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EMBARGOED until 00:01 on 13/05/2009 UK Time. Headline : BMJ] Press
Release 13 May 2009

Mandatory folic acid fortification reduces heart defects at birth

Research: Prevalence of severe congenital heart disease after folic
acid fortification of grain products: time trend analysis in Quebec,
Canada, BMJ online

Ed%toria1: Folic acid fortification and congenital heart disease, BMJ]
online

The number of babies born with severe congenital heart defects has
decreased after mandatory fortification o ?ra1n products with folic
acid in Canada, concludes a Targe study published on bmj.com today.

It is widely known that taking folic acid_before conception and 1in
early pregnancy reduces the risk of neural tube defects such as spina
hifida. Some studies suggest that folic acid may also decrease the
birth prevalence of congenital heart disease, the most common of ail
birth defects, but the evidence s still inconclusive.

So researchers assessed the impact of folic acid fortification
policies on the birth prevalence of severe congenital heart defects in
Quebec, Canada, where fortification of flour and pasta products with
folic acid has been mandatory since 1998.

Mmandatory food fortification has not been adopted in Europe.

Using administrative databases, they identified all infants (live and
stillborn) with severe congenital heart defects in Quebec over a 16
year period (1990 to 2005). Data were analysed in two time periods
(before and after fortification) to estimate the change in prevalence
of severe heart defects within the population.

buring the study period there were 1.3 million births in Quebec and
2,083 +infants born with severe heart defects, corresponding to an
average birth prevalence of 1.57 per 1,000 births.

The time trend analysis showed no change in the birth prevalence of
severe heart defects 1in the nine years before fortification, while in
the seven years after fortification there was a significant 6%
decrease per year.

Further analysis made Tittle difference to the results, suggesting
that the decreasing trend after fortification did not occur by chance,
and supporting the theory that intake of folic acid around conception
reduces the risk of severe congenital heart defects.

The authors suggest the results were not likely caused by chance
because the timing of the observed effect_coincided exactly with the
timing of the fortification; there is biological plausibility for this
association, and most other factors that are known to increase the
birth preva1ence of severe congenital heart defects, such as older
maternal age, medication use, or obesity, have gradua11y increased
over the study period in Quebec.

An average 6% drop per year may seem modest, say the authors. But,
given that treatment for heart defects in 1nfancy is highly compTex
and is associated with high infant mortality rates, even a small
reduction in the overall risk will significantly reduce the costs
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associated with the medical care of these patients and the
psychological burden on patients and their families.

They also suggest that their results ma¥ have underestimated the_true
impact of folic acid on the birth prevalence of severe congenital
heart defects, and call for further population-based studies to
confirm these findings.

such studies raise important questions about whether food
fortification is an effective strategy, say two heart experts in an
accompanying editorial. For example, are the current levels of
fortification_sufficient to significantly reduce the rates of
cong$nita1 malformations, and is food fortification harmful to some
people?

As the population becomes more obese, rates of type 2 diabetes
increase and nutritional habits remain poor, the prevalence of
congenital heart disease may increase, they write. So, rather than
considering fortification targeted at populations, should we find more
effective interventions to target women of child bearing age?

Contacts:

Research: Louise Pilote, Professor of Medicine, McGill University,
Montrea], Canada_Tel (currently in Israel): 011l 972 54 876 1527
Email: louise.pilote@mcgill.ca

or

Ra1u§a Ionescu-Ittu, PhD candidate, McGill University, Montreal,
Canada

Tel: +1 514 934 1934, extension 42723

Email: raluca.ionescu-ittu@mail.mcgill.ca

Editorial: Dr Helena Gardiner, Senior Lecturer and Director of
Perinatal Cardio1og¥, Faculty of Medicine, Imperial College at Queen
Charlotte’s and Chelsea and the Royal Brompton Hespitals, London, UK
Tel: +44 (0)20 7351 8719

Email: helena.gardiner@imperial.ac.uk

Click here to view paper under embargo: http://press.psprings.co.uk/
bmj/may/folicacid.pdf URL for readers to click on once embargo 1ifted:
http://www.bmj.com/

cgi/doi/10.1136/bmj.b1673

Click here to view editorial under embargo: http://
press.psprings.co.uk/bmj/may/folicacidedit.doc

URL for readers to click on once embargo 1lifted: http://www.bmj.com/
cgi/doi/10.1136/bmj.bl144

Judy siegel-Itzkovich
The Jerusalem Post's Health & Science Reporter

jsiegel@jpost.com
Tel. 02-5315665
+972-2-5315665

Internet Edition www.jﬁost.com
Click Health & sci Tec
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Adding folate to the contraceptive pill: a new concept for the

prevention of neural tube defects

Wolfgang Holzgreve’, Klaus Pietrzik?, Berthold Koletzko?® & Christel Eckmann-Scholz?

Unstitute of Advanced Research, Berlin, Germany, 2institut fiir Erndhrungs- und Lebensmittelwissenschaften der Universitit Bonn,
Bonn, Germany, *Dr von Hauner Children’s Hospital, University of Munich Medical Centre, Miinchen, Germany, and *Department of
Qubstetrics and Gynecology, University Hospital Schleswig-Holstein, Kiel, Germany

Although it is proven for a long time that folic acid supplemen-
tation in the periconceptional period can prevent neural tube
defects (NTDs) effectively, all measures taken so far including
food fortification and awareness campaigns so far had only
limited success. Since more than 50% of the pregnant women
in Europe get pregnant after they have used oral contraceptives
{OCs) before, OCs are an ideal vehicle to increase not only the
awareness for periconceptional folate application, but they can
also help to bridge the gap between the recognition of a preg-
nancy and clesure of the neural tube which is before day 26. In
order to reach a truly protective folate level at the critical time
period during pregnancy, now OCs are available which contain
metafolin. The availability of this innovative type of OC WI"
significantly reduce the number of NTDs.

Keywords: Folate application, neural tube defects, oral
contraceptives

Introduction

Pregnancy and childbirth have never been safer than they are
today in the high income countries”6f the world; however,
there is enormous inequality aréund the globe. More than
300,000 maternal deaths oceur each 'year, mainly in Africa and
Asia. Although mortality in children older than 5 years of age
has declined steadily worldwide, according to World Health
Organization data more than 8 million children still die each year
and millions of these from preventable causes. In the industri-
alized world, perinatal mortality has decreased to 5 in 1000, In
about 70% of these deaths, the main reason is premature delivery,
followed by intrauterine growth restriction {(10%) and congenital
abnormalities (20%). Once a fetus is diagnosed with a congenital
anomaly, parents and healthcare providers often have to live with
the fact that nothing effective can be done to alter the course of
the congenital disease. Huge efforts have therefore been made
to diagnose in ufero the conditions in which timely intervention
could improve the prognosis. All too often, however, parents face
the option of carrying a child with an untreatable condition to
term or consider termination of pregnancy [1].

Although most women would like their pregnancy to progress
naturally, they generally experience some feelings of uncertainty
and are willing to accept a certain degree of “medicalization” if it
will reduce any risk to their baby or themselves. The majority are

willing to accept folate and/or multivitamin supplementation, if it
can provide effective prevention against major birth defects.
Modern oral contraception has been available for more than
50 years and is now widely accepted, reliable and convenient.
If correctly taken, it has a highly positive risk/benefit profile.
Combining a means of preventing birth defects in pregnancy with
amethod of preventmg pregnancy appears at first sight as a contra-
dictory congept. To understand the new concept of adding folate
to the contraceptive pill, we should first review what is meant by
birth defects and the importance of folates in their prevention.

Blrth defects

Birth defects are congeﬁital abnormalities of structure, func-

tion or body metabolism which are present at birth and result in

- . physical or mental disability. They can also be falal early or later in

life (www.folicacid.net/Glossary.asp). There are more than 4000
types of known birth defect, affecting 2-5% of all newborns and
responsible for the last percentage of deaths in the first year of life.
The main causes are structural abnormalities, with heart defects
affecting almost 1% of all children. The percentage of other struc-
tural abnormalities including neural tube defects (NTDs) as a
group is even larger. According to the World Health Organization,
aneuploidies including trisomy 21 and single gene disorders are
responsible for only less than 25% of all birth defects [2].

The thalidomide catastrophe at the beginning of the 1960s
taught us that for the proper development of organs there are
certain sensitive periods when detrimental influences on devel-
opment can lead to birth defects.

NTDs occur already during the first 28 days of pregnancy.
In this very early phase, most women are often not even or only
shortly aware of being pregnant, which makes prevention of
NTDs necessary already pre-conceptionally.

Neural tube defects
Definition and dassification

The brain and spinal cord develop from the neural tube, which
is formed by dorsal folding of the neural plate. The closure of
the physiological neural crest in both cranial and caudal direc-
tions is normally complete in humans already at 21-26 days and
23-28 days after conception in the cranial and caudal poles,
respectively [3].

Correspondence: Dr. Wolfgang Holzgreve, Institute of Advanced Research, Berlin, Germany. E-mail: wolfgang@holzgreve.net

(Received 03 December 2011; accepted 07 December 2011)
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There are three main manifestations of NTDs: anencephalus,
spina bifida and encephalocele.

Anencephalius (or anencephaly)

Anencephaly is the virtual absence of the forebrain and skull vault
caused by the failure of closure on the cranial neuropore of the
neural tube. In place of the forebrain, there is a mass of haem-
orrhagic fibrovascular tissue containing some neural element,
referred 1o as the area cerebrovasenlosa. Usually, the facial bones
are deformed; the eyes are proptotic; the nose is broad and the
low-set ears may have overfolded auricular helices; the tongue is
large and protruding; the neck is short.

There are three manifestations of anencephalus: complete (the
defect extends through the foramen magnum), incomplete (the
defect does not extend to the level of the foramen magnum) and
craniorachischisis (complete anencephaly is accompanied by
a complete midiine defect of the spine, caused by the failure of
closure of the entire neural tube),

Spina bifida

Spina bifida is the closure defect of the caudal end of the neural
tube. The clinical manifestation is a midline defect of the osseous
spine usually affecting the posterior arches.

There are three manifestations of spina bifida:

1. Spina bifida aperta, in which there is an open and visibly

exposed spinal cord (Figure 1)

2. Spina bifida cystica, in which there is a hernial protrusion of the
contents of the spinal cord, i.e. covered with a thin membrane:

+ meningocele: a saccular protrusion of meninges and cere-
brospinal fluid without a neural element;

* myelocele {myelomeningocele): a saccular protrusion of the
spinal cord, i.e. the neural element lies beyond the meninges
and cerebrospinal fluid.

3. Closed spina bifida: the meningocele or myelocele are covered
by normal or atraphic skin.

Spinal dysraphism is a mild manifestation of closed spina bifida:
more than one vertebra is affected by a widening of the spinal
cord; it is covered by skin with telangiectases, haemangiomas,
abnormal pigmentation, hypertrichosis, lipomas, dimples,
dermal sinuses or dermoid cysts; in later life this lesion is
normally accompanied by a neurogenic bladder and/or ortho-
paedic anomalies.

Only one vertebra is affected in spina bifida occulta and there
are no associated congenital anomalies and/or functional anoma-
lies; thus this minor anomaly of the spine is not part of the spec-
trum of NTD [4].

Spina bifida is rarely located in the cervical (1%) and thoracic
(1%) vertebrae, nor in the thoracolumbar (6%) vertebrae, but is
more frequent in the lumbar (27%) and sacral {21%) vertebrae. It
generally affects the lumbosacral vertebrae (44%) [5].

Spina bifida aperta is a typical sequence and is very frequently
accompanied by secondary congenital anomalies such as hydro-
cephalus (in 80% of myelomeningocele cases, usually developing
during the first postnatal months, but sometimes already in utero)
clubfoot and dislocation of the hip, and urinary and fecal incon-
tinence, as part of the placid paralysis of spinal cord lesion.

Encephalocele

This congenital anomaly is a cystic expansion of meninges and
brain tissues outside the cranium covered by normal or atrophic
skin. Encephalocele occurs most frequently in the occipital region
and can be part of the NTD spectrum [6].

Occasionally, frontal, parietal, orbital, nasal and nasopha-
ryngeal encephalocele occur. Some investigators have classified
encephalocele as postneurulation lesions due to the focal meso-
dermal defect.

Aetiology

Each year approximately 300,000 newborns worldwide are born
with an NTD. There is quite a variation in regional distribution
(Figure 2).

For example, NTDs affect fewer than 10 per 10,000 births in
Portugal but mere than 50 per 10,000 births in northern China.

Figure 1. Baby with spina bifida aperta.
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Figure 2. European neural tube defect prevalence.
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This means that environmental and genetic factors are involved in
the aetiology of NTDs, as well as ethnicity, socioeconomic status
and nutrition.

The first task when evaluating NTD cases is to differentiate
between isolated and syndromic congenital anomalies. Isolated
congenital anomaly is defined as the involvement of only one
organ, whereas syndromic congenital anomaly refers to two
or more congenital anomalies present in the same person and
affecting at least two different organ systems. An isolated congen-
ital anomaly may, however, appear to manifest as a multiple
congenital anomaly, e.g. in cases with spina bifida sequence.

At present, the aetiology of NTDs is not exactly known, but
most isolated NTD cases are of multifactorial origin, i.e. there is
a polygenic predisposition and interaction with external agents
that trigger or suppress the genetic predisposition. Polygenic
predisposition is confirmed by the recurrence risk that is 10-fold
higher in first-degree relatives of patients with an NTD than first
occurrence of an NTD in a given population. On the other hand,
the importance of environmental agents is indicated by the socio-
economic dependence of NTDs {Jow risk in the highest socioeco-
nomic groups and above-average risk in the lowest socioeconomic
groups) and their obvious geographical differences (0.2-10.5 per
1000}, and last but not least by the preventive effect of folates.

Congenital anomalies can be caused by chromosomal aberra-
tions, mutations of major genes and teratogens. Also structured
anomaliessuchas NTDs can occurisolated oras partof syndromes.
For example, spina bifida can be the cardinal congenital anomaly
of trisomy 13; occipital encephalocele is the principal symptom
of Meckel-Gruber syndrome with autosomal recessive inheri-
tance; and spina bifida can be caused by e.g. valproate intake, A
combination of schisis-type congenital anomalies, such as NTD,
orofacial clefts and diaphragmatic congenital anomalies, has been
described as the so-called Schisis-association [7]. Syndromic
NTDs are not preventable by folic acid [8,9].

However, it is worth mentioning that these cases represent
only a minor part of all NTD cases (about 10%), much less than,
for example, syndromic orofacial clefts. Isolated manifestation is
therefore characteristic of an NTD.

Psychologic and economic burden of NTDs

Persons with spina bifida deserve the maximum support not only
of all the people in their surrounding but also from the society at
large. This care for handicapped people is most important, The
public health burden of a pathological condition is determined
by its occurrence and severity. NTD is a common congenital
anomaly (in general its total prevalence is around 1 per 1000} and
varies widely in different populations [10-12].

Anencephaly is lethal, while the life expectancy of patients with
spina bifida has improved significantly due to early surgical and
other intervention. Survivors, however, have multiple handicaps.
The total life-years lost to NTDs have been calculated to be 620.5
per 10,000, while the total years of impaired life were estimated to
be 248.1 per 10,000 based on Hungarian data [13].

The total life-years lost to NTDs is the second highest figure
after cardiovascular congenital anomalies. The cost of medical
care of patients with an NTD in the United States (a country with
a relatively low prevalence of 1 per 1000} is estimated to be USD
185,500 per year [14].

Recently, the introduction of prenatal diagnosis based on
maternal serum a-fetoprotein screening and ultrasonography has
resulted in a significant drop in NTD births, because many preg-
nant women elected to have a termination of pregnancy. However,
from a moral, medical and financial point of view, the primary

Copyright © 2012 Informa UK, Ltd.
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prevention of NTDs by folic acid supplementation is clearly much
better than any secondary intervention.

Comparison of folic acid vs. L-5-methyltetrahydrofolate

As outlined below, there is a large body of evidence to suggest
that improving periconceptional folate status reduces the risk of
neonatal NTDs. Thus increased folate intake is now recommended
before and during the early stages of pregnancy, through folic acid
supplements or fortified foods, Furthermore, there is growing
evidence that folic acid may have a role in the prevention of other
diseases, including dementia and certain types of cancer [15].

Folic acid is a synthetic form of the vitamin, which is only
found in fortified foods, supplements and pharmaceuticals. It
lacks coenzyme activity and must be reduced to the metabolically
active tetrahydrofolate form within the cell. L-5-methyl-tetrahy-
drofolate (L-5-methyl-THF} is the predominant form of dietary
folate and the only species normally found in the circulation, and
hence it is the folate that is normaily transported into periph-
eral tissues to be used for cellufar metabolism. L-5-methyl-THF
is available commercially as a crystalline form of the calcium
salt (Metafolin®), which has the stability required for use as a
supplement.

Studies comparing r-5-methyl-THF and folic acid have
found that the two compounds have comparable physiological
activity, bioavailability and absorption at equimolar doses.
Bioavailability studies have provided strong evidence that L-5-
methyl-THF is at least as effective as folic acid in improving
folate status, as measured by bleod concentrations of folate and
by functional indicators of folate status, such as plasma homo-
cysteine [16,17].

Intake of 1-5-methyl-THF may have advantages over intake
of folic acid. First, the potential for masking the haematological
symptoms of vitamin B12 deficiency may be reduced with 1-5-
methyl-THE Second, 1-5-methyl-THF may be associated with
a reduced interaction with drugs that inhibit dihydrofolate
reductase.

For these reasons, it has been suggested that £.-5-methyl-THF
should be considered for use in long-term folate therapies {15].

Effect of folates on NTD risk

Initial evidence pointing to maternal folate deficiency as a risk
factor for NTDs dates back to 1976, when Smithells and colleagues
conducted haematological analyses of over 900 women in early
pregnancy. Realizing that a discrepancy existed in the incidence
of NTDs across social classes in the UK, they hypothesized that
nutritional differences in diet quality may underlie this disparity.
The study revealed decreased levels of folate, vitamin C and
riboflavin among the lower social classes, concomitant with an
increased occurrence of NTDs [18]. A follow-up study was coor-
dinated to observe the pregnancy outcome following periconcep-
tional multivitamin supplementation in a group of 178 mothers,
compared with 260 unsupplemented mothers, all with a previous
NTD-affected birth.

After delivery, 1 of 178 mothers in the supplemented group
delivered an NTD-affected infant (0.6%), while 13 of 260 unsup-
plemented mothers had an NTD-affected birth (5.0%) [19].

In 1991, with the intention of isolating folic acid as the vitamin
responsible for the reduction in NTD risk, the Medical Research
Council Vitamin Study Group undertook a multicentre random-
ized double-blind trial of women with a previous NTD-affected
birth who were planning another pregnancy [20].

Women were randomly allocated to one of four groups: folic
acid alone (4mg}, a multivitamin without folic acid, both folic
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acid and a multivitamin, or no supplementation. In both folic
acid groups, supplementation was found to have conferred a 72%
protective effect against NTDs (RR 0.28, 95% CI 0.12-0.71).

In 1992, Andrew Czeizel's group in Hungary carried out a
landmark randomized controlled trial of periconceptional multi-
vitamin supplementation vs. placebo [21].

In a cohort of 2471 children born following pregnancies
supplemented with 800 pg/day folic acid (Elevit' Pronatal), the
expected number of NTDs was 6.9, but no cases of spina bifida or
anencephaly were observed. In the control group of 2391 children,
however, who had received only trace element supplementation
during pregnancy, of the expected 6.7 children with NTDs, six
were indeed found to be affected.

Similar results have been obtained in other randomized
and non-randomized trials as well as in observational studies
[19,20,22-30] (Figure 3} so that there is no longer any doubt
that folates can protect against NTDs. The Hungarian trial also
showed that there was a reduction in orofacial clefts, cardiovas-
cular abnormalities, especially conotruncal heart abnormalities,
urinary tract malformations, limb deficiencies, congenital pyloric
stenosis and other malformations, although these malformations
had not been defined as primary outcome parameters [21].

A major study in China comprising 247,831 pregnancy
outcomes found that folic acid at a dose of 400 pg/day resulted in
a 41% reduction in the risk of NTDs among the low-risk popula-
tion of southern China, and a dramatic 85% risk reduction among
the high-risk population of northern China [30] (Figure 4).

Additionally, a meta-analysis conducted in Toronto by
Motherisk found significant protection among eight case-control
studies (OR 0.67, 95% CI 0.58-0.77) and 11 cohort and random-
ized controlled studies (OR 0.52, 95% CI 0.29-0.69) [31].

Folate status and NTD risk

To investigate the correlation between blood folates and the
incidence of NTDs, Daly and colleagues [32] analyzed blood
samples collected in early pregnancy and followed the preg-
nancy outcome, A dose-response relationship was detected for
both serum and red blood cell folate, with levels near 16 and S00
nmol/], respectively, providing the greatest level of protection
against NTDs (Figure 5).

On this basis, they estimated that guidelines to increase peri-
conceptional folic acid intake by 0.4 mg weuld reduce NTDs by
48% and may be near the optimal dose. As compliance with peri-
conceptional supplementation remained poor, and certain popu-
lations were found to have high rates of unplanned pregnancies,
these findings also provided justification for the implementation
of food fortification programmes [33].

Periconceptional folate intake in Furope

EUROCAT is a European network of population-based regis-
tries for the epidemiologic surveillance of congenital anomalies
as well as a World Health Organization collaborating centre for
the epidemiological surveillance of congenital anomalies (www.
eurocat-network.eu). It was started in 1979 and surveys more
than 1.5 million births per year in Europe. EUROCAT covers
29% of the European birth population through 43 registries in
20 countries and provides high-quality multiple-source data on
pregnancy terminations and births.

It was found that the majority of women surveyed are still not
taking folic acid supplements periconceptionally. The highest
uptake in the studies was recorded in the Netherlands, UK,
Switzerland, Norway and Hungary with 30-51% periconceptional
use [34].

Since these are the results of small and specific studies, an extra
variable to the EUROCAT data collection system to assess folic
acid intake for each woman was added. From these data, it was
found that only in the Netherlands and Denmark is the pericon-
ceptional use of folic acid above 30% — the other countries do not
reach 10% [34].

Mandatory fortification of staple food (usually flour) with folic
acid has been seriously considered in eight countries or regions
contributing to the report {Denmark, Germany, Iretand, northern
Netherlands, Norway, Poland, Switzerland, UK). By November
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Figure 3. Neural tube defects risk reduction with folic acid (FA) supplementation.

54 Na folic acid

NTDs per 1,000 births

No faolic acid

MNorthern China
85% risk reduction

Southern China
40% risk reduction

Figure 4. Neural tube defects risk reduction with 400 pg FA supplementation.

Folate Levals and NTDs
12 .

NTD risk per 1,000 births
[=2]

L]

453 508 1360 1813
1200 (400} {600) 860}

RBC folate, nmolil. {ngfmi}

Figure 5. Folate levels and neural tube defects risk.

The Journal of Maternal-FetalardR F G H T B Lt I Ki_}



J Matem Fetal Neonatal Med Downloaded from informahealtheare.com by Bayer Schering Pharma an 05/22/12
For personal use only.

2009, food fortification with folic acid had not been implemented
in any European country, although it is used in about 40 countries
worldwide and is now widespread in North and South America
and in several countries in the Middle East, leading to marked
reductions of the incidence of NTDs. For example, in the USA
the overall reduction of spina bifida and anencephaly was around
30% even though the folate dose in flour is relatively low [35]. In
contrast, campaigns for the use of individual folic acid supple-
mentation in tablet form in European countries have not achieved
any appreciable change in the occurrence of NTDs in these coun-
tries. Despite all measures taken to date, the majority of women in
all countries surveyed are not taking folic acid supplements prior
to and for the first weeks after conception [36] (Figure 6).

The potential for preventing NTDs by periconceptional
folic acid supplementation is still far from being fulfilled in
Europe [34].

In order to achieve a reduction in NTD prevalence, new efforts
are needed in all countries to implement a combined strategy to
increase folate status by dietary means, to increase uptake of folic
acid supplements periconceptionally, to increase availability and
identification of fortified feods and, most of all, to reach those
with increased risk, i.e. women in their reproductive age.

The challenge of reaching an ever-changing
population of mothers-to-be

Women planning a pregnancy constitute a population that is
difficult to reach, rapidly changing (it renews itself by roughly
50% every year) and often unaware of the risks that exist before
conception and how they may be prevented.

Therefore implementation of folic acid advice requires
sustained and structured efforts to inform a constantly changing
target group [37].

New ways of spreading the message

Even women planning a pregnancy often do not first visit a health-
care facility, Usually they decide, together with their partner, to
stop contraception and ask for healthcare only when they are
about 10 weeks pregnant. This lack of counselling holds more
true for women not planning for pregnancy. After getting aware
of being pregnant, it is too late to start folate intake for effective
NTD prevention (Figure 7).

This lack of adequate counselling led to big information
campaigns initiated e.g. by the Dutch government. In the
Netherlands, Pharmacists agreed to advise contraceptive users
to begin taking folic acid if they stopped using contraception
[38,39]. Several interventions were developed, including a sticker
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Figure 6. Periconceptional folate intake in Enrope is low.
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on the contraceptive packet advising women to stari taking folic
acid tablets if stopping the oral contraceptive (OC). The campaign
was very successful overall.

In 2005, 51% of women (vs. only 0.4% in 1994) had used folic
acid for the entire advised period [40].

This level has been maintained up to the present day.

However, although there was an overall increase in awareness
of and use of folic acid, research showed that the message had not
successfully reached women in the lower sociceconomic groups.

Despite this, the difference in taking folic acid in the advised
period between women with a high vs. a low educational level
persisted in 63% vs. 31% [39]

Evidence shows that the following factors modify folic acid
supplementation.

1. Knowledge about the effect of low folic acid levels and the
importance of timing for conception are the main determi-
nants. This is independent of the level of education.

2. Lower age and higher parity are inversely related to adequate
folic acid supplementation.

3. The use of OCs is a positive predictor (odds ratio 2.1).

4. OCs and other effective methods of contraception are widely
used in the Netherlands, leading to a high percentage of
planned pregnancies and thus enabling planned folic acid use
as well.

Folate intake options
Food fortification

Relatively low but safe levels of folic acld concentrations are
used in food fortification, Due to relatively low amounts of folic
acid supplied, these may give only partial protection and thus
should be complemented with individual supplements if feasile,
Nevertheless, food fortification is a very powerful measure to
prevent congenital birth defects. However, in spite of the marked
preventive benefit, the potential risks of folic acid food fortifica-
tion: appear to draw more attention in Europe than the proven
advantages [41] Every few years, a new potential danger of folic
acid has been discussed, and public health policy has been reluc-
tant to proceed with food fortification.

Considering that folic acid is a vitamin, and that a large
proportion of the population does not ingest enough folates,
one might prefer to fortify. A recent report of the Dutch Health
Council came to this conclusion, among others because 8-25%

Continuous folate intake should
be started beiore conception

Figure 7. Neural tube closes before pregnancy is confirmed.
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of the Dutch adult and elderly population have insufficient folic
acid intake, men more often than women [42] However, the legal
situation in Europe makes it difficult to stop fortifying some foods
while stimulating the fortification of other (staple) foods, and thus
to avoid overconsumption of folic acid.

Folic acid supplementation

The reliability of folic acid supplementation hinges on individual
action and behaviour, which in turn is driven by determinants
that can be influenced, such as knowledge, attitude, decision-
making and the availability and feasibility of alternatives.

Action in this case is also linked to a decisive time frame (to
start well before pregnancy) and to a specific context (the possible
occurrence of a pregnancy in the near future), Therefore, the advice
to iake folic acid supplements throughout the years in which a
woman is fertile is good, because it covers both conditions.

On the other hand, from the perspective of motivation, this
advice suffers from the fact that a woman would have to take
supplements for about 15-20 years for an average of no more than
two periods of 3 months in which she really needs it. Nevertheless,
as a preventive method it is very robust, because it offers real
prophylaxis. However, a woman's lack of interest in considering
a future pregnancy when she is not currently planning one is a
difficult barrier to overcome.

‘The most efficient folic acid supplementation can only be by
women who have full control of their contraception. Folic acid
supplementation by these women requires that they are aware of
the importance of folic acid and have access to folic acid supple-
ments when they wish to start a family, but they do not necessarily
need to take folic acid throughout their whole reproductive life.

The possibility of achieving high levels of individual folic acid
supplementation is strongly related to contraceptive use and to
knowledge and awareness of pregnancy avoidance andfor occur-
rence. In the Netherlands, for example, 80% of OC users starting
a family have adequate folic acid levels [39].

Adding folate to the pill

How would the addition of folate to the OC pill contribute to
an increase in adequate folic acid intake? The addition of folate
would have at least two positive effects. Women of childbearing
age would have a better supply of folate. That would be an advan-
tage if they accidentally became pregnant or conceived sooner
than expected after stopping the OC. Accidental pregnancy can
be assumed to be in the range of at least 0.5% of all women using
an OC in Enrope every year [43].

In Europe {(EU29}, about 27.5 Mio women (23.1% of 118.9 Mio
women of childbearing age) used OC in 2010 [44].

Thus, there can be 130,000 pregnancies expected to happen in
the EU within 1 year of OC use. Assurning a given incidence of
NTD in the range of 1/1000 in EU29, there are about 100-150
NTD-affected pregnancies under OC per year,

So, it is important for women to already have adequate folate
level while using the OC.

Information on the beneficial effects of folates could be
provided on the contraceptive packet, so that women would be
maore inclined to take folic acid after stopping the OC (as shown
by the Dutch experience).

Taking a folate-containing OC provides increased serum folate
levels up to 20 weeks after it is discontinued, when compared to
baseline. This indicates that even after this time elevated folate [evel
provide still some degree of protection against NTD, as can be seen
by the superposed NTD risk values calculated from the Daly equa-
tion (NTD odds=exp(1.6463-1.2193 x InRBC folate) [32].

Even 20 weeks after stopping OC intake, folate levels were still
elevated, corresponding to a calculated 27.8% relative NTD risk
reduction when compared to baseline.

However, there is a continuous drop in folate levels after cessa-
tion of intake [45].

Folate supplementation is therefore indicated after the contra-
ceptive pill is discontinued to maintain adequate folate levels.
Therefore, folate awareness remains crucial but can be raised
through product-related health education. A good opportunity
for the use of a folate-containing OC pill would be its use between
pregnancies both to control pregnancy spacing and to provide
folate replenishment before the next pregnancy [46].

For the moment, a strategy aimed at increasing the folate intake
of fertile women is most urgent, preferably one that also reaches
less educated as well as women with a migration background.

Interval between OC discontinuation and conception

Although women commeonly think that there is a delay in being
able to conceive following OC discontinuation, in reality thisis not
the case. A comprehensive review showed that 12-month concep-
tion rates in former OC users ranged from 72 to 94% and were
similar to those cbserved in women discontinuing intrauterine
devices (71-92%), progestogen-only contraceptives (70-95%),
condoms (91%) and natural family planning (92%) [47]

In addition, the European Active Surveillance Study (EURAS)
found that 21.1% (95% CI 19.4-23.0%) of past OC users were
pregnant only one cycle after stopping the pill, and 45.7% (95%
ClI 43.6-47.9%) within three cycles (Figure 8).

One year (13 cycles) after stopping OC use, the overall rate of
pregnancy was 79.4% (95% CI 77.6-81.1%) {48].

Compliance with long-term medication

Even if women are not intending to discontinue their pill, compli-
ance with any long-term medication is known to be poor. Even
single dosing, such as with the combined OC pill, is associated
with imperfect compliance in up to 40% of patients.

In addition, taking medication for an asymptomatic disease
(which mirrors the situation in contraceptive care) and the pres-
ence of side effects are both predictors of poor compliance [45].

In a study of women attending a family planning clinic, only 42%
of OC users said they remembered to take their pill every day [50].

Other studies have yielded similar results and have shown that
self-reports overestimate compliance when compared with elec-
tronic devices {51].
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In addition, a study found that 21% of missed pill incidences
were consecutive pill misses and were not made up the next day
and were not self-described as late in diary cards, thus placing the
user at increased risk of pregnancy [48].

Importance of folates

Compliance rates for daily supplements, such as folate
supplementation for the prevention of NTDs, are likely to
be very low, since women who take an OC (perceived as a
reliable method) for the prevention of pregnancy do not see
the necessity for supplements to prevent a severe birth defect
in neonates. Thus, women who become pregnant while using
contraception are very unlikely already to be taking folate
supplements.

Folate supplements should be started already before concep-
tion, since the neural tube closes within 4 weeks of fertilization

This is a considerable problem, since around half of all
unplanned pregnancies go to term. It has been estimated that
each year, 4000 pregnancies in Europe are complicated by a
NTD [44].

In a 2005 March of Dimes Gallup Survey in the United States,
33% of women of childbearing age reported taking daily folic acid
supplements, but only 7% knew that folate should be taken before
pregnancy. Of women who did not take a multivitamin daily,
28% said it was because they forget [52). In a large prospective
cohort study in the UK, only 44% of women who became preg-
nant within 3 months of the recruitment interview had taken any
folate supplements in that time and only 5.5% had taken 400 pg
or more per day [53]

Of these women, 23% had not intended trying for pregnancy,
and among this group only one woman complied with the recom-
mendations for alcohol abstinence and folate intake. Another
study in the UK suggested that even women on antiepileptic
medication, who should therefore be aware of the need for
preconception counselling, may be unaware that folic acid needs
to be started prior to conception [54].

It has been suggested that, since folate supplementation is of
particular importance in young women of childbearing potential,
a useful strategy could be to add folate to QCs [55].

This concept was approved by the Reproductive Health Drugs
Advisory Committee of the US Food and Drug Administration
in 2003 {56].

A recent study suggests that folate supplementation could
provide combined OC pill users with protection against NTDs
for up to 12 weeks after pill discontinuation [44].

Certainly, it would seem that such a policy would do no harm,
and indeed may prevent a significant proportion of Ns.

This reasoning was recognized by the American Food and
Drug Administration which made the first {olate-containing
OC available in the USA. Unfortunately, European women have
to wait for this considerable progress to become available to
them.
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interest.

References

1. Schn CH, Tercanli S, Holzgreve W. Ultraschall in Gyniikologie und
Geburtshilfe, Heidelberg: Springer; 2003.

2. Available at: www.who.int/en/

3. Czeizel AE. Specified critical period of different congenital abnormalities:
a new approach for human teratological studies. Congenit Anom
{Kyoto) 2008;48:103-109.

Copyright © 2012 Informa UK, Ltd.

10.

11,

12,

13.

14.

15,

16.

17.

18.

1%.

20,

2L

22,

23,

24,

23,

26.

27.

28,

OC plus folate to prevent NTD 7

. Warkany ]. Congenital malformations. Notes and comments. Chicago,

IL: Year Book Medical Publishers; 1971.

. Field B. Anencephalus, encephalocele and spinal meningomyelocele.

Med ] Aust 1974;1:889-850,

. Bower C, D’Antoine H, Stanley FJ. Neural tube defects in Australia:

trends in encephaloceles and other neural tube defects before and after
promotionof folic acid supplementation and voluntary food fortification.
Birth Defects Res Part A Clin Mol Teratol 2009;85:269-273.

. Czeizel AE. Schisis association. Am ] Med Genet 1981;10:25-35,
, Crzeizel

AE, Medveczky E. Periconceptional multivitamin
supplementation and multimalformed offspring. Obstet Gynecol 2003;
102:1255-1261.

., Czeizel AE, Puhé EH, Bénhidy F. No association between

periconceptional multivitamin supplementation and risk of multiple
congenital abnormalities: a population-based case-control study. Am ]
Med Genet A 2006;140:2469-2477.

Stevenson AC, Johnston HA, Stewart MI, Golding DR. Congenital
malformations, A report of a study of series of consecutive births in 24
centres. Bull World Health Organ 1966;34 Suppl:9-127.

Ren A, Zhang L, Li Z, Hao L, Tian Y, Li Z. Awareness and use of folic
acid, and blood folate concentrations among pregnant women in
northern China-an area with a high prevalence of neural tube defects.
Reprod Toxicol 2006;22:431-436. ‘
Czeizel A, Révész C. Major malformations of the central nervous system
in Hungary. Br ] Prev Soc Med 1970;24:205-222,

Czeizel A, Sankaranarayanan K. The load of genetic and pariially
genetic disorders in man. I. Congenital anomalies: estimates of
detriment in terms of years of life lost and years of impaired life. Mutat
Res 1984;128:73-103.

Bentley TG, Weinstein MC, Willett WC, Kuntz KM. A cost-effectiveness
analysis of folic acid fortification policy in the United States. Public
Health Nutr 2009;12:455-467.

Pietrzik K, Bailey L, $hane B. Folic acid and 1-5-methyltetrahydrofolate:
comparison of clinical pharmacokinetics and pharmacodynamics. Clin
Pharmacokinet 2010;49:535-548.

Perry J, Chanarin 1. Intestinal absorption of reduced folate compounds
in man. Br f Haematol 1970;18:329-339.

Fohr IR, Prinz-Langenohi R, Bronstrup A, Bohlmann AM, Nau H,
Berthold HK, Pietrzik K. 5,10-Methylenetetrahydrofolate reductase
genotype determines the plasma homocysteine-lowering effect of
supplementation with 5-methyltetrahydrofolate or folic acid in healthy
young women. Am J Clin Nutr 2002;75:275-282.

Smithells RW, Sheppard §, Schorah CJ. Vitamin dificiencies and neural
tube defects. Arch Dis Child 1976;51:944-950.

Smithells RW, Sheppard 8, Schorah CJ, Seller M], Nevin NC, Harris R,
Read AP, Fielding IDW. Possible prevention of neural-tube defects by
periconceptional vitamin supplementation. Lancet 1980;1:339-340.
MRC Vitamin Study Research Group, Prevention of neural tube
defects: results of the Medical Research Council Vitamin Study. Lancet
1991;338:131-137,

Czeizel AE. Reduction of urinary tract and cardiovascular defects by
periconceptional multivitamin supplementation. Am ] Med Genet
1996;62:179-183.

Laurence KM, James N, Miller MH, Tennant GB, Campbell H. Double-
blind randomised controlled trial of folate treaiment before conception
to prevent recurrence of neural-tube defects. Br Med J {Clin Res Ed)
1981;282:1509-1511.

Mulinare J, Cordero JF, Erickson JD, Berry R]. Periconceptional use
of multivitamins and the occurrence of neural tube defects. JAMA
1988;260:3141-3145.

Bower C, Stanley F]. Dietary folate as a risk factor for neural-tube
defects: evidence from a case-control study in Western Australia, Med ]
Aust 1989;150:613-619.

Simpson JL, Mills JL, Rhoads GG, Cunningham GC, Hoffman HJ,
Conley MR. Vitamins, folic acid and neural tube defects: comments
on investigations in the United States. Prenat Diagn 1991;
11:641-648.

Milunsky A, Jick H, Jick 88, Bruelt CL, MacLaughlin DS, Rothman
K], Willett W. Multivitamin/folic acid sepplementation in early
pregnancy reduces the prevalence of neural tube defects. JAMA
1989;262:2847-2852.

Vergel RG, Sanchez LR, Heredero BL, Rodriguez PL, Martinez
AJ]. Primary prevention of neural tube defects with folic acid
supplementation: Cuban experience. Prenat Diagn 1990;10:149-152.
Caeizel AE, Dudds 1. Prevention of the first occurrence of neural-tube
defects by periconceptional vitamin supplementation. N Engl ] Med
1992;327:1832-1835,



J Matern Fetal Neonatal Med Downloaded from informahealtheare.com by Bayer Schering Pharma on 05/22/12
For personal use only,

29,

30.

3L

32,

33,

34,

35,

36.

37.

38.

39,

40,

41,

42,

W. Holzgreve et al.

Shaw GM, Schaffer D, Velie EM, Morland K, Harris JA. Periconceptional
vitamin use, dietary folate, and the occurrence of neural tube defects.
Epidemiology 1995;6:219-226.

Berry R], Li Z, Erickson JD, Li 8, Moore CA, Wang H, Mulinare J, et al.
Prévention of neural-tube defects with folic acid in China. China-U.S.
Collaborative Project for Neural Tube Defect Prevention. N Engl ] Med
1999;341:1485-1490.

Goh YI, Bollano E, Einarson TR, Koren G. Prenatal multivitamin
supplementation and rates of congenital anomalies: a meta-analysis. |
Obstet Gynaecol Can 2006;28:680-689.

DalyLE, Kirke PN, Molloy A, Weir DG, Scott JM. Folate levels and neural
tube defects. Implications for prevention. JAMA 1995;274:1698-1702.
Daly S, Mills JL, Motloy AM, Conley M, Lee Y], Kirke PN, Weir DG,
Scott JM. Minimum effective dose of folic acid for food fortification to
pravent neural-tube defects. Lancet 1997;350:1666-1669.

Busby A, Abramsky L, Dolk H, Armstrong B, Addor MC, Anneren G,
Armstrong N, et al. Preventing nenral tube defects in Europe: a missed
opportunity. Reprod Toxicol 2005;20:393-402.

Spina bifida and anencephaly before and after folic acid mandate--
United States, 1995-1996 and 1999-2000. MMWR Morb Mortal Wkly
Rep 2004;53:362-365.

EUROCAT Special Report. (May 2003). Available at: hitp:/fwww.
eurocat.ulster.ac.ulk/pdf/Part%20L pdf

Achterbergh R, Lakeman P, Stemerding D, Moors EH, Cornel MC.
Implementation of preconceptional carrier screening for cystic fibrosis
and haemoglobinopathies: a sociotechnical analysis. Health Policy
2007;83:277-286.

de Jong-van den Berg LT'W, van der Zee AH, SchaafsmaE, etal. Counselling
women about periconceptional use of folic acid: the role of the community
pharmacist can be improved. Int ] Pharmaceut Pract 1999;7:138-142,
Meijer WM, de Smit D], Jurgens RA, de Jong-van den Berg LTW.
Improved periconceptional use of folic acid after patient education in
pharmacies: promising results of a pilot study in the Netherlands. Int ]
Pharmacent Pract 2005;13:47-51.

de Walle HE, de Jong-van den Berg LT, Ten years after the Duich public
health campaign on folic acid: the continuing challenge. Bur J Clin
Pharmacol 2008;64:539-543.

Cornel MC, de Smit DJ, de Jong-van den Berg LT. Folic acid-the scientific
debate as a base for public health policy. Reprod Toxicol 2005;20:411-415.
Health Council of the Netherlands. Towards an optimal use of folic
acid. Publication no. 2008/62E. The Hague: Health Council of the
Netherlands, 2008. Available at: http:/fwww.gezondheidsraad.nl/sites/
default/files/200802E_0.pdf. Accessed on 28 May 2010.

43,

44,
45,

46.

47.

48.

49,

50,

5L

52.

53,

54,

55,

56.

Dinger JC, Heinemann LAJ, Westhoff C, Cronin M, Schellschmidt.
Contraceptive efficacy of oral contraceptives in real world clinical
practice: The impact of age, weight, BMI, dose, and duration of use.
ACOG 2007, Poster Presentation.

IMS MIDAS, Worldbank Population 2010 EU29,

Bakker DJ, de Jong-van den Berg LT, Fokkema MR. Controlled study on
folate status following folic acid supplementation and discontinuation
in women of child-bearing age. Ann Clin Biochem 2009;46:231-234.
van Eijsden M, Smits L], van der Wat MF, Bonsel GJ. Association
between short interpregnancy intervals and term birth weight: the role
of folate depletion, Am ] Clin Nutr 2008;88:147-153.

Barnhart KT, Schreiber CA. Return to fertility following discontinuation
of oral coniraceptives. Fertil Steril 2009;91:659-663.

Cronin M, Schellschmidt I, Dinger J. Rate of pregnancy after using
drospirenone and other progestin-containing oral contraceptives.
Obstet Gynecol 2009;114:616-622.

Osterberg L, Blaschke T. Acdherence to medication. N Engl | Med
2005;353:487-457,

Oakley D, Sercika S, Bogue EL. Oral contraceptive pill use after an
initial visit to a family planning clinic. Fam Plann Perspect 1991;
23:150-154.

Smith JD, Oakley D. Why do women miss oral contraceptive pills? An
analysis of women's self-described reasons for missed pills. | Midwifery
‘Womens Health 2005;50:380-385.

Center for Disease Control and Prevention, Use of dietary supplements
containing folic acid among women of childbearing age — United
States, 2005, MMWR Morb Mortal Wkly Rep 2005;54:955-8, Available
at:  http:/fwww.cde.govimmwr/preview/mmwrhtml/mm5438a4. htm.
Accessed on 28 February 2010.

Inskip HM, Crozier SR, Godfrey KM, Borland SE, Cooper C, Robinson
SM; Southampton Women’s Survey Study Group. Women’s compliance
with autrition and lifestyle recommendations before pregnancy: general
population cohort study. BMJ 2009;338:b481.

Pashley S, O’Donoghue MF. The safety of anti-epileptic drug regimens: a
qualitative study of factors determining the success of counselling women
before conception. ] Fam Plann Reprod Health Care 2009;35:153-156.
Osterhues A, Holzgreve W, Michels KB. Shall we put the world on
folate? Lancet 2009;374:959-961.

US Food and Drug Administration, Center for Drug Evaluation and
Research. Advisory Comumittee for Reproductive Health drugs meeting.
Summary minutes, 15 December 2003. Available at: hitp://www.fda.
gov/ohrms/dockets/ac/03/minutes/4002M1_Final.htm. Accessed on 28
February 2010,

The Journal of Maternai-Fetal aR § G H T & Lt 3 Eaﬁfr}



™MV nNY'X Nay

nxn:
nSa:

bx:

NEMA:

D'9MsA D*¥AP:

VTRN o0 PIN DA DW-TT 12
09:56 2015 122N 23 1w o

131842 - ' nwpl (FW
mdi.2000 LOIAX NMIBN 222 D'EA? D719 NNMNNAR? TN

D7

wpRna TN 2N nms? navna

,A270D

NS T
¥TRn WU9IN PN
it EUNL I

T
22 NN

e e aenl




T e [ L
% i e Er W

BN TR

STATE OF ISRAEL

AMUENLSTRY OF HiEalTH masan e
PUARLIC KBALTH SERVICES TN D YA
MOTHER CHILD & ADOLBSCENT HEALTH DEPARTMENT naTalt T orD Aphrnn
JERLISALEM : SPutty

oMYN NG

2000 VOMIN 08

W 2/1716 - 303

APNSS 7 APHNDA MNTN NIDYT MM TN

snay 199390 H93a £OI0 MSEIRSTR 1KY 121N : 1IN

APINIY NN X TINT M0 NNOIN 002 TTA 4N

NN NYPDN ANPHL MAN/D 0473 13 13 2¢ PIY2 30D TN
TNV HNI 181193, ANAAN THY ,OND NPYNRNG YaRIn ¥ 1P0 133 N8N
JONDTP NPYONY NPTNDN YD

qOIN NS NNIAT ,NDEN MNII HPNNDY DN YIOWY I THIHN
LN 1 [EoIn

DTN Y350 MIDW0OH IPY pav DT TTAN MAYID WY

n39322
z/]{ f!
TION MR 19112
ApPbnRn SMn
1IN D DNO
PN
WYan Smpi

Suayns MURh

DIIINDNI DYONN MADAY YPINT

NN NN IR WX

PN N0 MYNT NINPOR NN

MM ANIND N2

NPHM HNTIND MNPAD NPNR

9T SNYn YN

1AM NN SN IBANEHN MPSHHRN YoMn
SHPNYMP N9 NPYNRN N

20, KING DAVID 5T. Tel, 02-6228888-52288367 0 ' 20 Tomn 117 A7
P.G.B 1176, IJERUSALEM 91010 Fax. 02-6258136 OP3 1010 oovnte 1176




.
v o

THNTAN WD - SNV Dt
3247 DN NN 1

IO DN YIIME N7 B3N

TLE MENA) T2 NI 190D S PIRT | S 0D N0 ANISIN NN PR TN OV

2000 DOIN 8 1 13TV IR 1995 0713 13 1 NN QTP TYTA

i Y

3995 1 I

MasY NOWINM Y WIT1 NP9 NOPR3 DY FY219 N¥mIn AU Nl pow TITIN

Y91 NPTNAN NNPAT CPRIT DMIHULN AKX RININD TN PN MY TV P s
AN92 1NN AY21 PTIND NebY npna

M 2

DMIAS O>MI0 12 DYIR OXMBA D¥9IITH MPA 2Y DT N0 Mupn 2.1

710 T YT 199 Db e Nmn o Rn e (N T.D) nvren novna
WNIA 0PRNON

PO TIYDRY IO 3OIN Y MSDYeIR N Y aw 2.2

;1PN DY 0WAYY PPN NNIRA YR NYR DI2 IP1E0 DIDIND YR PIN I 2.3
LOYDNNNRN PP 01

OPNTIAD TINPNL N9 NYAIN AWD Dwnn 950 17pa My RN 2.4

mnapy .3

1512 MU APING 219703 HNNNY TSN Y NPNSN 511a 0WwIS yTun navn 3.1
DWPRADD AN

JONMAY TN YY DIWNPNS NNDIS N30 MY PINN ANIPS RN aon 3.2

STYTNN 2 by YIS IEIN NP0 TYT 9300 AwHD mws 3.3

LNI2T ASIPY NYND MOYNYN WY IN MIMNYRY DRINI RN 1107 N¥2ahn 34

(790 b)) DYVRHYN 4
: 1M OV 1P MRDNR0N O°W1 2Y U1 NP ANPRI 0P

29100 m2h .5

33 2 IND MNOADY NMNENIN MNGIL ,nnsiunn MXMI? AVART HPON DN

DM AAUET PPN 1120 MPNON 13 DY) N 00w B8R WK 0NN
Ponem

YiEWh V1191, MIYAD L6

ANe qoIND R B ndapn poon :{Folic Acid)y nr2ig nymin 6.1

LY P9 AsIh Y A7 0.4 150 n¥iaps WIRY BIvad 1N 6.2
9 PYD2 MOTNGS ,NIYD NN1IPA DWA2 PIBY N1PNNN

MNBYN DN $OY SR oY 3 0.4 Sy MY NN qUIN 580N YR 6.3
RN TYRAY JMNHN RONN MY S2WTIR 3 -3 SV RIMPNN DY ¥IT Sannz
AVIRD DN DWTINT

SN Y10 TINAIAT 21990 9 TIOPRY ¥ = AYHD WNHNT MYBNYDI DI D3N *
LN TPIAY M5 SY 101 RPDAN) NVHIHN WRONT YD RpTan nay wnn
DTINN NYNYY JwnaY (TUD - 1209 N 19NN INSIT IR N2NINT NN

AP O
2 Tel Tiny ) : R DTPEN MY D10 WY IR OV TP MY
/\l]{ \L.‘ 95 DY Apdnan Ymb I IE RS ]
1 A13nn




R TR R R L N rSoseemiors Iregmd - ol ki

SNAYs PR

STATE OF ISRAEL
SINISTRY OF HERLTH MNan 9
PUBLIC HBALTH SERVICES ~YTTNF D A
MOTHER CHILD & ADOLESCENT HEALTH DEPARTMENT nadue b oRD AP
JERLIBALEM o) AV RS
IR AN AR
2000 LOMN 08

s 2/1714 - 303

APNSY 7 NTINDN TININ FISYH MFIN O

WY MPISH 993a B0 IRbMESSSTR KD 1M1 : NN

VTN APNIAN 3 LAY P19 NYmIN N7 PR TNID

TN NYON FANPSR MNN/D 0873 773 12 : ¥ 1713 35020 PITAN
MO YN AYIY Rannd 1229 0N npbnmne AR 15 A 180
SONTNP NPPLND NPYREN 7D

Q01 NHY INIBI NN NI NN JOWNETY VI YD THYIRN
Lol e nEmIn

OIMND 7350 MW 3HTVPY PAp Yol TN 1IABNT

a3
;/) e
TPHN MY 19190 e
npnon SR
NINNT 195 o

POV
WYan Smpn
SHasn MWHRn

DMRINDPA DTN AT HPINT

T N MDY YN

133N NN MY NP NINX

NI/ MTIND N9

NPINI MTIND MNP NPAN

NIo 2N Y

MBI MNID PN MBANPRN NIPSAKN IMD
NNYMNP NNDYY NPYNRN DTN

— )

20, KING DAVID ST. Tel. 02-6228888-522883647 v ) 10 Tomn 7T 0
P.0B 1176, JERUSALEM 91010 Fax. D2-4258136 ©pP3 §1010 O3 1376 T




-
H

TS g ilthany o B

& -

= omonr WITH S

Tt

IR 3 K sl ]

-

T " whde u el

1

L LR M A i el erddd

™ et e maiils = o’

T TRLE i

o ahmk] v it Al s AT e e -
)

MINISTEY OF HFALTH
PUBLIC HEALTH SERVICES

MOTTIER CHRLD & ADOLESCENT HEALTY DEOARTMENT

e AT
ERUSALEM

B PR
ATATE OF 1SRAL), "
i
hl
. v 33330

L]
3
L]
I

1A% T3 NN 28 NINX
NP PN R

MmNy TS,

NI e D
TN Y
OND TDENN
=y

Y TN PN = 2N 25 TP
127 NI A = DD ANPY
DU WP
MN4AN TIVH 1T
£PYON PR
NY95 NI PIND
MW YR DI DINN NPMHD
NYND NAIY YDINDT 19730 2D
M52 AP - AP APV NN YK
DX2INN. MY = ORI DN 320
RPDINDTE MM
MUNT NIONT
" k
4
|
:
3
4 -
20, KING DAVID ST. Tal. 02-4228888-4228836/7 Qv N 20 200 TYL N
P.OB 1176, JERUSALEM 21010 Fax. 02-6258136 .0i"0 91010 w1174 17




it S S ————p

THNVIAN TWD - DR Rt
3NN N NVTY 1

IVYHD DN IS INPRE TR

IO NI i WND 00 5D : PIIBC | IHAT OIWIR WG NN 07 THITH : PITHA BU
1§93 12m81 - PeEn PN R NSR )

2000 LURIN B 1DTYE TR 19923013 13 TMINND OTR TYTR

e

Rrr-El I

25 NOPNN 5Y YT, IMSN NMPNI D N9 ANMN 40N 1R oW TITHN

Y9521 NTNON NNPNI CXWI3 DIIUAN AN MNINZ TYD1PINN N0 TN PN IeN2 '
07192 MDD Ay R weby napaay |

mMMon 2
DMAS 0N [P TPINP D3NBD D¥92I0R MPn DY 1727 Y0 mvpn 2.1

NV T PN 7395 TP 39Na 8min qeast e 0y (INLT.D) irvn navna
AW TUPENION

SPIIR NYIND M2 NYHIN Y MSUmNR naN oY oo 2.2

7PN NYA 01N5) 110 TNIND IR RYIN D27 ISR NYNING YRV 1IN Vi) 2.3
Repialibiisy RlsimaR)iLian!

SMOONIIRD TIOPRY NS NYRIN N0 DN Y50 17pa MY axovn 24

mnapy .3
P332 MYIT NIRING D19M03 YNNNY TIIN BY NPNGA 2213 00 y78n navn 3.1
DINNAT PPN
INM3Y TN YW DIYNANI NNV AT200 MY 1IN0 NP NYRD o 3.2
TP7TNN 22 by e s AW I aon e ms 3.3
L1270 NEMPY NYRN MOVHYN WY IN MIPHYN? ORNNI AN P10 PIoHND 3.4

{(qon o) DYURNYN 4
s A1 DU 10D RISNDN 022 0¥ ¥AT1 AYMAT NOWN3 DY

94nh Mah.5

SN2 2V YINN MNOIALI NENYNIN MK ,INGUDH MNIAZ AVNAT INNKI DIRMN
NN MIAER PP 2920 IIPNEN 213 DIWII NN 03YA3 01000 TN Inn
JSPUem

Yy WH 1119, MINa .6

ANE AUIN2 IR B napn poon :{Folic Acid) n2ois nymin 6.1

oYY 1 AN DY 1 0.4 15D nuYaps JINY BIWeR 119h 6.2
9 PYDI MUNOD ,NIYO NXPA DIWNT P2 NPNNIIN

MMEIN DN UOY YURIn Ovh yia 0.4 Sy obia NYIN 9N e Yk 6.3
RUIYY TWRAY NN RPN 155 OV 3 -3 DY NSIPNN DY ¥aTa ANNZ
AR DN 2NN

SN N9 NXHINT J19%0 59 TOPHY ¥ = FFID WADKG MYRNUDN O I3N @
SMIN FP1AY MixZa SY N0 DPUSN) NYINN WNHNT YN Rpoan nab wnn

DWIIND HYIYY 7Y (JUD — 1207 JIN 10NN NN IR DENONYT NS
SPITD DIIWRIT

2 Tl 1oy PR ATPDN M AD : YIP U O3 N3 MY T

Siann?

A /\'f( c. Ty orenpsREn e | R Tn




L PR LV et el TRITT & .4 -

MMF2H TN - s nnTe
LI HS QIRTT mieY

AVTINT NVNIDY MNYE Wy g

PN INRGI NG N0 00N : PRIRD 570 DWd II10 AN IAK2 TN : P Thh DY
1993 wapy7 - nvan Y2 DN

1000 BONIN B : PTivm TTH 19993993 13 - PARND BT TR

e

21307 N2> v L 1ahb a0 WINA AYINON NS hemna Neven Tk 6.4
DOV T Hr20.5) N5 NsHM (e 100) Y172 S 15wn o
(1992512 13 - 0 DN DY AW NEMN ST 900 yhhd P

WLHUR TIDa .7
I20NT LN YRS AVST MDY A2 ORI 7.2.2 PW0I NBND AN PTL TIINN
518 DN 212 90M 1Y TRTRI NERD TN 1,20 M Y L1993
A992 H1m 13 -n min Nt

noh .8
A9 50 Sy TRa e gLl
MDIYNT 1MYTID DINDYAD N1PI190 NP2 YW D200 11 Mo viya 8.2
J51a neona Sovon
TR BY YT OYEN NYMIND NP MBYN Y MMNoN P o TR 8.3
VI CTUNRD 1900 MO0Y OWITINR
IO DNONN MO MZN 2O? PRI NS0IND AN ANPD W20 TITIN YN 8.4
I NT I P02 NNSRIN
N33 YO DU, MNRT IR APV BRRANWH DMMPERET NN DM Pad 85
JIOIY DY QT IPEOND NN NPIWAA 121, 117113 MR ON FIWIND 29 nnvea
LN NUND DR
JING D Y NPADA KD MEAND NTIRT L) NYOIND Pnen ntnn Tnn 8.5.1
JONA NDappY Penm teann oy 8.5.2
DSI0MN NNPRN P PTR pRG NP VYann onn 8.5.3

L N90 NAYSDA MINSSID B 1YY nNINAa S190Y NIMID ¢
$YINIVA DIVI0) MNTAD
1NN MXIPN 3 — 2200 05y 120 a¥apa 0w 8.1

(NTD) Neural Tube Defect mTon NOYRI MNS 012 BY 7N 119w o 9.1.1
DEOD PN NT @B OY 1 MY o 9,12
JRNAwm] M oA Y N e e oy 9.1.3

$)I90 NYISPE MINGDN YW NN 9.2
O 0.4 20N PEAIN DY NYDRINN R YO MENa 0730 9.2.8
OOIERTT BYSNNT MY T Nv1hn srnn s whno by novpna 9.2.2
TWINT ONDNA M0 5 IR WD 4 NOD SR NN DY NNZNIMN MDD - 100
arEn :
TNIYY 2 TIAD NN UTINN NN e nEona Naon fenn. 9.2.3
Mo TY (M 0.5) e nEmIM (G20 100) 2133 B a5wn o nevud

HPI 13— A NN DYIN N9 NY/INY Y12 90N (nd TN 0 By (1IN

g
]
]
3
]

(1999
2 T\NB2 Ty N JRAR A 0IN0 ¢ SNY IR DYa 78 WY T
Jiic? TP aNo Apbnan TS | RN YR
/ /Q nINE :

C



s haith g EA—

S mwemmmon
G T R RV R Sl R
- P tnuiries

VRN ORI 2
2013509
39017313;']351}339
02000113 on

_ EEpITIY
{Fme ipon P N

N
NN

RHILR L S et o

Ta05

V10 AN ~ YTRG PMN PIN DD YR NVPI PN

LPTIEY KW TR NHIP TORD IR

AMDI TR TIVN Y VITOPRA TWIRY NNSY TNIWORI W wRNAD YTMR NN Yapb v

N YN VIAPM NS AN DIWIP 159 WISM NNS YTON DR DY INRN www.health.gov.il

Kena
WP 2780

http://www.health.gov.il/SearchResults/Pages /GlobalSe archl.asox.

WY YTRN VM PIN NHoNI 1WwOR nnab PmTvarR1 ¥ MnrRD $1hn NR IINRD PR AT
,w;i:a IYUR BYYN IR TP IR R

A7 TYAn2

| 137 m
MR NNVaN° PRN NYn.
YRR UMM PN S annm

Quality Assurance Division
Public Inguiries

P.OB 1178 Jerusalers 81010
call.habrivi@moh health.gov i
Tel: *5400 Fax: 02-5655871

TUDH DU qaKD

NNA THYM eI amnn
84010 iy 117810
call.habrivt@moh beatth.gov il
02-5655971 wop9 "540D o



