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INTRODUCTION
As a trace element Selenium (Se) is essential to the proper 

development and health of both animals and humans. As for animals, 
Schwarz and Foltz [1] have shown that Se prevents dietary necrotic 
liver degeneration in the rat. Further studies have shown it to prevent 
multiple necrotic degeneration (heart, liver, muscle, and kidney) in 
the mouse and exudative diathesis in the chick [2]. Since then work 
on farming animals has contributed to our understanding of how 
essential Se is for animals [3]. Th e role of Se in humans is less clear 
than in experimental and domestic animals. However, the essential 
role of Se in human nutrition and health is now well established. In 
the mid-1970s Schrauzer et al. [4] argued that low levels of Se in the 
blood were associated with greater susceptibility to cancer. Moreover, 
the detrimental eff ect of low blood Se levels on heart diseases and 
human cancer mortality has led some researchers to speculate 
that there may be a relationship between Se intake and the risk of 
cardiovascular diseases and cancer [5]. 

It is well known that in humans as well as in animals there is 
a direct relationship between daily Se intake and blood/tissue Se 
levels. Because of the large diff erences in the Se content in soils in 
various countries, the dietary Se intakes vary widely among residents 
in diff erent parts of the world. Based on the Se content in the soil 
(without going into details), the world can be divided into countries 
rich in Se (Venezuela, several states in the USA, especially North and 
South Dakota, Enshi county, China) and poor in Se (Finland, New 
Zealand and Keshan disease areas) [6]. 

It has been shown that the soil of most European countries is 
poor in selenium [7]. Th us, the population consuming agricultural 
products grown in these areas has low dietary Se intake [8] and a 
low content of this element in the body [9]. Selenium accumulated 
in agricultural products enters the food chain. Suboptimal Se status 
has been reported to be widespread throughout Europe, the UK and 
the Middle East [10,11]. It is generally recognized that Se intakes 
across Europe are low, refl ecting inadequate soil levels, particularly in 
Eastern Europe [9,10,12]. 

It is widely believed that the amount of dietary selenium intake 
should be such that its concentration in plasma/serum should be 100 
μg/ L [13]. Such an amount is believed to be required for optimal 
activity of cytosolic glutathione peroxidase [14]. According to data 

collected since 1990 from more than a dozen European countries 
[15], the concentration of Se in plasma/serum was lower than 90 
μg/ L. Th e countries where this concentration did not exceed 60 
μg/ L were Czech Republic, Serbia, Croatia, Slovakia, UK, Sweden, 
France, Poland and Hungary [16]. Inadequate intake of Se and other 
microelements in adult and elderly population in several European 
countries has been demonstrated by other authors [17]. In many 
countries the daily Se intake was lower than 50 μg [16]. Data from 
publications originating primarily from Western Europe showed that 
there was a positive association between indicators of socioeconomic 
status and micronutrient intake and/or status [18].

 In 1999, Duffi  eld et al. [19] and Surai et al. [20] carried out a 
human study in which women and men were supplemented with 
placebo and increasing doses of selenium. Th e authors showed that 
an upper estimated requirement of 90 μg Se/ day was calculated as 
the intake necessary for maximization of plasma GSH-Px activity. A 
large body of evidence indicates that European intakes of selenium 
were falling. For example, in 1978 selenium intake in Britain was 60 
μg/ day, seven years later it was only 43 μg/ day, and in 1990 it fell to 
30 μg/ day. Even in 1997, the average reported selenium intake was 
only 43 μg/ day [20]. Th e fall in Se intake in this period was believed 
to have resulted from the reduced importation of North American 
(mainly Canadian) Se-rich wheat for bread making [21]. 

Th e results of research carried out in Poland from 1980 showed 
a drastic decrease in Se concentration in the blood components of 
adults. Th e concentration of Se in the plasma of healthy women in 
the period 1981-1999 was respectively: in 1981-83: 95 μg/ L; in 1990-
91: 59 μg/ L and in 1997-99: 54 μg/ L [22]. Th e reason we think, was 
connected with the reduction in its intake related to the suspension of 
grain exports from North America to Poland, due to martial law [23].

 In some European countries the daily Se intake was lower, a 
dozen to 40 μg/ day [20,22]. Th e main reason for this are the decreased 
imports of bread making wheat from North America which, in general, 
contains much more selenium than the wheat grown in the UK and in 
other European countries. Selenium content in the grains in the USA 
and Canada could be associated, in some parts of these countries, 
with the high selenium content in the soil. North American wheat 
contains on average over 10 times more selenium than British wheat 
[24]. According to some authors [25] surveys indicate that wheat is 
the most effi  cient Se accumulator of the common cereal crops (wheat, 
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rice, maize, barley, oats) and is one of the most important sources 
of selenium for human consumers. Importation of North American 
wheat was found to be an important benefi cial factor aff ecting the 
blood selenium status in the residents. Th is has been demonstrated, 
inter alia, by Alft han [26], who studied the change in Se status of a 
Finnish subpopulation between 1975 and 1984. During the 1970s, the 
low dietary intake of selenium, 25 μg/ day, corresponded to a plasma 
selenium level of 0.63-0.76 mmol/ L (49.7-60.0 μg/ L), being among 
the lowest values reported in the world [27]. Th e mean serum Se 
concentration varied between 52 μg/ L in 1977 to 99 μg/ L in 1982. 
Th e correlation between the estimated national Se intake and serum 
Se concentration was r = 0.89. Th e results demonstrate that the serum 
Se concentration increased due to the importation of Se-rich grain 
from North America.

Some authors maintain that although selenium intakes in Europe 
have fallen, they are still suffi  cient for any obvious signs of defi ciency 
to appear [12]. It seems that such an opinion is not fully justifi ed 
because in several studies it has been shown that in patients with 
diagnosed cancer of various organs Se concentration in the blood was 
signifi cantly lower than in healthy people [20,28-32]. In addition, in 
many cases low plasma/serum selenium concentrations were found 
in women with complicated pregnancies [33-35]. Th ese results seem 
to indicate that a higher concentration of Se in the blood prevents 
the development of the above-mentioned diseases and complications.

Several authors have shown that consumption of articles based 
on imported selenium-rich cereals contributed to the increase in the 
concentration of selenium in the blood components [14]. In most 
human diets, the main sources of Se are cereals, meats, fi sh, seafood, 
off al (kidney, liver) and milk products [10,12,36]. 

 Selenium plays an important role in mammalian biology. 
Selenium is not, in itself,  an antioxidant. It works through proteins 
to which it is incorporated in the form of Selenocysteine (Sec) called 
selenoproteins. So far 25 selenoproteins have been identifi ed [37]. 
Some of them fulfi ll the role of antioxidants. Th e most important 
antioxidant enzymes in the body are: glutathione peroxidases (GSH-
Pxs), thioredoxin reductases as well as Selenoprotein P (SePP). Th ey 
protect the membranes against the damaging eff ects of reactive 
oxygen species [36,37]. Selenium level, GSH-Px activity and SePP 
concentration in mammals depend on the amount of Se intake in 
the diet [10,38,39]. Plasma GSH-Px activity and SePP concentration 
are considered to be markers of selenium status in the body [40]. It 
should be noted that SePP is a selenoprotein that has as many as 10 Sec 
residues in its chain and has two functions. Nine of Sec (at C-terminal 
domain) are responsible for transporting Se from the liver (where it is 
synthesized) to various organs, and only one (at N-terminal domain, 
position [40] has antioxidant properties [40], Suboptimal selenium 
intakes may reduce the synthesis of these selenoproteins which, in 
turn, might eff ect DNA damage, impair the immune system and anti-
infl ammatory responses, and reduce protection against diseases like 
cancer, heart disease, chronic kidney disease and others [12,41].

As mentioned above, the activity/concentration of selenoproteins 
depends on the concentration of Se in the organism. Th e low 
concentration of Se in residents of some countries is related to the 
consumption of articles grown in a region with low selenium content 
in the soil [27]. 

It should be noted that most Se ingested by animals and humans 
comes from the soil through plants. Th e levels of Se available in soils 
are highly variable globally. Areas that are notably low in Se include 

Finland, New Zealand, parts of China, Siberia and Tibet and some 
other areas in the world [42]. 

SELENIUM INTAKE AND BLOOD LEVELS IN 
FINISH POPULATION

Foods and feeds naturally grown in Finland were extremely 
low in Se which led to a high incidence of defi ciency diseases in 
young animals and in humans. Salonen et al [43] studied selenium 
concentration in 11,000 persons in two counties in eastern Finland, 
an area with an exceptionally high mortality from Cardiovascular 
Diseases (CVD). Th e subjects were aged 35-59 years and had died 
of Coronary Heart Disease (CHD) or other CVD or had a non-fetal 
myocardial infarction during a seven-year follow-up. Th e mean 
serum selenium concentration for all cases was 51.8 μg/ L and for all 
controls 55.3 μg/ L (P < 0.01). Serum selenium of less than 45 μg/ L 
was associated with an adjusted relative risk of CHD death and other 
CVD. Similar studies conducted in this area showed that patients 
with diagnosed cancer had a signifi cantly lower (P < 0.012) plasma 
Se concentration (50.5 μg/ L) compared with healthy controls (54.3 
μg/ L) [44]. Th e results of these studies support the hypothesis that 
selenium defi ciency increases the risk of CHD and certain cancers in 
middle-aged persons. 

In order to increase the dietary Se intake of the population the 
Ministry of Agriculture and Forestry decided in 1984 to supplement 
multinutrient fertilizers with Se in the chemical form of sodium 
selenate [45]. Initially sodium selenate was added to multinutrient 
fertilizers used in agriculture and horticulture in amounts of 16 mg 
Se/ kg of fertilizer for cereals. In 1990 the quantity of Se was reduced 
to 6 mg/ kg of fertilizer. As a result of this procedure Se content in 
agricultural and animal products aft er three years increased several 
times [46]. Th e selenium concentration of spring cereals has increased 
on average 15-fold compared with the level before Se fertilization. Th e 
mean increase in Se concentration in beef, pork and milk was 6-, 2- 
and 3-fold [27].

 Se supplementation of fertilizers aff ected the average intake 
signifi cantly. A high plateau was reached during the years 1987-1990 
of between 110 and 120 μg/ day [47] (Figure 1). Th is was refl ected 

Figure 1: Average dietary selenium intake (energy level of 10 MJ) in Finland 
before and during selenium supplementation. Adapted from Varo et al. [46].
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in plasma Se concentration. While before Se supplementation of 
fertilizers the mean plasma Se concentration was 0.89 mol/ L (70.3 
μg/ L) aft er supplementation it reached its highest mean level four 
years later at 1.5 mol/ L (118.4 μg/ L). Since 2000, this level fl uctuated 
within 100 μg/ L. In 2010 the mean plasma Se level reached the level 
of 1.4 mol/ L (110.5 μg/ L) [27] (Figure 2). 

Th is level was still above the general plasma Se value in European 
countries [48], but equal to that found in Canada and the USA, where 
the daily Se intake was and is relatively high [48,49]. Th is indicates a 
good response to the supplemented fertilizers [50]. Although there 
is a certain trend in reducing mortality from coronary heart disease 
and cancer it is diffi  cult to say clearly if this is an eff ect of increased 
Se intake or whether some other factors could be involved [47,50]. 

From Finnish research, Kivisaari and Vermeulen [51] draw the 
conclusions that selenium fertilization is a safe and economic way to 
increase the selenium in food and fodder. Th e response of plants to 
selenium fertilization is very accurate. Th e selenium level of the crop 
can be adjusted very accurately as required. Th e eff ect of fertilization 
is rapid, aff ecting also the Se content of milk, eggs and other foodstuff s 
originating from animals feeding on fi eld crops.

 With this method the whole population living is a selenium 
defi cient area can be safely supplied with adequate selenium uptake.

Alft han et al. [27] believe that as a result of research conducted 
in Finland on the eff ects of selenium added to fertilizers, the rates 
of cardiovascular diseases and cancers have remained similar during 
pre- and post-supplementation indicating medical and life-style 
factors to be much stronger determinants than selenium. Nationwide 
supplementation of fertilizers with sodium selenate is shown to be 
eff ective and safe in increasing the Se intake of the whole population. 
Also, the health of animals has improved.

SELENIUM INTAKE AND BLOOD LEVELS IN 
THE POPULATION OF NEW ZEALAND

New Zealand is another country with predominantly low Se 
environment, particularly the South Island [52] (Figure 3). Th e low 
content of Se in the soil and agricultural products was refl ected in 
the high occurrence of the white muscle disease and pathological 
conditions of liver and heart in sheep and cattle (Figure 4). Robinson 
[52] writes that the analyses made in 1966 showed that the Se intake 
in New Zealand was 25 μg/day, about one-third of that estimated for 
residents in the United States. Se levels in blood and urine of New 
Zealand residents were low compared with those reported for persons 
living in Europe or North America [53]. 

A comparison of the group of older Dunedin adults studied 
in 1976 by Th omson’s group revealed that plasma selenium levels 
increased from 37.1 to 67.1 μg/ L [54].  Th e authors state that the 
increase in selenium status of the adult population of New Zealand 
was most likely due to the importation of rich selenium cereal from 
Australia, supplementation of stock feed resulting in increased 
concentrations in meat and poultry, and the increase in consumption 
of fi sh, poultry, no refi ned cereal and legumes. 

At the turn of 1980/1990 the selenium status of Otago residents 
clearly shows a gradual increase from a mean value of 0.86 μmol/ L (= 
67.91 μg/ L) in 1988 to a mean value of 1.03 μmol/L (= 81.3 μg/ L) in 
1991 and 1.19 μmol/ L (= 93.96 μg/ L) in 1992-3 [55].

Because people were eating products with high content of Se in the 
grain imported from Australia [56] the daily Se intake was relatively 
high. As a result, in the years 1977 – 2002, plasma Se concentration 
reached the values of 91 to 122 μg/ L [54]. 

Among the residents of New Zealand’s North Island the 
concentration of Se in the blood was slightly higher than in South 
Island. In the years 1972-1980, among Hamilton residents the levels 
were 57 and 87 μg/ L, respectively [57]. Th ese changes are consistent 
with the values calculated from variations in dietary intake of Se 
of wheat products from the blending of New Zealand wheat (11 ng Se/ 
g) with imported Australian wheat (150 ng Se/ g). Se concentrations 

Figure 2: The mean values of selenium concentration in sera of the Helsinki 
area before and during selenium supplementation. Adapted from Mussalo-
Rauhamaa et al. [47].

Figure 3: The content of selenium in the soil of New Zealand. The content of 
selenium in the soil is particularly low in the South Island (right). Taken from 
Wikipedia.

Figure 4: Lamb with muscular dystrophy caused by white muscle disease, 
showing posture with feet widespread, and prominent shoulder blades. Taken 
from Wikipedia.
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found in  wheat  products such as bread and fl our were also in 
agreement with similarly calculated values. In contrast, the blood Se 
in residents of Dunedin and Tapanui, on the South Island of  New 
Zealand, did not change with importation of  wheat  and coincided 
with the Hamilton minimum. Th is is attributed to the absence of 
wheat imports from Australia into the South Island, which produces 
over 90% of the New Zealand wheat crop [35].

 In the 1996 report Th omson and Robinson [55] argued that 
supplementing wheat for human consumption with selenium-
containing fertilizers, as has been practiced in Finland, or 
recommending dietary selenium supplements, may not be necessary 
for New Zealand. Increased intake of the foods that contain high 
levels of selenium seemed to be suffi  cient at that stage.  Plasma Se 
concentration in older New Zealanders, in the years 2000, fl uctuates 
within 100 μg/ L [58]. Plasma Se concentration of 100 μg/ L is believed 
to be required for optimal activity of glutathione peroxidase, the 
indicator of selenium repletion [15]. 

An interesting relationship between selenium intake and blood 
selenium level, based on several publications from New Zealand, was 
described by Th omson and Robinson [59]. Visitors and new settlers to 
New Zealand from the United States, the United Kingdom, Canada, 
Tahiti and Australia, where Se intakes were greater, arrive with blood 
Se typical of their own countries but which in time fell to the New 
Zealand range. Furthermore, New Zealanders traveling overseas were 
exposed to a greater intake and returned with raised blood Se which 
again gradually fell back to the New Zealand range. 

SELENIUM INTAKE AND BLOOD LEVELS IN 
KESHAN REGION, CHINA

China is a country where Se concentration in the blood in humans 
varies from very low values to toxic concentrations. China’s provinces 
with the very low concentration of Se in the blood were called Keshan 
areas. Th ere are two diseases associated with selenium defi ciency: 
Keshan Disease (KD; endemic juvenile cardiomyopathy) and Kashin-
Beck Disease (KBD; osteoarthropathy). Keshan disease was identifi ed 
in the winter of 1935 in northeast China [60].

Th e disease was named Keshan disease, because the fi rst outbreak 
occurred in the Keshan county of Heilongjiang province. Th is disease 
occurs essentially in a wide belt-like region throughout mainland 
China, from northeast to southwest, and the low Se area (based on 
soil Se content) is also located in the same belt region (Figure 5). Th e 
causal relationship between Se defi ciency and KD was established 
based on the low Se levels of local foods and low status of this nutrient 
in local residents [61]. 

KD aff ects mainly children below 15 years of age and women 
of child-bearing age [61]. KBD usually becomes evident between 
the ages of 5 and 15 years and occurs in China, Tibet, Siberia and 
North Korea [62] (Figure 6). Th e population living in these regions 
consume very low amounts of this element in the daily diet. Yang et 
al. [63] have calculated (based on determination of Se content in food 
items) that the daily Se intake of diff erent age groups (3 to 56 years) of 
residents in KD aff ected and nonaff ected areas was 3.1-7.7 μg and 5.3-
19.1 μg/ day, respectively. As a result the plasma concentration of Se 
was lower than 5 μg/ L, and in many cases, it was even undetectable. 
Rarely did the concentration achieve the values of 15 μg or more [64]. 
Due to the low concentration of Se in the blood of patients with KD 
and KBD, it has been suggested that Se defi ciency is a fundamental 
risk factor of these diseases. It is believed that in addition to selenium 

defi ciency high concentration of organic matter in drinking water, 
and contamination of food by mycotoxins were the main factors in 
the etiology of the diseases [64,65]. 

Se concentrations of whole blood collected from residents in 
endemic sites were signifi cantly (P < 0.01) lower than those in non-
aff ected areas, with a cut-off  point at 20 μg/L. Whole blood GSH-Px 
activity shows that in children in the endemic sites it was signifi cantly 
(P < 0.01) lower than those in the non-endemic sites [60]. 

In 1974 to 1977, in several provinces of the Keshan region, 
children were given selenium (sodium selenite) or placebo once 
a week, depending on age: 0.5 mg (1-5 years) or 1.0 mg (6-9 
years) [60,61]. In 1974, in the group of several thousand children 
supplemented with selenium and placebo, the incidence of KD was 
2.2 ‰ and 13.5% respectively. In 1977 there were no cases among the 
12,747 treated subjects and only 5 cases occurred among the placebo 
treated children [61]. 

In the mid-1970s, selenite was added to table salt (sodium selenite 
fortifi ed salt). Studies on the incidence of Keshan disease carried out 
in 11 high-incidence areas have shown a signifi cant decrease in the 
occurrence of Keshan disease. In 1989 only 58 cases were reported 
in all of China and in 1990 only 45 [66]. Th e preventive eff ect of Se-

Figure 5: Distribution of KD and, KBD in China, including the study areas 
within the survey (designated with red stars) Taken from Wikipedia.

Figure 6: Kashin-Beck Disease: a permanent and disabling osteoarticular 
disease involving growth and joint cartilage. Taken from Wikipedia.
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fortifi ed table salt against KD was tested on 1.05 million people with 
another 0.6 million people as the control group. Th e average annual 
incidence of acute and subacute types of the disease signifi cantly 
decreased from 25.23 to 2.7 per 100,000 in the Se-supplemented 
population, while the corresponding rate in the controls decreased 
from 19.76 to 7.36 per 100,000. Furthermore, the detection rate 
of new cases of a latent type of KD in the Se-supplemented group 
(0.18%) was signifi cantly lower than that in the control group (1.07) 
[67]. Aft er oral administration of sodium selenite and Se-fortifi ed 
table salt as preventive measures, the GSH-Px activity of healthy 
children in the endemic sites increased to levels comparable to those 
of children in the non-endemic sites [60,68]. Signifi cant correlation 
was found between Se levels of blood and GSH-Px activity (r = 0.57). 
According to a literature review presented by Chen [60] no signifi cant 
outbreaks of KD occurred in the late 1970s.

In conclusion, in countries where the soil contains low selenium, 
also cultivated agricultural products are poor in this element. Th e 
population consuming these items has a low selenium intake which, 
in turn, may be linked with various diseases of people and animals. 
Th ere are various tools/ways leading to the increase of selenium 
intake: application of selenium to fertilizers, import of selenium-rich 
cereals, addition of selenium to table salt and other items. Each of 
these approaches leads to the increase of the selenium intake. Th e 
countries mentioned in this article applied diff erent tools and each 
of them led to an increase in selenium intake and an increase in 
the concentration of this element in the body. As a result, disorders 
associated with selenium defi ciency cease to exist.

REFERENCES
1. Schwarz K, Foltz CM. Selenium as an integral part of factor 3 against dietary 

necrotic liver degeneration. Nutrition. 1999; 15: 255. https://goo.gl/vqQGDS

2. Schwarz K, Foltz CM. Factor 3 activity of selenium compounds. J Biol Chem. 
1958; 233: 245-251. https://goo.gl/1q1CAG

3. National Research Council, Agricultural Board. Committee on animal 
nutrition, National academy of sciences; Washington, DC, 1971.

4. Schrauzer GN, White DA, Schneider CJ. Cancer mortality correlation 
studies—III: statistical associations with dietary selenium intakes. Bioinorg 
Chem. 1977; 7: 23-31. https://goo.gl/4GXENx

5. Schwingshackl L, Boeing H, Stelmach-Mardas M, Gottschald M, Dietrich 
S, Hoffmann G, et al. Dietary supplements and risk of cause-specifi c 
death, cardiovascular disease, and cancer: a protocol for a systematic review 
and network meta-analysis of primary prevention trials. Adv Nutr. 2017; 8: 
27-39. https://goo.gl/wQcAe8

6. Casey CE, Guthrie BE, Friend GM, Robinson MF. Selenium in human tissues 
from New Zealand. Arch Environ Health. 1982; 37: 133-135. https://goo.gl/
YE9jPx

7. Tolu J, Thiry Y, Bueno M, Jolivet C, Potin-Gautier M, Le Hecho I. Distribution 
and speciation of ambient selenium in contrasted soils, from mineral to 
organic rich. Sci Total Environ. 2014; 1: 93-101. https://goo.gl/ePGPGU

8. Girling  CA. Selenium in agriculture and the environment. Agricult Ecosyst 
Environ. 1984; 11: 37-65. https://goo.gl/x3FrkP

9. Rayman MP. Food-chain selenium and human health: emphasis on intake. Br 
J Nutr. 2008; 100: 254-268. https://goo.gl/JZLhtY

10. Stoffaneller R, Morse NL. A review of dietary selenium intake and selenium 
status in Europe and the Middle East. Nutrients. 2015; 7: 1494-1537. https://
goo.gl/EeuGTz

11. Zachara BA. Selenium variables in human blood in European countries. Banff, 
Alberta. Proceedings of the 4th international symposium on uses of selenium 
and tellurium. Selenium-tellurium development association. Canada: Inc 
Carapella SC; 1989. p. 378-389. https://goo.gl/6tfhpu

12. Selenium in the diet. In: The European Food Information Council (EUFIC). 
July 7, 2008.

13. Scientifi c opinion on dietary reference values for selenium. EFSA Panel on 
Dietetic Products, Nutrition and Allergies. European Food Safety Authority 
(EFSA); 2014. https://goo.gl/c2Z1F1

14. Rayman MP. Dietary selenium: time to act. Brit Med J. 1997; 314: 387-388. 
https://goo.gl/9Ns7Lg

15. Rayman MP. The importance of selenium to human health. Lancet. 2000; 
356: 233-241. https://goo.gl/M7o6an

16. Rayman MP. Selenium in cancer prevention: a review of the evidence and 
mechanism of action. Proc Nutr Soc. 2005; 64: 527-542. https://goo.gl/t2zKbX

17. Roman Vinas B, Ribas Barba L, Ngo J, Gurinovic M, Novakovic R, Cavelaars 
A, et al. Projected prevalence of inadequate nutrient intakes in Europe. Ann 
Nutr Metab. 2011; 59: 84-95. https://goo.gl/CZBFxz

18. Novakovic R, Cavelaars A, Geelen A, Nikolic M, Altaba II, Vinas BR, et al. 
Socio-economic determinants of micronutrient intake and status in Europe: 
a systematic review. Publ Health Nutr. 2014; 17: 1031-1045. https://goo.gl/
h6YD4N

19. Duffi eld AJ, Thomson CD, Hill KE, Williams S. An estimation of selenium 
requirements for New Zealanders. Am J Clin Nutr. 1999; 70: 896-903. https://
goo.gl/vNJEgB

20. Selenium defi ciency in Europe: causes and consequences. In: Surai PF, 
Papazyan TT. Current advances in selenium research and applications. The 
Netherlands: Wageningen Academic Publishers; 2008; 13-44. https://goo.gl/
BpqFBs

21. Rayman MP, Rayman MP. The argument for increasing selenium intake. 
Proc Nutr Soc. 2002; 61: 203-215. https://goo.gl/V5STtm

22. Wasowicz W, Gromadzinska J, Rydzynski K, Tomczak J. Selenium status 
of low-selenium area residents: Polish experience. Toxicol Lett. 2003; 137: 
95-101. https://goo.gl/4PfmSv

23. Zachara BA, Wąsowicz W, Skłodowska M, Gromadzinska J, Kawiorski J. 
Glutathione peroxidase activity, selenium and lipid peroxide concentration in 
blood from a healthy Polish population. II. Healthy children. Carapella J (red.). 
W: Proceedings of the Fourth International Symposium on uses of Selenium 
and Tellurium. Selenium Tellurium Development Association. Inc. Darien: 
CT; 1989; 420-432.

24. Tamas M, Mandoki Z, Csapo J. The role of selenium content of wheat in the 
human nutrition. A literature review. Acta Univ Sapientiae Alimentaria. 2010; 
3: 5-34. https://goo.gl/JdgvVR

25. Lyons G, Stangoulis J, Graham R. High-selenium wheat: biofortifi cation for 
better health. Nutr Res Rev. 2003; 16: 45-60. https://goo.gl/6RgeRU

26. Alfthan G. Longitudinal study on the selenium status of healthy adults in 
Finland during 1975-1984. Nutr Res. 1988; 8: 467-476. https://goo.gl/stFu5j

27. Alfthan G, Eurola M, Ekholm P, Venalainen ER, Root T, Korkalainen K, et al. 
Effects of nationwide addition of selenium to fertilizers on foods, and animal 
and human health in Finland: From defi ciency to optimal selenium status of 
the population. J Trace lem Med Biol. 2015; 31: 142-147. https://goo.gl/EiipTo

28. Pawłowicz Z, Zachara BA, Trafi kowska U, Maciąg A, Marchaluk E, Nowicki 
A. Blood selenium concentrations and glutathione peroxidase activities in 
patients with breast cancer and with advanced gastrointestinal cancer. J 
Trace Eelem Electrolytes Health Dis. 1991; 5: 275-277. https://goo.gl/jL9HBZ

29. Piekutowski K, Grabiec M, Windorbska W, Zachara BA. Reactive oxygen 
species as an inducing factor of neoplasms of female reproductive organs. 
Ginekol Pol. 2003; 74: 979-985.

30. Lener MR, Scott RJ, Wiechowska-Kozłowska A, Serrano-Fernández P, 
Baszuk P, Jaworska-Bieniek K et al. Serum concentrations of selenium and 
copper in patients diagnosed with pancreatic cancer. Cancer Res Treat. 
2016; 48: 1056-1064. https://goo.gl/7J7uzX

31. Zachara BA, Szewczyk-Golec K, Tyloch J, Wolski Z, Szylberg T, Stepien S, 



SCIRES Literature - Volume 4 Issue 1 - www.scireslit.com Page -012

Scientifi c Journal of Food Science & Nutrition

et al. Blood and tissue selenium concentrations and glutathione peroxidase 
activities in patients with prostate cancer and benign prostate hyperplasia. 
Neoplasma. 2005; 52: 248-254. https://goo.gl/XgogGS

32. Knekt P, Aromaa A, Maatela J, Alfthan G, Aaran RK, Hakama M, et al. Serum 
selenium and subsequent risk of cancer among Finnish men and women. J 
Natl Cancer Inst. 1990; 82: 864-868. https://goo.gl/7JCxSF

33. Zachara BA. Selenium in complicated pregnancy. A review. Arch Clin Chem. 
2018; 84: 157-178. https://goo.gl/5ZM34c

34. Rayman MP, Bode P, Redman CW. Low selenium status is associated with 
the occurrence of the pregnancy disease preeclampsia in women from the 
United Kingdom. Am J Obstet Gynecol. 2003; 189: 1343-1349. https://goo.
gl/Ga4Dsj

35. Makris A, Thornton C, Hennessy A. Low selenium is associated with the 
occurrence of preeclampsia in women from the United Kingdom. Am J Obstet 
Gynecol. 2004; 191: 676. https://goo.gl/qb1znL

36. Combs GF. Biomarkers of selenium status. Nutrients. 2015; 7: 2209-2236. 
https://goo.gl/JmyUx2

37. Behne D, Kyriakopoulos A. Mammalian selenium-containing proteins. Annu 
Rev Nutr. 2001; 21: 453-473. https://goo.gl/9jZJrU

38. Hargreaves MK, Liu J,  Buchowski MS,  Patel KA, Larson CO, Schlundt DG, 
et al. Plasma selenium biomarkers in low income black and white Americans 
from the Southeastern United States. PLoS One. 2014; 9: e84972. https://
goo.gl/TwtACw

39. Moghadaszadeh B, Beggs AH. Selenoproteins and their impact on human 
health through diverse Physiological pathways. Physiology (Bethesda). 2006; 
21: 307-315. https://goo.gl/4XGm7N

40. Burk RF, Hill KE. Selenoprotein P-Expression, functions, and roles in 
mammals. Biophys Biochim Acta. 2009; 1790: 1441-1447. https://goo.gl/
B8JpKG

41. Zachara BA, Gromadzinska J, Palus J, Zbrog Z, Swiech R, Twardowska E, et 
al. The effect of selenium supplementation in the prevention of DNA damage 
in white blood cells of hemodialyzed patients: a pilot study. Biol Trace Elem 
Res. 2011; 142: 274-283. https://goo.gl/HT4gY3

42. Lyons GH, Judson GJ, Ortiz-Monasterio I, Genc Y, Stangoulis JC, Graham 
RD. Selenium in Australia: selenium status and biofortifi cation of wheat for 
better health. J Trace Elem Med Biol. 2005; 19: 75-82. https://goo.gl/ECMf3y

43. Salonen JT, Alfthan G, Huttunen JK, Pikkarainen J, Puska P. Association 
between cardiovascular death and myocardial infarction and serum selenium 
in a matched-pair longitudinal study. Lancet. 1982; 2: 175-179. https://goo.
gl/uhXJMT

44. Salonen JT, Alfthan G, Huttunen JK, Puska P. Association between serum 
selenium and the risk of cancer. Am J Epidemiol. 1984; 120: 342-349. https://
goo.gl/ucBRXn

45. Varo P, Alfthan G, Ekholm P, Aro A, Koivistoinen P. Selenium intake and 
serum selenium in Finland: effects of soil fertilization with selenium. Am J Clin 
Nutr. 1988; 48: 324-329. https://goo.gl/sqmGnW

46. Varo P, Alfthan G, Huttunen JK, Aro A. Nationwide selenium supplementation 
in Finland-Effects on diet, blood and tissue levels, and health. In: Selenium in 
Biology and Human Health. Burk RF. New York: Springer Verlag Inc; 1994. p. 
198-218. https://goo.gl/5QerHb

47. Mussalo Rauhamaa R, Lehto JJ. Selenium addition to fertilizers effectively 
increased the serum levels of this element in the Finnish population. J Am 
Coll Nutr. 1989; 8: 588-590. https://goo.gl/4vQFBL

48. Thompson JN, Erdody P, Smith DC. Selenium content of food consumed by 
Canadians. J Nutr. 1975; 105: 274-277. https://goo.gl/Qjymjv

49. Combs GF. Selenium in global food systems. Brit J Nutr. 2001; 85: 517-547. 
https://goo.gl/VcYEuN

50. Hartikainen H. Biogeochemistry of selenium and its impact on food chain 
quality and human health.  Trace Elem Med Biol. 2005; 18: 309-318. https://
goo.gl/VVsfqf 

51. Kivisaari S, Vermeulen S. Assessment of selenium in the agronomy ector. 
Brussels, Carapela SC, Oldfi eld JE, Palmieri Y (es). In: Proceedings of the 
Fifth International Symposium. Uses of Selenium and Tellurium. Belgium: 
1994; p. 95-102.

52. Robinson MF. Selenium in human nutrition in New Zealand. Nutr Rev. 1989; 
47: 99-107. https://goo.gl/EsfA97

53. Stewart RDH, Griffi ths NM, Thomson CD, Robinson MF. Quantitative 
selenium metabolism in normal New Zealand women. Brit J Nutr. 1978; 40: 
45-54. https://goo.gl/PaCCpW

54. de Jong N, Gibson RS, Thomson CD,  Ferguson EL,  McKenzie JE, Green 
TJ, et al. Selenium and zinc status are suboptimal in a sample of older New 
Zealand women in a community-based study. J Nutr. 131; 10: 2677-2684. 
https://goo.gl/eeZio1

55. Thomson CD, Robinson MF. The changing selenium status of New Zealand 
residents. Eur J Clin Nutr. 1996; 50: 107-114. https://goo.gl/x5pbDD

56. Lyons GH, Judson GJ, Stangoulis JC, Palmer LT, Jones JA, Graham RD. 
Trends in selenium status of South Australians. Med J Aust. 2004; 180: 383-
386. https://goo.gl/TBPpHL

57. Watkinson JH. Changes of blood selenium in New Zealand adults with time 
and importation of Australian wheat. Am J Clin Nutr. 1981; 34: 936-942. 
https://goo.gl/yxd22Q

58. Thomson CD, Campbell JM, Miller J, Skeaff SA. Minimal impact of 
excess iodate intake on thyroid hormones and selenium status in 
older New Zealanders. Eur J Endocrinol. 2011; 165: 745-752. https://goo.
gl/kD4w8L

59. Thomson CD, Robinson MF. Selenium in human health and disease with 
emphasis on those aspects peculiar to New Zealand. Am J Clin Nutr. 1980; 
33: 303-323. https://goo.gl/3RGs54

60. Chen J. An original discovery: selenium defi ciency and Keshan disease (an 
endemic heart disease). Asia Pac J Clin Nutr. 2012; 21: 320-326. https://goo.
gl/ja8Bjh

61. Keshan Disease Research Group of the Chinese Academy of Medical 
Sciences, Boeijing. Observation on effect of sodium selenite in prevention 
of Keshan Disease. Chin Med J.1979; 92: 471-476. https://goo.gl/eADRZr

62. Moreno-Reyes R, Suetens C, Mathieu F, Begaux F, Zhu D, Rivera MT, et al. 
Kashin-Beck osteoarthropathy in rural Tibet in relation to selenium and iodine 
status. N Engl J Med. 1998; 339: 1112-1120. https://goo.gl/x1EBJC

63. Yang GQ, Zhu LZ, Liu SJ, Gu LZ, Qian PC, Huang JH, et al. Human selenium 
requirements In China. Selenium In Biology and Medicine, part B. Combs 
GF, Spallholz JE, Levander OA, Oldfi eld JE (eds); New York: Van Nostrand 
Reinhold Company; 1987. p. 589-607. https://goo.gl/bAJw44

64. Ge K, Yang G. The epidemiology of selenium defi ciency in the etiological 
study of endemic diseases in China. Am J Clin Nutr. 1993; 57: 259S-263S. 
https://goo.gl/RZUXVn

65. Chasseur C, Suetens C, Nolard N, Begaux F, Haubruge E. Fungal 
contamination in barley and Kashin-Beck disease in Tibet. Lancet 1997; 350: 
1074. https://goo.gl/KKiWwa

66. Xia Y, Piao J, JHill KE, Burk RF. Desshan disease and selenium status of 
population in China. Burk RF (ed). In Selenium in Biology and Human Health. 
New York: Springer Verlag Inc; 1984. p. 182-196.

67. Xu GL, Wang S, Gu BQ, Yang Y, Song H, Xue W, et al. Further investigation 
on the role of selenium defi ciency in the etiology and pathogenesis of Keshan 
disease. The Sixth International Symposium on Selenium in Biology and 
Medicine. Abstract Book. 1996. p. 76.

68. Cheng YY, Qian PC. The effect of selenium-fortifi ed table salt in the prevention 
of Keshan disease on a population of 1, 05 million. Biomed Environ Sci. 1990; 
3: 422-428. https://goo.gl/BXT3xx


	Selenium (Se) Intake and Plasma SeConcentration in Low Soil-Se Countries
	ABSTRACT
	INTRODUCTION
	SELENIUM INTAKE AND BLOOD LEVELS INFINISH POPULATION
	Figure 1
	SELENIUM INTAKE AND BLOOD LEVELS INTHE POPULATION OF NEW ZEALAND
	Figure 2
	Figure 3
	Figure 4
	SELENIUM INTAKE AND BLOOD LEVELS INKESHAN REGION, CHINA
	Figure 5
	Figure 6
	REFERENCES

