studies (Metcoff et al. 1985; 
Rush et al. 1988) 

• one stand-alone nutrition supplement intervention
(Rush et al. 1980) 

• two nutrition counselling/education studies (Doyle 
et al. 1992; Gray-Donald et al. 2000)

• one complex health and social care intervention study
(Olds et al. 1986). 

The 1988 national WIC evaluation and one smaller study
found that there was no significant impact of WIC
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participation on mean birth weight of the whole sample.
One of these studies (Metcoff et al.), found a statistically
significant difference of 175g among babies born to
heavy smokers (> 10 cigarettes/day) participating in WIC
(p < 0.017). 

Findings from a study of stand-alone nutrition
supplements adds strength to the evidence that babies
born to smokers may benefit from food-support
programmes (Rush et al. 1980). One study of nutrition
counselling delivered by a nutritionist to women in the
home setting during the second and third trimesters
provides indicative evidence* of a favourable impact on
mean birth weight (Doyle et al.). A complex health and
social care intervention with nutrition advice as one of
several components delivered during a home visit had no
favourable impact on mean birth weight except among
babies born to very young mothers (Olds et al.). 

There is indicative evidence* from included studies that
food-support programmes may have a favourable effect
on mean birth weight in high-risk sub-groups such as
heavy smokers and very young mothers. None of the
studies measured the effectiveness of the programmes on
mean birth weight in later pregnancies. 

One study comprising nutrition education and physical
activity, targeting overweight pregnant women from
native-American Cree communities in Canada, aimed to
reduce the incidence of gestational diabetes and
consequently macrosomia (> 4kg birth weight) (Gray-
Donald et al.). This intervention had no substantial effect
on birth weight. However, the study remains important
because of the higher proportion of overweight women
in social class V in the UK (Department of Health 1999a)
and the associated risk of gestational diabetes. Stand-
alone energy restriction during pregnancy is not
recommended because of the danger of low birth weight. 

Three studies that met some or many quality criteria
provide evidence of effectiveness of pre-term birth:

• one WIC evaluation (Rush et al. 1988) 
• one stand-alone nutrition supplemental intervention

(Rush et al. 1980) 
• one complex health and social care intervention study

(Olds et al. 1986). 

Rush et al. (1988) found no significant differences in rates
of pre-term birth. There is strong evidence that high
protein supplements result in very early pre-term births in
Rush et al. (1980). Olds et al. found that preterm birth
rates were lower among smokers in the intervention
group. There is moderately strong evidence that a
complex health and social care intervention incorporating
nutrition education/counselling can result in lower rates
of pre-term birth among participants who smoke during
pregnancy. 

There is strong evidence that high protein supplements
taken during pregnancy by women who have adequate
protein intakes at baseline is very likely to result in
intrauterine growth retardation (Rush et al. 1980). 

Evidence of the effectiveness for changes in duration of
gestation come from five studies that met some or many
quality criteria: 

• one WIC evaluation (Rush et al. 1988) 
• one stand-alone nutrition intervention (Viegas et al.

1982b)
• two nutrition education/counselling interventions

(Doyle et al. 1992; Gray-Donald et al. 2000) 
• one complex health and social care intervention 

(Olds et al. 1986)

None of the studies found significant differences in
duration of gestation between intervention and control
groups. There is moderately strong evidence that WIC
participation, nutrition supplementation and nutrition
education interventions have no significant effect on
duration of gestation.

Head circumference, an indicator of fetal growth, was
reported in three studies meeting some or many quality
criteria:

• one WIC evaluation (Rush et al. 1988) 
• one stand-alone nutrition intervention (Rush et al. 1980) 
• one nutrition counselling intervention (Doyle et al. 1992). 

Neither the nutrition counselling intervention nor the
stand-alone nutrition supplement had a significant impact
on head circumference. However, Rush et al. (1988)
reported a small but statistically significant increase in
head circumference that was independent of birth
weight. Even so, it can be confidently said that
programmes such as WIC can have a beneficial effect on
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newborn head circumference. While this in itself is a
good outcome, it will be useful to study the effects over
time, as this was an incidental finding. Future studies of
food support might include head circumference as an
additional outcome of interest. 

Programme quality was reported in Rush et al. (1988),
the second national WIC evaluation. This study found
that higher programme quality had beneficial effects on
rates of low birth weight and newborn head
circumference. Head circumference varied less than low
birth weight with programme quality, suggesting that it
might have been more directly related to food
supplementation. It is notable that WIC directors assessed
programme quality, so there may have been an element
of subjectivity in the assessments. 

Furthermore, there is not sufficient evidence from this
study on which components of the programme
(counselling, quality of nutrition education, individual care
plans, or compliance with state and federal regulations)
resulted in these associations. This study provides
indicative evidence* that improvements in programme
quality may have a positive effect on low birth weight.

Maternal weight gain, an intermediate outcome for
birth weight, was reported in six studies meeting some or
many quality criteria: 

• two WIC evaluations (Metcoff et al. 1985; Rush et al.
1988)

• one stand-alone supplement nutrition intervention
study (Rush et al. 1980) 

• two counselling intervention studies (Doyle et al. 1992;
Gray-Donald et al. 2000) 

• one complex health and social care intervention 
(Olds et al. 1986). 

It is notable that only one study was powered to detect a
change in maternal weight (Gray-Donald et al.). The
large-scale national WIC evaluation (Rush et al. 1988)
found that women in the WIC group were lighter than
the controls at entry to the programme, but by the end
of their pregnancy their weights were the same as the
control group. A proportion of control group women
who crossed over to WIC later on showed increases in
weight by the end of the study. 

Metcoff et al.’s RCT found that WIC women weighed
2.5kg more at 36 weeks than control group women 
(p = 0.57), after adjusting for differences in weight at
entry to the study (19 weeks). 

The stand-alone protein-energy supplement, ie the high-
protein arm of the study, was effective in increasing
weight in early pregnancy (p < 0.05) (Rush et al. 1980). 
A sub-group of women in the high-protein group who
delivered their babies before term went on to lose their
advantage and by delivery they had markedly decreased
weight gain compared with the balanced energy-protein
group and controls. The concomitant negative impact on
fetal growth in this group reduces the usefulness of its
effect on early pregnancy weight gain.

Doyle et al. found a difference of 0.4kg in maternal weight
gain as a result of nutrition counselling only (p = 0.221). 

The complex health and social care intervention reported
differences in maternal weight gain but these were not
significant (Olds et al.). 

Gray-Donald et al. set out to restrict maternal weight
gain in pregnancy and reduce weight retention in the
postpartum period, and found that the nutrition
education intervention had no significant impact on
weight restriction during pregnancy either among women
with BMI ≥ 29kg/m2 or < 29kg/m2. 

There is evidence that programmes such as WIC are
effective in increasing weight gain among women who
are at risk as a consequence of poor pre-pregnancy
weight or poor weight gain in early pregnancy. It has
been suggested that food support in the interpregnancy
interval may be effective in improving perinatal outcomes
in subsequent pregnancies. 

Maternal nutrient intake was measured in seven
studies meeting some or many quality criteria: 

• three evaluations of WIC (Metcoff et al. 1985;
Pehrsson et al. 2001; Rush et al. 1988) 

• two nutrition education intervention studies 
(Gray-Donald et al. 2000; Hunt et al.1976)

• two studies of complex health and social care
interventions (Graham et al. 1992; Olds et al. 1986). 

None of these studies were powered to detect differences
in nutrient intake. 
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Metcoff et al. found that differences in intakes of energy
and protein were not significant. This study did not find a
significant difference between groups in maternal weight
gain. 

Rush et al. (1988) found that WIC participation resulted
in significant increases in intakes of energy, protein,
vitamin B6, iron, thiamin, riboflavin, vitamin C and
calcium. Energy intake was below 100% RDA for both
control and intervention group women. Maternal weight
gain reflected increases in energy intake. 

Pehrsson et al. studied dietary intakes of iron only and
found that this did not differ between groups. 

The stand-alone nutrition supplement study (Rush et al.
1980) reports the high-protein supplemented group
taking 326 calories a day from the beverage; this was
80% over the reported intake in the control group. So
20% of calories could be considered as substituting for
calories that would otherwise be taken in the regular
diet. The second intervention group, who received a
balanced protein-energy supplement, reported taking
98% of calories from the beverage. Mean caloric intake
for the control group was low. The reported mean intake
for protein was 101.9g/day; this meant that the
supplements achieved the intended level for the study. 

The before-after study of a nutrition education
intervention to restrict weight gain during pregnancy
(Gray-Donald et al.) found that energy intakes during
pregnancy were high, at approximately 140kJ/kg; this was
higher than that recommended for overweight women.
There were no differences in dietary intake between the
intervention and control groups except for a reduction in
caffeine in the intervention group. A significant difference
was noted in folate intake at 6 weeks postpartum. 

A non-randomised CT of a nutrition education intervention
(Hunt et al 1976.) found significant differences between
groups in calcium, protein, carbohydrate, vitamin C, niacin,
riboflavin and thiamin intake but not iron or fat intake. A
significant improvement was seen in the proportion of
intervention group women with low RDA of calcium,
ascorbic acid and riboflavin. 

Olds et al. reported greater improvement in the quality of
women’s diets as a result of the intervention; the effect
was greatest among smokers (p < 0.04). There were no
differences between groups in the adequacy of diet

(measured as percentage of RDA). There is evidence from
this review that food and nutrition supplements, and
nutrition education can increase intakes of a wide variety
of nutrients. Interventions need to be tailored to address
deficiencies in the target population. 

Two studies meeting some of the quality criteria looked
at rates of smoking:

• one WIC evaluation (Rush et al. 1988) 
• one complex health and social care intervention 

(Olds et al. 1986).

Rush et al. found that significantly more WIC women
than controls were smoking at study entry (p < 0.05), but
by the end of the programme WIC women were smoking
more than the controls. It must be noted that at the time
this study was conducted, smoking cessation was not a
stated part of the programme. 

The health-visiting intervention (Olds et al.) demonstrated
a significant reduction in the number of cigarettes smoked
by women in the intervention group (p < 0.0001). 

Breastfeeding was reported in two studies:

• one WIC evaluation (Rush et al. 1988)
• one nutrition education intervention (Gray-Donald 

et al. 2000).

There is little evidence of whether or not WIC
participation affected the rate of breastfeeding at hospital
discharge (Rush et al. 1988). Reviews of studies (not
included in this review) conducted after breastfeeding
promotion became an integral part of the WIC
programme provide more positive evidence (Fairbank 
et al. 2000; Renfrew et al. 2005).

Gray-Donald et al. reported that breastfeeding initiation
was high in both groups but there were no significant
differences between them. Breastfeeding rates were
reported to be high overall in native-American Cree
communities.

Pregnancy and obstetric complications were reported
in just one higher quality study – the WIC evaluation
(Rush et al. 1988). There is moderately strong evidence
from this study that participation in programmes such as
WIC may result in a lower rate of premature rupture of
membranes. Additionally, there is reliable evidence that
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WIC has no demonstrable impact on maternal conditions
such as hypertension, haemorrhage, infections, and
cephalopelvic disproportion. 

Haematological and biochemical indices of iron and
folate sufficiency were reported in two WIC studies
(Pehrsson et al. 2001; Rush et al. 1988) and one nutrition
education study (Hunt et al. 1976). There is evidence
from these studies that prenatal WIC participation has no
significant impact on haemoglobin concentration, and
continuous postpartum participation results in significant
increases in haemoglobin concentration and lower levels
of anaemia. Hunt et al. provides indicative evidence* that
nutrition education may result in increases in serum
folacin but not in serum iron, RBC folacin or haematocrit. 

Nutrition counselling is delivered as part of WIC. It is
notable that there is no compulsion for a woman to
attend the two sessions offered at entry to the
programme. The 1988 WIC evaluation found that
significantly fewer women in the WIC programme
compared to the control group had no nutrition
counselling during pregnancy; and more WIC women had
more than three sessions (Rush et al. 1988). 

Only one included study investigated the effect of the
intervention on increased participation in a food-
support programme (Graham et al. 1992). This study
provides good evidence that when interventions are
delivered together, one can enhance the effectiveness of
the others. This complex health and social care
intervention involving home visits throughout pregnancy
demonstrated a significant increase in the collection of
food-support vouchers. 

Three studies had some information on women’s views.
Rush et al. (1988) found that 66% of WIC women and
61% of control group women had changed their eating
habits as a result of receiving nutrition education. The
method of individualised feedback on computerised forms
was welcomed by participants in one nutrition counselling
study (Doyle et al. 1992). Native-American women
participating in an intervention to prevent gestational
diabetes provided plausible explanations about why the
outcomes were not achieved (Gray-Donald et al. 2000).

5.4  A note on if and how food-support
programmes address the problem of 
health inequalities

This review attempts to explore the potential of food-
support programmes to reduce health inequalities. With
reference to the key indicators, it does not provide strong
enough evidence to support the premise that food
support has an impact on health status indicators of
babies born to low-income and socially disadvantaged
women. No significant impact was observed on rates of
low birth weight. There is some evidence to suggest that
WIC participation may positively influence birth weights
of babies born to smokers (Metcoff et al. 1985). The RCT
of a stand-alone protein-energy supplementation provides
further support for this finding (Rush et al. 1980). 

In the UK it is recognised that smoking in pregnancy is
more prevalent among women in low socio-economic
groups than among affluent educated women (Hamlyn 
et al. 2002; Penn and Owen 2002). From these studies it
can be inferred that programmes incorporating food
supplements may have some, although limited, potential
to reduce health inequalities. Furthermore, there may be
even greater potential for reductions in low birth weight
if multifaceted food-support programmes are designed
also to support smoking cessation during pregnancy.

Beyond the subject of key indicators, there is evidence
that programmes incorporating food supplementation,
such as WIC, are likely to improve dietary intakes,
maternal weight gain, and haematological and
biochemical indices; and that nutrition education
interventions may improve both dietary intake and mean
birth weight among participating women. Findings from
the Avon longitudinal study, ALSPAC (Rogers and Emmet
1998), the Southampton Women’s Study (see the SWS
site at the MRC Environmental Epidemiology Unit,
www.mrc.soton.ac.uk) and other smaller studies in the
UK (Ford 2004) have shown that nutrient intake during
pregnancy is poorer among low-income and socially
disadvantaged women. Poverty may act as a barrier to
accessing a healthy diet during this critical time. 

This review clearly demonstrates that food-support
programmes that offer a substantial quantity of food
along with nutrition education (for example WIC) can
improve nutrient intakes among poor women. WIC
studies provide unequivocal evidence of increases in iron,
protein, calcium and Vitamin C (Rush et al. 1988).
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Maternal weight gain is also favourably affected by
participation in WIC, with more benefits seen among
women who enter the programme early in their
pregnancy (Metcoff et al. 1985; Rush et al. 1988). 
Other likely benefits are increases in serum iron and
haemoglobin, and reduction in anaemia with postpartum
participation in WIC (Pehrsson et al. 2001). Results from
the better quality studies of nutrition education
interventions strengthen the evidence base on dietary
intake (Doyle et al. 1992). 

It is likely that studies examining only immediate
outcomes related to food-support programmes are
limited in their potential. They do not capture the long-
term impact of such interventions, in particular the
impact on later births to women who received food
support. Epidemiological studies of the Dutch Hunger
Winter of 1944 suggest long-term biological effects of
maternal under-nutrition even into the next generation
(Lumey and Stein 1997). It is possible that the reverse is
true, that improved nutrition has long-term biological
impacts. Improvements in maternal health and nutrition
may, over time, result in improvements to the health of
subsequent babies. It is unlikely that short-term food
support offered to low-income and socially disadvantaged
childbearing women will be sufficient to address
inequalities in health; a life-course approach is probably
more likely to have better health outcomes for mothers
and their babies. Food-support programmes in pregnancy
might be seen as the first phase in such an approach. 

There is a need for further study to develop the evidence
base on food-support programmes and health
inequalities. 

5.5  Methodological quality and design of
studies evaluating food-support programmes

There are other evaluation studies of food-support
programmes identified through the search that are not
included in this review, mostly evaluations of WIC and
EFNEP (see Excluded studies, Appendix 6). Several have
been influential in directing public health policy and
federal investment in the USA – they have received a great
deal of attention from academics and policy-makers, and
have been cited repeatedly in the literature. Cost estimates
of programmes were made on the basis of some of these
studies – by calculating federal government savings made
by avoiding the costs of treatment for low birth weight

babies in the first year of life. It is useful to discuss
concerns about these excluded studies. 

The first major difficulty is the design of the studies. Many
of the excluded WIC and EFNEP evaluations identified in
the search were not conducted prospectively – they were,
for example, retrospective analyses of WIC, birth/death
and Medicaid records. Participant records were matched
with vital statistics and WIC records of controls, often
after the intervention came to an end (ie at the end of the
pregnancy), and in some cases after a gap of a few years.
The problem of matching was addressed in some studies
by using the fixed-effect modelling method. These studies
used sibling pairs discordant for their mother’s
participation in the programme. 

However, the data were collected retrospectively. Mothers
participated in WIC for the first or the second sibling, or
there were other births to the mother between the two
siblings whose data were used in the study. These
problems weakened the design of the studies to an extent
that including them in this review could have led to
unreliable conclusions. Besharov and Germanis (2000)
reviewed WIC studies and found three key problems with
these evaluations: selection bias, simultaneity bias and lack
of generalisability. 

Other recent reviews of the WIC programme include
studies that are excluded from this review on the basis of
design and/or participant selection, and therefore came to
different headline conclusions. Owen and Owen (1997),
for example, included five studies (Caan et al. 1987;
Kennedy et al. 1982; Rush et al. 1988;* Schramm 1985;
Stockbauer 1987) that are excluded from this review on
methodological grounds; they found a lower rate of low
birth weight in babies born to WIC participants.

Food such as that provided in the WIC programme is used
to supplement household food. So the food basket given
to a woman may be spread out among a number of family
members, with the woman herself getting some, all or
none of it. Therefore, assessment of dietary intake for the
individual woman in question is an important part of these
studies. Different methods were used to assess dietary
intake in the studies included in this review, and different
databases were employed to compute the nutrient content
of these diets. Studies variously used 24 hour dietary recall
(most common), 7 day dietary histories, or food diaries. 
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These methods have their strengths and weaknesses. The
most robust method among the included studies was
used in the second national WIC evaluation (Rush et al.
1988) – the authors used 24 hour recall for collecting
data on dietary intake at study entry and 36 weeks, and
analysed these data with the help of the USDA National
Nutrient Database (USDA National Nutrient Database for
Standard Reference – reputedly the most comprehensive
of such databases – available at www.ars.usda.gov), with
additional information taken from food manufacturers
and other nutrient databases as and when required. Two
studies used food processor software and one used the
Canadian Nutrient Files database as well (Briley et al.
2002; Gray-Donald et al. 2000). The study set in Greece
(Kafatos et al. 1989) was conducted with the support of
the Institute of Medicine, USA. 

Differences in approach to the assessment of nutrient
intake (24 hour recall, food frequency questionnaires and
food diaries) make the comparison of outcomes of
studies aiming to change dietary intake difficult. A recent
report of a study examining methods of dietary
assessment in low-income households suggests that 24
hour dietary recall provides measures that are consistent
(physiologically) with levels of intake commensurate with
growth (Nelson et al. 2003). It also appears to be the
most discriminating method in relation to other measures
such as weight change and health. This study found that
24 hour recall was least likely to generate mis-reporting
of diet, although issues regarding low-energy reporting
and overweight still remained.

It is well known that under-reporting of energy is a
common problem in studies of nutrient intake (Rogers
and Emmet 1998). Only one study took account of
under-reporting (Rush et al. 1988). 

5.6  Gaps in the evidence underpinning the
need for food support in the UK

If the key aim of food-support programmes is to improve
rates of low birth weight and increase mean birth weight
among low-income groups in the UK, then the
epidemiological evidence base linking maternal nutrition to
low birth weight needs to be strengthened. The Dutch
Hunger Winter studies have shown that even under famine
conditions, birth size and body proportions may vary only
with third trimester maternal starvation (Stein et al. 1995). 

Existing evidence linking maternal nutrition and birth
weight from studies conducted in the UK is inconclusive.
Overall, Cochrane reviews of the impact of nutritional
supplements during pregnancy on key perinatal outcomes
do not provide evidence of a favourable effect of any
macro- or micro-nutrient supplementation on key
pregnancy outcomes (see Appendix 8). Moreover, they
include studies from both developed and developing
countries. The only nutrient that has been shown to
prevent adverse pregnancy outcomes is folic acid, but this
is with reference to periconceptional supplementation and
the prevention of neural tube defects (Barker 1990). As
discussed earlier there is a need to generate evidence on
the effect of food support on subsequent pregnancies.

However, public health nutrition interventions might have
aims and objectives that go beyond the improvement of
immediate pregnancy outcomes. They could address the
need for improvement of physical and psychological
health of the infant, child and adult, and improvement in
the health and wellbeing of childbearing women. The
volume of observational studies linking fetal nutrition to
adult health is growing since the work of Barker was first
published (Hollier 2005). This may provide the basis for
long-term health gains. The Southampton Women’s
Study (SWS) will provide more information about the links
between pre-pregnancy nutritional status, nutrition
during pregnancy and birth outcomes (see the SWS site
at the MRC Environmental Epidemiology Unit,
www.mrc.soton.ac.uk). 

There is little evidence in the literature that improvement in
nutritional intake reduces maternal mortality and serious
maternal morbidity in industrialised countries. 
Poor nutrition has not been identified as a cause of
maternal mortality and serious maternal morbidity in the
UK, unlike in developing countries where there are clear
links between poor nutritional status and maternal
mortality and serious morbidity. However, beyond the
realm of serious morbidities lies the yet unexplored area of
non-life threatening maternal morbidity related to maternal
nutrition that might have a less conspicuous impact on
wellbeing and loss of productivity in women’s lives. 

Cochrane reviews (see Appendix 8) provide evidence that
nutrition supplementation may have benefits for the
mother. For example, iron supplementation during
pregnancy prevents low haemoglobin concentrations at
delivery and 6 months postpartum (Mahomed 1999). Like
other Cochrane reviews it is based on studies from both
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developed and developing countries. Anecdotal reports of
tiredness and exhaustion during pregnancy and early
motherhood appear common, although scientific
evidence to support the link between nutrition and these
symptoms does not exist and needs to be explored.
Studies demonstrating that normal physiological
adaptation during pregnancy prevents the occurrence of
adverse pregnancy outcomes even with severe reductions
in nutrient intake have not taken account of women's
perceptions of their own health. There is a dearth of
studies investigating the impact of nutrition on women's
health in the short and long term. Good quality studies
need to be conducted, both qualitative and quantitative,
to find out to what extent poor nutrition leads to other
maternal morbidities such as maternal exhaustion and
tiredness, postnatal depression, and longer-term
consequences on the health of childbearing women. 

Not enough information is available about maternal
nutrient intake and dietary deficiencies among
childbearing women in the UK, although the
Southampton Women’s Study is likely to give far more
information than has previously been available. From the
little evidence that is available, key nutrients such as iron,
folate and energy appear to be lacking in the diets of
women. More information is needed, particularly about
the diets of low-income and socially disadvantaged
women in the UK, both before and during pregnancy. 
It will be useful to know the extent of nutrient deficiencies
among teenage mothers and women from minority ethnic
groups. Another group for which there is little evidence is
women who are overweight. More investigation is needed
on how financial constraints may impact on dietary intake
in sub-groups of women who may or may not be eligible
for income support and other welfare benefits. Further:

• most interventions studied began in the late first or the
second trimester 

• none of the studies of interventions targeting women
in the inter-pregnancy interval met the inclusion criteria
for this review 

• more work is needed on interventions beginning in the
periconceptional period or earlier 

• no studies examined the existing Welfare Food Scheme
(UK).

Additionally there is a need to investigate the impact of
food-support programmes for low-income women on
nutrition awareness and nutritional status among other
family members. 

5.7  Implications for policy and practice

The diets of low-income and socially disadvantaged
women and their families in developed countries such as
the UK and USA are relatively poor. This review
demonstrates that food-support programmes such as
WIC can have a significant impact on the nutrient intake
of participating women and their families. It is therefore
important to provide food (among other support) to low-
income childbearing women and their families. 

A clear set of aims and objectives for food-support
programmes for childbearing women needs to be
developed in the light of existing evidence of need in the
population, and the findings from this and other reviews.
The outcomes used to measure the success of such
programmes need careful consideration. Low birth weight
in a first pregnancy should not be considered as the key
measure of success of food support for poor women. It is
probably more useful to use low birth weight as a key
indicator when food support is provided in addition to
smoking cessation, the only intervention so far known to
have a favourable impact on low birth weight. 

The addition of other anthropometric measurements such
as head circumference at birth, in addition to mean birth
weight, may prove to be a useful strategy. Including 
pre-term birth as a headline indicator for food-support
programmes is probably not useful as there is as yet no
clinical evidence linking pre-term birth and maternal
nutrition. Recent reviews of pre-term birth have
concluded that there are currently no effective preventive
interventions (Bibby and Stewart 2004; Hollier 2005).
Furthermore there is no strong existing evidence of links
between the patho-physiological processes of pre-term
birth and the patterns of social differences in their
occurrence (Lumley 2003). Pre-term babies account for a
significant number of low birth weight babies in the UK.
It would be inadvisable to think that one way of reducing
low birth weight would be to reduce the incidence of
pre-term births. 

Screening tools for use in community settings need to be
developed for the detection of women at risk of poor
pregnancy outcomes to make optimal use of resources
and to achieve greater programme success. These
screening tools will need to take account of maternal
anthropometric measurements, previous history of low
birth weight, detailed information about smoking before
and during pregnancy, and ethnicity. Food-support
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programmes are likely to work better if they are part of a
multi-faceted intervention. 

This has implications in the UK for the way the Welfare
Food Scheme (and its successor Healthy Start) and Sure
Start are implemented. All at-risk women, but especially
those who smoke heavily, and very young mothers will
benefit from being reached early in their pregnancy.
Improvement in inter-pregnancy nutrition and
periconceptional nutritional status is likely to benefit all
women, particularly those at risk of poor pregnancy
outcomes. 

High-protein supplements should not be part of any
programme for childbearing women. Food programmes
should aim to achieve 100% RDA of calories, as energy
brings with it several other important nutrients. Increase
in folate-rich foods alone may not be sufficient to bring
folate levels up to the RDA; supplementation is necessary
in the absence of folate-fortified cereal, especially in the
periconceptional period. Iron-rich foods are effective in
addressing dietary iron deficiency. 

Interventions involving changes in dietary behaviour need
to be based on behavioural theory. 

It is important to remember that the short-term nature of
existing food-support programmes may be one of the
reasons for a lack of evidence in their favour. 

5.8  Recommendations for research

• Studies of deficiencies in dietary intakes and nutritional
deficiencies among low-income and other disadvantaged
childbearing women in the UK are needed to develop
aims and objectives of food-support programmes.

• There is a need to develop robust study designs 
such as RCTs to measure the effectiveness and cost-
effectiveness of food-support programmes that are part
of the entitlements of low-income childbearing women.
Blinding at outcome assessment and intention-to-treat
analysis need to be incorporated into the methodology. 

• Studies of food-support programmes targeting very
young mothers and minority ethnic groups are needed.

• There is a need to include measures of smoking and
breastfeeding in all evaluations of food-support
programmes.

• Any such studies will need reliable methods of
assessing nutrient intakes of participants.

• There is a need to study the effect of food-support
programmes on outcomes such as maternal
exhaustion, perinatal depression, maternal
psychological wellbeing, and the impact on long-term
health and nutrition of women and their babies.

• Studies of other methods of offsetting food insecurity
within poor households such as income support for
food purchase will be useful.

• The characteristics of better quality programmes need
to be studied to examine their impact on perinatal
outcomes.

• Studies also need to investigate women’s views of
what would make a difference to their nutrition status
during pregnancy and early motherhood; their views
about food-support programmes; their food
preferences; their own needs for nutrition information;
and how they use supplements offered to them with
regard to distribution within the household.

The successor to the Welfare Food Scheme in the UK,
Healthy Start, needs to be evaluated through a well-
designed prospective study. It is possible to achieve this
by rolling out the programme in stages in different
regions of the country, so creating an opportunity to
compare the old and the new programme in a controlled
trial. For effectiveness, Healthy Start should undertake to
study:

• mean birth weight 
• head circumference at birth 
• uptake of supplements 
• women’s dietary intakes 
• maternal weight gain 
• nutrition knowledge and awareness 
• uptake of nutrition education and antenatal care 
• impact on nutritional intake among other family

members 
• women’s views of the changes in programme content

and delivery 
• savings achieved to the household 
• costs of the programme to the government. 

The impact on subsequent pregnancies, breastfeeding
and family nutrition need to be examined. A priori sample
size calculation and appropriate analysis of the data
would ensure the validity of the findings of the study.
Such a study would allow for further refinement and
development of the programme. 
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These summaries are based on the strength of evidence generated from studies that met at least some of the quality
criteria for the review.
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6  Summaries of effectiveness

• Prenatal WIC participation is likely to result in increased maternal weight gain; this effect is enhanced when participation 
begins earlier in pregnancy and lasts longer

• Prenatal WIC participation is likely to result in increased intakes of energy, protein, vitamin B6, iron, thiamin, riboflavin, 
vitamin C and calcium

• Prenatal WIC participation is likely to result in higher energy intake among heavy smokers 
• Postpartum WIC participation is likely to result in increased haemoglobin concentration, and reduced rates of anaemia among 

non-lactating women, if participation is uninterrupted for 6 months
• Prenatal WIC participation is likely to result in increased newborn head circumference
• Prenatal WIC participation is likely to result in reduced rates of premature rupture of membranes
• Prenatal WIC participation is likely to result in more women receiving nutrition counselling sessions and more receiving more 

than two sessions
• Mean birth weight of babies born to smokers, particularly heavy smokers, probably improves as a result of prenatal WIC 

participation
• Higher programme quality may improve perinatal outcomes
• Prenatal WIC participation is unlikely to lower rates of low birth weight 
• Prenatal WIC participation is unlikely to raise mean birth weight 
• Prenatal WIC participation is unlikely to lower rates of pre-term birth or increase duration of gestation 
• Prenatal WIC participation is unlikely to increase frequency of prenatal care
• Prenatal WIC participation probably does not result in increased maternal haemoglobin concentration
• Prenatal WIC participation probably does not have an effect on reduction in the time women work outside the home during 

their pregnancy
• There is insufficient evidence of effect of prenatal WIC participation on fetal survival

Box 1: Evidence of effectiveness – WIC
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• Stand-alone high-protein supplements are very likely to result in early pre-term births among women who had adequate 
protein intake at baseline

• Stand-alone high-protein supplements are very likely to result in intrauterine growth retardation among women who had 
adequate protein intake at baseline

• Stand-alone balanced protein-energy and high-protein supplements are very unlikely to result in increased mean birth weight 
among all study participants (smokers + non-smokers)

• Stand-alone balanced protein-energy supplement is very likely to result in an increase in length of gestation 
• Stand-alone balanced protein-energy and high-protein supplements are likely to result in an increase in mean birth weight of 

babies born to heavy smokers
• Stand-alone high-protein supplements are likely to result in improvement in some infant psychological outcomes at 1 year
• Stand-alone protein-energy supplements are unlikely to improve somatic outcomes in infants

Box 2: Evidence of effectiveness – Stand-alone energy-protein supplements 

• Nutrition education interventions aimed at improving poor diets are likely to improve intakes of calcium, protein, 
carbohydrate, vitamin C, niacin, riboflavin and thiamin but not iron or fat intake

• Nutrition education interventions aimed at improving poor diets are likely to reduce the proportion of women with low levels 
of calcium, ascorbic acid and riboflavin

• Nutrition education aimed at reducing the risk of gestational diabetes in a high-risk group is likely to result in improvements in
folic acid intake at 6 months postpartum 

• Nutrition counselling may have an impact on maternal weight gain
• Nutrition counselling may have an impact on mean birth weight 
• Nutrition education targeting a high risk group is unlikely to reduce their risk of developing gestational diabetes, reduce their 

maternal energy intake during pregnancy, or reduce mean birth weight of their babies
• Nutrition counselling probably has no impact on rates of low birth weight
• Nutrition counselling probably has no impact on gestational age at birth, newborn head circumference or length at birth

Box 3: Evidence of effectiveness – Nutrition education and/or counselling of pregnant women

• Complex health and social care interventions are very likely to reduce rates of pre-term birth among heavy smokers (≥ 15 
cigarettes/day)

• Complex health and social care interventions are very likely to reduce the number of cigarettes smoked each day
• Complex health and social care interventions are very unlikely to have a favourable impact on low birth weight and mean 

birth weight
• Complex health and social care interventions are very unlikely to have a favourable impact on gestational age at birth
• Complex health and social care interventions are unlikely to have an impact on maternal weight gain
• Complex health and social care interventions may have a small impact on mean birth weight of babies born to very young 

mothers

Box 4: Evidence of effectiveness – Complex health and social care interventions including a nutrition component 
delivered prenatally in women’s homes
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MEDLINE 

1. wic.ti,ab.

2. (special supplemental nutrition program for women infants

and children).ti,ab.

3. (supplemental nutrition program for women infants and

children).ti,ab.

4. (supplemental food program for women infants and

children).ti,ab.

5. (women infants and children supplemental nutrition

program).ti,ab.

6. (women infants and children supplemental food

program).ti,ab.

7. (women infants and children).ti,ab.

8. (food and nutrition service).ti,ab.

9. (expanded food and nutrition education program).ti,ab.

10. efnep.ti,ab.

11. welfare food scheme.ti,ab.

12. healthy start.ti,ab.

13. sure start.ti,ab.

14. surestart.ti,ab.

15. lifeskills in food education.ti,ab.

16. nutrition education network.ti,ab.

17. nutrition integrity.ti,ab.

18. (food and money basics).ti,ab.

19. food stamp program.ti,ab.

20. community mothers programme.ti,ab.

21. protection maternelle et infantile.ti,ab.

22. protection maternelle et infantile.ot,ab.

23. healthstart.ti,ab.

24. farmers market nutrition program$.ti,ab.

25. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12

or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or

23 or 24

26. (food adj2 (stamp$ or voucher$ or token$ or coupon$ or

cash or bank$ or pantry or pantries)).ti,ab.

27. food scheme$.ti,ab.

28. food program$.ti,ab.

29. (food adj2 assistance).ti,ab.

30. food$ insecurity.ti,ab.

31. (food adj2 support$).ti,ab.

32. welfare food$.ti,ab.

33. community food$.ti,ab.

34. (feeding adj2 (program$ or scheme$ or project$)).ti,ab.

35. food services/

36. supermarket voucher$.ti,ab.

37. (soup kitchen$ or collective kitchen$ or community

kitchen$).ti,ab.

38. ((food or diet$ or nutrition) adj2 intervention).ti,ab.

39. (26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35

or 36 or 37 or 38) and (mother or mothers or maternal or

childbear$ or pregnant or pregnancy or breastfeed$ or breast

feed$ or lactating or lactation or periconcept$ or preconcept$

or postnatal or prenatal or postpartum).ti,ab.

40. maternal nutrition/

41. (maternal welfare/ or maternal health services/) and (food$

or diet$ or nutrition or nutrient$).ti,ab.

42. (prenatal care/ or preconception care/) and (food$ or diet$

or nutrition or nutrient$).ti,ab.

43. ((malnourish$ or undernourish$ or undernutrition) adj2

(mother or mothers or maternal or childbear$ or pregnant or

pregnancy or breastfeed$ or breast feed$ or lactating or

lactation or periconcept$ or preconcept$ or postnatal or

prenatal or postpartum)).ti,ab.

44. (malnutrition/ or deficiency diseases/) and (mother or

mothers or maternal or childbear$ or pregnant or pregnancy or

breastfeed$ or breast feed$ or lactating or lactation or

periconcept$ or preconcept$ or postnatal or prenatal or

postpartum).ti,ab.

45. (fruit/ or vegetables/) and (mother or mothers or maternal or

childbear$ or pregnant or pregnancy or breastfeed$ or breast

feed$ or lactating or lactation or periconcept$ or preconcept$

or postnatal or prenatal or postpartum).ti,ab.

46. 40 or 41 or 42 or 43 or 44 or 45

47. exp Health Education/

48. exp Health Promotion/

49. exp Health Behavior/

50. exp Health Knowledge, Attitudes, Practice/

51. exp communications media/

52. (television or video or radio or internet or book$ or booklet$

or leaflet$ or pamphlet$ or newspaper$ or magazine$).ti,ab.

53. counseling/ or (counselling or advice).ti,ab.

54. health information.ti,ab.

55. 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54

56. (mother or mothers or maternal or childbear$ or pregnant

or pregnancy or breastfeed$ or breast feed$ or lactating or

lactation or periconcept$ or preconcept$ or postnatal or

prenatal or postpartum).ti,ab,sh.

57. (food or diet or nutrition or nutrient$).ti,ab.

58. vitamin a/ or vitamin c/ or vitamin d/ or vitamin b6/ or
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APPENDIX 1 

Search strategy



dietary, iron/ or zinc/ or dietary, calcium/ or folates.ti,ab. or folic

acid/ or magnesium/ or selenium/ or dietary, fats/ or dietary,

proteins/ or dietary, carbohydrates/ or micronutrient$.ti,ab. or

macronutrient$.ti,ab. or multivitamin$.ti,ab.

59. 55 and 56 and (57 or 58)

60. ((nutrition or food or diet$) adj educat$).ti,ab. and 56

61. 59 or 60

62. 25 or 39 or 46 or 61

63. animals/

64. human/

65. 63 not (63 and 64)

66. 62 not 65

67. exp asia/ or exp africa/ or exp south america/

68. 66 not 67

69. (comment or letter or editorial).pt.

70. 68 not 69

Interface used, database coverage, search date,
numbers of records retrieved 

MEDLINE

Via Ovid

Date coverage: 1966 to November week 3 2004

Search date: 13/12/04

Records retrieved: 2954

EMBASE

Via Ovid

Date coverage: 1980 to 2004 week 50

Search date: 14/12/04

Records retrieved: 3272

Records retrieved after de-duplication: 2193

CINAHL

Via Ovid

Date coverage: 1982 to December week 1 2004

Search date: 14/12/04

Records retrieved: 1093

Records retrieved after deduplication: 584

PsycINFO 

Via Silverplatter

Date coverage: 1872 to 2004/12 week 1

Search date: 17/12/04

Records retrieved: 869

Records retrieved after deduplication: 711 

SOCABS

Via CSA Internet Database Service

Database coverage: 1963 to current

Search dates: 21/12/04 and 22/12/04

Records retrieved: 282

Records retrieved after deduplication: 207

Science Citation Index

Via Web of Science

Database coverage: 1945 to present (20/12/04)

Search date: 23/12/04

Records retrieved: 3049

Records retrieved after deduplication: 1608

Social Science Citation Index

Via Web of Science

Database coverage: 1945 to present (20/12/04)

Search date: 23/12/04

Records retrieved: 1318

Records retrieved after deduplication: 702

The Cochrane Central Register of Controlled Trials

(CENTRAL)

Wiley Interscience interface

Issue searched: 2004 issue 4

Search date: 18/1/05

Records retrieved: 316 

Records retrieved after deduplication: 152 

SIGLE 

Via Webspirs

Database coverage: 1980 to 2004/06

Search date: 6/1/05

Records retrieved: 81

Records retrieved after deduplication: 80

DARE

Via the CRD internal/administrative version using CAIRS

software

Date coverage: 1992 to 2005

Search date: 18/1/05

Records retrieved: 73

Records retrieved after deduplication: 59

Cochrane Database of Systematic Reviews

Via Wiley Science interface

Issue searched: Cochrane library 2004 issue 4 

Search date: 25/1/05

Records retrieved: 61 
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Trip Database plus

Via www.tripdtabase.com

Search date: 18/1/05

Records retrieved: 23

Records retrieved after deduplication: 0

HealthPromis

Search date: 31 January 2005

Search date: 31/1/05

Records retrieved: 18, 49, 12, 22, 14, 30, 2, 57, 135, 133, 13

Food Science and Technology Abstracts

Via Dialog File 51

Database coverage:  1969-2005/Jan W5

Search date: 7/2/05

Records retrieved, stage 1: 254 

Records retrieved, stage 2: 1

CAB Abstracts

Via Dialog File 50

Database coverage: 1972 to Jan 2005

Search date: 7/2/05

Records retrieved, stage 1: 2831

Records retrieved, stage 2: 5

In addition to the bibliographic databases, a number of web-

based resources were also searched. These were the ReFer

database, NCCHTA webpages, SIGN guidelines webpages, 

NICE webpages, National Guidelines Clearinghouse webpages,

Clinical Evidence, and the National Research Register. Paper

copies of the results for all of these resources were printed and

passed to the reviewer for scanning. Details of the search dates,

records retrieved and the searches used are given below.

ReFer 

Via www.info.doh.gov.uk/doh/refr_web.nsf/Home?OpenForm

Search date: 19/1/05

Records retrieved: 112

NCCHTA webpages

Via www.ncchta.org

Search date: 6/1/05

Records retrieved: 9

SIGN guidelines webpages

Via www.sign.ac.uk/guidelines/index.html

Search date: 6/1/05

NICE webpages

Via www.nice.org.uk

Search date: 6/1/05

19 items identified.

National Guidelines Clearinghouse

Via www.guideline.gov

Search date: 6/1/05

Nutrition retrieved 332 guidelines

Food retrieved 424 guidelines

Diet retrieved 246 guidelines

Clinical Evidence

The paper version of Clinical Evidence issue 12 December 2004

was scanned

National Research Register

Via CD ROM version

National Research Register 2004 issue 4

Search date: 18/1/05

Total retrieved from all searches of NRR = 59+99+52=210

5 records selected for possible inclusion



Author, year
1st Reviewer Decision* Date
2nd Reviewer Decision* Date

Please circle your answer to a question and tick relevant boxes with � or ✕

1 Is the publication concerned with childbearing women? Yes / No

2 Were these women in need of specialised dietary care (eg diabetes)?    Yes / No

3 Is the publication about any of the following nutrition interventions?     Yes / No
Food supplementation Micronutrient supplementation
Milk tokens Food stamps
Nutrition/ health education Nutrition counselling
Training of practitioners Practical support (shopping, cooking)
Social support including information, tangible practical support, emotional support

4 Does the publication report an evaluation study of the above intervention? Yes / No

5 Was the study design any of the following?   Yes / No
RCT CT with concurrent controls
Before/after study (cohort or cross-sectional) Systematic/structured review**  

6 Were any of the following outcomes reported? Yes / No
Intrauterine growth retardation Gestational age at birth
Birth weight Pre-term birth
Perinatal mortality Infant mortality
Change in pre-pregnancy weight Infant weight gain
Maternal/ infant nutritional status Micronutrient status
Cost outcomes

7 Was the study set in one of the following countries? Yes / No
Australia Austria Belgium Canada
Denmark Finland France Germany
Greece Iceland Ireland Italy
Japan Luxembourg Netherlands New Zealand
Norway Portugal Spain Sweden
Switzerland UK USA

8 Is the publication available in English? Yes / No

Consider for data extraction if answers to 1, 3–7 are yes 
Reject if answer to any of 1, 3–7 are no; or if answer to 2 is yes
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APPENDIX 2 

Pre-screen form

* Code DX (consider for data extraction) or R (reject on pre-screening) or D (discuss).
** Reviews are to be retrieved and screened for primary studies – not for inclusion in their own right.
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APPENDIX 3

Data extraction tables for included studies

Key to tables (some abbreviations are noted in footnotes
to tables):

CT= controlled trial
RCT = randomised controlled trial
C = control 
I = intervention
s/ns = significant/not significant
n = number 
SD = standard deviation
SE = standard error
SEM = standard error of mean
LBW = low birth weight 
MBW = mean birth weight
p = p value
g = gram
L = litre

Strength of evidence key 

++ all or most of the quality criteria fulfilled 
+ some of the criteria fulfilled
– few or no criteria fulfilled
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APPENDIX 4

Quality appraisal tables

The following three tables show quality appraisal for the
RCTs, controlled trials and before-after studies.

Key to tables:

RCT = randomised controlled trial
C = control 
I = intervention
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WIC studies

Schramm (1985) WIC prenatal participation and its
relationship to newborn Medicaid costs in Missouri:
a cost/benefit analysis

This study relates to Medicaid births in 1980 in Missouri
where eligibility was < 195% of the federal poverty level.
Costs were included for mother and newborn up to 30
days of age. 

The study was based on linkage of Medicaid, birth
certificates, WIC records, and NICU admissions. From
9062 Medicaid admissions, the database was eventually
reduced to 1883 WIC and 5745 non-WIC women;
attrition was due to matching problems, etc.

• The cost of increased WIC participation was estimated
as the value of vouchers redeemed + 20% admin
costs. This was offset against the reduction in Medicaid
costs. 

• LBW in WIC babies 10.7% vs 12.7% in non-WIC babies.
• Costs for mothers and babies were estimated

separately. No difference was apparent in mothers’
costs. WIC babies costs were lower at $574 vs $672
for non-WIC, adjusted for urban/rural differences. 

Comment: Only limited testing of comparability of
deleted records and WIC/non-WIC women. Problems with
matching. Some inconsistent results. No sensitivity
analyses.

Schramm (1986) Prenatal participation in WIC
related to Medicaid costs for Missouri newborns:
1982 update

Update of 1985 study above. WIC eligibility changed to
175% of federal poverty level and population covered
increased. Reimbursement to hospitals changed from
100% of charges for newborns to per diem formula
based on whole admitted population and DRGs.

Study limited to newborns up to 45 days and based on
linkage of Medicaid, birth certificates, WIC records, NICU

admissions and death certificates. 10,196 Medicaid
records cut down to 3261 WIC and 5285 non-WIC
women after exclusions and deletions. Differences
between excluded women and remainder ‘not very
substantial’. 

• WIC costs defined as actual cost of redeemed food
vouchers + 20% admin = $508,000.

• Mean birth weight and proportion LBW both reduced
significantly in WIC women. 

• LBW 10.1% in WIC, 13.1% non-WIC.
• NICU admissions 3.9% WIC vs 4.5% non-WIC.
• WIC women with greatest value of redeemed vouchers

($220+) had best outcomes and lowest costs of care.
• Medicaid paid claims: $1250 WIC, $1326 non-WIC. 
• Cost-benefit ratio 1:0.49 (95% CI 1:0.07–0.90) 

Comment: Problems with incomplete Medicaid cost data.
Comparability of deleted cases and WIC/non-WIC not
evaluated. No sensitivity analyses.

Joyce et al. (1988) A cost-effectiveness analysis of
strategies to reduce infant mortality

Cost effectiveness of various strategies including WIC and
prenatal care to reduce neonatal mortality (birth to 28
days) and LBW. Statistical modelling study using ordinary
least squares (OLS) regression and two stage least squares
(TSLS) regression. Inputs to equations included county
level data on smoking, prenatal care, proportion ‘high
risk’, etc.  

• Cost = expenses of increasing utilisation by 1000
women but excluded the costs associated with
attracting more women.

• Prenatal care costs included physician fee, transport,
time costs. WIC cost included redeemed food vouchers
+ 20% admin cost.

Comment: Many of the inputs to equations were very
crude, eg ‘high risk’ = aged 15–19 and 40–44. Costs are
not reported in disaggregated form and source not
stated. Assumption that additional users will be the same
as current users. No sensitivity analyses.
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APPENDIX 5 

Economic evaluations



Devaney, Devaney et al. (1990, 1992, 1998). The
savings in Medicaid costs for newborns and their
mothers from prenatal participation in the WIC
program (plus another paper and book chapter from
same study)

Restricted to Medicaid population in Florida, Minnesota,
North and South Carolina in 1987, and Texas Jan–Jun
1988. Medicaid perspective; included women and newborn
treatment costs; timeframe birth to 60 days. Where an
episode spanned the 60 day limit, only the proportion
occurring within 60 days was counted. Five states selected
on the basis of their ability to provide data extracts, plus
data on perinatal, ethnicity and geographic factors.
Database constructed from linkage of Medicaid claims and
eligibility files, WIC programme files, and vital records.
Linkage ranged from 86–93%. Deleted cases did not differ
significantly from remainder. Similarly, differences between
WIC and non-WIC women were small except for prenatal
care. Definition of prenatal WIC participation varied by state
(certification, issue, redemption of food ‘instrument’).

• WIC programme cost = cost of food + admin and
educational expenses calculated as a ratio of food
costs. Treatment costs = Medicaid reimbursement.

• Reduction in LBW ranged from 2.2% to 5.1%.
Adequacy of prenatal care, as measured by number of
visits, had an independent effect on LBW. Despite
differences in populations and programs in the five
states, all were cost saving so authors consider that
this is likely to be the case nationally. Stability over
time was uncertain due to changes in eligibility.

Comment: No stats on comparability of deleted cases 
or comparability of WIC and non-WIC. No sensitivity
analyses.

Buescher et al. (1993) Prenatal WIC participation can
reduce low birth weight and newborn medical costs:
a cost-benefit analysis of WIC participation in North
Carolina

Medicaid population in North Carolina, 1988. Record
linkage study including WIC, Medicaid, birth certificates,
hospital claims data. Included hospital claims for services
beginning within 60 days of birth.

• WIC programme costs = cost of vouchers redeemed +
20% admin cost.

• Logistic regression used to examine influence of
sociodemographic and other factors on newborn care
costs.

• Significant reduction in LBW and VLBW in white and
non-white populations receiving WIC. Consequently
care costs lower. Inverse correlation between length of
WIC participation and care costs.

Comment: Nothing reported about quality of matching.
Claims for services beginning within 60 days leads to
over-estimate of cost differences because sicker babies
may have extensive care beyond 60 days. No sensitivity
analyses.

Avruch and Cackley (1995) Savings achieved by
giving WIC benefits to women prenatally

Cost study from Medicaid perspective up to 1 year of
age. Effectiveness of WIC based on weighted mean of 13
studies (mixture of Medicaid and non-Medicaid) on LBW
and VLBW. Effect size ranged from 1.04–2.24 for LBW
and 1.50–3.70 for VLBW. 

Costs (including deaths) were estimated from Maryland
hospital charge data for 1989 adjusted to reflect national
costs, deflated to reflect actual costs and inflated to 1992
prices. Outpatient costs estimated from payment ratio for
children aged < 1 year from Medicaid. Rehospitalisation
costs were from a single study that had examined this by
birth weight.

• Cost-benefit ratio 1:1.36-3.89 depending which data
included.

Comment: Costing beyond first year would show greater
savings. However, some of the costing was rather crude,
eg outpatient costs as a ratio. Study dependent on quality
of evaluations and how selected. There was no sensitivity
analysis.
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EFNEP studies

Burney and Haughton (2002) EFNEP: a nutrition
education program that demonstrates cost-benefit

Expanded Food and Nutrition Education Program, 16
counties of Tennessee in 1997-98. Research questions
around use of resources, nutrient intake and cost of
programme. Societal perspective stated but not done,
limited to programme and family.

Study population included women on low incomes
defined as receiving benefits and/or incomes below
federal poverty level. 384 women (90% power to detect
20% difference in behaviour) were randomly selected
from a recruited sample of 470 with consecutive
allocation to three groups: ‘A’ received intervention and
collected food receipts; ‘B’ received intervention and were
asked to recall food expenditure; ‘C’ delayed intervention.

Cost data from university finance system, overheads
estimated at 33% consistent with federal grants. Benefits
were assumed to last 3 or 5 years (from literature) and
discounted at 3, 5 and 7%. Sensitivity analysis restricted
to duration of benefit and discount rate. 

• No significant difference in savings on food
expenditure except when using a shopping list. 

• Combined intervention groups ate more fruit and veg
after the intervention. 

• Group A not necessarily more accurate due to loss of
receipts.

Comment: Consecutive allocation may cause bias. Food
recall (group B) may be biased. Dubious assumption that
educational intervention just as effective 3–5 years hence.
Confusion between participation in WIC and adequacy of
prenatal care. Only limited sensitivity analyses.

Rajgopal et al. (2002) Cost-benefit analysis indicates
the positive economic benefits of the Expanded
Food and Nutrition Education Program related to
chronic disease prevention

Data for Virginia 1996. Perspective of programme
sponsors. Intervention = ‘Individualised’ lessons (mean
10.4) to individuals or small groups in participants’
homes. 

Costs = resources to implement programme, included
salaries, office space, utilities, equipment, supplies and
travel expenses + 17% ‘marginal excess burden’ =
$1,713,081.

‘Benefits’ = healthcare savings attributable to EFNEP by
preventing/delaying various diseases or conditions
including LBW. Effectiveness of EFNEP in achieving
‘optimal nutrition behaviour’ (ONB) estimated by
before/after 24 hr food recall checklist. Cost of treating
diseases and conditions from literature estimated at
$17,880,626. Increased years of employment associated
with absence or delay in disease associated with ONB
from literature estimated at $343,354. Costs of lost
productivity averted discounted at 5%.

• Cost-benefit ratio 1:10.64.
• Univariate sensitivity analyses estimated effect of

changing disease incidence rates, proportion of disease
caused by diet and number of graduates achieving
ONB. Range of CBR resulting from sensitivity analyses
1:2.66–17.04.

Comment: 24 hour food recall may be biased. Heroic
assumption that EFNEP graduates practice ONB for life.
Averted costs of lost productivity assume that women are
employed. More extensive multiway sensitivity analysis
would have been appropriate. Costs of LBW could have
been modelled beyond 1 year.

Schuster et al. (2003) Investing in Oregon’s Expanded
Food and Nutrition Education Program (EFNEP):
documenting costs and benefits

Oregon EFNEP based on Rajgopal et al.’s Virginia model
above. Data for 1999–2000. 

• Intervention as above. Costs as described above, total
direct cost $446,003. 

• ‘Benefits’ as described above. Total averted costs
$1,619,321.

• Cost-benefit ratio 1:3.63.
• Sensitivity analysis – retention of ONB reduced by 50%

and 75% CBR 1:1.82 and 1:0.91 respectively. Reduction
in osteoporosis due to diet is unknown, base case
assumed 100%. Sensitivity analysis 50% CBR 1:1.94.  

Comment: 24 hour food recall may be biased. Base case
assumption that EFNEP graduates practice ONB for life.
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Averted costs of lost productivity assume that women are
employed. More extensive sensitivity analysis would have
been appropriate. Costs of LBW could have been
modelled beyond 1 year.

Breastfeeding studies

Tuttle and Dewey (1996) Potential cost savings for
Medi-Cal, AFDC, food stamps and WIC programs
associated with increasing breast-feeding among
low-income among women in California

Modelling study based on low income among women in
California in 1993. Estimated reduction in costs to Medi-
Cal, AFDC, food stamps and WIC programme if all
women breastfed exclusively for 6 months (excluding
costs of maternity services). Timeframe 90 months.

Effects of increasing breastfeeding on fertility from earlier
study; effects on gastro-intestinal (GI) disease and otitis
media (OM) from literature.

Healthcare costs taken from 1993 reimbursement rates.
WIC costs based on 1993 voucher packets. Costs of
AFDC and food stamps at 1993 payment rates. Discount
rates of 0, 2 and 4% for costs beyond 1 year.

• Exclusive breastfeeding for 6 months delayed
pregnancy by an average of 3 months over base case.
For the model, GI disease was reduced by 50% and
OM by 15%.

• Breastfeeding associated with savings for all four
programmes of $3442–4944 over 90 month period at
4% discount rate ($459–659 per year).

Comment: No sensitivity analysis.
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Study Reason for exclusion

Ahluwalia et al. 1992 Retrospective analysis of birth & WIC records 

Brown et al. 1996 Review of WIC records and linked vital statistics

Copeland et al. 1987 Time-series analysis of data over 30 years 

Caan 1987 Observational study of outcomes in current pregnancy compared with earlier 

pregnancies in same woman (retrospective selection)

Dubois et al. 1997 Retrospective chart review and analysis 

Joyce 1999 Analysis of Medicaid and linked birth records

Kendal et al. 2002 Retrospective comparison to study

Kennedy et al. 1982 Retrospective review of prenatal and nutrition records 

Kennedy and Kotelchuck 1984 Retrospective selection of sample and data

Kotelchuck et al. 1984 Retrospective analysis of birth and death records

Kowaleski-Jones 2002 Compared outcomes in sibling pairs discordant for mother’s WIC participation; data 

collected retrospectively from National Longitudinal Survey of Youth

Millard et al. 1999 Chart review to study multi-disciplinary support programme

Muscati et al. 1996 Retrospective cohort study of nutritional counselling

Nason 2002 Comprehensive care co-ordination studied; historical records used for control group 

Odent et al. 1985 Parity matched observational comparison study of effects of nutritional advice

Orstead et al. 1985 Retrospective study of nutrition counselling using birth record data

Rush et al. 1988 ‘Historical’ study using WIC records and data off vital statistics records

Stockbauer 1986 Retrospective analysis using data from birth and death certificates

Stockbauer 1987 Retrospective study using data from birth and death certificates

Zotti 1995 Retrospective comparative cross-sectional study using WIC records, birth certificates 

and nursing records
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APPENDIX 8 

Cochrane reviews of macro- and micro-nutrient intakes related to pregnancy

Nutrient
[reference]

Calcium [1]

Energy and
protein [2] 

Folate [3] 

Folate [4] 

Iron [5]

Iron and folate
[6]

Magnesium [7]

Unresolved
issues

Optimum dose of
supplement

Fortification of
basic food stuffs 

Clinical outcomes
for mother and
baby

Maternal and
fetal outcomes

Maternal and
fetal outcomes
Maternal,
neonatal and
paediatric
outcomes

Unwanted
effects

None

High protein diets
restrict fetal
growth

Restriction of
energy in
overweight
pregnant women
adversely affects
fetal growth

No effect  

Premature birth 

Stillbirth

Advice to
increase
energy/protein is
unlikely to effect
fetal, neonatal
and infant health

Favourable
effects 

Reduces the risk
of high blood
pressure in
pregnancy
especially in
communities with
low dietary
calcium intake

Energy-protein
supplementation
with no more
than 25% protein
produces modest
increases in fetal
growth and
improves fetal
and neonatal
survival 

Strong protective
effect against
neural tube
defects

Improvement in
haemoglobin
levels and folate
status

Prevention of low
haemoglobin at
the time of
delivery and 
6 weeks
postpartum

Prevention of low
haemoglobin at
the time of
delivery 

Settings

Developed and
developing
countries

Developed and
developing
countries

Developed
countries

Developed and
developing
countries

Developed and
developing
countries

Developed and
developing
countries

Developed and
developing
countries

Outcomes 

Hypertensive
disorders of
pregnancy

Intake of energy/
protein

Gestational
weight gain

Pregnancy
outcome

Prevalence of
neural tube
defects

Haematological
and biochemical
parameters 

Pregnancy
outcomes

Haematological
and biochemical
parameters 

Pregnancy
outcomes

Haematological
and biochemical
parameters 

Pregnancy
outcomes

Maternal,
neonatal and
paediatric
outcomes

Intervention

Supplementation
during pregnancy

Advice to
increase or
reduce intake

Supplementation/
restriction of
calories/protein
during pregnancy

Periconceptional
supplementation

Supplementation
in pregnancy

Supplementation
in pregnancy

Supplementation
in pregnancy

Supplementation
in pregnancy



1 Attalah AH, Hofmeyr GJ, Duley L (2002) Calcium supplementation in pregnancy for preventing hypertensive disorders and related problems. 
The Cochrane Database of Systematic Reviews 2002, Issue 1.

2 Kramer M, Kakuma R (2003) Energy and protein intake during pregnancy. The Cochrane Database of Systematic Reviews 2003, Issue 4.
3 Lumley J, Watson L, Watson M et al. (2001) Periconceptional supplementation with folate and/or multivitamins for preventing neural tube defects. 

The Cochrane Database of Systematic Reviews 2001, Issue 3.
4 Mahomed K (1997) Folate supplementation during pregnancy. The Cochrane Database of Systematic Reviews 1997, Issue 3.
5 Mahomed K (1999) Iron supplementation during pregnancy. The Cochrane Database of Systematic Reviews 1999, Issue 4.
6 Mahomed K (1997) Iron and folate supplementation during pregnancy. The Cochrane Database of Systematic Reviews 1997, Issue 4.
7 Makrides M, Crowther CA (2001) Magnesium supplementation during pregnancy. The Cochrane Database of Systematic Reviews 2001, Issue 4.
8 van den Broek N, Kulier R, Gulmezoglu AM et al. (2002) Vitamin A supplementation during pregnancy. 

The Cochrane Database of Systematic Reviews 2002, Issue 4.
9 Mahomed K, Gulmezoglu AM (1997) Pyridoxine supplementation during pregnancy. The Cochrane Database of Systematic Reviews 1997, Issue 1.
10 Mahomed K, Gulmezoglu AM (1999) Vitamin D supplementation during pregnancy. The Cochrane Database of Systematic Reviews 1999, Issue 1.
11 Duley L, Henderson-Smart D (2000) Reduced salt intake compared to normal dietary salt, or high intake, in pregnancy. 

The Cochrane Database of Systematic Reviews 2000, Issue 2.
12 Mahomed K (1997) Zinc supplementation during pregnancy. The Cochrane Database of Systematic Reviews 1997, Issue 3.
13 Say L, Gülmezoglu AM, Hofmeyr GJ (2003) Maternal nutrient supplementation for suspected impaired fetal growth. 

The Cochrane Database of Systematic Reviews 2003, Issue 1.
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Nutrient

Vitamin A [8] 

Vitamin B 6
(pyridoxine) [9]

Vitamin D [10]

Salt [11]

Zinc [12]

Nutrients [13]

Unresolved
issues

Pregnancy
outcome

Advice to reduce
salt intake on
pre-eclampsia

Maternal and
fetal mortality
and morbidity

Pre-term birth

Fetal growth
impairment

Perinatal
outcomes

Unwanted
effects

Miscarriage, birth
defects with high
dosage

No effect  Favourable
effects 

Reduction in
night blindness in
women

Reduction in
dental decay in
pregnant women

Settings

Developed and
developing
countries

Developing
countries

Developed
countries

Developed
countries only

Developed
countries

Developed
countries

Outcomes 

Clinical and
biochemical
outcomes for
mother and baby

Not clear 

Pregnancy
outcome

To reduce the
risk of pre-
eclampsia

Maternal and
fetal mortality
and morbidity

Fetal growth
impairment

Perinatal
outcomes

Intervention

Supplementation
in pregnancy

Supplementation
in pregnancy and
labour

Supplementation
in pregnancy

Advice to reduce
salt intake during
pregnancy

Supplementation
in pregnancy

Carnitine (amino
acid releasing
energy from fat),
solcoseryl
(protein-free calf
blood), glucose,
galactose for
pregnant women

APPENDIX 8: Cochrane reviews of macro- and micro-nutrient intakes related to pregnancy (cont.)



AFDC Aid to Families with Dependent Children 
ALSPAC Avon Longitudinal Study of Pregnancy and Childhood
BMI Body mass index
CBR Cost-benefit ratio
CES Cooperative Extension Service
COMA Committee on Medical Aspects of food and nutrition policy
CRD Centre for Reviews and Dissemination, York
CT Non-randomised controlled trial
DAI Dissertation Abstracts International
EFNEP Expanded Food and Nutrition Education Programme
FFQ Food frequency questionnaire
IUGR Intrauterine growth retardation
LBW Low birth weight
MBW Mean birth weight
MLBW Moderately low birth weight
MUAC Mid-upper arm circumference
NDM National Dried Milk
Perinatal outcomes Low birth weight, mean birth weight, length at birth, gestational age, pre-term birth, 

intrauterine growth retardation, fetal survival, perinatal mortality
Perinatal period From 22 completed weeks of gestation to 7 completed days after birth
PIH Pregnancy induced hypertension
Pregnancy outcomes Maternal morbidity, maternal mortality
RCT Randomised controlled trial
RDA Recommended daily allowance

RDA is a recommendation for nutrient intake for a population group. It is the quantity that 
should be consumed to derive what is needed. RDA depends on age and physiological 
condition (eg pregnancy)

RNI Reference nutrient intake
RNI is the estimated amount of a nutrient that will be enough for almost everyone in the 
population. This level of intake is, therefore, higher than most healthy people need and if 
individuals are consuming the RNI they are most unlikely to be deficient in that nutrient. 
It is prudent for those planning diets for groups of people that most nutrients are provided at 
the RNI to ensure that the nutritional requirements of most people are met. 

SCBU Special care baby unit
SWS Southampton Women’s Survey
USDA United States Department of Agriculture
VLBW Very low birth weight
WIC Speical Supplemental Programme for Women, Infants and Children
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APPENDIX 9 

Glossary – terms used in this review and in the literature




