
Known as a toxic element since the 1930s, selenium was 
first recognized as essential to health in 1957, when it 
was shown to prevent necrotic liver degeneration in 
animals1. Now, six decades later, as the only trace ele-
ment to be specified in the human genome in the form 
of a selenium- containing amino acid2, the uniqueness of 
selenium has been acknowledged along with its multiple 
roles in human health3. The known association between 
low selenium status and adverse health effects has led to 
its use as a supplement in thyroid disorders3–7.

This Review describes how selenium enters the 
food chain and exerts its functions in the thyroid via 
selenoproteins and suggests possible mechanisms for 
the effects of selenium in thyroid disease. In addition, 
human data from epidemiological studies and clinical 
trials covering the spectrum of benign thyroid dis-
orders are discussed. Finally, current clinical practice, 
safety issues and future research directions for selenium  
supplementation in thyroid disorders are considered.

Selenium — fundamental concepts
Selenoproteins. The human genome contains 25 genes 
that encode selenoproteins. These selenoproteins have 
a wide range of functions, from antioxidant and anti- 
inflammatory roles to the production of active thyroid 

hormone8. All selenoproteins contain selenocysteine at 
their active site and are synthesized through a unique 
mode of translation9. In the presence of a selenocysteine  
insertion sequence (SECIS) in the 3′-untranslated region  
of mRNA, the UGA codon, which normally acts as a stop  
codon, is recoded to specify the insertion of seleno-
cysteine9. A SECIS- binding protein (SECISBP2) recognizes 
the SECIS element and recruits the selenocysteine- 
specific elongation factor (EFSec) and the unique 
transfer RNA, tRNA[Ser]Sec, enabling selenocysteine to be 
incorporated into the growing protein chain9.

Inborn errors in selenoprotein biosynthesis that are 
caused by mutations in SECISBP2 and tRNA[Ser]Sec have 
been identified in patients, many of whom have complex 
disorders related to their inability to produce adequate 
levels of selenoproteins10. Clinicians should be aware that 
mutations in SECISBP2, although very rare, can cause 
reduced deiodinase activities and thyroid test abnormal-
ities such as high serum levels of T4, low levels of T3 and 
high levels of reverse T3 (rT3)11.

Selenoproteins in the thyroid. The thyroid has a higher 
concentration of selenium than most other organs, 
reflecting the importance of selenium to thyroid metab-
olism8. Thyrocytes express a number of selenoproteins, 
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Proteins that include a 
selenocysteine residue in 
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including the deiodinase isozymes (type 1 iodothyronine 
deiodinase (DIO1) and DIO2; DIO3 is not expressed 
in thyrocytes), members of the glutathione peroxidase  
family (GPX1, GPX3 and GPX4), the thioredoxin reduc-
tases (TXNRD1, TXNRD2 and TXNRD3), seleno-
protein 15 (SELENOF), selenoprotein P (SELENOP), 
selenoprotein M (SELENOM) and selenoprotein S 
(SELENOS)12,13. The selenoproteins discussed next have 
particularly important roles (Fig. 1).

In thyrocytes, DIO1 and DIO2 can activate T4 by con-
verting it into T3 by removal of the 5ʹ-iodine. Outside 
the thyroid, it is DIO2 that is responsible for activation 
of T4 to T3 in target tissues8. Both DIO1 in thyrocytes 
and DIO3 in other tissues are able to prevent T4 from 
being activated by converting it to inactive rT3 (reF.13). In 
addition, DIO3 can also inactivate T3 by 5ʹ-deiodination 
to T2. A major role of DIO3 is to protect sensitive cells, 
such as fetal tissue, the placenta and the central ner vous 
system, from excessive concentrations of the active  
hormone, T3 (reFs8,13).

In a UK study of patients with hypothyroidism, 16% 
were homozygous for the Ala allele of the rs225014 
(Thr92Ala) DIO2 polymorphism; these individuals 
had impaired baseline psychological wellbeing while on 
levothyroxine treatment and an improved response to 
T4–T3 combination therapy14. We now understand that 
the Ala allele of this polymorphism causes endoplasmic 
reticulum (ER) stress and generates decreased concen-
trations of T3, leading to brain- specific hypothyroid-
ism15. Of note, all patients homozygous for the Ala allele 
and also homozygous for CC in the rs17606253 single- 
nucleotide polymorphism in MCT10 (which encodes a 
protein that transports T3 across membranes) consider-
ably preferred T4–T3 combination therapy compared 
with T4 monotherapy16.

GPX3 is secreted at the apical side of the thyrocyte 
membrane, where it degrades excess H2O2 into water. 
Of note, H2O2 is used by thyroid peroxidase (TPO) for 
the iodination of tyrosyl residues of thyroglobulin and 
for iodotyrosine coupling17. GPX1 protects the intra-
cellular compartment from excessive H2O2 that might 

diffuse into thyrocytes, whereas GPX4 can degrade 
lipid hydroperoxides both in the mitochondria and 
in all cell membranes13,17. Low expression and genetic  
variance in GPX3 have been linked to differentiated  
thyroid cancer12,18.

SELENOS is one of a number of selenoproteins 
located in the ER. This protein is involved in the con-
trol of the inflammatory response in the ER by retro- 
translocation of misfolded proteins from the ER lumen to 
the cytosol, where they are degraded through the protea-
some19. Moreover, SELENOS protects against the trans-
cription of several genes encoding pro-inflam matory  
cytokines which are involved in the pathogenesis of chronic  
autoimmune thyroiditis (AIT)20.

Dietary origins and forms of selenium. Selenium enters 
the human food chain largely through plants, seafood 
(via algae) and selenium- supplemented animal feed3. 
Individual intakes vary substantially from one part of 
the world to another, ranging from deficient intake  
(7 μg/day) to toxic intake (4,990 μg/day), owing to differ-
ences in the selenium content of the soil in which crops 
and fodder are grown, selenium speciation, soil pH and 
organic matter content3,21. Selenium intake is high in 
parts of China, Venezuela, North America and Japan, and 
considerably lower in Europe3,21 (Fig. 2; Supplementary 
Table 1). In many European countries, individuals do 
not achieve recommended levels of intake, for example 
55 µg/day by the US Institute of Medicine and 70 µg/day  
by the European Food Safety Authority (EFSA)22,23.  
A belt of selenium deficiency exists that runs from North 
East to South West China, which encompasses the area 
known for the selenium- deficiency disease, Keshan  
disease, which results in congestive cardiomyopathy3.

Organ meats (for example, kidney and liver) are a rich 
source of selenium. In addition, seafood, muscle meat, 
cereals and grains can be good sources of selenium. The 
selenium content of cereals and grains, however, varies 
widely, ranging from very low in much of Europe (for 
example, mean values of 0.025–0.033 mg/kg dry weight 
in the UK) to as much as 30 mg/kg in high selenium areas 
of the USA24. Although Brazil nuts are a very rich source 
of selenium on which it is possible to overdose, they are 
not a commonly eaten food in many countries3,24.

The main form of selenium in human diets is 
selenomethionine, which is the selenium analogue 
of the amino acid, methionine. However, selenium 
can also be obtained from animal tissue- based diets 
through selenocysteine derived from selenoproteins24. 
Selenomethionine is the predominant form of selenium 
in plants, especially cereals24. It is also a common con-
stituent of selenium dietary supplements, including 
selenium- enriched yeast, of which it is the major compo-
nent25. Selenomethionine is incorporated nonspecifically 
in place of methionine into proteins such as albumin in  
the plasma, which leads to higher plasma levels of 
selenium after consumption than inorganic forms 
such as sodium selenite or selenate. This has resulted 
in selenomethionine (and selenium- enriched yeast)  
supplements being marketed as having higher bioavail-
ability. However, this description is rather misleading, 
as selenium from selenomethionine is not immediately 

Key points

•	Epidemiological	data	have	suggested	increased	prevalence	of	benign	thyroid	disease	
with	low	selenium	status,	but	the	optimum	range	of	intake	is	likely	to	be	narrow,	
warranting	a	cautious	approach	to	recommending	selenium	supplementation.

•	The	effects	of	selenium	supplementation	might	be	mediated	via	repletion	of	
antioxidant	or	immune-	modulating	selenoproteins,	and	polymorphisms	in	genes	
that encode	selenoproteins	might	determine	susceptibility	to	supplementation.

•	In	chronic	autoimmune	thyroiditis,	selenium	supplementation	reduces	circulating	
levels	of	thyroid	autoantibodies;	however,	evaluation	of	clinically	important	primary	
outcomes	has	not	shown	improvement	and	should	be	prioritized	in	future	trials.

•	Observational	studies	have	indicated	that	low	selenium	status	is	an	iodine-	
independent	risk	factor	for	goitre;	however,	this	finding	has	not	been	followed	up		
by	intervention	trials	in	humans.

•	In	Graves	disease,	selenium	supplementation	might	facilitate	biochemical	restoration	
of	euthyroidism	and	reduce	ocular	involvement,	but	these	results	need	to	be	
confirmed.

•	Treatment	with	selenium	supplementation	is	widely	used	by	clinicians	across	the	
spectrum	of	autoimmune	thyroid	diseases,	despite	the	fact	that	it	is	recommended	
only	in	the	treatment	of	mild	Graves	orbitopathy.

Chronic autoimmune 
thyroiditis
Patients with thyroid 
autoantibodies with or  
without goitre and with 
or without hypothyroidism.

Selenium speciation
The chemical form or 
compound in which selenium 
occurs in food, in the 
environment or in the body.
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available for the production of selenoproteins. First, 
selenomethionine must be catabolized from the proteins 
(for example, albumin) in which it has been incorpo-
rated and then it must be metabolized in a number of 
steps26. In fact, selenomethionine can build up over time 
in proteins of the body, resulting in toxic effects27,28.

Some plant sources when grown on selenium-rich 
soils (for example, garlic, onions and broccoli) can also 
contain seleno- methylselenocysteine and its precursors29. 
In addition, fish and marine mammals in the Inuit diet 
contain an additional selenium molecule — selenoneine26.

The inorganic compounds, sodium selenite and 
sodium selenate, are seldom found in foods but are 
often used in supplement manufacture30. Any excess 
compound that is not used to make selenoproteins is 
excreted and, unlike selenomethionine, does not build 
up in the body31. Most dietary selenium is absorbed effi-
ciently32. Selenium is excreted as methylated selenium 
species in urine and breath and as selenosugars in the 
urine32,33. At low levels of dietary intake, selenium is 
excreted sparingly by the kidneys34.

Measurement of selenium status. Measurement of 
plasma or serum concentrations of selenium is the 
most common way of determining selenium status 
and reflects recent selenium intake, that is, over the 
past few days35. Although seldom used, whole- blood 
selenium is a measure of selenium status over a longer 
time period, as selenium in erythrocytes is included; 
erythrocytes have a lifespan of ~120 days36. In addi-
tion, selenium in toenails, which is often measured by 
neutron activation analysis, is a marker of selenium status 
over a period of up to 1 year37. Both serum and plasma 
levels of selenium, and whole- blood selenium to some 
extent, are decreased in the presence of an inflamma-
tory response, which can be detected by measuring 
C-reactive protein concentration; this situation is often 
relevant to patient samples and the selenium measure-
ment needs to be interpreted accordingly38. However, 
selenium in erythrocytes is not affected by the inflam-
matory response and can be used to assess selenium sta-
tus reliably over a wide range of concentrations39. The 
technique most commonly used to measure selenium in 
erythrocytes is inductively coupled plasma mass spec-
trometry. For quality control, matrix- matched certified 
reference materials must be used in the analytical proce-
dure, and the values obtained for the reference materials 
must be reported40.

Functional techniques to measure selenium status 
determine the concentrations or activities of seleno-
proteins, such as GPX (plasma, erythrocyte or platelet)  
and SELENOP. Measurements are often made by 
enzyme- linked immunosorbent assay (ELISA) but the 
results can vary from one laboratory to another, owing  
to differences in the assays used35. This variation is  
particularly relevant to the measurement of SELENOP, 
where the C-terminal domain might not contain the full 
complement of nine selenocysteine residues41.

Measured selenium status covers quite a wide range, 
with both the highest and lowest values occurring in 
China (for example, plasma concentrations of sele-
nium in the range 22–550 μg/l)42,43. Data from almost 
2,000 individuals from ten European countries, who 
were control participants in the EPIC study, showed a 
mean serum selenium concentration of 85.6 μg/l (reF.44), 
whereas the mean (standard deviation) serum sele-
nium concentration in US residents measured in the 
2003–2004 National Health and Nutrition Examination 
Survey (NHANES) was 137 (20) μg/l (reFs3,45). Mortality 
data from US NHANES III participants, updated to 
2006 (after 18 years of follow- up), suggest that mini-
mum all-cause mortality occurred at a serum selenium  
concentration of 137 μg/l (reF.3).
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Fig. 1 | Selenoproteins are vital to the thyroid. Selenoprotein P (SELENOP) and 
gluta thione peroxidase 3 (GPX3) are actively secreted from the thyrocyte, whereas  
seven selenoproteins, including SELENOS and SELENOK , function in quality  
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from reF.12, Springer Nature Limited.
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Possible mechanisms for the effect of selenium. Oxi-
dative stress has been implicated in the pathogenesis of 
both AIT and Graves disease46,47. Hence the antioxidant 
properties of selenoproteins are relevant to the biologi-
cal rationale for the use of selenium supplementation 
as a therapy in both conditions13,48. In a cell- culture 
study of orbital fibroblasts from patients with Graves 
ophthalmopathy and control individuals, treatment 
with H2O2 to induce oxidative stress led to fibroblast 
proliferation, hyaluronic acid release and secretion of 
pro- inflammatory cytokines49. Pre- incubation with 
seleno- methylselenocysteine abrogated these adverse 
effects, which was possibly related to the observed 
increase in GPX activity49. In another in vitro study of 
a rat thyroid follicular cell line, incubation with sodium 
selenite dose- dependently inhibited the expression of  
HLA- DR (which presents antigens to the immune system)  

and prevented apoptosis by a mechanism involving 
tumour necrosis factor (TNF) antagonism50. Similar 
effects were observed in human thyrocytes, where 
sodium selenite also had a dose- dependent inhibitory 
effect on interferon- γ (IFNγ)-induced expression of 
HLA- DR molecules51. It is unclear whether these effects 
of sodium selenite were thyrocyte specific. As the  
levels of selenium exposure were far higher than under 
physiol ogical conditions, it is difficult to determine 
whether the findings have clinical relevance.

Adequate selenium status might affect the course of  
autoimmune thyroid disease by an effect on the immune 
response. For example, selenium supplementation is 
particularly immunostimulatory in the context of sele-
nium deficiency, leading to T cell proliferation and 
natural killer cell activation52,53. In a series of studies in  
NOD.H-2(h4) mice, an animal model of AIT, selenium 
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supplementation led to decreased prevalence of thyroid-
itis, decreased lymphocytic infiltration of the thyroid54 
and upregulation of regulatory T cells55, with increased 
thyroid GPX and TXNRD expression. In later experi-
ments in the same mouse model, low dietary levels of 
selenium potentiated the development of autoantibodies 
to thyroglobulin and TPO56.

SELENOS is involved in protection of the thy-
roid from inflammatory processes19. The A allele of 
the SELENOS promoter polymorphism (105G/A, 
rs28665122) downregulates SELENOS expression, which 
causes a build- up of misfolded SELENOS proteins in 
the ER19,20. This ER stress can induce NF- κB transloca-
tion to the nucleus, which triggers the transcription of 
genes that encode pro- inflammatory cytokines, such as 
IL-1β, IL-6 and TNF, that are linked to increased AIT 
prevalence19,20. In a Portuguese study, individuals with 
the SELENOS GA and AA genotypes were signi ficantly 
more likely to have AIT (OR for AIT 2.22, 95% CI  
1.67–2.95) than GG carriers; interestingly this effect  
was increased in male A allele carriers (OR for AIT 3.94, 
95% CI 1.43–10.84)20.

Human data
Selenium supplementation and thyroid function. The 
first examples of selenium affecting thyroid metab-
olism in a human population were from a central 
African population with combined severe iodine 
and selenium deficiencies. Placebo or 50 μg selenium  
(as seleno methionine) was administered once daily to  
52 healthy schoolchildren and 26 schoolchildren 
with cretinism57,58. Selenium supplementation caused 
a decrease in serum T4 concentrations without a  
concomitant increase in serum thyroid stimulating  
hormone (TSH) concentrations in the healthy children58.  
The authors suggested that a combination of both  
intrathyroid and extra thyroid mechanisms could explain 
these rather surprising results57.

Trials have since investigated the effects of selenium 
supplementation on thyroid hormone metabolism in 
individuals with normal thyroid function and under 
conditions of mild- to-moderate selenium deficiency. 
For example, supplementation for 5 years in 491 Danish 
volunteers who were randomized to receive 0, 100, 200 
or 300 μg/day of selenium (as selenium- enriched yeast), 
was associated with a small but statistically significant 
decrease in serum concentrations of TSH and free  
T4 (FT4) (0.066 mIU/l and 0.11 pmol/l, respectively, 
per 100 μg/day increase)59. In a study of 52 participants 
from New Zealand with a baseline intake of 30 µg/day 
and a mean plasma selenium concentration of 65 µg/l, 
an additional 10 µg/day as l- selenomethionine signifi-
cantly decreased total T4 concentrations during a period 
of 20 weeks, implying that the baseline intake was lim-
iting conversion of T4 to T3 (reF.60). However, two later 
New Zealand supplementation studies in volunteers 
with somewhat higher selenium status (77 and 85 µg/l) 
showed only a non- significant trend towards a decrease 
in total T4 levels61. Similarly, no effects were found in 368 
elderly individuals from the UK who received 100, 200 or  
300 μg/day of selenium (as selenium- enriched yeast)  
or placebo yeast for 6 months in a randomized trial62.

In conclusion, selenium deficiency probably needs to 
be substantial for selenium supplementation to influence 
thyroid function. For instance, a New Zealand study 
showed that although an adequate plasma selenium con-
centration for maximal GPX activity is 79–90 µg/l, this 
value might only be approximately 65–71 µg/l for opti-
mal deiodinase function61. This difference is explained 
by the privileged position of the iodothyronine deiodi-
nases in the hierarchy of selenoprotein expression; they 
are preferentially expressed even when selenium supply 
is limited13.

Selenium supplementation and thyroid morphology. 
Although iodine, as one factor in a multifactorial aetio-
logy63, is the primary nutritional determinant of thyroid 
size, a number of studies have shown that selenium  
status can affect thyroid volume. For example, in a study 
carried out in a marginally iodine- deficient French popu-
lation, an inverse association between selenium status 
and thyroid volume and a protective effect of selenium 
against goitre and thyroid tissue damage were observed, 
although only in women64. In similar cross- sectional 
studies, carried out before (n = 405) and after (n = 400) 
mandatory iodine fortification of salt was introduced in 
Denmark, in the post- fortification cohort, low serum 
concentrations of selenium were statistically significantly 
associated with larger thyroid volume and a higher preva-
lence of thyroid enlargement65. Finally, in a community- 
based study in China (n = 6,152) where iodine status was 
adequate or more than adequate, the prevalence of an 
enlarged thyroid was statistically significantly higher 
in an area of low selenium status (median serum level 
57.4 µg/l, interquartile range 39.4–82.1 µg/l) than in 
an area of adequate status (103.6 µg/l, inter quartile 
range 79.7–135.9 µg/l); the prevalence of an enlarged 
thyroid was highest in the bottom quintile of serum  
selenium levels (<47 µg/l)66.

Together, these studies suggest that the effect of sele-
nium status on thyroid size is more pronounced in indi-
viduals with iodine adequacy than in those with iodine 
deficiency, where iodine status is the main driver.

Selenium supplementation in AIT. AIT is the archetype 
of human autoimmune disease67 and is characterized 
by lymphocytic infiltration of the thyroid gland and the 
presence of antibodies against TPO and/or thyroglobu-
lin67. The aetiology of AIT is multifactorial and based on 
incompletely understood interactions between genetic 
background68 and environmental triggers69,70.

Marginally lower selenium status in patients with  
AIT than in healthy controls has been suggested71 and 
was confirmed in the previously mentioned Chinese 
popu lation-based study66. In the Chinese study, individuals  
residing in an adequate- selenium county had a substan-
tially lower risk of AIT than those living in a low- selenium  
county (OR for AIT 0.47, 95% CI 0.35–0.65)66.

Since 2002, some 20 trials have investigated the 
effect of selenium supplementation in AIT (TAble 1)72–91. 
Although a 2013 Cochrane systematic review concluded 
that the trials were too heterogeneous to conduct a meta- 
analysis92, several meta- analyses have in fact been car-
ried out, finding that, compared with placebo, selenium 
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Table 1 | Selenium supplementation trials in chronic autoimmune thyroiditis

Study country Sample size 
(intervention/
control)

intervention groups duration Participants 
receiving 
levothyroxine

Main outcomes Main result

Gärtner et al. 
(2002)72

Germany 70 (36/34) NaSe (200 μg/day) 
versus placebo

3 months All TSH, T4, T3, TPO- Ab, 
thyroglobulin- Ab,  
UL , HRQL

Decrease in TPO- Ab 
and improved UL  
and HRQL

Gärtner 
and Gasnier 
(2003)73

Germany 47 (22/25) NaSe–NaSe (200 μg/
day) versus NaSe–0 
versus placebo–NaSe 
versus placebo–0a

6 months All TSH, T4, T3, TPO- Ab, 
thyroglobulin- Ab, UL

Decrease in TPO- Ab

Duntas et al. 
(2003)74

Greece 65 (34/31) SeMet (200 μg/day) + 
levothyroxine versus 
placebo + levothyroxine

6 months All TSH, T4, T3, TPO- Ab, 
thyroglobulin- Ab, 
clinical symptoms

Decrease in TPO- Ab, 
ameliorated fatigue

Turker et al. 
(2006)75

Turkey 88 (48/40) SeMet (200 μg/day) 
versus placebo

3 months All TSH, T3, T4, TPO- Ab, 
thyroglobulin- Ab

Dose- and 
time-dependent 
decrease in TPO-Ab

Mazokopakis 
et al. (2007)76

Greece 80 (40/40) SeMet (200 μg/day) 
versus SeMet followed 
by no treatment

12 months Some TSH, T3, T4, TPO- Ab, 
thyroglobulin- Ab

Decrease in TPO- Ab

Balázs 
(2008)77

Hungary 132 (70/62) SeMet (200 μg/day) 
versus placebo

12 months All TSH, T3, T4, TPO- Ab, 
thyroglobulin- Ab

Decrease in TPO- Ab

Karanikas 
et al. (2008)78

Austria 36 (18/18) NaSe (200 μg/day) 
versus placebo

3 months All TSH, T4, TPO- Ab, IL-2, 
IL-4, IL-10, IL-13, IFNγ, 
TNF, UL

No effects

Kvicala et al. 
(2009)79

Czech 
Republic

253 (126/127) Se- yeast (100 μg/day) 
versus placebo

12 months None TPO- Ab, 
thyroglobulin- Ab

No effects

Nacamulli 
et al. (2010)66

Italy 76 (46/30) NaSe (80 μg/day)  
versus no treatment

12 months None TSH, T4, TPO- Ab, 
thyroglobulin- Ab, UL

Decrease in TPO- Ab 
and improved UL 
echogenicity

Krysiak and 
Okopien 
(2011)81

Poland 170 (86/84) SeMet (200 μg/day)  
versus SeMet + 
levothyroxine versus 
levothyroxine versus 
placebo

6 months None TSH, T4, T3, TPO- Ab, 
thyroglobulin- Ab,  
TNF, IL-1β, IL-6, MCP1,  
IL-2, IFNγ

Decrease in TPO- Ab 
and pro inflammatory 
cytokine release

Krysiak and 
Okopien 
(2012)82

Poland 155 (79/76) SeMet (200 μg/day)  
versus SeMet + 
levothyroxine versus 
levothyroxine versus 
placebo

6 months None TSH, T4, T3, TPO- Ab, 
thyroglobulin- Ab, 
haemostasis

Beneficial effects on 
haemostasis

Bhuyan et al. 
(2012)83

India 60 (30/30) NaSe (200 μg/day) 
versus placebo

3 months Some TPO- Ab Decrease in TPO- Ab

Anastasilakis 
et al. (2012)84

Greece 86 (61/25) SeMet (200 μg/day) 
versus placebo

6 months Some TSH, T4, T3, TPO- Ab, 
thyroglobulin- Ab, 
FNAB

No effects

Eskes et al. 
(2014)85

Netherlands 61 (30/31) NaSe (200 μg/day) 
versus placebo

6 months None TSH, T4, TPO-Ab, 
HRQL

No effects

de Farias 
et al. (2015)86

Brazil 55 (28/27) SeMet (200 μg/day) 
versus placebo

3 months Some TSH, total T3, total 
T4, free T4, TPO- Ab, 
thyroglobulin- Ab, UL

Decrease in TPO- Ab

Pilli et al. 
(2015)87

Italy 60 (20/20/20) SeMet (80 μg/day) 
versus SeMet  
(160 μg/day) versus 
placebo

12 months None TSH, T3, T4, TPO- Ab, 
thyroglobulin- Ab, 
CXCL9, CXCL10, 
CXCL11, UL , HRQL

No effects on 
TPO-Ab or UL , but 
downregulation of 
CXCL9 and CXCL10

Pirola et al. 
(2016)88

Italy 192 (96/96) SeMet (83 μg/day) 
versus no treatment

4 months None TSH, T3, T4, TPO- Ab Restoration of 
euthyroidism

Esposito 
et al. (2017)89

Italy 76 (38/38) SeMet (166 μg/day) 
versus placebo

6 months None TSH, T3, T4, TPO- Ab, 
thyroglobulin- Ab, UL , 
CXCL10

No effects

Yu et al. 
(2017)90

China 60 (36/24) Se- yeast versus no 
treatment

3 months All TPO-Ab, thyroglobulin- 
Ab, IL-2, IL-10

Decrease in TPO- Ab 
and IL-2

Wang et al. 
(2018)91

China 364 (181/183) Se- yeast (200 μg/day) 
versus placebo

6 months Some TPO- Ab, genotyping Decrease in TPO-Ab 
influenced by SELENOP 
gene polymorphism

0, no intervention; Ab, autoantibodies; FNAB, fine needle aspiration biopsy ; HRQL , health- related quality of life; IFNγ, interferon- γ; NaSe, sodium selenite; 
Se, selenium; SELENOP, selenoprotein P; SeMet, selenomethionine; Se- yeast, selenium- enriched yeast TNF, tumour necrosis factor ; TPO- Ab, thyroid peroxidase 
autoantibodies; TSH, thyroid stimulating hormone; UL , thyroid ultrasonography. aThis study was a crossover design.
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supplementation decreases TPO antibody concentra-
tions6,7,93. However, a subsequent systematic review and 
meta- analysis of the trials concluded that there is no 
evidence of clinical importance, such as effects of sele-
nium supplementation on disease remission, progres-
sion, lowered levothyroxine dose or improved quality of 
life94. The authors further questioned whether a decrease 
in TPO antibody titre alone warrants the routine use of 
selenium supplementation94. In addition, one meta- 
analysis showed an increased risk of adverse effects from 
selenium supplementation compared with placebo, with 
gastric discomfort being the most frequently reported; 
however, no serious adverse effects or hospitalization 
due to toxicity were reported7. Findings from human 
trials investigating possible mechanisms for the effect of 
selenium are reported in this section.

In a sub- study population of 96 Chinese patients 
with mean baseline serum selenium concentrations of 
~100 µg/l, the effect of selenium supplementation on 
TPO antibody titre was seemingly influenced by a poly-
morphism (r25191g/a, otherwise known as rs7579) in 
SELENOP91. After 3 months of selenium supplementa-
tion, serum TPO antibody titre tended to decrease more 
in patients with the AA genotype than in those with the 
GA or GG genotype, that is, by 46.2%, 14.5% and 9.8% 
respectively91. Genotyping participants for this polymor-
phism might help identify which patients with AIT will 
respond best to selenium supplementation.

In a Polish study of 170 euthyroid women with AIT 
and 41 matched healthy controls, the addition of sele-
nomethionine (200 µg/day) to levothyroxine treatment 
further inhibited the release of a number of cytokines 
from lymphocytes known to be linked to autoimmune 
disease, including IL-2, IFNγ and TNF. Moreover, 
supplementation was associated with an accompany-
ing reduction in plasma levels of C-reactive protein  
(a marker of inflammation)81. In an Italian trial in euthy-
roid women with AIT, supplementation with selenome-
thionine downregulated the IFNγ- inducible chemokines, 
CXCL9 and CXCL10, although their levels remained 
unchanged or increased in the placebo group87. However, 
no effect was observed on thyroid echogenicity or TPO 
antibody titre87. By contrast, a small Austrian study in 
women with AIT treated with levothyroxine found no 
significant difference in the cytokine profiles released 
by helper (CD4+) or cytotoxic (CD8+) T cells before 
and after 3 months of supplementation with 200 μg/day  
selenium (as sodium selenite) or placebo78.

Selenium supplementation and postpartum thyroiditis. 
Up to 50% of pregnant women who are thyroid antibody 
positive (antibodies against TPO or thyroglobulin) in 
the first trimester will develop postpartum thyroiditis, 
and of these women, 20–40% will develop permanent 
primary hypothyroidism95. In a highly cited randomized, 
placebo- controlled trial in 151 Italian women with fairly 
low selenium status (mean serum selenium concentra-
tion 80 μg/l), postpartum thyroiditis and permanent 
hypothyroidism were statistically significantly lower 
in the group treated with 200 μg selenium/day (as sele-
nomethionine) than in the placebo group (post partum 
thyroiditis 28.6% selenium group, 48.6% placebo group; 

permanent hypothyroidism 11.7% selenium group, 
20.3% placebo group)96.

A later placebo- controlled trial in pregnant women 
from the UK found decreases in serum concentrations 
of TSH and FT4 during pregnancy but no effect on TPO 
antibody titre97. The study did not look at postpartum 
thyroiditis. However, compared with the Italian study96, 
the UK study was limited by low sample size, lower  
baseline TPO antibody concentration and a much 
lower selenium dose: 60 μg/day in the UK study versus 
200 μg/day in the Italian study. A further randomized, 
placebo- controlled trial of selenium supplementation 
in pregnant Italian women positive for thyroglobulin 
or TPO antibody has just been published98. The study 
included only 45 women (median serum selenium con-
centration 65 μg/l) who were treated with levothyroxine 
if the serum TSH concentration was above 2.7 mIU/l. 
These women were randomized to a modest dose of 
selenium (83 µg/day, as selenomethionine) or placebo 
from the first trimester until 6 months postpartum, at 
which time a significant reduction in both types of thy-
roid autoantibodies was found in the selenium-treated 
group, whereas an antibody rebound occurred in the 
placebo- treated group98. No differences were found in 
thyroid volume, echogenicity, quality of life or the rates 
of maternal and/or fetal complications.

Selenium supplementation in Graves disease. Graves 
disease is an autoimmune disorder, with a multifac-
torial aetiology99, in which the thyroid is activated by 
autoantibodies that bind to the thyrotropin receptor47. 
Observational studies in Graves disease have shown 
higher serum concentrations of selenium in patients 
achieving remission than in relapsing patients100 and 
lower selenium concentrations in patients newly diag-
nosed with Graves disease than in controls71. Lower 
selenium status has also been found in pregnant women 
who are hyperthyroid than in those who are euthy-
roid101. A subsequent study found that plasma concen-
trations of selenium were lower in patients with Graves 
orbitopathy than in those with Graves disease alone102, 
raising the possibility that selenium deficiency might  
constitute an independent risk factor for Graves orbi-
topathy. However, in a separate study, no significant 
associations were found between selenium status and 
the severity or activity of Graves orbitopathy103. A 2019 
study showed that selenium deficiency increases the 
risk of hyperthyroidism, whether from Graves disease 
or nodular goitre104, but TSH receptor autoantibody 
levels and T cell proliferation were unaffected by sele-
nium supplementation. The difference in hyperthyroid-
ism risk was only present in male patients, suggesting 
sexual dimorphism in relation to selenium status and 
thyroid disease risk104. This potential dimorphism is 
particularly relevant in the light of the preponderance 
of women and girls among patients with autoimmune 
thyroid disease105.

Two controlled trials have shown more rapid bio-
chemical restoration of euthyroidism following the 
addition of selenium supplementation to methimazole 
treatment in Graves disease, than with methimazole treat-
ment alone106,107. By contrast, two 2017 studies found no 
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effect of selenium on short- term control of Graves disease108  
or any improvement in recurrence rates109. The difference 
in the findings might have been due to selenium repletion 
at baseline in the studies showing no effect107,109, but can-
not readily be explained by differences in the duration of 
intervention or choice of selenium formulation. Ten trials 
that involved a total of 796 patients with Graves disease, 
including six published in Chinese, formed the basis of a 
2018 systematic review and meta- analysis110. The analysis 
showed that compared with placebo, selenium supple-
mentation decreased FT4 and FT3 concentrations at 3 and 
6 months but not at 9 months110. The authors concluded 
that replication in larger trials is needed before sele-
nium supplementation can be recommended for routine  
clinical care110.

A 2011 European multicentre, randomized, con-
trolled trial evaluated the effect of 200 µg/day selenium 
(as sodium selenite) or 1,200 mg/day pentoxifylline or 
placebo for 6 months in 159 euthyroid patients with mild 
Graves orbitopathy111. The authors reported improved 
quality of life, less eye involvement and slower disease 
progression in those receiving selenium, benefits that 
persisted at the 12-month follow- up111. Unfortunately, 
selenium status was not determined, and the findings 
have not yet been replicated.

Current practice and guidelines
Current clinical practice in the use of selenium has 
been investigated by means of questionnaires. Among 
Italian endocrinologists, 79.4% of 778 respondents pre-
scribed selenium supplementation to patients with AIT;  
of the 778, 39.1% prescribed supplementation occa-
sionally, and 40.3% prescribed supplementation often 
or always112. In the same survey, 25% of clinicians said 
that they would recommend selenium supplementation 
to a female patient with Graves disease, and 20% would 
recommend selenium supplementation if the patient 
did not have Graves orbitopathy112. In a subsequent sur-
vey of members of the European Thyroid Association 
(ETA), only 20% of 147 respondents considered that 
the available evidence supported the use of selenium  
supplementation in patients with AIT. Nonetheless,  
65% would occasionally recommend selenium to pati-
ents with AIT, particularly if they were not yet receiving  
levothyroxine113.

In patients with Graves disease with Graves orbitop-
athy, 56% of responding ETA members considered that 
the available evidence supported the use of selenium 
supplementation114. Moreover, 94% would sometimes, 
often or always, recommend selenium supplementation, 
primarily as an alternative to watchful waiting in patients 
with mild Graves orbitopathy, but also as an adjuvant 
therapy in patients with more severe Graves orbitopa-
thy114. In patients with Graves disease without Graves 
orbitopathy, only a minority of ETA members would 
recommend selenium supplementation routinely114.

The use of selenium supplementation is not yet 
endorsed in international guidelines for the management 
of hypothyroidism115,116, hypothyroidism in pregnancy117,118 
or hyperthyroidism without ocular involvement119,120. 
Based on the European trial discussed above111, how-
ever, the ETA suggests a 6-month trial of selenium 

supplementation in patients with mild Graves orbi-
topathy119,121. However, this recommendation is unlikely 
to be relevant to patients with adequate selenium status, 
for example, patients living in North America, where  
selenium status is considerably higher than in Europe3.

Safety concerns
The main source of human exposure to selenium is 
dietary intake, which varies considerably between 
regions24. In addition, selenium is readily available as 
a dietary supplement without prescription in many 
countries. Generally, in a clinical setting, it is impor-
tant for health- care practioners to enquire about patient 
self- medication.

Selenium is a toxic element in animals and humans 
above a certain level of exposure. For example, in the 
1930s, overexposure of livestock to selenium from 
grazing on high- selenium forage was linked to diseases 
such as blind staggers122. Overexposure to selenium 
has also been linked to detrimental health effects in 
humans3 (Fig. 3). The symptoms of selenosis, most nota-
bly loss of hair and nails, were first described in 1983 in 
Enshi, Hubei Province, China123. In a 1994 summary of 
Chinese findings, safe selenium intake, that is, the mean 
‘no adverse effect level’, was stated to be ~800 µg/day  
with 400 µg designated as the maximum safe daily die-
tary selenium intake124. Other examples of selenium 
toxicity were noted during selenium supplementa-
tion trials in North America, where baseline selenium  
status is already quite high. For instance, supplemen-
tation of men in the Selenium and Vitamin E Cancer  
Prevention Trial (SELECT) with 200 μg/day selenium 
(as selenomethionine) for a mean of 5.5 years, statisti-
cally significantly increased the risk of alopecia (RR 1.28, 
 95% CI 1.01–1.62) and dermatitis (RR 1.17, 95% CI  
1.00–1.35)5. Although no adverse effect of selenium sup-
plementation on prostate cancer risk was found overall, a 
follow- up study showed that men in the top 40% of sele-
nium concentration in toenails had an increased risk of 
high- grade prostate cancer (HR 1.62, 95% CI 0.95–2.77)125.  
Furthermore, the same selenium dose delivered (as 
selenium- enriched yeast) for 4.5 years increased 
the risk of type 2 diabetes mellitus (HR 1.55, 95% CI 
1.03–2.33)126 and squamous cell carcinoma (HR 1.25, 
95% CI 1.03–1.51)127 in participants of the Nutritional 
Prevention of Cancer trial. Since 2010, concern has been 
growing that high- selenium status might be linked to 
an increased risk of type 2 diabetes mellitus or insulin 
resistance. However, the situation is complex and not 
easily understood41,128–136 (box 1).

Current upper tolerable intake levels (upper levels) 
were set by the US National Academy of Sciences in 
2000 at 400 μg/day22, but by EFSA in 2006 at the lower 
value of 300 μg/day137. Both upper level values include 
selenium obtained from foods and supplements. The 
appropriateness of the current upper levels has been 
called into question by the result of a secondary anal-
ysis of a multiple- dose, randomized, controlled trial 
in Denmark (where baseline plasma selenium status 
is fairly low, that is 89 µg/l65) in 491 participants who 
took selenium for 5 years28. Compared with placebo, 
selenium at a dose of 300 µg/day (as selenium- enriched 

Blind staggers
severe selenosis among 
animals, particularly livestock, 
characterized by impaired 
vision and an unsteady gait.

Selenosis
Poisoning due to excessive 
intake of selenium.
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yeast) significantly increased all- cause mortality 
by 11.3% (95% CI, 0.0–22.6%) after an additional 
10 years of follow- up28. It will be interesting to see if 
an increased risk of overall mortality is found in the 
SELECT after an additional 10 years of follow- up 
from cessation of supplementation; although the dose 
of selenium was only 200 µg/day, baseline selenium 

status was much higher than in Denmark. We plan to 
investigate this.

To prevent overexposure, selenium supplementa-
tion should be restricted to individuals who could be 
considered to be deficient. Although GPX activity in 
plasma reaches its optimum activity at a plasma selenium 
concentration of ~90 µg/l (reF.138), maximal SELENOP 

Dietary intake
RNI male 75 μg per day, 

female 60 μg per day
RDA 55 μg per day

Selenium status

Disease risk

Recommendation

ExcessiveAdequateDeficient

Low HighOptimal
Serum selenium ≅ 125 μg/l
Toenail selenium ≅ 0.74 μg/g

High
↑ Keshan and Kashin-Beck

disease
↑ Thyroid autoimmune diease
↑ Mortality
↑ Viral virulence
↓ Immune function
↓ Fertility and/or reproduction
↑ Cognitive decline
↑ Prostate cancer risk

High
• Alopecia
• Dermatitis
• Selenosis
↑ Skin cancer risk
↑ Prostate cancer risk
↑ Mortality
↑ T2DM

Low
↓ Oxidative stress
↓ Viral virulence
↓ T2DM risk
↓ Cancer risk
↓ Cognitive decline
↑ Fertility and/or reproduction

Increase intake Don’t supplement! Don’t supplement!

Fig. 3 | U- shaped relationship between selenium status and disease risk. The effects of deficient, adequate and excessive 
dietary selenium intake on selenium status are shown. When selenium status is low , disease risk will be high, and the 
recommendation is to increase dietary selenium intake. When selenium status is optimal (that is, meets the recommendations 
shown for dietary intake according to the RNI or the RDA), disease risk will be low, and the recommendation is not to 
supplement. When selenium status is high, disease risk will be high, and the recommendation is not to supplement.  
RNI, Reference Nutrient Intake (UK); RDA , Recommended Daily Allowance (US); T2DM, type 2 diabetes mellitus.  
Adapted from reF.149, Springer Nature Limited.

Box 1 | Selenium and type 2 diabetes mellitus

Although	it	has	been	suggested	that	selenium	increases	the	risk	of	type	2	diabetes	mellitus	(T2DM),	most	evidence	
comes	from	observational	studies	that	cannot	prove	causality.	A	meta-	analysis	of	13	observational	studies	that	
measured	selenium	concentrations	in	serum	or	plasma	found	a	significant	association	between	increasing	circulating	
selenium	concentrations	and	T2DM	(OR	2.17,	95%	CI	1.60–2.93)128.	Another	systematic	review	gave	similar	results		
(OR	2.03,	95%	CI	1.51–2.72)129.
That	same	review	also	assessed	randomized	clinical	trials	and	found	that	the	risk	of	T2DM	was	not	greater	in	those	

randomized	to	selenium	supplementation	than	in	those	randomized	to	placebo	(OR	1.18,	95%	CI	0.95–1.47)129.	However,	
the	review129	did	not	include	two	trials.	The	first	trial	included	a	subset	of	400	individuals	with	adenomatous	polyps	
and measured	insulin	sensitivity	and	β-	cell	function	before	and	after	2.9	years	of	treatment	with	200	µg/day	selenium	
(as selenium-	enriched	yeast).	In	this	trial,	no	difference	in	T2DM	risk	between	selenium	and	placebo	groups	was	found130.	
In the	second	trial,	491	participants	were	randomized	to	100,	200	or	300	µg/day	of	selenium	(as	selenium-	enriched	yeast)	
or	placebo.	No	significant	differences	were	found	between	the	groups	either	in	plasma	levels	of	adiponectin	(a	surrogate	
marker	of	T2DM	risk)	after	6	months,	or	in	HbA1c	after	2	years

131.
The	reasons	for	the	different	results	between	observational	studies	and	randomized	clinical	trials	are	unclear.	

An explanation	for	the	associations	might	be	that	selenium	and	carbohydrate	metabolism	are	linked,	for	example		
by	transcription	factors	involved	in	both	glucose	metabolism	and	SELENOP	expression132,133.	Statistically	significantly	
higher	expression	of	SELENOP	in	the	liver	has	been	found	in	patients	with	T2DM	than	in	control	individuals134,	and	
genetic	variants	in	SELENOP	are	significantly	associated	with	fasting	levels	of	insulin	and	first-phase	insulin	response135.	
Perhaps	raised	SELENOP	concentrations	might	be	an	effect	of	hyperglycaemia41.	Interestingly,	observational	studies	that	
measured	selenium	levels	in	nails1	or	hair136,	which	probably	do	not	secrete	SELENOP,	did	not	show	a	higher	risk	of	T2DM	
with	higher	selenium.	Selenium	and	the	risk	of	T2DM	remains	a	conundrum.
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concentration requires a plasma selenium concen-
tration of ~120 µg/l (reFs138,139). This strategy of only  
supplementing selenium in deficiency is supported by 
available data from trials in patients with AIT: in five 
European study populations72,74,78,84,87, median baseline 
serum or plasma selenium concentrations fell within 
a narrow range (70–85 μg/l), implying marginal sele-
nium deficiency. Supplementation with 80–200 μg/day 
for 6–12 months exceeded the recommended reference 
range only in one trial, where 160 μg/day of seleno-
methionine for 6 months led to a mean serum selenium 
concentration of 156 μg/l (reF.87). This finding underlines 
the fact that organic selenium compounds, such as sele-
nomethionine, can increase circulating plasma or serum 
selenium concentrations above the level at which sele-
noproteins become saturated, owing to the unregulated 
incorporation of selenomethionine into plasma proteins, 
such as albumin3. The finding that the serum selenium 
concentration exceeded the reference range only in 
one trial also implies that in previous trials in patients 
with AIT, selenium has been administered mainly 
at doses that have corrected deficits, rather than at  
pharmacological doses140.

Conclusions
Laboratory investigations and population- based studies 
have implied that adequate selenium intake might pro-
tect against AIT, but hitherto trials of selenium supple-
mentation in patients with AIT have not convincingly 
demonstrated improvements in the clinical course of 
the disease. Future trials should endeavour to identify 
subgroups of patients who are likely to benefit from 
selenium supplementation, such as those with parti-
cular genotypes20. Genetic analyses will be explored in 
the ongoing CATALYST trial, in which 472 patients with 
AIT treated with levothyroxine are being randomized 

to receive 200 μg/day selenium (as selenium-enriched 
yeast) or matching placebo tablets for 12 months141. The 
primary outcome is disease-specific, health-related qual-
ity of life (HRQL) as measured with the Thyroid-specific 
Patient reported outcome (ThyPro) questionnaire142,143 
because HRQL has been found to be impaired in patients 
with AIT, even after restoration of euthyroidism144.

In Graves disease, future trials are needed to confirm 
previous promising results. The ongoing GRASS trial is 
exploring the effect of selenium supplementation on the 
remission rate following anti- thyroid drug treatment 
in patients with Graves disease and hyperthyroidism. 
Nearly 500 patients have been randomized to receive 
either 200 μg/day of selenium- enriched yeast or pla-
cebo yeast for 24–30 months145. In the UK, a planned 
trial of selenium supplementation in patients with 
mild Graves ophthalmopathy will attempt to replicate  
previous findings111.

Sexual dimorphism in selenium metabolism further 
adds to the complexity of selenium use in the clinical 
setting; for example, optimal supplementation doses and 
appropriate biomarkers of selenium status might be sex 
specific146,147, and future trials should be planned and 
results interpreted with this in mind.

Importantly, new trials in both AIT and Graves 
disease have the potential to reverse current clini-
cal practice148 where selenium supplementation can 
be recommended despite lack of evidence and with-
out knowledge of the selenium status of the patient. 
Determination of selenium status and monitoring of 
patient self- medication during trials are integral to the 
interpretation of results. Robust evidence that will result 
in international treatment guidelines for the appropriate 
use of selenium supplementation is urgently needed.
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Thyroid- Specific Patient 
Reported Outcome 
(ThyPRO) questionnaire
The first thyroid disease- 
specific questionnaire 
developed to measure  
health- related quality of life 
across the spectrum of benign 
thyroid diseases.
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