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Abstract
Introduction Selenium is important for human health. However, the selenium status and selenium intake of the German 
population has not been recorded in a representative study so far.
Material and Methods Thus, literature from the last 50 years was screened in a systematic way and the results of various 
studies were pulled together to shed light on the selenium status of the German population. Moreover, the selenium content 
of selected food items that were either found on the German market or grown in Germany was researched and evaluated.
Results Of 3542 articles identified, 37 studies met the inclusion criteria. These 37 studies comprised a total of 8,010 healthy 
adults living in Germany with a weighted arithmetic mean of 82 μg/l selenium in plasma or serum. The results will form 
a basis for interpreting upcoming results from national food consumption surveys. Furthermore, 363 selenium values for 
199 food items were identified out of 20 data sources—published or analysed between 2002 and 2019. An estimation of the 
selenium intake of the German population will be possible with this data in future nutrition surveys.

Keywords Selenium status · German population · Selenium content of food · German nutrient database

Introduction

The trace element selenium is important for the human 
health: both deficiency and excess will cause substantial 
health problems. Only 60 years ago selenium was recog-
nised as being essential in the diet of animals and humans. 
As part of selenoproteins, selenium plays a role in anti-
oxidant and anti-inflammatory regulations and in the pro-
duction of active thyroid hormones [1]. In 2008 Bleys et al. 
described a U-shaped association of selenium status and 
mortality with the lowest mortality rate at a serum sele-
nium concentration of 130–150 µg/l in American citizens 

[2]. The conditions that have been associated with selenium 
deficiency—commonly defined as plasma/ serum selenium 
concentrations < 20–40 µg/l—as well as selenium excess—
commonly defined as plasma/ serum selenium concentra-
tions > 140 µg/l—are listed in a recent review by Rayman 
[3].

So far there is no large, representative study on the 
selenium status of the German population, which makes 
it difficult to evaluate whether the people in Germany are 
adequately supplied. Only various smaller studies were car-
ried out over the last decades. In the latest German National 
Nutrition Survey (NVS) II [4] the selenium intake of the 
population was not assessed due to missing data for sele-
nium content of food items in the German Nutrient Database 
‘Bundeslebensmittelschlüssel’ (BLS) (version 3.02). This 
database provides nutrient contents of around 15,000 food 
items found on the German market and serves as a standard 
instrument to calculate the nutrient intake in consumption 
surveys in Germany. Before including a new nutrient vari-
able in the BLS, the data availability of this nutrient has to 
be proved to be sufficient for providing quality-checked data 
for all foods of the BLS. Due to the systematics of this nutri-
ent database, nutrients cannot be included for a selection of 
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foods only, because no missing values are allowed. Currently 
the BLS working group reviews whether in a future version 
selenium can be included or whether there will be a supple-
mentary table for selenium for selected foods.

Unlike other minerals and trace elements selenium exists 
as part of various compounds with different bioavailabili-
ties, metabolic pathways and half-lives. In food, selenium 
is mostly present as selenite, selenomethionine (SeMet), 
methylselenocysteine (MeSeCys) and selenocysteine 
(SeCyS)—or proteins containing these [5–7]. The selenium 
concentration of human and animal food varies widely 
between geographical areas as the uptake of selenium in 
plants depends on various factors [8–10]. In animal products 
the selenium content is influenced by the natural selenium 
content of the animal fodder and the amount of selenium 
added as feed additives [11].

In consequence, the selenium content in food is highly 
variable due to a number of particularities, making it chal-
lenging to state precise values of selenium content in spe-
cific food items. The literature search of selenium content 
of selected foods that were either found on the German mar-
ket or grown in Germany discussed below was part of the 
BLS review process. With this approach the planned NVS 
III shall be enabled to provide representative information 
on the selenium status as well as the selenium intake of the 
German population.

Furthermore, literature from the last 50  years was 
reviewed in a systematic way to shed light on the selenium 
status of the German population and to form a basis to inter-
pret new results from upcoming national nutrition surveys.

Materials and methods

Literature review on the selenium status of people 
living in Germany

Search strategy

The search strategy aimed to find published data on the sele-
nium status of the German population from 1970 up until 
March 2021. It included articles obtained through Web of 
Science, Embase, Pubmed, Scopus, Cochrane, opengrey 
and grey literature searches. The search term used was 
(“Nutritional Status[Mesh]” OR “concentr*” OR “level*” 
OR “status”) AND (“Selenium[Mesh]” OR “selen*”) AND 
“german*” AND “human*”. The search term was adjusted 
to the different requirements of the used databases.

Data extraction

To provide reliable estimates for the selenium status in 
recent decades, number of study participants, mean values 

of selenium in serum/ plasma and corresponding standard 
deviations or standard errors, respectively, were extracted 
from all eligible studies. For studies that did not provide 
these numbers in the publication but seemed eligible—for 
instance selenium data were only included as a graph, the 
data was only stated as median or range, or a German sub-
group needed to be extracted out of a pool of participants 
in a European data set—the corresponding authors were 
contacted. Data of healthy control groups were used when 
studies examined the selenium status in specific populations 
with a certain disease. Where possible the data for men and 
women were extracted separately.

Inclusion and exclusion criteria

Studies were included when they were published in Eng-
lish or German language as primary study to report the 
selenium status plus standard deviation/ standard error in 
blood plasma or blood serum of healthy individuals living 
in Germany. Information on the selenium status in whole 
blood samples was excluded for reasons of comparability. To 
obtain results of general relevance, only values from healthy 
adults over 18 years of age were used for the present review. 
Studies were excluded if they did not provide extractable 
data on selenium status in plasma or serum, only consisted 
of a study group of less than 10 participants or of pregnant/ 
nursing women.

Intervention studies specifically examining selenium sup-
plementation were excluded or only control data used, as 
these studies often use pharmaceutical doses. Most obser-
vational studies did not provide specific information on 
selenium supplement use. However, some studies reported a 
general use of supplements. For example, Burney [12]: 22% 
of participants were taking vitamin or mineral supplements. 
These studies were still included for following reasons: First, 
no information was given on the exact mineral or vitamin 
taken, second, the use of supplements is widespread in the 
German population–about 28% of the adults in Germany 
are taking dietary supplements [4]. Including these studies 
gives a comprehensive estimate of the status of the German 
population.

Studies that only provided a mean value without stand-
ard deviation or standard error–even after contacting the 
author—were excluded as the accuracy of their reported 
results could not been assessed properly. No available risk 
of bias tool met the specific requirements of our study, thus 
an own quality assessment was performed for all included 
studies followed by a sensitivity analysis. The risk of bias 
was estimated based on the following quality measures: 
use of reference material/standards, performance of repeat 
measurements, accuracy of analysis, recovery rate, preci-
sion of analysis, limit of quantification LOQ / limit of detec-
tion LOD, performance of interlaboratory comparison, 
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accreditation of the laboratory and the representativeness of 
the study population. All given parameters were considered 
together to rate the risk of bias as low, moderate or serious. 
Studies were classed as serious risk if they provided none or 
only one of the chosen quality measures. An exemption here 
are studies that were carried out by accredited laboratories 
as this implies that certain standards are fulfilled. Further-
more, studies that provided two or three of the chosen qual-
ity measures were classed as moderate risk, while studies 
with more than four given quality measures were classed as 
low risk of bias. A sensitivity analysis was then performed 
without the studies classified as serious risk of bias.

Statistical parameters

The quantitative data for selenium concentrations in blood 
serum or plasma is provided in µg/l. Where necessary the 
atomic weight of 78.97 was used to convert the extracted 
data to the used selenium unit. Data shown as standard error 
of the mean (SEM) in single studies were altered to standard 
deviation (SD) with the formula SD = SEM * √n. Range 
describes the smallest to the largest value of a given data set.

The weighted arithmetic mean was calculated with the 
following formula to account for the number of study par-
ticipants with ωi representing the weight (number of data 
points) associated with the sample (the selenium concentra-
tion) Xi:

The time period of sample collection often differed from 
the year of publication in the found studies. When known, 
the year of the examination or the midpoint of the examina-
tion period was used for the present study. Otherwise the 
publication date was used or authors were asked for detailed 
information.

Literature review on the selenium content of food 
items

Search strategy

Selenium contents of food items were collected through lit-
erature search with Web of Science and Scopus. Pubmed and 
Embase were not included as these databases tend to have 
a rather medical focus. The search term consisted of "sele-
nium" combined with various food items or food groups. 
Food items were selected if consumed frequently or in large 
quantities in Germany based on the results of the NVS II and 
its longitudinal equivalent NEMONIT. In addition, selenium 
rich food items such as Brazil nuts were included as they 
substantially contribute to the daily intake of selenium even 

∑n

i=1
w
i
X
i

∑n

i=1
w
i

if they are only consumed occasionally. Relevant publica-
tions were identified through scanning titles and available 
abstracts. Studies in English and German language were 
considered. Besides, reports of the German Federal Office 
of Consumer Protection and Food Safety (BVL) and the 
German Federal Institute for Risk Assessment (BfR) were 
screened.

Inclusion and exclusion criteria

Studies were selected when the investigated food samples 
were bought on the German market or grown in Germany. 
In addition, the samples had to refer to the edible part of 
the food item and it had to be clear which part of the food 
item was analysed, e.g., if the food item was peeled before 
processing. The data had to be based on precisely described 
analyses.

The quality of the collected data was evaluated based 
on an adapted quality index developed by the European 
Food Information Resource. The following categories were 
assessed: Food description, component identification, sam-
pling plan, number of analytical samples, sample handling 
and analytical method. Data which received a low quality 
index were not considered [13].

Statistical parameters

Minimum, maximum, range and weighted arithmetic mean 
for the selenium content of foods are presented in µg/ 100 g. 
The applied weighting factor reflects the number of primary 
samples which were used in the selenium analyses. To show 
the relative contribution of specific foods to the reference 
value for selenium of the German Nutrition Society (DGE, 
60 µg/day for women and 70 µg/day for men) [14], the 
weighted arithmetic mean of some collected food items is 
shown in relation to the selenium intake per portion and its 
contribution to the overall recommended selenium intake 
based on the reference value. The portion sizes of nuts are 
based on the food based dietary guidelines of the DGE [15]. 
For the other food items the quantity list “Monica Mengen-
liste” was preferably applied which was originated through 
the WHO Monica Study [16]. The list was compiled spe-
cifically for the calculation related to portion and household 
sizes, respectively. When no data were found the portion 
sizes of the BLS (version 3.02) were used.

Results

Selenium status in Germany

Of 3542 articles identified until March 2021, 37 studies with 
47 data points were included in this review (see Fig. 1 and 
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Table S1 for details). These 37 studies comprised a total of 
8010 healthy adults living in Germany with a mean sele-
nium concentration in plasma or serum of 79 μg/l, ranging 
from 61 μg/l to 107 μg/l. To account for the number of par-
ticipants per study, the weighted arithmetic mean of 82 μg/l 
selenium in plasma or serum for the 8010 healthy adults 
living in Germany was calculated.

Based on the risk of bias assessment, 10 studies were 
evaluated to have a serious risk of bias, whereas all other 
studies showed either a moderate (n = 22) or low (n = 5) 
risk of bias (Table S2). In a sensitivity analysis where we 
excluded all studies with a serious risk of bias, the arith-
metic mean was robust and remained at 82 μg/l selenium 
in plasma or serum. Therefore, all studies were included to 
have a wider range of data points distributed over the last 
decades.

No study provided representative results to the German 
population since none of the included studies applied a rep-
resentative, population-based sampling procedure when 
recruiting study participants.

Mean serum/ plasma selenium concentration for men 
was available from 16 studies and the arithmetic mean was 
80 μg/l (range: 60–90 μg/l) for 2256 men. Mean serum/ 
plasma selenium concentration for women was available 
from 14 studies and the arithmetic mean was 84 μg/l (range: 
64–94 μg/l) for 4,124 women.

The literature was screened from 1970 to March 2021 
with the earliest study found dating back from 1983. Inves-
tigations from 1983 to 1990 showed an arithmetic mean of 
serum/ plasma selenium concentration of 74 μg/l, from 1991 
to 2000 of 83 μg/l, from 2001 to 2010 of 73 μg/l and from 
2011 to 2020 of 88 μg/l.

Selenium content of food items

Out of 20 data sources 363 selenium contents for 199 differ-
ent food items were identified (see Table S3). The data were 
published or analysed between 2002 and 2019. Before 2002 
no eligible publication could be found. The majority of sele-
nium data was collected from the BVL National Monitoring 
(2002–2019). Most data were available for vegetables (84 
values for 36 different food items), fruits (54 values for 30 
food items), meat and meat products (45 values for 25 food 
items) and fish and seafood (33 values for 19 food items).

The Brazil nut is the food item with the highest selenium 
content with a weighted arithmetic mean of 277 µg/ 100 g. 
It is followed by offal: pork kidney 221 µg/ 100 g (range 
220–223 µg/ 100 g), beef kidney 123 µg/ 100 g (range 
118–154 µg/ 100 g) and veal kidney 98.6 µg/ 100 g. Fur-
thermore, the food group “fishes and seafood” shows nota-
ble selenium contents. The highest content (71.7 µg/ 100 g, 
range 63.9–81.8 µg/ 100 g) in this group was reported for 
tuna.

The contribution of different food items to achieve the 
reference value of selenium intake varies widely (Table 1). 
As a calculation example the recommended daily intake of 
70 µg for men and 60 µg for women can be covered with 
a portion (125 g) of pork liver (100% for men and 116% 
for women) or with a handful (25 g) of Brazil nuts (99% 
or 115%, respectively). 154% (men) and 179% (women) of 
the recommended intake will be achieved with a portion of 
tuna (150 g). The highest intake per portion (125 g) provides 
pork kidney (395% or 461%, respectively). Against these 
food items, an apple (115 g) can only obtain 3% (men) and 
4% (women) to the recommended daily selenium intake. A 
contribution between 17 to 32% of these recommendations 
can be covered with a portion of eggs, mushrooms or meat 
(beef, pork, veal).

Discussion

Selenium status of the German population

This is the first time that data from various studies were 
combined in a systematic way to estimate the selenium sta-
tus of the German population. Pulling together the avail-
able data indicates an average selenium concentration of 
82 μg/l (weighted arithmetic mean) in plasma or serum for 
a total number of 8010 healthy adults living in Germany. 
Even though no study representative to the whole German 
population could be included in the present review, the com-
bination of many different subgroups gives an idea of the 
approximate selenium status of the German population.

A comprehensive review by Fairweather-Tait et al. [5] 
concluded that an adequate selenium status lies within the 
range of 60 to 140 μg/l in serum or plasma. The authors 
combined various associations of selenium status and 
health parameters from the published literature. Deficiency 
diseases are shown with a selenium level under 20–40 μg/l 
– for example, Keshan disease or Kashin–Beck disease. A 
selenium status over 65 μg/l leads to an optimisation of iodo-
thyronine deiodinases activity, and over 79–124 μg/l to an 
optimisation of glutathione peroxidase and selenoprotein P 
activity [35–37]. Further studies suggest a reduction in total 
mortality or protection against some cancers [5, 38, 39]. 
In contrast, a Cochrane review including 10 randomized 
controlled trials (with a total of 27,232 participants) and 
70 observational studies (with over 2,360,000 participants) 
from 2018 investigated the effect of selenium exposure on 
cancer risk and did not observe a beneficial effect of sele-
nium supplements on cancer risk [40]. Toxic effects are seen 
from around 150 μg/l [5, 35]. As mentioned in the introduc-
tion, Bleys et al. [2] presented the U-shaped relationship 
between selenium and mortality—the optimal selenium sta-
tus with the lowest mortality risk was shown between 130 
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and 150 μg/l. 13,887 adult participants were examined and 
followed up for 12 years as part of the US Third National 
Health and Nutrition Examination Survey for this study [2]. 
These results were verified by Goyal et al. [41]. However, 
they cannot be generalised to the rest of the world as they 
were obtained in North America, where the average daily 
intake of selenium is considerably higher compared to other 
countries due to the higher selenium content of foods as a 
result of various reasons such as selenium content of the soil, 
pH of the soil and other factors [8].

The U-shaped relationship between selenium status and 
its health effects might not be sufficient to explain the inter-
individual differences in the effect of selenium on health. 
Different requirements might exist in populations and indi-
viduals. Rayman [3] recently discussed four reasons for the 
fact that certain populations and people have different sele-
nium requirements and can tolerate low or high selenium 
intakes better than others:

1. Single nucleotide polymorphisms in genes might 
improve the ability to metabolise high or low selenium.

2. Populations exposed to harmful elements show no or 
even beneficial effects of high selenium status. The Inuit 
in Canada are, for example, exposed to high amounts 
of mercury as their diets consist primarily of marine 
mammals and fish. They also show a high mean blood 
selenium level of 319.5 μg/l. The high selenium sta-
tus proved to have protective effects on odds ratios for 
hypertension, stroke and myocardial infarction associ-
ated with mercury exposure.

3. The dose and form of selenium determines if the overall 
effect is beneficial or harmful.

4. The gut microbiota might have a regulating func-
tion. Exposure to high amounts of selenium in early 
life might, for example, alter the composition of the 
gut microbiota in a way that selenium is more readily 
excreted.

Variation of the selenium status over the last 40 years

The earliest studies found in this literature search were 
conducted in the 1980s. The selenium status over the last 
40 years does not follow an apparent pattern. The variations 
might be due to changes of available food items on the mar-
ket. An example would be the effect of a reduced import of 
North American wheat for breadmaking flour in the 1970s, 
which might have negatively influenced the selenium status 
in some populations in the European regions [42] or the 
increase of serum selenium concentrations in women living 
in Dresden after the German reunification seen by Bergmann 
et al. [43]. Seasonal differences of the selenium status might 
also influence the results as seasonal fluctuations of sele-
nium have been shown in plants accumulating selenium [44]. Ta
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Many other factors influence how selenium moves through 
the soil–plant–atmosphere interface [45] and might impact 
the selenium status of a population.

Another reason could be the different age ranges used in 
the studies. A decline of selenium bioavailability was shown 
to occur with increasing age by Olivieri [46] and Baudry 
[47]. Furthermore, differences in the selenium supply could 
occur due to environmental influences on the selenium 
uptake by plants. Rayman [42] discussed a possible influ-
ence of acid rain or excessive artificial fertilisation of the 
soil, which reduces plant absorption of selenium. Jones et al. 
[48] highlighted the importance of the soil–plant interac-
tions as main factor controlling selenium bioavailability in 
the human diet and predicted a substantial decrease of soil 
selenium particularly in agriculture areas until 2080–2099 
using moderate climate change predictions.

Gender differences

Arithmetic mean of the selenium status was 80 μg/l for 
2,256 men and 84 μg/l for 4124 women. The results are 
comparable to the results of the EPIC cohort [38] and both 
values are within the range of adequate supply according to 
Fairweather-Tait et al. [5].

However, a few studies suggest that women are more sus-
ceptible to the onset of certain health conditions associated 
with low or high selenium levels. A study by Arnaud et al. 
[49] implies that in women, the onset of metabolic syndrome 
is associated with higher plasma selenium concentrations 
but not in men. Hughes et al. [38] demonstrated a significant 
association between lower selenium levels and the risk to 
develop colorectal cancer in women, while this association 
was not significant for men.

Variation of selenium contents in food items

Considering all the facts discussed so far, it becomes clear 
that it is an enormous challenge to integrate selenium data 
in nutrient databases, such as the BLS. The selenium content 
in plant-based foods varies due to considerable differences 
in the soil selenium. Meat products are affected through the 
selenium content of the plants/ soils plus the selenium sup-
plementation of specific fodder [11]. Therefore, data of other 
parts of the world are not applicable for Germany which 
makes it difficult to compose representative data.

The high variations in the selenium content in one and 
the same plant species can be clearly demonstrated using the 
Brazil nut which is characterised by a naturally high sele-
nium content [50]. The selenium content of the Brazil nut is 
by far the highest in this literature research with a weighted 
arithmetic mean of 277 µg/ 100 g. This result is similar to 
the analyses of Moreda-Piñeiro [51] with 254 µg/ 100 g 
in samples originating from Spain and Barclay et al. [52] 

with 300 µg/ 100 g in samples originating from the UK. 
However, in comparison to other studies these values are 
low: Three Brazilian studies report contents from 2270 
to 3370 µg/ 100 g [53–55]. On the other hand, a value of 
78.5 µg/ 100 g for Brazil nuts from Vietnam was found [56].

Thomson et al. [50] emphasized the importance of these 
nuts as a relevant selenium source. The authors clarified 
that the daily consumption of two Brazil nuts (average 
weight of 4.1 g per nut with a defined selenium content of 
640 µg/ 100 g) has a notable impact of the selenium status. 
Due to the high variance of the amount of selenium in these 
nuts it is, however, difficult to give an exact recommenda-
tion and an over-consuming of selenium could be possible 
especially with the consumption of those Brazil nuts with 
higher selenium contents. The DGE recommends a handful 
of mixed nuts per day which corresponds to a portion of 
25 g [15].

Meat is also a substantial selenium source. Through the 
supplementation of fodder, meat has considerable selenium 
contents even in countries with a selenium poor ground [11]. 
In Austria Stückler et al. [11] analysed meat with similar 
results to this review: beef 8.5 µg/ 100 g (8.00 µg/ 100 g) 
and pork 15.4 µg/ 100 g (12.6 µg/ 100 g). Offal contain high 
levels of selenium, but are rarely consumed nowadays. Fur-
thermore, the food items of the group fish and seafoods such 
as mussels or crabs have comparably high selenium contents 
[18, 20, 24, 32]. A regular fish consumption may, therefore, 
contribute to an adequate selenium status. The DGE [15] 
recommends to consume fish one or two times a week. In 
contrast, vegetables and fruits are rather negligible selenium 
sources. In general, animal-based food items show higher 
selenium contents than plant-based food items.

The implementation of these literature-based data in the 
nutrient database will offer the opportunity to select the type 
and calculate the amount of food items necessary to achieve 
the reference values for selenium intake in Germany. Fur-
thermore, this will support future consumption studies—
such as the NVS III—to estimate the actual selenium intake 
of the German population and to evaluate which foods sig-
nificantly contribute to the selenium intake in Germany.

Conclusions

German nutrition surveys have not covered the selenium 
intake of participants in the past, since the data on selenium 
content of food items in applicable nutrient databases were 
not available for methodical reasons. Therefore, literature 
from 1970 up until March 2021 was reviewed in a systematic 
way to display the selenium status of the German popula-
tion over this time span and to form a basis to interpret new 
results. Considering our results and the present literature, 
the majority of adults in Germany seem to be adequately 
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supplied with selenium. However, even if the weighted 
arithmetic mean of the 37 investigated studies indicates an 
acceptable selenium status of 82 µg/l in plasma/ serum for a 
total of 8,010 healthy adults living in Germany, most likely 
not everyone in Germany will be sufficiently supplied. The 
planned NVS III with over 10,000 participants will provide 
highly needed information on the selenium status of the Ger-
man population in general and of various subgroups (e. g. 
those following a vegan or vegetarian diet) by determining 
selenium in blood samples.

Furthermore, the selenium content of selected food items 
that were either found on the German market or grown in 
Germany was researched and evaluated. The availability of 
selenium data offers the opportunity to include those in the 
German Nutrient Database and to estimate the selenium 
intake of the German population as well as to identify the 
major selenium sources in future nutrition surveys such as 
the mentioned NVS III. Moreover, we will be able to further 
research the link between selenium intake and selenium sta-
tus in the planned study.
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