
Neural tube defects (NTD) are the most common
malformations of the nervous system. Every year
470–800 babies in Germany are born with this
malformation. The prevalence rate is about 1–1.5
in 1000 live births. From 2000 to 2004 the Moni-
toring of Congenital Malformations in Sax-
ony-Anhalt registered 98 pregnancies with
diagnosed NTD. They included 20 live births,
1 stillbirth, 3 spontaneous abortions, and the ma-
jority of 74 were induced abortions (Pötzsch et al.
2005). NTD include central nervous system mal-
formations that arise during the first 21–28 days
of gestation as a result of incomplete formation,
folding or closure of the neural tube (Hibbard et al.

1965). NTD range from most severe defects with
anencephaly and craniorhachischisis, to most dis-
tal sacral meningomyelocele, where the spinal
cord disruption may be minimal. The natural his-
tory of NTD and possible complications depend
on the severity of the primary defect and on the na-
ture of associated birth defects. Fetuses with
anencephaly cannot survive, but 90% of newborns
with spinal cord lesions survive if they receive
early surgical treatment. Almost all the children
suffer from persistent neurological damage, e.g.
bowel and bladder incontinence. On the other
hand, the presence of partial or complete lower ex-
tremity paralysis may result in an increased risk of
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secondary orthopedic deformations. The problem
of newborns with encephalocele is a reduction
of cognitive abilities and intelligence. All these
children require the service of multiple medical
and therapeutic specialists (Koletzko et al. 2004;
Müller 2003; Gärtner et al. 2004).

Folic acid supplementation before and during
early pregnancy can reduce the prevalence
of NTD (Czeizel et al. 1992). Folic acid is the fully
oxidized monoglutamyl form of the water-soluble
vitamin commercially used in supplements
and fortified foods. In terms of metabolism, folic
acid is converted into coenzyme forms required
in numerous one-carbon transfer reactions in-
volved in the synthesis, interconversion and modi-
fication of nucleotides, amino acids, and other
essential structural and regulatory compounds. In-
terference with DNA synthesis, reduced cell
growth and destruction of cell division are possi-
ble effects of an absence of folic acid. In early
pregnancy this absence may lead to defective fetal
implantation and organogenesis (Bässler et al.
2002; Heepe et al. 2002; Biesalski et al. 1999).

Since 1995 various German medical societies
have issued recommendations as to the peri-
conceptional intake of folic acid supplements
at doses of 400 µg per day to prevent neural tube
defects and other congenital malformations
(DACH 2000, DGE 2004). However, there is no
legal basis in Germany to enrich staple foods with
folic acid. Health insurance carriers do not pay for
the periconceptional intake of folic acid. Although
the share of “planned” pregnancies amounting to
70% is rather high, the behavior of pregnant
women is rather careless in this respect, as only
about 57% take a sufficient quantity of folic acid
during the recommended period (Heinz 2001).
Considering the period from the first
recommendations till today, we have not observed
any decrease in the prevalence figures for NTD in
the Federal State of Saxony-Anhalt (Pötzsch et al.
2005; Busby et al. 2005).

Between March and June 2004, we performed
a representative survey in the Federal State of Sax-
ony-Anhalt. A total of 6000 students of 33
schools, aged 1521 years, were interviewed re-
garding their knowledge about folic acid, nutrition
habits, and precautions during pregnancy. A total
of 4332 students completed the questionnaire, i.e.
the response rate was 72%.

We found that only half of the young people
(52%) eat fruits on a daily basis and only 33% eat
vegetables every day. A comparison of girls
and boys shows that girls eat more fruits and vege-

tables. Our question about the notoriety of the term
“folic acid” revealed that 61% of respondents had
heard about it, whereas about 37% of them had
never heard of folic acid before. To the open ques-
tion about what folic acid is, only 4.5% of the stu-
dents gave the right answer, i.e. that it is a vitamin,
whereas 8.1% of the answers were partly correct
and 6.3% were wrong. A percentage of 81% of
the boys and girls did not answer this question.
Partly correct answers were that folic acid is im-
portant during pregnancy, for the development
of embryos, for nurslings, brain development,
and to prevent malformations.

Very few of the young people have special
knowledge about the physiological functions
of folic acid. The questionnaires suggested the fol-
lowing list of answers: cell division, blood coagu-
lation, consolidation of bones, you should use

simple language in the questionnaire: blood for-
mation, prevention of malformations and diges-
tion. Only 0.7% of respondents knew the 3 correct
answers, i.e. that folic acid decisively contributes
to cell division, blood formation, and prevention
of malformations.

Only 20% of respondents knew the sources
of folic acid and mentioned either green vegeta-
bles or offal or breakfast cereals. However, only
0.3% mentioned all the 3 sources. Several students
think that orange juice, milk or bread are sources
of folic acid, while 16% do not know any source.

The majority of respondents know that the con-
sumption of drugs, nicotine and alcohol must be
avoided during pregnancy. A percentage of 73%
also mentioned that it is important to avoid X-rays.
However, several students also think that it is nec-
essary to eat fatty food or to avoid swimming dur-
ing pregnancy. About 31% know other
precautions, e.g. balanced nutrition, folic acid
supplementation, and avoidance of uncooked
meat and medicines. Only 1/5 had ever heard
of folic acid supplementation before and during
early pregnancy, whereas most of the young peo-
ple did not know anything about this recommen-
dation. About 52% of the girls and boys who were
aware of the importance of folic acid during preg-
nancy, had learnt about this from non-medical
publications.

Many studies show that folic acid supple-
mentation is very important to prevent congenital
malformations, in particular NTD (Kötz 1999;
Morin et al. 2001; Meyer et al. 2001). The most
critical point is supplementation 4 weeks before
and during the first trimester of pregnancy. This
fact is not widely known. Often it is too late when
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gynecologists inform pregnant women about the
correct folic acid intake. The German Federation
of Nutrition shows that only 47% of the girls be-
tween 15 and 24 years take the recommended
daily dose of folic acid (400 µg) by nutrition
(DACH 2000). Most of the campaigns about folic
acid supplementation have remained without ef-
fect as we have not found any decrease in the prev-
alence of NTD in our region over the past 10 years
(Busby et al. 2005). Our survey was the first one in
Germany concerning the knowledge among
young people about folic acid in a representative
population sample.

The recommendation of the German Federa-
tion of Nutrition is “5 am Tag”, i.e. eating fruits or
vegetables 5 times a day or taking 600 grams
of them (Watzl et al. 2002). Our results show that
reality decisively differs from this recommenda-
tion. This is proven by the fact that only 51% of
the students eat fruits and 33% eat vegetables ev-
ery day. Therefore, an adequate supply of vitamins
and mineral nutrients is of utmost importance.
Other studies refer to the same problem in this age
group (Ravens-Sieberer et al. 2003). Sometimes
boys and girls take additional vitamin supple-
ments, juices or food fortified with folic acid
(Stang 2000; Beitz 2004). Therefore, it cannot
be clearly established whether young people are
inadequately supplied with vitamins and mineral
nutrients. However, this situation is unsatisfac-
tory, in particular with regard to the higher need
for vitamins and mineral nutrients during preg-
nancy (Mulinare et al. 1998; Milunsky et al.
1998). To use the protective effect of folic acid
preventing NTD, nutrition habits need to be
changed. Hence, it would be necessary to eat more
fruits and vegetables or take folic acid supple-
ments. Only if women of childbearing age become
aware of this problem, this problem can be over-
come (Thamm et al. 1999).

Our survey shows that the level of awareness
of folic acid importance, its function and foods
containing folic acid is very low. On the one hand,
61% of the students have heard about folic acid,
but on the other hand only a small number of them
know something about the importance of this
vitamin. Obviously, most of the young people are
interested in vitamins, but they do not have any
special knowledge. Also other surveys among
college students or women of childbearing age
have revealed that the knowledge about folic acid
in food and the function of folic acid is highly
insufficient (Leininger et al. 1998). The
knowledge of young people about the special

situation during pregnancy is interesting, too.
They are much more aware of precautions
and pregnancy. This is partly attributable to the
fact that young people learn this in their biology
classes at school. Most students know that alcohol,
nicotine and other drugs should be avoided during
pregnancy. However, only 22% of the students in
our survey know the recommendation for folic
acid supplementation before and during early
pregnancy. Most of their knowledge about this
problem stems from layman journalism, but this
should not remain the only way. We conclude that
the knowledge taught at schools about vitamins
and pregnancy does not include prevention
of malformations by folic acid.

The young people of the Federal State
of Saxony-Anhalt (Germany) know a lot about
vitamins, precautions and pregnancy. Most of this
knowledge is learnt at school. However, folic acid
is hardly known. Therefore, we recommend
including the problem of folic acid in the curricula
at schools. We think that the higher public
awareness of folic acid importance, in particular
among young women, can be better reached by
providing relevant information at schools.
Presently, the problem of folic acid cannot be
found in German schoolbooks. Hence, we have
prepared teaching material entitled “Folic Acid
and Pregnancy”. Moreover, we offer training
courses to biology teachers in Saxony-Anhalt.
With these measures we hope for a long-term
reduction of NTD. However, a major problem
remains how effective these recommendations are
if they are not mandatory.
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