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•	Selenium supplementation reduces the risk
of pre-eclampsia and protects against postpartum
depression
•	Selenium reduces the risk of postpartum thyroid gland
inflammation
•	Supplementation with 5 mg folic acid would reduce
the risk of a neural tube defect by 85 percent
•	Supplementation with vitamin D3 during pregnancy
lowers the risk of a premature birth
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Selenium deficiency increases the risk of pre-eclampsia
or premature birth
Selenium supplementation reduces the risk of a pre-eclampsia
and protects against postpartum depression
Lower selenium status during pregnancy negatively influences
the development of the baby
Increased risk of thyroid gland malfunctions during
the pregnancy

Pregnancy,
thyroid gland
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Thyroid gland malfunctions have far-reaching consequences
for mother and child
Negative impact of a hypofunctional thyroid on the brain
development of the baby
Risk screening records only 20 percent of the affected cases
Selenium reduces the risk of postpartum thyroid gland
inflammation
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Increased folic acid requirement during pregnancy
Folic acid deficiency increases the risk of a defective neural
tube

Folic acid

Supplementation with 5 mg folic acid would reduce the risk
of a neural tube defect by 85 percent
Recommended for several risk groups
Time period: 12 weeks before conception until end of the first
trimester
98 percent of pregnant women show a vitamin D3 deficit

Vitamin D3

Increased risks of vitamin D3 deficiency for mother and child
Optimal vitamin D3 supplementation: daily 4,000 I.E.

Recommen
dations

Examination of the selenium and vitamin D3 status
Measurement of the thyroid gland parameters TPO and TSH
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Selenium
At a glance
Selenium is essential for the thyroid gland
Selenium deficiency impairs the thyroid gland
Selenium deficiency increases the prevalence of thyroid gland
inflammation
Suboptimal selenium supply in Europe
Selenium and iodine – an essential duo for the thyroid gland

Selenium is essential for the thyroid gland
Selenium is an essential trace element. In the body, the thyroid gland is
one of the organs richest in selenium. [1, 2] The high selenium requirements
of the thyroid gland are based on the so-called selenium proteins. In the
meantime, 25 different selenium protein genes are known. Numerous
selenium proteins are indispensable for the thyroid gland function. They
activate the thyroid gland hormones (deiodinase) [1, 3] and protect the thyroid gland from oxidative stress (glutathione-peroxidase). [1, 4]
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Selenium deficiency impairs the thyroid gland
If the body absorbs too little selenium, this has
a direct impact on the production of selenium
proteins. If insufficient deiodinase is available
for the thyroid gland, the conversion of inactive
T4 into active T3 is disturbed. [5] The relationship
of T4 to T3 therefore increases in the serum.
This can lead to malfunctions in the thyroid
gland. The reduced production of glutathione-

peroxidase leads to increased oxidative stress,
since hydrogenperoxide is no longer sufficiently
decomposed into water. [6] Oxidative stress
damages the thyroid gland tissue while simultaneously predisposing towards inflammation
of the organ and disorders of the thyroid gland
function (Fig. 1). [7]
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Selenium deficiency
significantly increases the prevalence
of thyroid gland inflammation
A total of 6,152 participants were involved in a large epidemiological
study. [7] In regions with adequate selenium soils, the median selenium
concentration was almost twice as high compared to regions with selenium-poor soils (103.6 µg/l vs. 57.4 µg/l selenium in serum; p = 0.001).
This large difference in the selenium status also influenced the frequency
of pathological thyroid gland disorders. While only 18.0 percent of the
participants suffered from thyroid gland disorders in regions with soils with
adequate selenium, the prevalence significantly increased to 30.5 percent
in regions with soils poor in selenium (p < 0.001). [7]

Selenium

9

Germany is a selenium-deficient country
Germany – like most of its neighboring countries – is poor in selenium. [8] The mean selenium content of German tillage land lies between
0.074 mg/kg and 0.194 mg/kg. The optimal selenium content is clearly
higher at 0.6 – 4.0 mg/kg. In comparison, the selenium content of the soils
ranges from 0.1 mg/kg and 5.32 mg/kg in the USA. [9]
Owing to the earth’s historical geological development, German soils contain little selenium. Since plants can only take up selenium from the soil,
cereals in Germany, for example, contain only about a tenth of the selenium quantities compared to American cereals. In Germany and indeed
all of Europe, it is therefore difficult to sufficiently cover the selenium
requirements by way of food intake.

Optimal selenium content: 0.6 – 4.0 mg/kg
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Suboptimal selenium supply in Europe
The latest numbers from a large-scale European study conducted in
2015 have confirmed the suboptimal supply of selenium for the people
in western Europe. [10] In addition, there are differences between Central,
Southern and Northern Europe (e. g. for women 79.0 vs 81.0 vs. 93.1). In
Europe, the mean selenium concentration in the serum is 85.6 µg/l and
thus almost within the reference range, which begins at 80 µg/l selenium
in the serum (Fig. 2). In Germany, the serum selenium concentration
on the average does not reach the reference range of 80 – 120 µg/l with
74.3 µg/l for men and 73.2 µg/l for women (Fig. 3). [10] As most countries
don't have an official reference range for selenium, the reference range of
Germany is used to define selenium deficiency.
The daily quantity of selenium recommended by the German Association for Nutrition (DGE) is 70 µg for men and 60 µg for women, based on
weight. For nursing women, an increased daily intake of 75 µg is recommended, since 12.5 µg selenium per day are required for breastfeeding.
In Germany, the average recorded daily quantity of selenium intake for
women is 30 ± 16 µg. [11]

The selenium supply in Europe
is suboptimal

Selenium

Reference range of selenium in Germany
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1) Summary of selenase® product characteristics
2) Yang et al. J Trace Elem Electrolytes Health Dis 3 (1989) 123-130
3) Calculated from 1) and 2)

Fig. 2

Suboptimal selenium supply for women in Europe
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Fig. 3
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Selenium and iodine – an essential duo
for the thyroid gland
Iodine is essential for the production of thyroid gland hormones. An iodine
deficiency can lead to a thyroid gland inflammation. Thanks to comprehensive iodination, primarily of table salt, it has been possible to clearly
reduce iodine deficiency in the world. On average, Germany's iodine
status is in the lower middle range of the iodine intake recommended by
WHO. [12] Consequently, Germany is no longer an iodine-deficient area,
but is also not yet sufficiently supplied.

An adaptation of the selenium supply
to the increased oxidative stress of an iodine deficiency
can protect the thyroid gland
Iodine deficiency increases oxidative stress (ROS) in the thyroid gland,
and selenium proteins are necessary for its breakdown, because selenium-dependent glutathione-peroxidase reduce ROS to water and thus
protect the thyroid gland tissue from oxidative damage. [13, 14] If there is
both a selenium deficiency as well as an inadequate iodine supply, the
negative effects cumulate. With a low selenium status, the thyroid gland
is oxidatively attacked despite an optimal iodine supply. The equilibrium
between selenium and iodine is therefore crucial for a healthy thyroid
gland (Fig. 4).
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between selenium and iodine
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Protects the thyroid gland from Iodine surplus can promote
oxidative stress
oxidative stress
Fig. 4
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Selenium deficiency
in pregnant women
At a glance
Selenium deficiency increases the risk of a pre-eclampsia
Selenium supplementation reduces the risk of pre-eclampsia
Selenium deficiency increases the risk of premature birth
Selenium supplementation protects against postpartum
depression
Higher selenium status during pregnancy positively influences
the baby's development
Selenium deficiency has far-reaching consequences for mother and child.
The selenium supply is suboptimal in Europe.

Selenium deficiency increases the risk of pre-eclampsia
Pre-eclampsia is a pregnancy disorder that
accompanies high blood pressure. It occurs in
about two to seven percent of all pregnancies
and is one of the most frequent causes for mortality and morbidity of mother and child in the
western world. Together with other pregnancy
disorders associated with high blood pressure,
they increase the perinatal mortality by fivefold. [15, 16]
A global study investigated the data of almost
6.5 million births. [17] The global incidence of
pre-eclampsia was 3.45 percent and thus
more than 220,000 births. With increasing
plasma selenium concentration a reduction
in preeclampsia incidence was found. A comparison of the pre-eclampsia incidence for

a cut-off value of 95 µg/l showed that a serum
selenium concentration below this value significantly increases the pre-eclampsia frequency
(p < 0.0007) (Fig. 5).
Why 95 µg/l selenium in serum? This is the selenium concentration in the serum where selenoprotein glutathione peroxidase 1 is considered
to reach maximum activity [18] and an adequate
selenium supply can be assumed. At the same
time the results mean that no selenium deficiency must be present in order to increase the
risk of a pre-eclampsia, since in Germany, selenium deficiency is only diagnosed for less than
80 µg/l [19] selenium in serum (Fig. 6).

Selenium deficiency in pregnant women
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Modified of Vanderlelie J, Perkins AV. Pregnancy Hypertens. 2011 Jul-Oct; 1(3-4):
213-24. doi: 10.1016/j.preghy.2011.07.001. Selenium and preeclampsia: A global
perspective.

Fig. 5
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Selenium supplementation
reduces the risk of a pre-eclampsia
In the so-called SPRINT study (double-blind, placebo-controlled pilot
study), 230 pregnant women were supplemented with either 60 µg selenium per day or with a placebo. [20] The study was conducted in Great
Britain. At the beginning of the study, the participants showed an median
selenium concentration of 104.2 µg/l selenium in the whole blood. Pregnant women were thereby found on the limit of selenium deficiency
(< 100 µg/l). The selenium supplementation (on excluding non-compliers)
reduced the risk of pre-eclampsia or high blood pressure by 70 percent
(OR 0.3; 95 % CI 0.09 – 1.00; p = 0.049).

Selenium deficiency increases the risk
of a premature birth
In a prospective Dutch study, the pregnancy of almost 1,200 women was
investigated. [21] 60 pregnant women (5.3 percent) had a premature birth.
The serum selenium concentration in the 12th pregnancy week was significantly lower for women with a premature birth (75.8 µg/l ± 11.1 µg/l vs.
80.5 µg/l ± 10.3 µg/l; p = 0.001). Women with the lowest selenium values
had twice as high risk of a premature birth (OR 2.18; 95 % CI 1.25 – 3.77).

Selenium deficiency in pregnant women
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Based on Leung BM, Kaplan BJ, Field CJ, et al. BMC Pregnancy Childbirth. 2013 Jan
16; 13:2. doi: 10.1186/1471-2393-13-2. Prenatal micronutrient supplementation and
postpartum depressive symptoms in a pregnancy cohort.

Fig. 7

Selenium supplementation
protects against postpartum depression
Between 10 and 15 percent of women suffer from postpartum depression. [22] Aside from a genetic predisposition, environmental, social, psychological and biological factors are among the risk factors. A biological
factor is an inadequate diet. In the so-called APrON study, 475 participants were investigated on the relationship between postpartum depressions based on the “Edinburgh Postpartum Depression Scale“ (EPDS)
and their micronutrient intake. [23]
Twelve percent show an EPDS ≥ 10 and therefore suffered under postpartum depression. At low EPDS the selenium intake was significantly higher
(p = 0.0015). To determine the predictive factors for postpartum depression, only the prenatal consumption of selenium above the RDA recommendation (55 µg) could reduce the risk. Per 10 µg selenium, the risk
declined by 24 percent (OR 0.76; 95 % CI 0.74 – 0.78; p = 0.019) (Fig. 7). [23]
In comparison, the positive effect of social support reduced the risk by
15 percent (OR 0.85; 95 % CI 0.74 – 0.97; p = 0.015).
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Higher selenium status during pregnancy
positively influences the baby's development
For 750 mothers, the selenium status and the development of their babies
was investigated in a prospective cohort study. [24] The children were
examined at 1.5 years of age on their mental and psychomotoric development as well as their language understanding and mode of expression. In
this study, the selenium concentration was determined in the erythrocytes
as a measure of the long-term selenium status. An increase of selenium
by 0.50 µg per gram hemoglobin improved language understanding by
3.7 points (SD = 0.5, CI 95 %, p = 0.028). For girls, the psycho-motoric
development improved by 12 points (SD = 0.9, CI 95 %, p = 0.002) (Fig. 8).

A daily dose of 300 µg selenium
is no cause for concern for pregnant women

Selenium dosage in pregnancy
Studies have shown that 200 µg selenium per day for pregnant women
result in no adverse reactions. [29] According to the EU, a daily dose of
300 µg selenium for pregnant women is also no cause for concern. However, low selenium dosages of under 100 µg were insufficient to achieve
an optimal selenium status for pregnant women with selenium deficiency. [20]

Selenium deficiency in pregnant women
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Based on Skröder HM, Hamadani JD, Tofail F, et al. Clin Nutr. 2015 Oct; 34(5): 923-30.
doi: 10.1016/j.clnu.2014.09.020. Selenium status in pregnancy influences children‘s
cognitive function at 1.5 years of age.

Fig. 8

Why selenase®?
Caution is needed concerning the form of
selenium intake. Only sodium selenite-pentahydrate is approved as an active substance
for the manufacture of drug products. Sodium
selenite is rapidly and specifically incorporated
into selenium proteins in the body. Unrequired
sodium selenite is eliminated from the body with
the urine. selenase® contains sodium selenite-
pentahydrate as the active substance and is
approved as a drug product. The active substance is manufactured by biosyn in Germany
according to GMP guidelines and is also used
for the dietary supplement selenase® 100 XL
and selenase® 200 XXL.

Additional selenium forms are approved as
dietary supplements – among others, the
organic selenium forms selenomethionine and
selenium yeast. Selenomethionine is only partially specifically incorporated in the body. The
other part is used in a non-specific manner. This
process cannot be controlled by the body. On
the one hand, the non-specifically incorporated
selenium methionine cannot fulfill its tasks. On
the other hand, it can lead to accumulation.
Selenium yeast also consists mainly of selenomethionine. Therefore sodium selenite is
recommended to improve the selenium status.
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Pregnancy, thyroid gland
and selenium
At a glance
Increased risk of thyroid gland malfunctions during pregnancy
Thyroid gland disorders have far-reaching consequences for
mother and child
Risk screening recorded only 20 percent of those affected
Selenium supplementation protects against postpartum
depression
Selenium reduces the risk of postpartum thyroid gland
inflammation for TPO antibody positive pregnant women
Selenium reduces postpartal TPO antibody titer
Selenium arrests postpartum deterioration of thyroid gland
inflammation

Pregnancy, thyroid gland and selenium

Causes for increased iodine requirements during
pregnancy

Enlargement
of the thyroid gland
by 10 – 40 %

Increased
iodine
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Accelerated
thyroxine
metabolism

Increased iodine requirements

Fig. 9

Pregnancy has large impact
on the thyroid gland
The entire female body is exposed to great additional stresses during
pregnancy – also the thyroid gland. The small organ works at full speed
to meet the changed circumstances in the body. This can lead to thyroid gland malfunctions, which can have far-reaching consequences for
mother and child if untreated.
The thyroid gland grows in the course of pregnancy: in countries with an
adequate iodine supply, it increases by about ten percent – in iodine-deficient regions even by 20 to 40 percent. [25] The distribution volume of
thyroid gland hormones increases and in addition the thyroxine metabolsim accelerates. [26] Another important alteration in the metabolism of the
thyroid gland is the increased demand for thyroid gland hormones: [28] The
increased production of thyroid gland hormones as well as an increase in
iodine elimination causes the iodine requirement to increase (Fig. 9). [26]
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Increased risk of thyroid gland disorders during pregnancy
For women with iodine deficiency, the physiological changes in the first trimester of pregnancy can show normal thyroid gland function,
but lead to a hypofunctional thyroid in the further
course of pregnancy. [25] A clinical hypofunctional
thyroid occurs in about 0.4 percent of cases.
The frequency of subclinical hypothyroidism
is clearly higher at three to ten percent. [26] For
many affected women, the hypofunctional
thyroid remains permanently. [25] An autoimmune
thyroid gland inflammation is one of the most
frequent causes. [26]

Somewhat more seldomly, pregnant women
develop a clinical hyperthyroidism (0.1 to
0.4 percent). [27] Subclinical hyperthyroidism
is indicated in about four percent of pregnant
mothers. Basedow disease and gestation hyperthyroidism are among the frequent causes. [26]
Up to 15 percent of pregnant women are thus
affected by thyroid gland disorders (Fig. 10).

Thyroid gland disorders in pregnant women
Hypofunctional
thyroid
Subclinical:
to 10 %

Hyperthyroidism

Subclinical:
4%

Clinical:
0.8 %

Clinical:
to 0.4 %

Pregnant women

Based on
•S
 tagnaro-Green A, Abalovich M, Alexander E, et al. Thyroid. 2011 Oct; 21(10): 1081125. doi: 10.1089/thy.2011.0087. Guidelines of the American Thyroid Association for
the diagnosis and management of thyroid disease during pregnancy and postpartum.
•F
 ührer D, Mann K, Feldkamp J, Krude H, Spitzweg C, Kratzsch J, Schott M. Dtsch
Med Wochenschr. 2014 Oct; 139(42): 2148-52. doi: 10.1055/s-0034-1387300.
[Thyroid dysfunction in pregnancy].

Fig. 10

Pregnancy, thyroid gland and selenium

Risk factor TPO antibodies
About 10 – 20 percent of pregnant women are thyroid peroxidase (TPO)
positive and euthyroid. This means that the thyroid gland functions normally. [25] Half of pregnant women with increased TPO antibodies developed a postpartum thyroid gland inflammation (Fig. 11). Among these
40 percent of women with a postpartum thyreoiditis develop a permanent
hypofunctional thyroid. [29] The prevalence of a postpartum thyroid gland
inflammation with 7.2 percent is clearly lower for TPO antibody negative
pregnant women. [29]

Antibody risk factor
TPO antibody (–)

7.2 %
Postpartum
thyroid gland
inflammation

TPO antibody (+)

50 %
Postpartum
thyroid gland
inflammation

Negro R, Greco G, Mangieri T, et al. J Clin Endocrinol Metab. 2007 Apr; 92(4): 1263-8.
The influence of selenium supplementation on postpartum thyroid status in pregnant
women with thyroid peroxidase autoantibodies.

Fig. 11
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Thyroid gland disorders have far-reaching
consequences for mother and child
If thyroid gland disorders during pregnancy are not recognized and
treated in a timely manner, they can have far-reaching consequences for
mother and child. [30] This applies both for hyroid gland hypofunction as
well as hyperfunction (Fig. 12). Both increase the risk of a spontaneous
miscarriage as well as premature birth and stillbirth. The risk of pre-eclampsia also increases with a thyroid gland dysfunction.
A hypofunctional thyroid could impair the cognitive development of the
child. This can lead to congenital cretinism with small stature, deafness
and neuropsychological disabilities. [30] According to screening studies,
the birth and healthy development of annually around 3,500 children in
Germany is at risk from a thyroid gland dysfunction. [26]
Heart congenital malformation can be the consequence of hyperthyroidism in the mother. [26]
The risks are not only increased for pregnant women with thyroid gland
disorders. Also euthyroid pregnant women with a subclinical thyroid gland
inflammation are already at a higher risks.

A hypofunctional thyroid
during pregnancy
can impair the cognitive development of the child

Pregnancy, thyroid gland and selenium

Possible consequences of thyroid gland disorders for mother and child

Hyperthyroidism
For the mother, increased risk of

For the child, increased risk of

• Spontaneous miscarriage as well as
premature birth or stillbirth

• Low birth weight

• Cardiac insufficiency

• Malformations, e. g. of the heart

• Pre-eclampsia
• Thyrotoxic crisis (very rare)
Hypofunctional thyroid
For the mother, increased risk of

For the child, increased risk of

• Spontaneous miscarriage as well as premature birth and still birth

• Perinatal disease and mortality

• Increased blood pressure during pregnancy

• Impairment of cognitive development

• Pre-eclampsia

• Congenital cretinism with deafness
and neuropsychological impairments

• Placental abruption
• Anemia

• low birth weight

Reid SM, Middleton P, Cossich MC et al. Interventions for clinical and subclinical hypothyroidism pre-pregnancy and
during pregnancy. Cochrane Database Syst Rev 2013; 5: CD007752.
Führer D, Mann K, Feldkamp J. Schilddrüsenfunktionsstörungen in der Schwangerschaft. Deutsche Medizinische
Wochenschrift 2014; 139: 218-2152.

Fig. 12
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Negative impact
of hypofunctional thyroid on the brain
development of the baby
Haddow et al. could already show in 1999 that
with an untreated hypofunctional thyroid in the
mother, the risk of the child having a reduced
IQ significantly increases (full-scale IQ scores
7 points lower; p = 0.005). [31] 19 percent of the
children showed an IQ of ≤ 85. It was only five
percent in the control group.
But not only clinical hypothyroidism has an
impact on the brain development of the baby.
Subclinical hypofunctional thyroid function
already has this effect, as shown in a study
from 2010 (Fig. 13). [32] Both the IQ as well as
the motoric scores were significantly lower than
of the control group (mean BSID I intelligence
score: 8.9 points lower [p = 0.008]; mean motor
score: 10.0 points lower [p < 0.001]).
In this study, the values were also determined
for babies between 25 and 30 months of euthyroid mothers with increased TPO antibodies.
The mean IQ values were even reduced by
10.6 points (p = 0.001). The values for the motor
functions were 9 points lower (p < 0.001).

Another study could demonstrate the relationship between maternal thyroid gland function
and the development of the child. [33] In the
so-called Generation R study, 3,139 children
age 2.5 and 3 years as well as their mothers
were investigated. Increased TPO antibody
titer in the mother leads to an increased risk of
Attention Deficiency Disorder or hyperactivity
(odds ratio = 1.77; 95 % CI 1.15 – 2.72; p = 0.01).
The authors point out that the impact of the
results cannot be evaluated, since to date there
is no specific treatment for TPO antibody positive pregnant women with normal thyroid gland
function.

Pregnancy, thyroid gland and selenium

Changed thyroid gland parameters in the mother
have a negative impact on the development of the baby

Change in the evaluation compared
to the control group

Subclinical
hypofunctional
thyroid function

-8

IQ

Motor
functions

Euthyroid women
with increased
TPO antibody titer
IQ

Motor
functions

-8.5
-9

p = 0.008

p < 0.001

-9.5
-10

p < 0.001

-10.5
-11

p = 0.001

Based on Li Y, Shan Z, Teng W, et al. Clin Endocrinol (Oxf). 2010 Jun; 72(6): 825-9. doi:
10.1111/j.1365-2265.2009.03743.x. Abnormalities of maternal thyroid function during
pregnancy affect neuropsychological development of their children at 25-30 months.

Fig. 13
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Risk screening recorded only 20 percent
of the affected
A study by Chang et al. (2011) concluded that general screening is
appropriate, since risk-oriented screening only diagnosed 20 percent of
the women thyroid gland problems. [34] Another study could confirm this
result. [35] The German maternity policy guidelines hitherto provide no general thyroid gland screening. [36] The thyroid gland is therefore not routinely
investigated for malfunctions, but only if there is a specific suspicion. [26]
The current recommendations of the European Thyroid Association (ETA)
from 2014, however, recommend the universal screening of pregnant
women. [37]
The screening should at least encompass the TSH level, ideally also the
TPO antibody titer. [26] Screening at the gynecological determination of
pregnancy is recommended, since the brain development of the baby
already begins at a very early point in time and is dependent on a supply
of maternal thyroid gland hormones.
On deviating TSH values, a measurement of the T4 and T3 values,
a determination of the TR and TPO antibodies as well as an ultrasound
examination is appropriate. [26] If there are abnormal results, the physician
should regularly examine the thyroid gland values (Fig. 14). [26]

The European Thyroid Association
recommend the universal screening
of pregnant women

Pregnancy, thyroid gland and selenium

Recommendations for thyroid gland screening for pregnant women

Pregnancy

Screening
for TSH values
and TPO antibody

Increased TPO antibody
and/or
deviating values

Normal
findings

No treatment
is required

300 µg selenium
(sodium selenite)
per day
during pregnancy

Measurement
of the thyroid gland
hormones T3 and T4

Hyperthyroidism

Hypofunctional thyroid

Controls:

Controls:

• During the pregnancy:
– TSH every four weeks
– T3 and T4 every four weeks
– Determination of the TR
antibody (TSH antibody) in the
22nd to 28th week of pregnancy

• During pregnancy:
TSH every four to six weeks

• Until three months after birth:
every four to six weeks TSH,
T3 and T4

• For women with autoimmune
thyroid disorder (positive TPO
antibody) until one year after
birth:
TSH four weeks after delivery,
thereafter every three months

Modified according to Führer D, Mann K, Feldkamp J, Krude H, Spitzweg C, Kratzsch J, Schott M. Dtsch Med
Wochenschr. 2014 Oct; 139(42): 2148-52. doi: 10.1055/s-0034-1387300. [Thyroid dysfunction in pregnancy].

Fig. 14
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Selenium therapy for pregnant women
with thyroid gland inflammation
In a prospective, randomized, placebo-controlled study, 2,143 pregnant
women with normal thyroid gland function were investigated. [29] 7.9 percent of the pregnant women were TPO-AK positive (Fig. 15). During the
pregnancy and the postpartum period, 77 TPO-AK positive women were
supplemented with 200 μg selenium per day, while 74 TPO-AK positive
women received a placebo. For the control, both groups were compared
with 81 TPO-AK negative pregnant women.

Study design: Selenium supplementation
for TPO-AK(+) pregnant women

N = 2,143

N = 81
control

7.9 % TPO-AK(+)

N = 77
200 μg/day
selenium

N = 74
placebo

Negro R, Greco G, Mangieri T, et al. J Clin Endocrinol Metab. 2007 Apr; 92(4): 1263-8.
The influence of selenium supplementation on postpartum thyroid status in pregnant
women with thyroid peroxidase autoantibodies.

Fig. 15
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Selenium reduced the risk
of a postpartum thyroid gland inflammation
for TPO antibody positive pregnant women
The study by Negro et al. confirmed that about 50 percent of the TPO
antibody positive pregnant women develop postpartum thyroid gland
inflammation (48.6 percent). [29] In the selenium-supplemented group,
the proportion was reduced by 20 percent to 28.6 percent (vs. 48.6 %;
p < 0.01) (Fig. 16). Also the development of a permanent hypofunctional
thyroid was significantly reduced by selenium therapy from 20.3 percent
to 11.7 percent (vs. 20.3 %; p < 0.01).

Positive effect of a selenium supplementation
for TPO-AK(+) pregnant women
p < 0.01

Proportion the patients [%]

50

Selenium
Placebo

40

Control

30

p < 0.01

20
10
0

Postpartum
thyroid gland inflammation

Hypothyroidism

Modified according to Negro R, Greco G, Mangieri T et al. The influence of selenium supplementation on postpartum
thyroid status in pregnant women with thyroid peroxidase autoantibodies. J Clin Endocrinol Metab 2007; 92: 1263-1268.

Fig. 16
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Selenium arrests postpartum deterioration
of thyroid gland inflammation
Negro et al. moreover investigated the echogenicity of the thyroid gland
of pregnant women during pregnancy (at 10 week gestation) at birth and
after 12 months. [29] At the end of the postpartum period, most participants
in the selenium-supplemented group had no or only mild (grade 0-1) thyroid gland inflammation (72.7 % vs. 55.4 %). However, the placebo group
showed increaed rates of moderate or advanced (grade 2-3) thyreoiditis
(44.6 % vs. 27.3 %; p < 0.01) (Fig. 17). Furthermore, the echogenicity of the
thyroid gland significantly worsened only in the placebo group (p < 0.05).

Selenium arrests postpartum deterioration of thyroid gland inflammation
100

p < 0.01

80

Proportion of patients [%]

32

60

40

Advanced (grade 3)
Moderate (grade 2)

20

Mild (grade 1)
0

None (grade 0)
Selenium

Placebo

Thyreoiditis
during pregnancy

Selenium

Placebo

Thyreoiditis at the end
of the postpartum period

Negro R, Greco G, Mangieri T, et al. J Clin Endocrinol Metab. 2007 Apr; 92(4): 1263-1268. The influence of selenium
supplementation on postpartum thyroid status in pregnant women with thyroid peroxidase autoantibodies.

Fig. 17
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Treatment of pregnant women
with thyroid gland inflammation
The treatment of thyroid gland dysfunction in pregnancy is dependent on
the form and degree of severity (Fig. 18). A selenium therapy with 300 µg
selenium in the form of sodium selenite is possible during pregnancy, and
free of lactation problems. According to the EU, a daily intake of 300 µg
selenium is also possible for pregnant women without any side effects.
A combination of selenium with L-thyroxine or antihyroid agents is not
problematic.

Treatment of pregnant women with thyroid gland inflammation

Hypofunctional thyroid

L-thyroxine
+ 300 μg selenium / day

Hyperthyroidism

TPO-AK(+) pregnant women
with normal
thyroid gland function

1st trimester:
Propylthiouracil
2nd + 3rd trimester:
Thiamazol / Carbimazol
+ 300 μg selenium / day

+ 300 μg selenium / day

Modified according to
•F
 ührer D, Mann K, Feldkamp J, Krude H, Spitzweg C, Kratzsch J, Schott M. Dtsch Med Wochenschr. 2014 Oct;
139(42): 2148-2152. doi: 10.1055/s-0034-1387300. [Thyroid dysfunction in pregnancy].
• Gartner R, Gasnier BC, Dietrich JW et al. Selenium supplementation in patients with autoimmune thyroiditis
decreases thyroid peroxidase antibodies concentrations. J Clin Endocrinol Metab 2002; 87: 1687-1691.
• Marcocci C, Kahaly GJ, Krassas GE et al. Selenium and the course of mild Graves‘ orbitopathy. N Engl J Med 2011;
364: 1920-1931.
• Negro R, Greco G, Mangieri T et al. The influence of selenium supplementation on postpartum thyroid status in
pregnant women with thyroid peroxidase autoantibodies. J Clin Endocrinol Metab 2007; 92: 1263-1268.
• Winther KH, Bonnema SJ, Cold F et al. Does selenium supplementation affect thyroid function? Results from
a randomized, controlled, double-blinded trial in a Danish population. Eur J Endocrinol 2015; 172: 657-667.

Fig. 18
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Folic acid
At a glance
Increased folic acid requirement during pregnancy
Folic acid deficiency increases the risk of a defective neural
tube
Supplementation with 5 mg folic acid would reduce the risk
of a neural tube defect by 85 percent
Recommended for several risk groups
Time period: 12 weeks from conception until end of the first
trimester

Increased folic acid requirement during
pregnancy
The daily folic acid requirements for women is 300 µg (German Association for Nutrition [DGE]). A investigation of 1,341 women in the framework
of the Baby Care Program of the statutory health insurance providers
showed that 74 percent of the women show a daily folic acid intake that is
below 70 percent of the desired value (< 210 µg/day), whereas 34 percent
of the women attain not even 50 percent of the recommended daily quantity (< 150 µg/day).
For pregnant women, the daily folic acid requirements increases to
550 µg (DGE). 21,433 pregnant women in the Baby Care Program were
investigated for their folic acid status. Consequently, for 94 percent of the
pregnant women, the value was below 385 µg folic acid per day (70 % of
the desired value). Also half of the recommended daily requirement of
folic acid is not attained by 70 percent of the pregnant women examined
(Fig. 19).

Folic acid

Folic acid deficiency for pregnant women in Germany
is increased (Baby Care Program)
100

Proportion of women [%]

80

60

40

20

0

All women

Pregnant women
< 70 % of the desired value
< 50 % of the desired value

Fig. 19

Folic acid deficiency increases the risk
of neural tube defects
Neural tube defects (NTD) are an important cause of mortality in newborns. Approximately 0.5 – 8 infants per 1,000 births are affected. Worldwide, about 300,000 newborns are afflicted with neural tube defects. [38]
The risk of a neural tube defect increases at a folic acid concentration
below 700 nmol/l in the red blood corpuscles threefold compared to values with 900 nmol/l. [39] The folic acid concentration of 900 nmol/l in the red
blood corpuscles is regarded as an optimal value in order to minimize the
risk of neural tube defects.
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Supplementation with 5 mg folic acid
would reduce the risk of a neural tube defect
by 85 percent
Already since the 1960s, it is known from epidemiological studies that
folic acid supplementation reduces the risk of a neural tube defect. [38] The
guidelines in Germany recommend supplementation with 400 µg folic acid
per day for women that are pregnant or want to be.
A Canadian study, however, showed that despite enrichment of foods with
folic acid and supplementation with prenatal multi-vitamins, 40 percent of
women in child-bearing age and 36 percent of pregnant women did not
achieved the optimal folic acid concentration of 900 nmol/l in red blood
corpuscles. [39]
400 µg folic acid per day additionally would reduce the risk of a neural
tube defect by about 36 percent. [40] An increase of the supplement to 5 mg
per day would even reduce the risk by 85 percent (Fig. 20). [40]

Folic acid reduces the risk of a neural tube defect
0

Reduction of risk of a neural tube
defect [%]

36

400 μg folic acid/day

5 mg folic acid/day

-20

-40

-60

-80

-100
Based on Wald NJ, Law MR, Morris JK, et al. Lancet. 2001 Dec 15; 358(9298): 206973. Quantifying the effect of folic acid.

Fig. 20
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For whom are five mg folic acid per day recommended?
A supplement of five mg per day is recommended for women who are or want to be pregnant (Fig. 21): [41]
• Women with
– neural tube defects in the family or in earlier
pregnancies
– specific genotypes that are associated with
an increased risk of neural tube defects
– diseases with absorption malfunctions
(i. e. Crohn disease)

– adiposity with a BMI > 35 kg/m²
– diabetes
– inadequate compliance (therapy loyalty)
– problematic lifestyle (smoking)
•	Women who take anti-epileptic medications
or folic acid antagonists (methotrexat, sulfonamides)

Five mg folic acid per day for diverse diagnoses

for specific
genotypes

malabsorption
diseases

history of neural
tube defects
in the family
for adiposity
(BMI > 35)
for consumption
of folic acid
antagonists

5 mg
folic acid
for diabetes

for consumption
of antiepileptic
drugs
smokers

for inadequate
compliance

Based on Kennedy D, Koren G. Can Fam Physician. 2012 Apr; 58(4): 394-7. Identifying women who might benefit from
higher doses of folic acid in pregnancy.

Fig. 21
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Over which time period are five mg folic acid
per day recommended?
A supplementation with five mg folic acid per day is recommended
12 weeks before conception until the end of the first trimester [41, 42]
(Fig. 22). In humans, the neural tube is formed between the 19th and 28th
day of pregnancy. Folic acid supplementation is therefore primarily important in the first part of pregnancy.

Recommended consumption time
period: 12 weeks before conception
until end of the first trimester

Is there the risk of pernicious anemia
for high-dose folic acid supplementation?
Until now, it was recommended to eliminate any risk of vitamin B12 deficiency before taking high-dose folic acid, since the folic acid supplementation could mask pernicious anemia. However, this could not be
demonstrated. [42] According to the recommendation of the latest Canadian
Guideline of 2015, it is therefore not necessary to test for a vitamin B12
deficiency before starting folic acid supplementation. [42] It remains to be
seen whether this recommendation will also prevail in Germany.

Folic acid

Dosage recommendation for folic acid during the pregnancy
6

Recommended dosing [mg]

5
4
3
2
1
0

Previously

12 weeks
before conception

End of the
12th week

Remaining
pregnancy

Based on
•K
 ennedy D, Koren G. Can Fam Physician. 2012 Apr; 58(4): 394-7. Identifying women who might benefit from higher
doses of folic acid in pregnancy.
•W
 ilson RD, Audibert F, Brock JA, et al. J Obstet Gynaecol Can. 2015 Jun; 37(6): 534-52. Pre-conception Folic Acid
and Multivitamin Supplementation for the Primary and Secondary Prevention of Neural Tube Defects and Other Folic
Acid-Sensitive Congenital Anomalies.

Fig. 22

Does cancer risk increase with folic acid
supplementation?
Based on a few individual studies, it has
recently been argued that supplementation with
folic acid increases cancer risk. [43] Primarily
supra-physiological quantities were under suspicion. [43] The results of epidemiological studies
were not unambiguous until now. [44] A large
meta-analysis which analyzed 13 randomized
studies with 50,000 participants could demonstrate no increase in general cancer risk or for
any specific cancer type. [45]

In a recently published population-based cohort
study, the data of 429,000 women who had
taken folic acid supplements before and during
pregnancy was analyzed and compared to
a group without additional folic acid intake. [44]
The folic acid supplementation had no impact
on the cancer risk – neither for the mother nor
the child. [44, 46]
Therefore the folic acid supplementation guidelines continue to be recommended for women
who are pregnant or want to be.
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Vitamin D3
At a glance
98 percent of pregnant women have a vitamin D3 deficit during
winter
Increased risks for mother and child with vitamin D3 deficiency
Optimal vitamin D3 supplementation: daily 4,000 I.E.

The body forms most vitamin D3 itself
Vitamin D3 has a special position among
the vitamins. It is only supplied by food to
10 – 20 percent. The body forms 80 – 90 percent
of vitamin D3 with the help of sunlight itself.
One should therefore expect that vitamin D3
deficiency in Germany, at least in the summer,
should not present a problem.

In 2015, the vitamin D3 status of Germans was
investigated in a large-scale study (n = 6,995). [47]
61.6 percent show a value below 20 ng/ml
25-Hydroxy vitamin D3, and thus had a vitamin D3 deficiency. For 30.2 percent of Germans,
the 25-hydroxy vitamin D3 concentration was
even below 12 ng/ml (Fig. 23). This corresponds
to a serious vitamin D3 deficit. Only 11.8 percent
of the participants showed optimal vitamin D3
status (≥ 30 ng/ml).

Up to 98 percent of pregnant women
show a vitamin D3 deficit during winter
How does it look with the vitamin D3 supply of
pregnant women? Within the scope of a study
conducted in 2013, 261 blood samples of pregnant women and 328 samples of umbilical cord
blood were investigated. [48] In the winter months,
98 percent of the pregnant women and 94 percent of the umbilical cord blood samples showed
a vitamin D3 deficiency (< 20 ng/ml 25-hydroxy

vitamin D). The values subsided in the summer months to 49 percent for the women and
35 percent for the umbilical cord blood samples
(Fig. 24).

Vitamin D3

Serious vitamin D3 deficit for almost a third of Germans

12 %

Vitamin D status

30 %

Optimal (≥ 30 mg/ml)
Normal (20 – 30 ng/ml)
Deficit (12 – 20 ng/ml)

27 %

Strongly in deficit
(< 12 ng/ml)
31 %

Based on Rabenberg M, Scheidt-Nave C, Busch MA, Rieckmann N, Hintzpeter B,
Mensink GB. BMC Public Health. 2015 Jul 11; 15: 641. doi: 10.1186/s12889-015-20167. Vitamin D status among adults in Germany--results from the German Health Interview
and Examination Survey for Adults (DEGS1).

Fig. 23

98 percent of pregnant women have a vitamin D3
deficiency during winter
(< 20 ng/ml 25-hydroxy-vitamin D3)
100
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Prevalence [%]

60
40
20
0

Winter
Vitamin D status
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Pregnant women
Umbilical cord blood

Taken from Wuertz C, Gilbert P, Baier W, Kunz C. Br J Nutr. 2013 Nov; 110(10): 1895902. doi: 10.1017/S0007114513001438. Cross-sectional study of factors that influence
the 25-hydroxyvitamin D status in pregnant women and in cord blood in Germany.

Fig. 24
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Increased risks for mother and child from vitamin D3
deficiency
In order to determine the vitamin D3 status, the
concentration of 25-hydroxy vitamin D3 – a hormone precursor – in the blood is measured.
A 25-hydroxy vitamin D3 concentration of less
than 20 ng/ml is considered a vitamin D3 deficiency (Fig. 25).
A lower maternal vitamin D status is meanwhile
associated with increased risk of pre-eclampsia, [49, 50] pregnancy diabetes [51, 52] and bacterial
vaginosis [53, 54]. For the babies of affected mothers, an increased risk of reduced bone mineral

content, [55 – 57] respiratory infections and wheezing [58, 59] could be determined (Fig. 26).
A Cochrane analysis could demonstrate that
supplementation during pregnancy reduces
the risk of a premature birth (RR 0.36; 95 % CI
0.14 – 0.93), low birth weight (< 2,500 g) (RR
0.40; 95 % CI 0.24 – 0.67) and head circumference at birth (RR 0.43; 95 % CI 0.03 – 0.83). [60]
A trend to reduced risk was moreover shown in
this analysis for pre-eclampsia (RR 0.52; 95 %
CI 0.25 – 1.05) and size at birth (RR 0.70; 95 %
CI -0.02 – 1.43).

Vitamin D3 barometer

100 ng/ml
250 nmol/l
40 – 80 ng/ml
or 100 – 200 nmol/l
Optimal vitamin D3 supply

30 ng/ml
75 nmol/l
< 30 ng/ml or 75 nmol/l
Impaired vitamin D3 supply
→ Increased risk for diseases
20 ng/ml
50 nmol/l
< 20 ng/ml or 50 nmol/l
Vitamin D3 deficiency
→ Significantly increased risk
for diseases

Fig. 25

Vitamin D3

Vitamin D3 deficiency increases the risk for mother and child
Vitamin D3 deficiency

Mother

Child

Pre-eclampsia

Birth weight ↓

Premature birth

Head circumference ↓

Bacterial vaginosis

Respiratory infection ↑

Pregnancy diabetes

Bone mineral content ↓
Size at birth ↓

Wuertz C, Gilbert P, Baier W, Kunz C. Br J Nutr. 2013 Nov; 110(10): 1895-902. doi: 10.1017/S0007114513001438.
Cross-sectional study of factors that influence the 25-hydroxyvitamin D status in pregnant women and in cord blood in
Germany.
De-Regil LM, Palacios C, Lombardo LK, Peña-Rosas JP. Cochrane Database Syst Rev. 2016 Jan 14; 1:CD008873. doi:
10.1002/14651858.CD008873.pub3 Vitamin D supplementation for women during pregnancy.

Fig. 26

Optimal vitamin D3 supplementation:
daily 4,000 I.E.
Which dose of vitamin D3 is necessary to
achieve an optimal vitamin D3 status that is
simultaneously safe for mother and child? In
a US-American study, pregnant women were
supplemented with different vitamin D3 doses
(400 I.E., 2,000 I.E. or 4,000 I.E. per day). [61]
The most effective was supplementation with
4,000 I.E. vitamin D3 per day. This dosage was
moreover safe. No side effects occurred in
the study which could be attributed to the vitamin D3 supplementation. A second study could
also demonstrate that in a comparison between
a daily dosing of 2,000 I.E. versus 4,000 I.E.
vitamin D3, the greater dose led to significantly
more pregnant women reaching an adequate
vitamin D3 status (p < 0.0001). [62] For 4,000 I.E.
vitamin D3 did a trend towards a reduction of

diseases during pregnancy become compared
to 2,000 I.E. and the control group.
In 2012, the EU moreover increased the upper
limit for daily vitamin D3 intake from 2,000 I.E.
to 4,000 I.E. per day for adults, pregnant and
nursing women. [63] The Cochrane analysis on
supplementation with Vitamin D3 in pregnancy
shows that daily supplementation reached
a higher concentration of vitamin D at the end
of the pregnancy compared with women who
received a single dose of Vitamin D3. [60]

43

44

Attachment

Bibliography
1. Kohrle J, Gartner R. Best Pract Res Clin Endocrinol
Metab 2009; 23: 815-827. Selenium and thyroid.
2. Drutel A, Archambeaud F, Caron P. Clin Endocrinol
(Oxf). 2013 Feb; 78(2): 155-64. doi: 10.1111/
cen.12066. Selenium and the thyroid gland: more
good news for clinicians.
3. Beckett GJ, Arthur JR. J Endocrinol. 2005 Mar; 184(3):
455-65. Selenium and endocrine systems.
4. de Farias CR, Cardoso BR, de Oliveira GM, et al.
J Endocrinol Invest. 2015 Oct; 38(10): 1065-74. doi:
10.1007/s40618-015-0285-8. A randomized-controlled,
double-blind study of the impact of selenium
supplementation on thyroid autoimmunity and
inflammation with focus on the GPx1 genotypes.
5. Duntas LH. J Clin Endocrinol Metab. 2010 Dec;
95(12): 5180-8. doi: 10.1210/jc.2010-0191. Selenium
and the thyroid: a close-knit connection.
6. Negro R. Biologics. 2008 Jun; 2(2): 265-73. Selenium
and thyroid autoimmunity.
7. Wu Q, Rayman MP, Lv H, et al. J Clin Endocrinol
Metab. 2015 Aug 25:jc20152222. Low population
selenium status is associated with increased
prevalence of thyroid disease.
8. Hartfiel W, Bahners N. Biol Trace Elem Res. 1988
Jan-Apr; 15: 1-12. Selenium deficiency in the Federal
Republic of Germany.
9. U.S. Geological Survey Open-File Report 2004.
10. Hughes DJ, et al. Int J Cancer. 2015 Mar 1; 136(5):
1149-61. doi: 10.1002/ijc.29071. Selenium status is
associated with colorectal cancer risk in the European
prospective investigation of cancer and nutrition
cohort.
11. Anke, M. et al. (1999) Trace element intake and
balance in adults in Central Europe. Trace Elements in
Man and Animals 10, Proceedings of the International
Symposium on Trace Elements in Man and Animals,
10th, Evian, France. 2000, 209-14.
12. Landwirtschaft BfEu. Jodversorgung in Deutschland:
Ergebnisse des aktuellen Jodmonitoring.
13. Prete A, Paragliola RM, Corsello SM. Int J Endocrinol.
2015; 2015: 312305. doi: 10.1155/2015/312305. Iodine
Supplementation: Usage "with a Grain of Salt".
14. Beckett GJ, Arthur JR. J Endocrinol. 2005 Mar; 184(3):
455-65. Selenium and endocrine systems.
15. Mistry HD, Wilson V, Ramsay MM, et al.
Hypertension. 2008 Nov; 52(5): 881-8. doi: 10.1161/
HYPERTENSIONAHA.108.116103. Reduced selenium
concentrations and glutathione peroxidase activity in
preeclamptic pregnancies.

16. Mistry HD, Williams PJ. Oxid Med Cell Longev.
2011; 2011: 841749. doi: 10.1155/2011/841749. The
importance of antioxidant micronutrients in pregnancy.
17. Vanderlelie J, Perkins AV. Pregnancy Hypertens.
2011 Jul-Oct; 1(3-4): 213-24. doi: 10.1016/j.
preghy.2011.07.001. Selenium and preeclampsia:
A global perspective.
18. Thomson CD, Robinson MF, Butler JA, Whanger PD.
Br J Nutr. 1993 Mar; 69(2): 577-88. Long-term
supplementation with selenate and selenomethionine:
Selenium and glutathione peroxidase (EC 1.11.1.9) in
blood components of New Zealand women.
19. Summary of product characteristics.
20. Rayman MP, Bath SC, Westaway J, et al. Br J Nutr.
2015; 133: 249-258. Selenium status in UK pregnant
women and its relationship with hypertensive
conditions of pregnancy.
21. Rayman MP, Wijnen H, Vader H, et al. CMAJ. 2011
Mar 22; 183(5): 549-55. doi: 10.1503/cmaj.101095.
Maternal selenium status during early gestation and
risk for preterm birth.
22. Marcus SM. Can J Clin Pharmacol 2009, 16: e1522. Depression during pregnancy: rates, risks and
consequences--Motherisk Update 2008.
23. Leung BM, Kaplan BJ, Field CJ, et al. BMC Pregnancy
Childbirth. 2013 Jan 16; 13: 2. doi: 10.1186/14712393-13-2. Prenatal micronutrient supplementation
and postpartum depressive symptoms in a pregnancy
cohort.
24. Skröder HM, Hamadani JD, Tofail F, et al. Clin
Nutr. 2015 Oct; 34(5): 923-30. doi: 10.1016/j.
clnu.2014.09.020. Selenium status in pregnancy
influences children‘s cognitive function at 1.5 years of
age.
25. Stagnaro-Green A, Abalovich M, Alexander E, et al.
Thyroid. 2011 Oct; 21(10): 1081-125. doi: 10.1089/
thy.2011.0087. Guidelines of the American Thyroid
Association for the diagnosis and management of
thyroid disease during pregnancy and postpartum.
26. Führer D, Mann K, Feldkamp J, Krude H, Spitzweg C,
Kratzsch J, Schott M. Dtsch Med Wochenschr. 2014
Oct; 139(42): 2148-52. doi: 10.1055/s-0034-1387300.
[Thyroid dysfunction in pregnancy].
27. Glinoer D. Thyroid. 1998 Sep; 8(9): 859-64. Thyroid
hyperfunction during pregnancy.
28. Krassas GE, Poppe K, Glinoer D. Endocr Rev. 2010
Oct; 31(5): 702-55. doi: 10.1210/er.2009-0041. Thyroid
function and human reproductive health.

Attachment

29. Negro R, Greco G, Mangieri T, et al. J Clin Endocrinol
Metab. 2007 Apr; 92(4): 1263-8. The influence of
selenium supplementation on postpartum thyroid
status in pregnant women with thyroid peroxidase
autoantibodies.
30. Reid SM, Middleton P, Cossich MC, et al. Cochrane
Database Syst Rev. 2013 May 31; 5: CD007752. doi:
10.1002/14651858.CD007752.pub3. Interventions for
clinical and subclinical hypothyroidism pre-pregnancy
and during pregnancy.
31. Haddow JE, Palomaki GE, Allan WC, et al. N Engl
J Med. 1999 Aug 19; 341(8): 549-55. Maternal
thyroid deficiency during pregnancy and subsequent
neuropsychological development of the child.
32. Li Y, Shan Z, Teng W, et al. Clin Endocrinol (Oxf).
2010 Jun; 72(6): 825-9. doi: 10.1111/j.13652265.2009.03743.x. Abnormalities of maternal thyroid
function during pregnancy affect neuropsychological
development of their children at 25-30 months.
33. Ghassabian A, Bongers-Schokking JJ, de Rijke YB,
et al. Thyroid. 2012 Feb; 22(2): 178-86. doi: 10.1089/
thy.2011.0318. Maternal thyroid autoimmunity during
pregnancy and the risk of attention deficit/hyperactivity
problems in children: the Generation R Study.
34. Chang DL, Leung AM, Braverman LE, et al. J Clin
Endocrinol Metab. 2011 Sep; 96(9): E1452-6. doi:
10.1210/jc.2011-0360. Epub 2011 Jun 29. Erratum
in: J Clin Endocrinol Metab. 2012 Mar; 97(3): 1064.
Thyroid testing during pregnancy at an academic
Boston Area Medical Center.
35. Wang W, Teng W, Shan Z, et al. Eur J Endocrinol.
2011 Feb; 164(2): 263-8. doi: 10.1530/EJE-100660. The prevalence of thyroid disorders during
early pregnancy in China: the benefits of universal
screening in the first trimester of pregnancy.
36. Richtlinien des Gemeinsamen Bundesausschusses
über die ärztliche Betreuung während der
Schwangerschaft und nach der Entbindung
(„Mutterschafts-Richtlinien“) in der Fassung vom
10. Dezember 1985, zuletzt geändert am 19. Februar
2015, veröffentlicht im Bundesanzeiger AT 04.05.2015
B3, in Kraft getreten am 5. Mai 2015.
37. Lazarus J, Brown RS, Daumerie C, et al.
Eur Thyroid J. 2014 Jun; 3(2): 76-94. doi:
10.1159/000362597. 2014 European thyroid
association guidelines for the management of
subclinical hypothyroidism in pregnancy and in
children.
38. Koren G, Goh YI, Klieger C. Can Fam Physician. 2008
Nov; 54(11): 1545-7. Folic acid: the right dose.

39. Bar-Oz B, Koren G, Nguyen P, et al. Reprod
Toxicol. 2008 Aug; 25(4): 408-12. doi: 10.1016/j.
reprotox.2008.04.010. Folate fortification and
supplementation--are we there yet?
40. Wald NJ, Law MR, Morris JK, et al. Lancet. 2001 Dec
15; 358(9298): 2069-73. Quantifying the effect of folic
acid.
41. Kennedy D, Koren G. Can Fam Physician. 2012 Apr;
58(4): 394-7. Identifying women who might benefit
from higher doses of folic acid in pregnancy.
42. Wilson RD, Audibert F, Brock JA, et al. J Obstet
Gynaecol Can. 2015 Jun; 37(6): 534-52.
Pre-conception Folic Acid and Multivitamin
Supplementation for the Primary and Secondary
Prevention of Neural Tube Defects and Other Folic
Acid-Sensitive Congenital Anomalies.
43. Kim YI. Mol Nutr Food Res. 2007 Mar; 51(3): 26792. Folate and colorectal cancer: an evidence-based
critical review.
44. Mortensen JH, Øyen N, Fomina T, Melbye M, Tretli S,
Vollset SE, Bjørge T. Cancer Epidemiol. 2015 Dec;
39(6): 805-11. doi: 10.1016/j.canep.2015.10.009.
Supplemental folic acid in pregnancy and maternal
cancer risk.
45. Vollset SE, Clarke R, Lewington S, et al. Lancet.
2013 Mar 23; 381(9871): 1029-36. Effects of folic acid
supplementation on overall and site-specific cancer
incidence during the randomised trials: meta-analyses
of data on 50,000 individuals.
46. Mortensen JH, Øyen N, Fomina T, Melbye M, Tretli S,
Vollset SE, Bjørge T. Br J Cancer. 2016 Jan 12;
114(1): 71-5. doi: 10.1038/bjc.2015.446. Supplemental
folic acid in pregnancy and childhood cancer risk.
47. Rabenberg M, Scheidt-Nave C, Busch MA,
Rieckmann N, Hintzpeter B, Mensink GB. BMC
Public Health. 2015 Jul 11; 15: 641. doi: 10.1186/
s12889-015-2016-7. Vitamin D status among adults in
Germany--results from the German Health Interview
and Examination Survey for Adults (DEGS1).
48. Wuertz C, Gilbert P, Baier W, Kunz C. Br J Nutr.
2013 Nov; 110(10): 1895-902. doi: 10.1017/
S0007114513001438. Cross-sectional study of factors
that influence the 25-hydroxyvitamin D status in
pregnant women and in cord blood in Germany.
49. Wei SQ, Audibert F, Hidiroglou N, Sarafin K, Julien P,
Wu Y, Luo ZC, Fraser WD. BJOG. 2012 Jun; 119(7):
832-9. doi: 10.1111/j.1471-0528.2012.03307.x.
Longitudinal vitamin D status in pregnancy and the risk
of pre-eclampsia.

45

46

Attachment

Bibliography
50. Bodnar LM, Catov JM, Simhan HN, Holick MF,
Powers RW, Roberts JM. J Clin Endocrinol Metab.
2007 Sep; 92(9): 3517-22. Maternal vitamin D
deficiency increases the risk of preeclampsia.
51. Burris HH, Rifas-Shiman SL, Kleinman K, Litonjua AA,
Huh SY, Rich-Edwards JW, Camargo CA Jr,
Gillman MW. Am J Obstet Gynecol. 2012 Sep; 207(3):
182.e1-8. doi: 10.1016/j.ajog.2012.05.022. Vitamin D
deficiency in pregnancy and gestational diabetes
mellitus.
52. Alzaim M, Wood RJ. Nutr Rev. 2013 Mar; 71(3): 15867. doi: 10.1111/nure.12018 Vitamin D and gestational
diabetes mellitus.
53. Hensel KJ, Randis TM, Gelber SE, Ratner AJ. Am J
Obstet Gynecol. 2011 Jan; 204(1): 41.e1-9. doi:
10.1016/j.ajog.2010.08.013. Pregnancy-specific
association of vitamin D deficiency and bacterial
vaginosis.
54. Bodnar LM, Krohn MA, Simhan HN. J Nutr. 2009 Jun;
139(6): 1157-61. doi: 10.3945/jn.108.103168. Maternal
vitamin D deficiency is associated with bacterial
vaginosis in the first trimester of pregnancy.
55. Dror DK, King JC, Fung EB, Van Loan MD, Gertz ER,
Allen LH. Nutrients. 2012 Feb; 4(2): 68-77. doi:
10.3390/nu4020068 Evidence of associations between
feto-maternal vitamin D status, cord parathyroid
hormone and bone-specific alkaline phosphatase, and
newborn whole body bone mineral content.
56. Kalra P, Das V, Agarwal A, Kumar M, Ramesh V,
Bhatia E, Gupta S, Singh S, Saxena P, Bhatia V.
Br J Nutr. 2012 Sep 28; 108(6): 1052-8. doi:
10.1017/S0007114511006246. Effect of vitamin
D supplementation during pregnancy on neonatal
mineral homeostasis and anthropometry of the
newborn and infant.
57. Mahon P, Harvey N, Crozier S, Inskip H, Robinson S,
Arden N, Swaminathan R, Cooper C, Godfrey K;
SWS Study Group. J Bone Miner Res. 2010 Jan;
25(1): 14-9. doi: 10.1359/jbmr.090701. Low maternal
vitamin D status and fetal bone development: cohort
study.
58. Brehm JM, Acosta-Pérez E, Klei L, Roeder K,
Barmada M, Boutaoui N, Forno E, Kelly R, Paul K,
Sylvia J, Litonjua AA, Cabana M, Alvarez M, ColónSemidey A, Canino G, Celedón JC. Am J Respir Crit
Care Med. 2012 Jul 15; 186(2): 140-6. doi: 10.1164/
rccm.201203-0431OC. Vitamin D insufficiency and
severe asthma exacerbations in Puerto Rican children.

59. Camargo CA Jr, Ingham T, Wickens K, Thadhani R,
Silvers KM, Epton MJ, Town GI, Pattemore PK,
Espinola JA, Crane J; New Zealand Asthma and
Allergy Cohort Study Group. Pediatrics. 2011 Jan;
127(1): e180-7. doi: 10.1542/peds.2010-0442.
Cord-blood 25-hydroxyvitamin D levels and risk of
respiratory infection, wheezing, and asthma.
60. De-Regil LM, Palacios C, Lombardo LK, PeñaRosas JP. Cochrane Database Syst Rev. 2016 Jan
14; 1: CD008873. doi: 10.1002/14651858.CD008873.
pub3 Vitamin D supplementation for women during
pregnancy.
61. Hollis BW, Johnson D, Hulsey TC, Ebeling M,
Wagner CL. J Bone Miner Res. 2011 Oct; 26(10):
2341-57. doi: 10.1002/jbmr.463. Erratum in: J Bone
Miner Res. 2011 Dec; 26(12):3001. Vitamin D
supplementation during pregnancy: double-blind,
randomized clinical trial of safety and effectiveness.
62. Wagner CL, McNeil RB, Johnson DD, Hulsey TC,
Ebeling M, Robinson C, Hamilton SA, Hollis BW.
J Steroid Biochem Mol Biol. 2013 Jul; 136: 31320. doi: 10.1016/j.jsbmb.2013.01.002. Health
characteristics and outcomes of two randomized
vitamin D supplementation trials during pregnancy:
a combined analysis.
63. EFSA Panel on Dietetic Products Nutrition and
Allergies (2012) Scientific opinion on the tolerable
upper intake level of vitamin D. EFSA J 10, 2813.

Attachment

Information on biosyn
Information material for you and your patients
You can order further free information for your patients
(also in larger numbers ) on the following topics:
• Selenium
• Thyroid gland
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• Vitamin D3
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(Please state the desired topics)
You can obtain current information from our online newsletter
"biosyn-News" – subscribe to it at information@biosyn.de,
key word "biosynNews" or "biosynNews Apotheke".
If you have specific questions on a topic, please call us at
phone: +49 (0) 711 - 575 32 - 00
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selenase® corrects selenium deficiency
selenase®: Active substance: Sodium selenite pentahydrate. selenase® 100 µg pro injectione, selenase® T pro injectione, selenase® 100 µg peroral, selenase® T peroral, selenase®
50 peroral: 50 µg selenium per ml. selenase® 50 AP: 50 µg selenium per tablet. selenase® RP
Tabletten: 79 µg selenium per tablet. selenase® 300 RP: 300 µg selenium per tablet. Indications: selenase® 100 µg pro injectione, selenase® T pro injectione, selenase® 100 µg peroral, selenase® T peroral: Proven selenium deficiency that cannot be offset from food sources.
Selenium deficiencies may occur as a result of states of maldigestion and malabsorption, as well
as in malnutrition (e. g. due to complete parenteral nutrition). selenase® 50 peroral, selenase®
50 AP, selenase® RP Tabletten, selenase® 300 RP: Proven selenium deficiency that cannot be
offset from food sources. Selenium deficiencies may occur as a result of states of maldigestion
and malabsorption, as well as in malnutrition. Composition: selenase® 100 µg pro injectione: 1 ampoule of 2 ml solution for injection contains: 0.333 mg sodium selenite pentahydrate,
corresponding to 100 µg (micrograms) selenium. selenase® T pro injectione: 1 injection vial of
10 ml / 20 ml solution for injection contains: 1.67 mg / 3.33 mg sodium selenite pentahydrate, corresponding to 500 µg / 1000 µg (micrograms) selenium. selenase® 100 µg peroral: 1 drinking
ampoule of 2 ml oral solution contains: 0.333 mg sodium selenite pentahydrate, corresponding
to 100 µg (micrograms) selenium. selenase® T peroral: 1 ml oral solution contains: 0.167 mg
sodium selenite pentahydrate, corresponding to 50 µg (micrograms) selenium. selenase® 50
peroral: 1 drinking ampoule of 1 ml oral solution contains: 50 µg pure selenium as sodium
selenite pentahydrate in a 0.9 % NaCl-solution. Excipients: Sodium chloride, hydrochloric acid,
water for injections. selenase® 50 AP: 1 tablet contains 0.167 mg sodium selenite pentahydrate
(corresponding to 50 µ[mikro]g selenium). Excipients: gelatin, magnesium stearate (Ph. Eur.),

maize starch, sucrose, talcum. selenase® 300 RP: 1 tablet contains 0.999 mg sodium selenite
pentahydrate (corresponding to 300 µg selenium). Excipients: magnesium stearate (Ph. Eur.),
maize starch, povidone K25, sucrose, talcum. selenase® RP Tabletten: 1 tablet contains
263 µg of sodium selenite pentahydrate (corresponding to 1 µ[micro]mol = 79 µg of selenium).
Excipients: Microcrystalline cellulose, sorbitol (Ph. Eur.), povidone K25, magnesium stearate
(Ph. Eur.), palmitic and stearic acid. Contra-indications: Selenium poisoning. Undesirable
effects: None known to date if the medicinal product is administered according to prescription.
selenase® 100 µg pro injectione, selenase® T pro injectione: General disorders and administration site conditions: Frequency not known (cannot be estimated from the available data):
After intramuscular administration local pain at the site of administration has been reported.
Form of administration, size of packages: selenase® 100 µg pro injectione: 10 or 50 ampoules of 2 ml solution for injection. selenase® T pro injectione: 2 or 10 injection vials of 10 ml
solution for injection, hospital-size pack 30 (3 × 10) or 50 (5 × 10) injection vials of 10 ml solution
for injection, 2 or 10 injection vials of 20 ml solution for injection, hospital-size pack 30 (3 × 10)
or 50 (5 × 10) injection vials of 20 ml solution for injection. selenase® 100 µg peroral: 20, 60,
90 or 100 ampoules of 2 ml oral solution. selenase® T peroral: 10 drinking bottles of 10 ml oral
solution plus one measuring cup. selenase® 50 peroral: 50 drinking ampoules of 1 ml oral
solution. selenase® 50 AP: 20 tablets, 50 tablets, 100 tablets. selenase® 300 RP: 20 tablets,
50 tablets, 100 tablets. selenase® RP Tabletten: 50 tablets, 100 tablets. selenase® 100 µg
pro injectione, selenase® T pro injectione, selenase® 100 µg peroral, selenase® T peroral,
selenase® 300 RP, selenase® RP Tabletten: Subject to prescription. selenase® 50 peroral,
selenase® 50 AP: Subject to sale in pharmacies
01/17 e

FOLSÄURE biosyn
5.0 mg per tablet. Indications: Folic acid deficiency that cannot be offset from food sources.
Composition: 1 tablet contains 5.0 mg folic acid. Excipients: Lactose monohydrate, talc, cellulose powder, colloidal anhydrous silica, magnesium stearate (Ph. Eur.). Contra-indications: In
case of megaloblastic anemia it must be ensured that it is not caused by vitamin B12 deficiency,
as otherwise irreversible neurological disorders may occur. Side effects: In isolated cases,

allergic reactions with e. g. erythema, itching, difficult breathing, nausea or anaphylactic shock.
After high-dose administration rarely gastrointestinal disorders, sleep disturbance, excitation or
depressions. Form of administration, size of packages: 50 tablets (N2). Subject to sale in
pharmacies
10/08 e
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biosyn Arzneimittel GmbH
biosyn is the global market leader in high-dose selenium pharmaceuticals

This hidden champion supplies its high-revenue blockbuster selenase®
to 25 countries, primarily for oncology and intensive care medicine
Founded in 1984, biosyn Arzneimittel GmbH
was one of the first German biotechnology
companies. Now it has around 70 employees
in Germany and subsidiaries in Liechtenstein,
Austria and the USA.

and oncology. The company’s major concern is treating patients as a whole. biosyn,
a research-focused pharmaceutical company,
puts up to 25 percent of revenues back into its
pipeline.

Its portfolio encompasses some 30 products
ranging from biotechnologically engineered
medicines through chemotherapeutics to
complementary drugs and food supplements
for its main fields of intensive care medicine

Its mission is to explore, evolve and market
highly efficacious drugs with low side effects
based on the most up-to-date evidence molecular biology has to offer.

High-quality products from the world’s first GMP-compliant production
of sodium selenite
In 2009, biosyn Arzneimittel GmbH was, and
presumably still is, the first and only company in
the world able to manufacture the active ingredient sodium selenite pentahydrate in internationally prescribed GMP quality – thanks to biosyn’s
proprietary and patented production method.
Its purification and crystallization technologies
allow microbe-free production of high-quality
trace element compounds under cleanroom
conditions.
This enables the production of injectable liquid pharmaceuticals to meet the particularly
stringent demands on quality. biosyn currently
manufactures anhydrous sodium selenite and
sodium selenite pentahydrate for oral and parenteral formulations.

The biosyn motto “we are research” not only
symbolizes our dedication to medical and pharmaceutical progress but also for our drive to
develop innovative manufacturing processes.
The company markets its selenium drugs under
the brand name selenase® worldwide.
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Managing Director: Dr. Thomas Stiefel and Ortwin Kottwitz
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