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Abstract

Objective: To provide a basis for making recommendations on the potential to
improve use of folic acid supplements in the UK, particularly among low-income
and young women.
Design: Systematic reviews of relevant research from 1989 to May 2006 in Europe,
the USA, Canada, Australia and New Zealand.
Results: Twenty-six systematic reviews and/or meta-analyses were identified from
the wider public health literature, and eighteen studies on the effectiveness of
preconception interventions were included. Ninety studies were identified which
were directly relevant to folic acid supplement intake. There were factors that are
particularly associated with lower rates of use of folic acid supplements. One of
the most important of these is the link with unintended pregnancy, followed by
age, socio-economic and ethnic group. Integrated campaigns can increase the use
of folic acid supplements to some extent. Research trials indicated that: (i) printed
resources and the mass media used in isolation are not effective in the longer
term; and (ii) health-care-based initiatives can be effective and are more likely to
be successful if they include making supplements easily available.
Conclusions: Campaigns and interventions have the potential to exacerbate socio-
economic inequalities in folic acid use. One way of addressing this is to include
elements that specifically target vulnerable women. To achieve and maintain an
effect, they need to be based on good health promotion practice and to be
sustained over a long period. However, even high-quality campaigns that increase
use result in under half of women in the target group taking supplements.
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The overall aim of the work described in the present

paper was to use a systematic approach to carry out

literature reviews of research that has been done on

influencing low-income groups, particularly girls/young

women, to change their behaviour in relation to health.

The intention was to provide a basis for making evidence-

based recommendations on the potential to improve use

of folic acid supplements in the UK.

This was achieved by carrying out three com-

plementary reviews. The first two of these provided a

basis for the main (third) review. They were intended to

assess whether there are findings from the wider public

health literature (rather than work focusing specifically on

folic acid) that might inform the development of effective

interventions to increase use of folic acid supplements.

Review 1 identified published systematic reviews or

meta-analyses of initiatives that required ‘positive pre-

cautionary action’ by women. Review 2 identified research

relevant to the effectiveness of different approaches to

preconception interventions on behaviour. Review 3

formed the main part of the work, and focused specifi-

cally on quantitative or qualitative research aimed at

encouraging women, particularly girls/young women and

those from low-income groups, to take folic acid in the

periconceptional period.

Background

Neural tube defects (NTD) arise early in pregnancy,

leading to malformation of the brain and spinal tube.

There is considerable variation in the risk of fetuses being

affected by NTD, associated for example with genetic

factors (people of Northern European and Asian origin

have a higher risk), diet, socio-economic group and

maternal health.

In European countries, the incidence of NTD-affected

births decreased during the 1980s but levelled off during
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the 1990s. The reasons for the decrease are not fully

understood but seem to include improvements in

screening and environmental changes.

The preventive role of folic acid in relation to NTD was

highlighted by research carried out in the 1980s(1,2). The

publication of these findings led to recommendations

that, to reduce the risk of occurrence of NTD, all women

of childbearing age should increase daily folic acid intake

by 400 mg prior to conception and during the first twelve

weeks of pregnancy(3). This was subsequently reinforced

by the UK’s Scientific Advisory Committee on Nutrition(4).

Similar advice was published in countries around the

world. It is difficult to obtain 400 mg of folic acid daily

from foods alone, and so the general recommendation

for implementation of this advice was through a combina-

tion of dietary change, encouraging periconceptional

folic acid supplement use, and voluntary fortification of

specified foods.

The USA, closely followed by Canada, was the first

country to do this by introducing mandatory fortification

of all cereal grain products in 1996. This move reflected

concern about the difficulty of encouraging women to

take supplements before they know they are pregnant,

which is a problem that becomes magnified in countries

with high rates of unplanned pregnancies. Supplements

are also less likely to be taken by some groups of women,

including those who are on lower incomes or who are

younger.

Across the world more than forty countries have

now introduced mandatory folic acid food fortification,

including many South American and African countries(5).

Australia and New Zealand are currently exploring the

option of mandatory fortification(6), and it has been

recommended in Ireland(5). The UK is also currently con-

sidering the issue(7). The present work was carried out as

part of the UK exercise, to assess whether there is potential

to improve use of folic acid supplements in the UK.

Method

For all three reviews, an initial screen of titles and

abstracts was done online to ensure that included papers

broadly reflected the initial inclusion and exclusion cri-

teria. When a title and abstract could not be rejected with

certainty, the abstract was downloaded for more detailed

scrutiny using the initial inclusion and exclusion criteria.

The criteria were then refined. Where papers could not

be clearly rejected using the abstracts, the full text of the

article was obtained for further scrutiny. References were

downloaded to Endnote software and were de-duplicated.

A data extraction form was designed to standardise

data collection for each review and to provide summaries

of each piece of included information.

In the analyses, studies were organised by research

design. The original intention was to prioritise studies that

were clearly based on a theoretical model of behavioural

change. However, as described in the Results section,

very few such studies were identified.

Details of the databases searched, search terms and

initial inclusion and exclusion criteria are provided in the

Appendix. The detailed inclusion and exclusion criteria,

and the list of data extraction fields, are available from

the authors.

Results

Detailed information on the numbers of papers identified

at each stage, and lists of excluded papers with reasons

for exclusion, can be obtained from the authors.

Preliminary reviews (Reviews 1 and 2)

Twenty-six systematic reviews and/or meta-analyses were

finally included in Review 1.

The range of topic areas included as having potential

relevance to use of folic acid supplements was: (i) breast-

feeding initiation (n 6)(8–13); (ii) communication in mater-

nity care (n 1)(14); (iii) promoting increased fruit and

vegetable consumption (n 1)(15); (iv) promoting physical

activity (n 5)(16–20); (v) screening (n 4)(21–24); (vi) minimis-

ing the risk of unintended teenage pregnancy (n 7)(25–31);

(vii) UV protection (n 1)(32); and (viii) preconception

care (n 1)(33).

The results which are most directly relevant to

encouraging periconceptional use of folic acid supple-

ments are given below.

The only systematic review identified in Review 1 on

preconception care was used as a starting point for

Review 2, which focused on identifying research relevant

to the effectiveness of different approaches to pre-

conception interventions on behaviour. Eighteen papers

were finally included in Review 2, and the results are

described in the section on Preconception care below.

Breast-feeding initiation

Breast-feeding initiation is relevant to the current review

because there are some similarities with the decision to

begin taking folic acid supplements. For example: there

are relatively low breast-feeding initiation rates in women

who are living on a low income and/or who are younger;

and promotion of breast-feeding can begin before con-

ception (e.g. in schools), although in reality most inter-

ventions begin in the antenatal period.

The most recent paper identified consisted of a sys-

tematic review and a meta-analysis(8). It included only

randomised controlled trials, and identified seven studies

for inclusion. The meta-analysis was carried out on five

of these studies. Overall the interventions were effective

in increasing breast-feeding initiation; however, there

was some variation in effectiveness between the different

approaches. For example, one-to-one support from lactation
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consultants, in an intervention based on the participants’

needs and interests and including follow-up, proved to be

effective. On the other hand, breast-feeding promotion

packs (non-commercial) were not effective among

women of middle–higher income.

The same research group published an earlier systematic

review of the same topic(11) that differed in covering not

only randomised controlled trials, but also other controlled

studies and quasi-experimental studies. The types of

intervention that were effective among women from dif-

ferent income and ethnic groups included: small informal

health education classes; one-to-one health education;

peer counselling; or a combination of these. Multifaceted

interventions comprising a media campaign, together with

a peer support programme and other activities, also

resulted in increased initiation rates. The types of inter-

vention that did not appear to be effective included:

breast-feeding literature alone or in combination with

more formal, non-interactive health education; social

support from health professionals; programmes directed

at health professionals increased knowledge, but did not

change attitudes; and media campaigns alone had the

potential to improve attitudes, but not behaviour.

The findings of the other four reviews identified cover

similar material to the two described above.

Screening

One review covered prenatal screening(22), and this

focused specifically on the UK. The types of screening

covered were for Down’s syndrome, NTD, haemoglobin

disorders and HIV. Only six studies reported data according

to women’s social class or education level and although

none found any significant social inequalities in testing,

some studies suggested that women of South Asian origin

might be less likely to participate in screening.

The other three reviews identified all concentrated on

cervical screening, and there was overlap between

them. The most recent was a systematic review of the

effectiveness of community-based strategies(21). The

most frequently used interventions were: mass-media

campaigns, alone or combined with individual strategies;

individual education using lay health educators; and

letters of invitation. Improvements ranged from 61 % for

educational videos to 12 % for a physician letter com-

pared with a no intervention group. Of the four studies

that used mass-media campaigns alone, only one was

effective and that study targeted a specific subpopulation

with language-specific material. All of the studies that

combined mass-media campaigns with other strategies

were effective. Letters of invitation were effective but

required a centralised registry to identify eligible women.

Minimising the risk of unintended teenage pregnancy

This topic is particularly relevant to the issue of use of

folic acid supplements. There are parallels in terms of the

required behaviours being positive and precautionary

and the at-risk population groups are similar. There is also

a direct interaction between the two topics, since folic

acid supplements are less likely to be taken by women

who did not intend to become pregnant.

Three of the included studies were published in the UK

by a research group from the Evidence for Policy and

Practice Information and Co-ordinating Centre (EPPI

Centre). The most recent of these(25) covered all dates

in electronic databases, all types of study including

qualitative research and process evaluation, and studies

including young people under 20 years of age. Six of the

included intervention studies provided sound evidence

of the value of two particular approaches: (i) early

childhood interventions consisting of pre-school educa-

tion, parenting support and social skills development;

and (ii) youth development programmes combining

community service and student learning, or providing a

programme of academic and social development. A meta-

analysis indicated that these approaches reduced the

risk of pregnancy by 39 %. The next review from this

research group(26) looked at the role of incentive schemes

in encouraging positive health and social behaviours in

young people. The main findings were that: (i) the

behaviours need to be logged and rewarded consistently;

(ii) interventions need to be implemented properly and

consistently; (iii) large-scale incentive-based schemes

require staff with the necessary skills and commitment,

and sound systems in place to support them; and (iv) the

size or type of incentive on offer needs to be sufficient to

motivate change in young people.

The third review from this group(31) addressed the use

of peer-delivered health promotion interventions. There

were two relevant interventions and these were both in

school settings. The conclusions from the first of these

included the importance of focusing the intervention

on one topic; incorporating it into a wider programme of

sex education; and reflecting the principles of ‘good

practice’ in health promotion, including empowerment

and participation.

Of the remaining reviews identified, one described

some specific studies that may be relevant to the use of

folic acid supplements(27). This review assessed the use-

fulness of counselling in a clinical setting to prevent

unintended pregnancy and included all types of studies

including those using qualitative methods. In one of

the included studies, women who were more likely to

take the contraceptive pill consistently took it at the same

time each day, read and understood all of the package

information, and took the pill at a routine time other

than immediately before going to sleep.

Preconception care

The systematic review identified in Review 1 focused

more on the effectiveness of preconception interventions

in reducing the risk of diseases rather than the approa-

ches used(33). However, it provided a basis for a more
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in-depth exploration of literature on preconception care

in Review 2.

The eighteen studies that were finally included in

Review 2 were organised by research methodology and

within that by country of publication.

Increasingly, policies and guidance for preconception

care have been developed in countries around the

world(34–36). The USA appears to be at the forefront of

this. The Centers for Disease Control and Prevention(37)

published a detailed evaluation of the available evidence

and recommendations in 2006, and forty-two States have

performance measures which relate to preconception

care.

There is some evidence that preconception care has a

positive impact on health behaviours, and there are also

indications that participation in preconceptional care may

decrease the number of unplanned pregnancies.

Two prospective studies were identified. The first of

these was carried out in the USA(38) and reported that

women who were offered a preconception health pro-

motion programme were more likely to identify their

pregnancies as intended than a group who did not take

part in the programme. The authors concluded that pre-

conception programmes could prove useful for promot-

ing intendedness of pregnancy in low-income women.

The other prospective study(39) followed women who

participated in the Hungarian periconceptional care pro-

gramme over a 10-year period. The results indicated that

the programme was effective in improving many aspects

of periconceptional care, including reducing smoking

and alcohol consumption, and increasing the use of folic

acid-containing multivitamin supplements.

Cross-sectional studies from The Netherlands(40–42) and

one from the UK(43) indicated that most women, doctors

and other relevant health professionals support the idea

of preconception care, although in practice it happens

rarely. Lack of time and possibly motivation and prior-

itisation among health professionals appear to be

important barriers. The one randomised controlled trial

which was identified in this section(44) found that

informing doctors and women about identified pre-

conception risks did not encourage them to do more.

However, a trial without a control group was identified(45)

which indicated that providing education and standar-

dised forms was effective in increasing screening,

although this did not affect staff knowledge and attitudes.

Main review (Review 3)

Ninety studies were finally included; these were orga-

nised by research methodology and within that by

country of publication (Table 1).

Systematic reviews

The systematic review that is most relevant to the current

work covered worldwide literature up until 2003, but

differs from the current work in that it focused specifically

on three aspects of folic acid supplement use(46): (i) the

rate of use (i.e. not awareness) pre- and pericon-

ceptionally; (ii) the demographic characteristics asso-

ciated with low rates of use; and (iii) folic acid use in

relation to public awareness campaigns only. Review 3

conducted in the present work includes all types of

research, including evaluations of campaigns. It also

includes information on awareness of folic acid/folate

recommendations.

A total of fifty-two studies were included in the review.

The authors drew out a number of lessons for the future:

family planning initiatives should promote folic acid

supplement use; in view of the low rates of planned

pregnancy in many countries, better approaches are

needed to ensure that folic acid is taken as soon as pos-

sible after conception; the best public health programmes

reach, at most, 50 % of women; and some women may

not receive or comprehend the folic acid message,

particularly young, single women, those without a formal

education and those who are recent immigrants.

The other systematic review that was identified(47)

focused specifically on state-wide programmes of folic

acid education in the USA which used the social ecolo-

gical model. This model is a multifaceted approach to

health promotion, which includes environmental, beha-

vioural and social policy changes that help individuals

adopt healthy behaviours. Most state-wide folic acid

campaigns did not incorporate all levels of the social

ecological model, although most included interventions

in at least two levels.

Research trials on the effectiveness of different types of

intervention

There were five controlled trials in total. The main char-

acteristics of these trials are shown in Table 2.

Watson et al.(48,49) reported a randomised community

intervention trial from Australia, which assessed the

effectiveness of using only a printed communication.

Folate awareness increased in the intervention group,

but was sustained only in women aged 35–44 years.

The intervention was also less effective for socially

disadvantaged women.

Three of the controlled trials from the USA focused on

health sector interventions providing free supplements.

Lawrence et al.(50) evaluated the effect of information and

‘starter kits’ of multivitamins being mailed to one group,

while another group received the information through

primary-care providers. There was a small but significant

increase in the percentage of women using multivitamins

in the direct mail group at the beginning of the inter-

vention period, but this increase was not sustained after

the interventions ended. However, in two trials, free folic

acid supplements were provided either during routine

gynaecological visits (Robbins et al.)(51) or in family

planning clinics (Watkins et al.)(52). Both of these studies

reported significant increases in reported consumption,
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and in the Robbins study(51) weekly folic acid intake

increased in the intervention group by 68 % compared

with 20 % in the control group. Those who were most

influenced by the intervention were black and lower-

income and not planning pregnancies.

The remaining controlled trial from the USA, reported

by Johnson et al.(53), indicated that a short educational

intervention was effective in increasing knowledge in

high-school students.

There were eight trials which did not have a control

group. The main characteristics of these trials are shown

in Table 3.

Of the eight trials, three were small studies with stu-

dents and are not described further here (DiPietro and

Kier, Quillin et al., Morgan et al.)(54–56).

Two of the remaining trials described preconception

interventions led by health professionals. De Weerd et al.(57)

in The Netherlands assessed whether preconception

Table 1 Review 3: work finally included, by study design and then by country

Study design Country Study

Systematic reviews Global Ray et al. (2004)(46)

USA Quinn et al. (2005)(46)

Expert reports/Consultations Australia and
New Zealand

Food Standards Australia New Zealand (2004)(6)

Ireland Food Safety Authority of Ireland (2006)(5)

UK Folic Acid Roundtable(136)

Controlled trials Australia Watson et al. (2001)(132); Watson et al. (2002)(49)

USA Johnson et al. (2002)(53); Lawrence et al. (2003)(50); Robbins et al. (2005)(51);
Watkins et al. (2004)(52)

Trials without a separate control group Australia Williams et al. (2001)(61)

Netherlands de Weerd et al. (2002)(57)

UK Edwards & Wyles (1999)(59)

USA Chacko et al. (2003)(58); DiPietro & Kier (2001)(54); Hauser et al. (2004)(60);
Morgan et al. (2004)(56); Quillin et al. (2000)(55)

Campaign/Programme evaluations Australia Chan et al. (2001)(62)

Canada Public Health Agency of Canada (2003)(63)

Germany Egen & Hasford (2003)(68)

Northern Ireland Health Promotion Agency for Northern Ireland (1999)(70)

Netherlands de Walle et al. (2002)(67); van der Pal-de Bruin et al. (2003)(66)

UK Raats et al. (1998)(64)

USA CDC (1999)(69)

Cost-effectiveness analysis Netherlands de Weerd et al. (2004)(137)

Cross-sectional surveys1prospective Australia Bower & Stanley (2004)(72); Bower et al. (2005)(73); Watson et al. (2006)(71)

cohort ‘monitoring’ (preceded by
an asterisk)

Canada Einarson & Koren (2006)(74); French et al. (2003)(75); Morin et al. (2001)(78);
Morin et al. (2002)(76); Morin et al. (2002)(77); Neimanis et al. (1999)(79);
Tam et al. (2005)(80)

Croatia Gjergja et al. (2006)(81)

Denmark *Knudsen et al. (2004)(82)

Ireland Oleary et al. (2001)(84); McDonnell et al. (1999)(83); Ward et al. (2004)(85)

Netherlands Bakker et al. (2003)(86); de Jong-van den Berg et al. (1998)(87);
de Walle et al. (2002)(67)

New Zealand Allen et al. (2000)(88); Schader & Corwin (1999)(89)

Norway Braekke & Staff (2003)(90); Daltveit et al. (2004)(91); Vollset & Lande (2000)(92)

Poland Szumska & Mazur (1999)(93)

Spain Cano-Serral et al. (2006)(94); Coll et al. (2004)(95); Garcia Carballo et al.
(2003)(96)

Sweden Lundqvist et al. (2004)(130)

UK Blake et al. (2003)(97); Glasgow Perinatal Effectiveness Committee
(1998)(98); Haslam et al. (2003)(99); Howell et al. (2001)(100); ICM
Research (2004)(101); Johnson (2000)(102); Langley-Evans & Langley-
Evans (2002)(103); Mathews et al. (1998)(104); Neill et al. (1999)(105);
*Relton et al. (2005)(106); Rogers & Emmett (1998)(107); Sen et al. (2001)(108);
Sillender (2000)(109); Sillender & Pring (2000)(110); Wald (personal
communication, 2005)

USA Ahluwalia & Daniel (2001)(111); Alozie Arole et al. (2003)(112); Carmichael
et al. (2006)(113); CDC (1999)(114); CDC (2001)(115); CDC (2004)(116);
CDC (2005)(117); de Jong-van den Berg et al. (2005)(119); Goldberg et al.
(2006)(120); Hilton (2002)(121); Kloeblen (1999)(122); Kloeblen & Batish
(1999)(123); Lynch (2002)(128); Power et al. (2000) (129); Rosenberg et al.
(2003)(125); Cleves et al. (2004)(118); Perlow (2001)(124)

Qualitative research UK Health Education Authority (1999)(127)

Case studies Europe (18
countries)

Eurocat (2005)(126)

CDC, Centers for Disease Control and Prevention.
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Table 2 Review 3: characteristics of controlled trials organised in alphabetical order by first author

Study/country Allocation to groups
No. and type of

participants Groups Intervention and duration Follow-up Evaluation measures

Johnson et al.
(2002)(53)/USA

Allocation by school
(n 6 in 3 areas)

345 male and
female students

Intervention v. control with
delayed treatment

Seminar and slide presentation,
delivered in school time

16–26 d after
intervention

Pre-test and post-test self-
completed questionnaire

Lawrence et al.
(2003)(50)/USA

Time-series design with
a non-equivalent
control group

3438 women, 18–39
years old, of
childbearing age

Intervention v. education
intervention from
primary-care providers

100 multivitamins by post plus
printed educational material
at health-care visits

18 months after
intervention

Telephone interviews

Robbins et al.
(2005)(51)/USA

Randomised allocation 322 non-pregnant
women, 18–45
years

Intervention v. control with
counselling about other
health behaviours plus
folic acid leaflet

Folic acid counselling, reminder
phone call plus 30 folic acid
tablets

2 months Self-reported folic acid use

Watkins et al.
(2004)(52)/USA

Allocation by family
planning clinic (n 6)

165 women aged
18–45 years

Two intervention groups
v. control – educational
materials only

Folic acid pills or fortified cereal
provided plus educational
materials

No Self-reported folic acid
consumption and serum
folate

Watson et al.
(2001)(132) and
Watson et al.
(2002)(49)/Australia

Allocation by Local
Government Area
(n 6)

1197 women of
childbearing age

Intervention v. control Selection of printed material
distributed through community
over a 2-month period

2 months and 30
months after
intervention

Telephone interviews

Table 3 Review 3: characteristics of trials without a control group organised in alphabetical order by first author

Study Design No. and type of participants Intervention and duration Follow-up Evaluation measures

Chacko et al. (2003)(58) Baseline survey of all
women; follow-up survey
on 25 % random sample

387 low-income, young, mostly
Hispanic and black, non-pregnant
women aged 13–22 years,
recruited at hospital clinics

Interested women given 3-month
supply of multivitamins

3 months Self-completion questionnaire

de Weerd et al. (2002)(57) Pre and post measures 111 women Preconceptional consultation,
recruited at preconception
counselling

4 months Self-reported usage of folic acid
supplements and serum folate

DiPietro & Kier (2001)(54) Pre and post measures 142 young women voluntarily
attending a seminar

Seminar, consisting of a 45 min
Powerpoint presentation

4 weeks Self-completion questionnaire

Edwards & Wyles (1999)(59) Pre and post measures at
each training session

189 community health
professionals

1 h training sessions None Self-completion questionnaires and
feedback

Hauser et al. (2004)(60) Pre and post measures 50001 health professionals
(29–32 % response rate)

State-wide education campaign None Mailed questionnaire

Morgan et al. (2004)(56) Pre and post measures 76 students on Women’s Health
course

Viewing CD 2 weeks Self-completion questionnaires

Quillin et al. (2000)(55) Pre- and post-test
(beginning and end of
a 45 min session)

71 female students 5 min educational slide
presentation

No Self-completion questionnaires

Williams et al. (2001)(61) Pre- and post-test 5001 women aged 18–44 years 12-month multimedia folate
education campaign; first half
without health claims, second
half with health claims

No Telephone surveys at baseline, end
of first half of campaign, and end
of second half of campaign
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counselling improves the folate status of women planning

pregnancy. This showed significant increases four months

after the intervention, with higher figures in those women

who were not already taking a supplement. In the USA

a trained health educator implemented a folic acid

promotion programme at three clinics (Chacko et al.)(58).

When a young woman indicated interest in taking

a daily multivitamin, she was given a 3-month supply of

multivitamin tablets. Daily multivitamin intake increased

significantly from 9 % to 67 % at 3 months after the

intervention.

Another two trials focused on approaches to increase

health professionals’ knowledge of folic acid advice.

Edwards and Wyles(59) in the UK evaluated the effective-

ness of training sessions. Before the training sessions 42%

of the health professionals thought that women could eat

enough folic acid from food alone, and after the training

this had fallen to just 1%. In Florida, Hauser et al.(60)

assessed the effects of a state-wide educational initiative on

health professionals’ knowledge and practice. The initiative

included articles in professional publications, presentations

at continuing medical education courses, direct mailings,

and educational booths at professional meetings. This

resulted in a significant increase in knowledge and the

percentage of health-care providers who recommended

periconceptional use of folic acid.

The final trial described here measured the impact of a

12-month multimedia folate education campaign, with and

without the use of health claims (Williams et al.)(61). In

the first six months of the campaign no health claims

were made on folate-rich food, but in the second half of

the campaign health claims were introduced. Awareness

of the recommendation to take folate before pregnancy

rose by 8% in the first six months of the campaign (without

health claims) and by 22% in the second half (when health

claims were incorporated on some food labels and in

television advertisements and publications). It seems that

including a specific health claim explaining the role of

folate in preventing birth defects may increase the impact

of a folate education campaign. This was in the context of

foods rather than supplements, but the finding is also

potentially relevant to the sales of supplements.

Integrated national or regional campaigns

Four integrated campaigns were identified which appear

to have been successful in increasing intake of folic acid

supplements to some extent. These four campaigns were

carried out in South Australia, Canada, the UK and The

Netherlands. In Australia(62) a short campaign with a fairly

limited budget covered both health professionals and

women of childbearing age. The proportions of women

taking periconceptional folic acid supplements increased

significantly, and folic acid tablet sales doubled. However,

there was no evidence that the effects would be sustained.

In Canada(63) a range of national and local educational

initiatives were undertaken. Evaluation at three sites was

carried out prior to mandatory fortification and for 2 years

after the introduction of fortification. There were increases

in the use of folic acid-containing supplements in New-

foundland, but not Ontario. In England(64), the percentages

of pregnant women and new mothers claiming to have

taken folic acid before conception rose from 24% to

38%. However, the authors of the evaluation report drew

attention to the short duration of the campaign, particularly

when compared with sustained health initiatives

around smoking and HIV. Their concerns appear to have

been justified, because a later study indicated a decline

of about 10% in supplement intake 5 years after the

campaign finished (NJ Wald, personal communication,

2005). In the Netherlands(65,66) a national campaign

included advertisements in newspapers and women’s

magazines, television and radio commercials, posters in

the waiting rooms of general practitioners, midwives and

gynaecologists, and information for women wishing to

conceive available free from the pharmacist. An additional

local campaign was targeted at women in lower socio-

economic groups. Periconceptional folic acid use

increased from 16?8% to 48?6%, but socio-economic

differences in supplement use remained and persisted in

a study carried out 3 years after the campaign(67). Socio-

economic differences widened in the national campaign,

but remained similar where the additional local campaign

was implemented.

Two other campaigns were reported, from Germany(68)

and south-west Virginia(69), where the effects of the

interventions were limited, in particular with respect to

socio-economic differences and knowledge about the

appropriate timing for supplement use.

The final campaign identified, from Northern Ire-

land(70), included data on awareness of the folic acid

recommendations, but not on reported supplement use.

Cross-sectional and prospective cohort ‘monitoring’

surveys: awareness and intake of folic acid, and sources

of information on folic acid

Fifty-six cross-sectional and two prospective cohort

‘monitoring’ surveys were identified; they are listed in

Table 1.

Fifty-five of these covered various aspects of awareness

of the folic acid/folate message, use of supplements and

sources of information. The two main sampling approaches

used were either to collect information among women of

childbearing age or to collective retrospective information

from pregnant women or new mothers. The main com-

parable findings are summarised in Table 4 by country. The

source papers were those listed in Table 1: Australia(71–73);

Canada(74–80); Croatia(81); Denmark(82); Ireland(83–85); The

Netherlands(67,86,87); New Zealand(88,89); Norway(90–92);

Poland(93); Spain(94–96); the UK (NJ Wald, personal com-

munication, 2005)(97–110); and the USA(111–125).

Although there is a great deal of data about awareness

and knowledge of folate and folic acid supplements,
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much of it is not directly comparable between studies.

For example, some studies have just assessed familiarity

with the term ‘folic acid’, some have asked about

knowledge in relation to NTD or pregnancy, whereas

others have assessed whether women know about the

advice on when to take supplements. So, although these

data can be invaluable for individual monitoring exer-

cises, they are of restricted use when comparing results

from different studies.

Data on supplement use (as recommended) are far

more useful for this purpose, and some of the cross-

sectional surveys described here indicate that use (as

recommended) reported by pregnant women and new

mothers ranged from 7 % (in Croatia) to 53 % (one study

from the USA). However, most countries reported levels

between 25 % and 35 %. Much lower levels are reported

when data were collected from samples of women of

childbearing age. New Zealand reported levels as low

as 3 %. Case studies described by Eurocat in 2005(126)

indicated that similar levels are reported from France,

Spain, Germany and Italy.

The works described in this section consistently indi-

cated some factors that were particularly associated with

lower awareness, knowledge, and rates of folic acid

supplement use.

One of the most important of these is the link with

unintended pregnancy. The rates of unintended preg-

nancy vary considerably within and between popula-

tions. In terms of variation between countries, some such

as Poland report very low levels of planned pregnancy

(10–20 %), some such as the UK and USA are intermediate

(about 50 %), and others including Croatia and The

Netherlands have very high rates of planned pregnancy

(75–80 %).

Other factors that were identified as being associated

with lower awareness and use included: lower household

income; lower educational attainment; being a lone

parent, unemployed, from a lower socio-economic group,

younger or from particular racial/ethnic groups; lacking

awareness/knowledge of the potential benefits and not

being convinced of efficacy; and having a less healthy

lifestyle.

Only one qualitative study was included(127). This was

from the UK and provided additional insights into the

influences on young women, women in low-income

groups, and those with poor educational backgrounds.

The most relevant findings included: a fatalistic view of

becoming pregnant; the importance of advice from

mothers and friends compared with health professionals;

and the difficulty in actively making contact with women

in these groups.

The most common sources of information for women

mentioned in these cross-sectional surveys tended to be

mass-media advertising, magazines, newspaper articles,

and family and friends. However, although health pro-

fessionals were usually cited less frequently, their advice

was regarded as more credible. Generally, family doctors

seemed to be a more frequent source of advice than other

health professionals, including midwives. In the UK, one

of the trials mentioned earlier(59) also indicated that

practice nurses appear to be the group who are asked

most frequently about folic acid (82 %) compared

with general practitioners (55 %) and dietitians (13 %).

Pharmacies were mentioned very infrequently.

The remaining three cross-sectional studies provided

some information on the knowledge, attitudes and

practice of selected health professionals. One of the

studies(128) was a very small student study from the USA,

Table 4 Comparable levels of awareness and use of folic acid, and sources of folic acid information, by country

Country
Awareness of folic acid/folate message
in pregnant women/new mothers (%)

Periconceptional
folic acid use (%)

Sources of information (% of women citing as source of
information)

Australia 60 28–46 General practitioner or obstetrician (53), family or friends (45)
Canada 63–76 40/21- Health professionals, magazines/newspapers, doctors,

television/radio
Croatia 72 14 Media, health professionals, friends
Denmark NA 22 NA
Ireland 67 16–24 Less-affluent women referred to their general practitioner

more as a source of advice; folic acid supplements were
not ‘visible’ enough when women wanted to find them

Netherlands 41–63 36 NA
New Zealand 63 35/3- General practitioners (48), media advertising (magazine or

health pamphlet or television promotion) (20)
Norway 17–46* 10/47-

-

NA
Poland 15* 13 General practitioners (43), magazines (42)
Spain 86 7
UK 66–81 21–48 General practitioner.midwife.family/friends
USA 73 ,20–53 Magazine or newspaper articles (31), radio or television,

health-care providers

NA, not available.
*Among women of childbearing age.
-Among women with planned pregnancies/unplanned pregnancies.
-

-

Percentage in 1998/2000.

814 L Stockley and V Lund

https://doi.org/10.1017/S1368980008002346 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980008002346


which is not described further. A more powerful study of

obstetricians and gynaecologists in the USA showed good

levels of awareness of the relationship between folate and

NTD, with a high proportion saying that they already

advise non-pregnant patients about folate intake(129). The

final cross-sectional study was of midwives in Sweden; it

indicated they played an important role, but could be

more effective if supported by local routines, guidelines

and training(130).

Discussion

The reviews reported here used a systematic approach

(i.e. a predefined, transparent and reproducible process

to identify, select and analyse studies) to assessing the

evidence base relevant to folic acid supplement use,

particularly in younger and low-income women. In

addition to the main review, two preliminary reviews

were carried out to assess whether there are relevant

findings from the wider public health literature. In total

over 2200 papers were identified in the initial literature

searches, and 134 of these were finally included.

It would have been possible in the main review to limit

the number of papers included by excluding cross-

sectional, qualitative and case studies. However it was

judged that, if this had been done, valuable insights into

influences on folic acid intake would have been lost.

Because there was such a large volume of papers, and the

searching and analysis were carried out by a single

reviewer (i.e. cross-checking was not possible), no stan-

dardised quality assessment was carried out. However,

the key characteristics commonly used to assess the

quality of studies are given for control group and non-

control group trials included in the main review. Small

studies with a student population are not described in the

text, and this has been noted where relevant. The large

volume of papers also meant that reference lists from

included studies were not searched.

Despite these methodological limitations, the present

work represents the most up-to-date and comprehensive

review of the issue. An earlier systematic review(46) dif-

fered from the current work in that it focused on specific

aspects of folic acid supplement use.

Another point to bear in mind when interpreting the

findings for all three reviews is that there are important

issues of transferability between topics and between

countries. The other caveat is that many of the studies

included only short-term follow-up, so there is very limited

evidence on the sustainability of effects of interventions.

The health topics covered in Review 1 were very

diverse. The approach adopted was to identify common

features across each of the topic areas, in the expectation

that since they were common, they were more likely to be

transferable to folic acid interventions. Work has been

carried out previously on the characteristics of effective

health promotion interventions(131), and many of these

are reflected in the findings of the present review. The

main points relevant to developing effective interven-

tions, particularly for lower-income and young women,

are that interventions should:

1. Include a ‘package’ of complementary components

including different communication channels, locations

and health promotion approaches, and be sustained

over a long period;

2. Focus on high-risk groups;

3. Involve families if possible;

4. Incorporate folic acid information into school-based

sex education;

5. Work with youth development programmes;

6. Consider peer-delivered approaches;

7. Provide practical support, e.g. easy access to supple-

ments;

8. Encourage consistent use of supplements, e.g. by

recommending that they are taken at the same time

each day.

Review 2 found little research-based evidence on

approaches to effective preconception care, although

increasingly policies and guidance for preconception care

have been developed in countries around the world. The

health and social care structures in those countries with

the most research and/or preconception polices or gui-

dance are very different from those in the UK, which

limits the applicability of much of the work that was

identified. However, there is some evidence that pre-

conception care can have a positive impact on health

behaviours, including folic acid intake. There are also

indications that participation in preconception care may

decrease the number of unplanned pregnancies. The lit-

erature indicated that there are some barriers to effective

preconception care, particularly: health professionals need

adequate time, appropriate training and preconception care

needs to be a recognised priority for them; and structural

changes need to be incorporated into standard health care

for more effective preconception care.

The research trials identified in Review 3 provide some

indications of which types or aspects of interventions

are more likely to be successful in increasing folic acid

supplement intake.

Only two community-based trials were identified, both

carried out in Australia. The first was a controlled

trial(49,132), which concluded that using printed resources

is less effective for women in lower socio-economic

groups. This finding has been reported previously, for

example by Freemantle et al.(133). The second was a trial

without a control group(61) and this indicated that using a

health claim may make it easier for women to identify

relevant foods and supplements.

Community-based integrated campaigns have had

some success in increasing awareness and usage of folic

acid supplements. However, there are reservations about
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their effectiveness in the evaluations that have been car-

ried out. For example, the effects are more evident in

women from higher socio-economic groups, and are not

sustained once the campaign has finished.

People within the health-care system seem to be well

placed to provide advice on preconceptional folic acid,

and appear to have potential to be effective in increasing

intake. Nevertheless, the preliminary conclusions from

the limited number of trials which have been carried

out(50–52,57–60) are that advice needs to be embedded in a

structure (e.g. preconceptional counselling) and deliv-

ered in a committed and relevant way by professionals

with appropriate skills and knowledge. Providing free

supplements to vulnerable women appears to be a pro-

mising approach. Currently in the UK folic acid supple-

ments are available either by prescription or over the

counter. There are emerging differences in criteria for cost

of prescriptions and eligibility for free prescriptions in the

four countries of the UK. For example in England, unless

women are eligible for free prescriptions because of their

age or income level, it may be cheaper to buy over-the-

counter supplements. In contrast, in Wales all prescrip-

tions were free in summer 2007.

The studies included in the main review used a variety

of outcome measures, of which the most common were

‘awareness’ of the importance of folic acid supplements

and ‘use’ of folic acid supplements. However, the termi-

nology used in research in describing these outcomes is

often ambiguous. For example, few studies distinguish

between ‘prompted’ and ‘unprompted’ awareness, or

describe clearly how it was assessed. Similarly, it was not

always clear whether ‘use’ referred to taking supplements

at some stage, or in pregnancy, or ‘as recommended’

(i.e. preconception and 12 weeks into pregnancy). Two

general points emerge: (i) many studies only measured

‘awareness’ and not ‘use’; and (ii) ‘awareness’ is con-

sistently higher than ‘use’ in both interventions and cross-

sectional studies, although the relationship between the

two outcomes is inconsistent.

Women who are least likely to take folic acid supple-

ments are younger, on lower incomes and with lower

educational levels, they are more likely to be single par-

ents and/or belong to a minority ethnic group. Awareness

of the recommendations for folic acid is lower in these

groups than others. Only interventions specifically tar-

geted at these groups were successful in increasing both

awareness and use, although the baseline differential with

women in other groups persists. If interventions do not

target these vulnerable groups, awareness remains low

and the differential in both awareness and use increases

between these women and those who are less ‘at risk’;

that is, inequalities are exacerbated. The aspects of

interventions which may increase effectiveness with vul-

nerable groups appear to be that: the women are ‘sought

out’ and do not themselves have to be proactive; taking

folic acid reflects what peers, friends and family are doing

or saying; and the messages which are communicated are

culturally and linguistically relevant, and emphasise the

most confusing aspect of the message – that the supple-

ments need to be taken before conception.

One of the original intentions of the present work was

to identify when theoretical models had been used in

interventions or evaluations. Descriptions of models of

behavioural change are given, for example, in references

(131), (134) and (135). In fact, only five such studies were

identified in the main review. It is difficult to reach any

conclusions based on this number of papers, but the

social ecological model works at a number of different

levels and many folic acid interventions appear to adopt it

to some extent. The only model that was actively used,

and with some success, was an adaptation of the Theory

of Reasoned Action in the Dutch folic acid campaign.

Several important gaps in current knowledge emerged

from the reviews. For example, data on trends in folic

acid supplement intake in the UK were patchy, with dif-

ferent sets of data available and different methodologies

used. Further research is needed into the potential

effectiveness of:

1. Prescription of folic acid supplements to women in

vulnerable groups, by general practitioners;

2. Provision of free folic acid supplements for all women

below a specified age;

3. Interventions targeting vulnerable groups;

4. Comparing the acceptability of multivitamins (with

400 mg folic acid) with folic acid only supplements;

5. Interventions based on the version of the Theory of

Reasoned Action used in the Dutch folic acid

campaign, or using other theoretical models.

In conclusion, realistically it is likely that efforts to

increase supplement intake will have a limited effect. In

The Netherlands, at the end of the Dutch folic acid

campaign, 49 % of the sample of pregnant women retro-

spectively reported taking folic acid during the time

around conception(66). In the UK, at the end of the

national campaign, 38 % of pregnant women, who were

asked retrospectively, said they had taken folic acid

supplements(64). Extrapolating from these data could

mean that high-quality and intensive national campaigns

apparently influence under half of women in the target

group to take supplements. However this figure is likely

to be a considerable overestimate since data collected

retrospectively from pregnant women give consistently

higher values than data collected from samples of women

of childbearing age in the population.

Reducing the number of unintended pregnancies in the

UK would contribute to increasing the number of women

taking folic acid supplements. Establishing a system for

preconception care through general practice might also

increase intake, if it was appropriately resourced and

structured. However, these are major tasks that are unlikely

to contribute to increasing usage of folic acid supplements
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in the UK in the short term. The present review highlights

some findings which have the potential to contribute to an

increase in uptake of folic acid supplements, but this is

likely to be limited and continuing efforts would be needed

for any increase to be sustained.
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Appendix – Databases, search terms and initial inclusion criteria for reviews

Review 1

The following databases were searched:
EPPI Centre
Health Technology Assessment databases (DARE, NHS EED, HTA)
National Electronic Library for Health – Cochrane databases
National Library for Health – Women’s Health Specialist Library
PubMed (including Medline)

The following search terms were used in all of the databases above:
women AND intervention AND (participation OR uptake) AND (systematic review OR meta analysis)

An additional search was undertaken in PubMed:
(systematic review OR meta analysis) AND (pre conception OR peri conception) OR (pre conceptual OR peri
conceptual)

Studies were included if they were published systematic reviews and meta-analyses from Europe, the USA, Canada, Australia
and New Zealand, for all dates in the electronic databases which were searched until May 2006, describing ‘lifestyle’
interventions to positively promote a specific health behaviour, with healthy free-living women of childbearing age.

Review 2

The following databases were searched:
EPPI Centre
National Library for Health – Women’s Health Specialist Library
PubMed (including Medline)
ERIC
NELH

General Internet searches were also carried out using:
Google Scholar
Google

The following search terms were used in all of the databases above:
(preconception) OR (preconceptual)

Additionally, for the Internet searches:
NOT diabetes NOT gender

The review included published studies from Europe, the USA, Canada, Australia and New Zealand carried out in healthy,
free-living women of childbearing age, specifically: (i) controlled trials included in the most recent relevant systematic
review(33) identified in Review 1 (i.e. before June 1999); (ii) controlled trials carried out after the scope of the most recent
relevant systematic review (i.e. June 1999–May 2006); (iii) in addition, more in-depth searches for published and
unpublished work in the UK, dated June 1999–May 2006, were carried out.

Review 3

The following databases were searched:
EPPI Centre
Health Technology Assessment databases (DARE, NHS EED, HTA)
National Electronic Library for Health, including Cochrane databases
National Library for Health – Women’s Health Specialist Library
PubMed (including Medline)
ERIC

General Internet searches were also carried out using:
Google Scholar
Google

Unpublished and grey literature was identified during Internet searches, and leads were provided during the course of
the research. In addition, four in-depth interviews were carried out with individuals who were either: (i) experts/
workers in organisations committed to relevant areas of women’s health; or (ii) were closely involved with the UK’s folic
acid campaign, either at a national or a local level.

Search terms included:
‘folic acid’ OR folate, AND supplements, AND uptake OR awareness, AND campaigns OR education, NOT
homocysteine

The review included published quantitative and qualitative research from Europe, the USA, Canada, Australia and New
Zealand, carried out from 1998 to May 2006, in healthy, free-living women of childbearing age. It also included in-depth
searches for unpublished information on relevant experiences from European countries. Full-text translations of all
included non-English material were sought.
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