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Abstract

Following a request from the European Commission, the EFSA Panel on Nutrition, Novel Foods and
Food Allergens (NDA) was asked to deliver a scientific opinion on the tolerable upper intake level (UL)
for selenium. Systematic reviews of the literature were conducted to identify evidence regarding excess
selenium intake and clinical effects and potential biomarkers of effect, risk of chronic diseases and
impaired neuropsychological development in humans. Alopecia, as an early observable feature and a
well-established adverse effect of excess selenium exposure, is selected as the critical endpoint on
which to base a UL for selenium. A lowest-observed-adverse-effect-level (LOAEL) of 330 μg/day is
identified from a large randomised controlled trial in humans (the Selenium and Vitamin E Cancer
Prevention Trial (SELECT)), to which an uncertainty factor of 1.3 is applied. A UL of 255 μg/day is
established for adult men and women (including pregnant and lactating women). ULs for children are
derived from the UL for adults using allometric scaling (body weight0.75). Based on available intake
data, adult consumers are unlikely to exceed the UL, except for regular users of food supplements
containing high daily doses of selenium or regular consumers of Brazil nuts. No risk has been reported
with the current levels of selenium intake in European countries from food (excluding food
supplements) in toddlers and children, and selenium intake arising from the natural content of foods
does not raise reasons for concern. Selenium-containing supplements in toddlers and children should
be used with caution, based on individual needs.
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1. Introduction

1.1. Background as provided by the European Commission

On 19 October 2000, the Scientific Committee on Food (SCF) expressed an opinion on the Tolerable
Upper Intake Level (UL) for selenium. The SCF derived a UL of 300 μg Se/day for adults that covered
selenium intake from all sources of food, including supplements. The SCF extrapolated the UL from
adults to children on a body weight basis as follows: 1–3 years of age – 60 μg Se/day; 4–6 years of
age – 90 μg Se/day; 7–10 years of age – 130 μg Se/day; 11–14 years of age – 200 μg Se/day;
15–17 years of age – 250 μg Se/day.

On 18 December 2019, the Authority adopted an opinion on the “Safety of selenium-enriched
biomass of Yarrowia lipolytica as a novel food pursuant to Regulation (EU) 2015/2283”. In its opinion,
the Authority noted that newly emerging data, including the results of large population-based
randomised controlled trials made available in recent years, warranted a reassessment of the UL for
selenium as established in 2000.

Consequently, the European Commission would like to ask the Authority to re-evaluate the safety in
use of selenium, and to provide revised tolerable upper intake levels that are unlikely to pose a risk of
adverse effects from intake of this nutrient, for all population groups.

1.2. Terms of Reference as provided by the European Commission

In accordance with Article 29(1)(a) of Regulation (EC) No 178/2002, the European Commission
asks the European Food Safety Authority to:

– re-evaluate the safety in use of selenium;
– if necessary, provide revised tolerable upper intake levels for selenium for all relevant

categories of the population that are unlikely to pose a risk of adverse health effects.

1.3. Interpretation of the Terms of Reference

The UL is defined as ‘the maximum level of total chronic daily intake of a nutrient (from all sources)
which is not expected to pose a risk of adverse health effects to humans’ (EFSA NDA Panel, 2022).

‘Tolerable intake’ in this context connotes what is physiologically tolerable and can be established
based on an assessment of risk, i.e. the probability of an adverse effect occurring at a specified level
of exposure. The UL is not a recommended level of intake. As the intake increases above the UL, the
risk of adverse effects increases.

ULs should be protective for all members of the general population, including the most sensitive
individuals, throughout their lifetime. The derivation of ULs accounts for the expected variability in
sensitivity among individuals. In principle, individuals under medical care are not excluded from the
application of the UL unless: (a) there is an expected interaction between the medical condition and
the occurrence of possible adverse effects of a nutrient, or (b) they are under medical treatment with
the nutrient under assessment.

On the other hand, the UL may exclude sub-populations with extreme and distinct vulnerabilities to
adverse effects of the nutrient due to specific genetic predisposition or other factors. The exclusion of
such sub-populations must be considered on a nutrient-by-nutrient basis and is an area of scientific
and expert judgement and of risk management (EFSA NDA Panel, 2022).

1.4. Context of the assessment

The Scientific Committee on Food (SCF) in 2000 set a UL of 300 μg/day in adults, including
pregnant and lactating women, based on evidence from observational studies on long term selenium
exposure carried out in selenium-rich areas in China (Yang et al., 1989a; Yang and Zhou, 1994) and in
the US (Longnecker et al., 1991), where selenium poisonings are endemic due to high selenium
concentrations in soil (SCF, 2000a). For children, the SCF extrapolated the UL from adults on a body
weight basis, using reference weights (SCF, 1993). No UL was established for infants. ULs set by
SCF (2000a) are summarised in Table 1. These values cover selenium intakes from all food sources,
including food supplements.

In 2014, the NDA Panel published an opinion on Dietary Reference Values (DRVs) for selenium
(EFSA NDA Panel, 2014). As per the terms of reference for this task, a review of the UL for selenium
was out of the scope of the assessment. The NDA Panel focused on providing advice on the

Tolerable upper intake level for selenium
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requirement for the micronutrient. The levelling off of plasma selenoprotein P concentration with
increasing selenium intakes was considered indicative of an adequate supply of selenium to all tissues
and to reflect saturation of the functional selenium body pool, ensuring that selenium requirement is
met. This criterion was used for establishing DRVs for selenium in adults. Evidence from human
studies on the relationship between selenium intake and plasma selenoprotein P concentration was
reviewed. Given the uncertainties in available data on this relationship, they were considered
insufficient to derive an Average Requirement (AR). Instead, the Panel established an Adequate Intake
(AI) for adults of 70 μg/day. No specific indicators of selenium requirements were available for infants,
children or adolescents. For infants aged 7–11 months, an AI of 15 μg/day was derived by
extrapolating upwards from the estimated selenium intake from breast milk of younger exclusively
breast-fed infants (i.e. 12 μg/day), taking into account differences in reference body weights. For
children and adolescents, the AIs for selenium were extrapolated from the AI for adults by isometric
scaling (i.e. proportionately to body weight) and application of a growth factor. AIs range from
15 μg/day for children aged one to 3 years to 70 μg/day for adolescents aged 15–17 years.
Considering that adaptive changes in the metabolism of selenium occur during pregnancy, the AI set
for adult women applies to pregnancy. For lactating women, an additional selenium intake of
15 μg/day was estimated to cover the amount of selenium secreted in breast milk, and an AI of
85 μg/day was set.

EFSA evaluated the safety and bioavailability of various forms of selenium as a source of selenium
for use in food supplements or addition to foods. The safety and bioavailability of selenium-enriched
yeast (Se-yeast) as a source of selenium were established under the proposed conditions of use, for
addition to foods for particular nutritional uses and foods, including food supplements (EFSA AFC
Panel, 2008). The safety and bioavailability of L-selenomethionine (SeMet) (EFSA ANS Panel, 2009b)
and selenious acid (EFSA ANS Panel, 2009d) were established for use in food supplements, under the
proposed conditions of use. In contrast, data provided in the application dossiers were inadequate to
establish the safety and bioavailability of selenium-humic acid/fulvic acid chelate (EFSA ANS
Panel, 2009a) and Se-methyl-L-selenocysteine (EFSA ANS Panel, 2009c), under the proposed conditions
of use.

EFSA’s Panel on Additives and Products or Substances used in Animal Feed (FEEDAP Panel) has
assessed the safety of several selenium compounds in the context of their use as additives in animal
feed and have considered them to be safe for consumers provided that the total maximum authorised
content of selenium in complete feed is respected (EFSA FEEDAP Panel, 2013a,b, 2015, 2016a,b,c,
2018a,b, 2019a,b, 2021).

1.5. Previous assessments by other bodies

As for the SCF assessment, clinical selenosis (see Section 3.5.2) was the critical effect used by
other authoritative bodies in charge of establishing ULs for adults (IOM, 2000; EVM, 2003; WHO/
FAO, 2004; NHMRC, 2006; FSCJ, 2012) considering the findings reported by Yang et al. (1989a), Yang
and Zhou (1994) and Longnecker et al. (1991). Regarding lactating mothers, most risk assessments
refer to the study by Brätter and Negretti de Brätter (1996). The studies by Shearer and
Hadjimarkos (1975) and Brätter et al. (1991), which collected data on selenium concentration in
human milk in women in the US and Canada, and in Germany respectively, were used as reference to
establish the ULs for infants.

An overview of ULs for selenium established by other risk assessment bodies is provided in Table 1
below (see Appendix B of the protocol (Annex A) for further details).

Table 1: Overview of existing tolerable upper intake levels (ULs) for selenium, in μg/day

Population group SCF (2000a) IOM (2000) EVM (2003)(a)
WHO/FAO
(2004)

NHMRC (2006)

Infants

0–6 mo nd 45 nd nd 45
7–12 mo nd 60(b) nd nd 60(b)

Children and adolescents

1–3 y 60(c) 90(b) nd nd 90(b)

4–6 y 90(c) nd nd

Tolerable upper intake level for selenium
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2. Data and methodologies

For this scientific assessment, a protocol (Annex A) has been developed in line with EFSA’s existing
methodology (EFSA, 2020).

2.1. Problem formulation

In accordance with the draft NDA Panel guidance on establishing and applying ULs for vitamins and
essential minerals (EFSA NDA Panel, 2022), the assessment questions underlying the UL evaluation are
formulated as follows:

What is the maximum level of total chronic daily intake of selenium (from all sources) which is
not expected to pose a risk of adverse health effects to humans? (Hazard identification and
hazard characterisation)
What is the daily intake of selenium from all dietary sources in EU populations? (Intake
assessment)
What is the risk of adverse effects related to the intake of selenium in EU populations, including
attendant uncertainties? (Risk characterisation)

The hazard identification and hazard characterisation relate to the identification of adverse health
effects of a given nutrient and the qualitative and quantitative evaluation of the adverse health effects
associated with the nutrient, including dose–response assessment and derivation of an UL, if possible.

Adverse (health) effects are defined as ‘a change in the morphology, physiology, growth,
development, reproduction or life span of an organism, system or (sub)population that results in an
impairment of functional capacity to compensate for additional stress or an increase in susceptibility to
other influences (FAO/WHO, 2009; EFSA Scientific Committee, 2017a). The observable effects of high
nutrient intake within the causal pathway of an adverse health effect can range from biochemical
changes without functional significance (e.g. certain changes in enzyme activity) to irreversible clinical
outcomes. Notably, some changes that occur before clinical manifestations could be used as surrogate or
predictive markers of subsequent adverse health effects, i.e. biomarkers of effect’ (EFSA NDA
Panel, 2022).

Available risk assessments on dietary selenium intakes from authoritative bodies (IOM, 2000;
EVM, 2003; WHO/FAO, 2004; NHMRC, 2006; FSCJ, 2012) and expert reviews (Fairweather-Tait
et al., 2011; Rayman, 2012; Vinceti et al., 2014; Jablonska and Vinceti, 2015; Vinceti et al., 2016b;
Vinceti et al., 2017b; Brigelius-Flohe and Arner, 2018; Dinh et al., 2018; Vinceti et al., 2018b;
Rayman, 2020; Naderi et al., 2021) were used to identify adverse health effects that have been
associated with excess selenium intakes in humans. As a result, the following effects were prioritised
for the risk assessment: selenosis (including biomarkers of effect of excess selenium intake),
hypertension, Alzheimer’s dementia, amyotrophic lateral sclerosis (ALS), impaired neuropsychological

Population group SCF (2000a) IOM (2000) EVM (2003)(a)
WHO/FAO
(2004)

NHMRC (2006)

4–8 y 150(b) nd nd 150(b)

7–10 y 130(c) nd nd
9–13 y 280(b) nd nd 280(b)

11–14 y 200(c) nd nd
14–18 y 400(b) nd nd 400(b)

15–17 y 250(c) nd nd

Adults

≥ 18 y 300(d) 450 400

≥ 19 y 400(d) 400(d)

mo: months; nd: not defined; EVM: UK Expert Group on Vitamins and Minerals (UK); IOM: Institute of Medicine (US); NHMRC:
National Health and Medical Research Council of Australia and New Zealand; SCF: Scientific Committee on Food; WHO/FAO:
World Health Organization/Food and Agriculture Organization of the United Nations; y: years.
(a): Safe upper level (SUL).
(b): Extrapolated from the UL for infants aged 0–6 months (7 μg/kg body weight/day) on a body weight basis.
(c): Extrapolated from the UL for adults on a body weight basis.
(d): Including pregnant and lactating women.

Tolerable upper intake level for selenium
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development in children, thyroid diseases, prostate cancer, skin cancer, type 2 diabetes mellitus
(T2DM) and overall mortality. The rationale for the prioritisation is detailed in the protocol (Annex A).

As a result of the problem formulation, the overarching risk assessment questions were further
specified into assessment sub-questions (sQs) and the methods to address each sQ was selected, as
outlined in Table 2.

Table 2: Assessment sub-questions

Sub-question Method

sQ1 a. What are the clinical effects associated with
selenosis(a) in humans?

b. What are biomarkers of effect(b) of excess
selenium intake in humans? What is their
biological relevance?

Systematic review

sQ2 a. Is there a causal positive relationship between
selenium intake and risk of diseases in humans,
with a focus on hypertension, Alzheimer’s
dementia, amyotrophic lateral sclerosis (ALS),
thyroid diseases, prostate cancer, skin cancer,
type 2 diabetes mellitus, and overall mortality?

b. Is there a causal positive relationship between
selenium intake and risk of impaired
neuropsychological development in children?

c. Is there a positive relationship between selenium
intake and excess overall mortality risk in
humans?

Systematic review

sQ3 What is the quantitative relationship between
selenium intake and plasma selenium concentrations
in humans?

Narrative review and dose–response modelling
(if applicable)

sQ4 What is the dose–response relationship between
selenium intake and clinical effects of selenosis(a)

and/or biomarkers of effect of excess selenium
intake in humans?

Systematic review and dose–response modelling
(if applicable)

sQ5 What is the dose–response relationship between
selenium intake and risk of disease in humans?

Systematic review and dose–response modelling
(if applicable)

sQ6 What is the absorption, distribution, metabolism and
excretion (ADME) of selenium and specific selenium
species from different sources in humans?

Narrative review

sQ7 What are the potential mode(s) of action for the
relationships found between selenium intake and
adverse health effects?

Narrative review

sQ8 a. What are the levels of selenium in foods,
beverages and food supplements in the EU?

b. What is the distribution of daily selenium intake
from all dietary sources in EU populations and
subgroups thereof?

Collection of data based on existing EFSA intake
estimates and complementary searches in relevant
databases and inquiries to competent Authorities
of European Countries

sQ: subquestion.
(a): In the clinical setting, the term selenosis refers to a specific clinical condition resulting from excess selenium exposure, as

diagnosed based on accepted signs and symptoms (integumental features in particular). This condition is observed
especially in populations living in seleniferous areas. This term can also be more generally used to refer to selenium toxicity
and associated features. In the context of the formulation of sQ1 and sQ4, the term selenosis is to be understood in a wide
sense.

(b): Biomarker of effect: ‘a measurable biochemical, physiological, behavioural or other alteration within an organism that,
depending upon the magnitude, can be recognised as associated with an established or possible health impairment or disease’
(WHO/IPCS, 1993; EFSA Scientific Committee, 2017a). Its biological relevance depends on its relation to the mode of action
and the linkage with the adverse effect or the relevant adverse outcome pathway (EFSA Scientific Committee, 2017a).
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2.2. Hazard identification and characterisation (sQ1 to sQ7)

2.2.1. Data

A brief description of the processes applied for evidence retrieval, study selection and data 
extraction is provided below (see the protocol (Annex A) for further details).

2.2.1.1. Priority adverse health effects (sQ1 and sQ2)

To address sQ1 and sQ2, relevant human studies on the selected adverse health effects were 
identified through systematic searches of the literature in PubMed, Embase and the Cochrane library 
for articles published in English. The search strategy was created by EFSA’s information specialist and 
is further detailed in the protocol (Annex A). Grey literature was not searched. No limit was applied 
regarding the inception date. The searches were performed on the 7 May 2021 regarding sQ1 and 
3 May 2021 regarding sQ2. An update of the literature search focusing on T2DM was performed on 
the 7 February 2022.

Retrieved articles were screened in duplicate in Distiller SR® at title and abstract and full-text levels 
for inclusion/exclusion according to the criteria defined in the protocol. Conflicts were solved by a third 
reviewer, if necessary. Relevant systematic reviews were hand-searched for additional pertinent 
studies. Reviews, expert opinions, editorials, letters to the editors, abstracts, posters and theses were 
excluded.

Eligible designs: For selenosis and related potential biomarkers of effects (sQ1), all experimental 
and observational study designs in humans (including case reports) were considered relevant. For 
other health effects (sQ2), eligible study designs were limited to prospective designs, i.e. human 
controlled trials (HCTs; randomised or non-randomised), prospective cohort studies (PCs) and nested
case–control studies (NCCs).

Eligible study populations: Studies were eligible if they involved individuals of any age, either 
healthy individuals or diseased individuals if the disease was considered not to be related to the
exposure–outcome relationship. Decision on the inclusion/exclusion of studies conducted in diseased 
individuals were taken by the experts of the EFSA working group on ULs and the rationale for the 
decisions is available in Annex E.

Eligible exposure measurements: studies were eligible if they measured selenium intake by dietary 
assessment methods or used accepted biomarkers of selenium intake, i.e. whole blood/plasma/serum/
red blood cell (RBC) selenium, urinary selenium, toenail/hair selenium, whole blood/plasma/serum 
selenoprotein P concentrations and whole blood/plasma/serum/RBC glutathione peroxidase activity 
(see Section 3.3).

In relation to sQ1, 6,004 unique references were identified after removing duplicates (flow chart in 
Appendix B). The title and abstract screening left 207 relevant articles that underwent a full-text 
review. Of those, 130 were excluded. A total of 77 publications reporting on 45 HCTs and 32 
observational studies were included.

In relation to sQ2, 7,873 unique references were identified after removing duplicates (flow chart in 
Appendix B). The title and abstract screening left 363 relevant articles that underwent a full-text 
review. Of those, 224 were excluded and additional 31 were excluded during the data extraction step 
(see below). A total of 108 publications reporting on 33 HCTs and 75 observational studies were 
included.

For the purpose of data plotting and analysis, data were extracted into Microsoft Excel® by one 
EFSA staff member and double checked by another. Evidence tables were prepared in Microsoft Word® 

and are provided in Appendix D.

2.2.1.2. Dose–response between selenium intake and plasma/serum concentration (sQ3)

Many studies investigating the relationship between selenium exposure and health effects use 
serum/plasma selenium as a biomarker of dietary selenium intake. A predictive equation for estimating 
selenium intake from serum/plasma selenium concentrations was needed to integrate these data in the
risk assessment. In particular, the equation was instrumental for performing the dose–response meta-
analysis on selenium exposure and incidence of T2DM (see Section 2.2.2.2).

Studies used to characterise the quantitative relationship between selenium intake and plasma or 
serum selenium concentrations were identified through the searches described in Section 2.2.2.1 
(sQ1 and sQ2) (see Annex A). The reviews by Haldimann et al. (1996), Jenny-Burri et al. (2010) and
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Noisel et al. (2014) were used to retrieve additional relevant studies. Additionally, a separate search in
PubMed was tailored for similar reviews published after 2011, the date up to when the literature had
been searched by Noisel et al. (2014). No additional reviews were retrieved. However, the Panel notes
that publications reviewing equations by which selenium intake can be assessed from plasma or serum
concentrations may not be classified consistently as reviews in literature databases. In total, 43 studies
were identified through the searches performed to address sQ1 and sQ2 and an additional 11 were found
by searching the reference list of the reviews mentioned above, yielding a total of 54 studies.

HCTs, PCs, NCCs, case–control studies (CCs) and cross-sectional studies (CSs) were included when
they reported cross-sectionally on the dietary selenium intake from all sources (i.e. food plus food
supplements), using 24-h recalls and dietary records, and on plasma or serum selenium
concentrations. There was no restriction regarding study location (to explore ethnicity as an influencing
factor for plasma selenium as a biomarker of selenium intake). Owing to the fact that inorganic
selenium forms have a different effect on plasma selenium concentrations than organic forms of
selenium (see also Section 3.2), inorganic forms are to be considered separately from organic forms.
As, however, only two studies reported on inorganic forms (i.e. selenate Levander et al., 1983; selenite
Martin et al., 1989), the study arms in which inorganic selenium was consumed in these studies were
excluded from further analyses and only studies that administered organic selenium or in which
selenium originated from mixed diets were included (Annex B).

2.2.1.3. Other background information (sQ6 and SQ7)

For questions addressed through narrative reviews (sQ6 and sQ7), searches were conducted in
PubMed to retrieve articles reporting on the absorption, distribution, metabolism and excretion (ADME)
of selenium, on the potential mechanisms by which selenium may exert an adverse health effect, and
on the potential confounders or effect modifiers to be considered in the risk of bias (RoB) assessment
of individual studies.

In addition, an expert review was contracted out through a procurement procedure with the aim to
identify the most recent evidence on ADME, potential pathways to adverse health effects and potential
biomarkers of effect.1

2.2.2. Methodologies

The methodology for this assessment follows the approach for deriving ULs for nutrients laid down by
the SCF (2000b), the principles established by the EFSA NDA Panel (2022), EFSA’s guidance on the
application of the systematic review methodology in food and feed safety assessments (EFSA, 2010), its
principles and processes for dealing with data and evidence in scientific assessments (EFSA, 2015), the
guidance on statistical significance and biological relevance (EFSA Scientific Committee, 2011), the
guidance on the assessment of the biological relevance of data in scientific assessments (EFSA Scientific
Committee, 2017a), the guidance on the use of the weight of evidence approach in scientific assessments
(EFSA Scientific Committee, 2017c) and the draft guidance on appraising and integrating evidence from
epidemiological studies for use in EFSA’s scientific assessments (EFSA Scientific Committee, 2020).

2.2.2.1. Evidence appraisal (sQ2)

A RoB appraisal, i.e. evaluation of the internal validity of studies, was applied to eligible studies
which addressed sQ2.

The appraisal was performed using the Office of Health Assessment and Translation (OHAT) RoB
tool developed by the US National Toxicology Program (NTP) (OHAT-NTP, 2015). The RoB criteria and
rating instructions provided therein were tailored to the specific research questions, for the questions
addressing: (1) consideration of potential confounders, (2) confidence in the exposure characterisation,
and (3) confidence in the outcome assessment (Appendix C).

The appraisal was performed in duplicate by the experts of the EFSA Working Group (WG) on ULs
and EFSA staff in Distiller SR®. Discrepancies in the assessment in relation to the RoB judgement of
each domain were discussed among the assessors. In case of disagreement, the WG was consulted.

The OHAT RoB tool proposes five response options for each RoB question: definitely low RoB (++),
probably low RoB (+), not reported (NR), probably high RoB (−), definitely high RoB (−−). For the
appraisal of intervention studies, the scale was aggregated to three options (high RoB, NR, low RoB) as it
was considered sufficiently discriminatory for this design in the context of the present assessment.

1 Contract No PO/EFSA/NIF/2022/01.
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Studies were categorised according to their overall RoB based on a three-tier system (i.e. at low
(tier 1), moderate (tier 2) or high (tier 3) RoB), according to the strategy proposed by OHAT (OHAT-
NTP, 2019) (Appendix C).

2.2.2.2. Evidence synthesis (sQ2, sQ3 and sQ5)

The methods applied for the evidence synthesis to address sQ2, sQ3 and sQ5 are outlined below.
Detailed information is provided in Annex B.

Descriptive forest plots of studies investigating selenium exposure and health effects.
Results from eligible studies were plotted using descriptive forest plots, when three or more studies

reported on the same outcome. For intervention studies with several selenium doses, the mean
difference between the highest dose group and control group was selected for the plot, unless
specified otherwise. For observational studies reporting both continuous and categorical analyses, the
latter was selected for the plot.

Dose–response relationship between selenium intake and plasma/serum concentration

A dose–response meta-analysis was conducted by EFSA to characterise the relationship between
mean selenium intake and mean plasma/serum selenium concentration. Parametric dose–response
models were estimated based on summarised data. Both linear and non-linear (piecewise linear
splines) dose–response relationships were investigated. Random-effects models were fitted on mean
values from both observational and experimental designs via restricted maximum likelihood. The
between-study heterogeneity was investigated with Cochran’s Q test and the I2 statistic. Different
knots for the piecewise linear function were explored and potential modifying factors were
characterised; sensitivity analyses were run to address the uncertainty in the choice of spline knots,
the influence of individual studies, aspects of study design and the reliability of studies’ features.

Dose–response relationship between selenium exposure and incidence of T2DM

A dose–response meta-analysis was conducted by EFSA to characterise the relationship between
plasma/serum selenium concentrations and incidence of T2DM based on observational studies. The
analysis included studies using plasma/serum selenium concentrations as exposure variable as well as
studies which estimated selenium intake based on dietary assessment methods. In the latter case, the
piecewise regression equation described above was used to convert mean selenium intakes into
estimates of plasma/serum selenium concentrations for inclusion in the dose–response analysis.

Parametric dose–response models were estimated based on summarised data. Both linear and non-
linear (restricted cubic splines) dose–response relationships were investigated. Random-effects models
were fitted on risk ratios (RR) from most adjusted multivariable models via restricted maximum
likelihood using a one-stage approach (Crippa et al., 2019) and a two-stage approach (Orsini
et al., 2012) to estimate pooled effects of individual studies across exposure categories. The reference
dose chosen corresponded to the lowest mean plasma concentration observed or estimated in the
sample. The between-study heterogeneity was investigated with Cochran’s Q test and the I2 statistic;
sensitivity analyses were run to address the uncertainty in the choice of spline knots, in the type of
exposure assessment and in the influence of individual studies. Publication bias was assessed using
Egger’s test and funnel plot on study-specific RRs.

2.2.2.3. Evidence integration (sQ1 and sQ2)

Hazard identification

Regarding sQ1, a causal relationship between ‘high’ selenium intake and clinical selenosis is well-
established and the assessment focussed on the characterisation of the dose–response. As proposed in
the guidance for establishing and applying ULs for vitamins and essential minerals (EFSA NDA
Panel, 2022), some changes that occur before clinical manifestations of excess selenium intake could
be used as surrogate or predictive markers of subsequent adverse health effects, i.e. biomarkers of
effect. Thus, data that could inform the identification of potential biomarkers of effect were also
gathered and explored.

Regarding sQ2, the hazard identification step consisted of assessing the evidence for a causal
positive relationship between selenium intake and the health effects identified. For each health effect,
HCTs and prospective observational studies (PCs/NCCs) are organised in separate lines of evidence
(LoE), which are classified in hierarchical order:

Tolerable upper intake level for selenium
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• Standalone main LoE: Studies on disease endpoints (e.g. incidence of hypertension, incidence
of T2DM). These studies could, on their own, answer the sQ directly.

• Standalone surrogate LoE: Studies on endpoints which are surrogate measures of the disease
risk (e.g. blood pressure for hypertension, fasting blood glucose for T2DM). These studies also
could, on their own, answer the sQ, on the assumption that a sustained increase in the
surrogate measure over time (e.g. blood pressure) would eventually lead to an increased risk
of disease (e.g. hypertension). However, the Panel is aware of the uncertainty inherent in this
assumption, and this was considered in the uncertainty analysis (UA) for each sQ (see for
example Section 3.5.10).

• Complementary LoE: Studies on endpoints which are relevant to the disease but less directly
than those included in standalone LoE (e.g. risk factors, upstream indicators, other biologically
related endpoints). These studies, on their own, cannot answer the sQ but can be used as
supporting evidence to the standalone LoEs.

Conclusions on each health effect are reached by study design (HCTs separately from PCs/NCCs),
through considering the uncertainties in the body of evidence (BoE) and in the methods.

A stepwise approach is applied as illustrated in Figure 1 and described below:

Prioritisation

A prioritisation step is applied to identify health effects for which the available BoE suggests a
positive relationship between dietary intake of selenium and risk of disease/impaired function based on
a preliminary UA and expert judgement. The Panel considers that health effects for which the available
BoE (i) does not suggest a positive relationship (i.e. the relationship appears to be negative or null) or
(ii) is insufficient to conclude on a relationship, cannot be used to inform the setting of a UL for
selenium. Data gaps and research needs are identified, where appropriate.

When the available BoE indicates a positive association between selenium intake and the risk of a
disease/impaired function, a comprehensive UA is performed to inform the formulation of the hazard
identification conclusions, i.e. judgement on the level of certainty for a causal relationship. For health
effects with more than one standalone LoE, the comprehensive uncertainty analysis is undertaken for
the endpoint with the highest level of evidence for a positive relationship with the exposure.

Tolerable upper intake level for selenium
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Evidence integration and conclusions on the prioritised SQs, by study design

The OHAT-NTP framework for the formulation of hazard identification conclusions is used and
adapted (OHAT-NTP, 2019). According to the OHAT-NTP approach, available studies on a particular
outcome are initially grouped by study design (i.e. trials vs prospective cohort studies) and the BoE on
a particular sQ is given an initial level of certainty based on study design. In the OHAT’s framework,
the ‘initial confidence rating’ is expressed through four qualitative descriptors, i.e. ‘high’, ‘moderate’,
‘low’, ‘very low’. It is assigned by considering four features of the design i.e. exposure is experimentally
controlled, exposure occurs prior to the endpoint, endpoint is assessed at individual level and an
appropriate comparison group is included in the study. As a result, OHAT assigns a ‘high’ confidence
rating (likely to comply with all four the above-mentioned criteria) to HCTs, while PC studies (where
the exposure is unlikely to be controlled) start with a ‘low’ to ‘moderate’ confidence rating,2 depending
on whether the exposure precedes the outcome or not (OHAT-NTP, 2019). The Panel agrees with the
rationale behind this initial rating but notes that qualitative descriptors bear some ambiguity. The EFSA
Scientific Committee recommends the use of probability as the preferred measure for expressing
uncertainty (EFSA Scientific Committee, 2018). Therefore, OHAT’s ‘initial confidence ratings’ have been
translated into ‘initial levels of certainty’ expressed as approximate probabilities. Similarly, the final level

BoE: body of evidence; LoE: line of evidence.

Figure 1: Stepwise approach for evidence integration and uncertainty analysis applied to sQ2, by
study design

2 See Table 8 of OHAT’s Handbook for Conducting Systematic Reviews for Health Effects Evaluations (OHAT-NTP, 2019).
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of certainty for a positive and causal relationship between the exposure and risk of disease is
expressed in terms of probabilities, rather than using qualitative descriptors (Figure 2).

A schematic representation of the approach for assessing the final level of certainty in the hazard
identification conclusions by study design is provided in Figure 2. This initial rating is downgraded on
the basis of factors that decrease certainty in the results (RoB, unexplained inconsistency, indirectness
or lack of applicability, imprecision, and publication bias) and upgraded for factors that increase
certainty in the results (large magnitude of effect, dose–response, consistency across study designs/
populations/animal models or species, and consideration of residual confounding or other factors that
increase the certainty in the causal nature of the relationship).

Reaching overall conclusions on the prioritised SQs

Adapted from the OHAT-NTP approach, the overall conclusion regarding the relationship is
formulated as follows:

a) hazard identification conclusions are primarily based on the BoE providing the highest level
of certainty on the relationship;

b) consistent results across study designs could result in higher level of certainty on the
causality of a positive relationship;

c) mechanistic or mode-of-action data are considered as other relevant supporting types of
evidence; they could provide strong support or opposition for biological plausibility and could
thus result in higher or lower certainty on the causality of the positive relationship.

It is noted that the formulation of hazard identification conclusions necessarily requires expert
judgement. The value of this type of approach is that it involves using a reproducible and transparent
framework for expressing uncertainty in the evidence and in the methods.

Hazard characterisation

At this step, evidence is integrated to select the critical effect(s) and identify a reference point (RP) for
establishing the UL. As proposed in the guidance for establishing and applying ULs for vitamins and
essential minerals (EFSA NDA Panel, 2022), when available data are not suitable for dose–response

Initial level of 
certainty by study 
design

Factors decreasing 
certainty

Factors increasing 
certainty

Final level of 
certainty(a)

High: 
>75–100% probability
 HCTs

Moderate: 
>50–75% probability
 PCs assessing the 
exposure prior to the 
endpoint

Low: 
>15–50% probability

Very low: 
0–15% probability

• RoB across studies 
(limitations to internal 
validity)

• Unexplained 
inconsistency 
(heterogeneity)

• Indirectness 

• Imprecision

• Publication bias

• Large magnitude of the 
effect (or a strong 
association/response)

• Dose-response (monotonic 
or not)

• Residual confounding 
i) studies report an effect and 

residual confounding is 
toward the null

ii) studies report no effect and 
residual confounding is 
away from the null

• Consistency (across 
endpoints in standalone 
and complementary LoEs)

High: 
>75–100 % probability

Moderate: 
>50–75 % probability

Low: 
>15–50% probability

Very low: 
0–15 % probability

Adapted from OHAT-NTP (2019).
LoE: line of evidence; PC: prospective cohort study; HCT: human controlled trial; RoB: risk of bias.
(a): As an example, a ‘high level of certainty’ means that, based on the available evidence, experts are 75%–100%

certain that selenium is positively and causally associated with the disease of interest.

Figure 2: Approach applied to assign the final level of certainty in a causal relationship
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modelling, a no-observed-adverse-effect level (NOAEL) or a lowest-observed-adverse-effect level
(LOAEL) can be identified and used as the RP. In view of the available BoE, this approach is applied. To
derive the UL, an uncertainty factor (UF) is applied to the RP to account for the uncertainties associated
with extrapolating from the observed data to the general population. ULs should be protective for all
members of the general population, including sensitive individuals, throughout their lifetime. The
rationale for the selection of the RP and UF are documented in Section 3.6 of the Opinion.

2.3. Dietary intake assessment (sQ8)

The assessment follows the approach outlined in the protocol for the intake assessments performed
in the context of the revision of Tolerable Upper Intake Levels for selected nutrients (EFSA, 2022). It is
briefly summarised below.

2.3.1. Data

Selenium intakes from foods, excluding food supplements, have previously been estimated for all
population groups in the context of the Scientific Opinion on DRVs (EFSA NDA Panel, 2014). Food
intake data from the EFSA Comprehensive European Food Consumption Database (hereinafter referred
as Comprehensive Database)2 and data on selenium content in foods from the EFSA food composition
database (FCDB)3 (Roe et al., 2013) were used. Given that the EFSA FCDB has not been updated since
then and the number of national surveys that were newly integrated in the Comprehensive Database is
limited, the intake estimates published in 2014 are still considered adequate for the purpose of the
present assessment and were not updated, except for the addition of data for infants aged < 1 year
(Section 2.3.2).

Regarding the use of selenium food supplements, data in the Comprehensive Database suffer from
important limitations, in particular due to partial reporting in the database of the nutrient(s) contained
in food supplements. In view of the uncertainties associated with these data, the Panel relied on
information available at national level (see below).

To complement EFSA intake assessment from 2014, selenium intake estimates from natural
sources, from addition to foods and from food supplements based on nationally-representative food
consumption surveys and Total Diet Studies (TDS) published after 2014 were collected. Data on
selenium intakes from fortified foods and/or food supplements published before 2014 were also
considered as the contribution of those sources was not addressed in EFSA’s previous assessment.
Data were collected between September and November 2021 by contacting 64 competent authorities
in 37 European countries through EFSA Focal Points3 and the EFSA Food Consumption Network.4 An
additional search in sources of bibliographic information (Google Scholar, PubMed) was performed to
collect reports of national surveys included in the Comprehensive database which had not been
obtained through the competent authorities.

The Mintel Global New Products Database (GNPD)5 was used as a data source to identify the type
of selenium containing food supplements and fortified foods available on the EU market. The search
was limited to the past 5 years, from January 2016 to December 2021.

2.3.2. Methodology

EFSA intake estimates were calculated by matching the food intake data from the Comprehensive
Database and the data on selenium content in foods from the EFSA FCDB as available in 2014 (EFSA
NDA Panel, 2014) (Section 3.4.2). Data on intake estimates for infants (≥ 4 to < 12 months), which
were not in the remit of the DRV Opinion from 2014, have been added to the present assessment.
The methodology applied to estimate intakes in this population group is the same as for the other age
groups.

Selenium intake data from recent national food consumption surveys and TDSs, including specific
estimates of selenium intake from food supplements and/or fortified foods, were extracted.

3 http://www.efsa.europa.eu/en/people/fpmembers
4 http://www.efsa.europa.eu/sites/default/files/dcmfoodconsnetworklist.pdf
5 The Mintel GNPD contains information on over three million food and beverage products, of which more than one million are
or have been available on the European food market. Twenty five out of the 27 EU Member States and Norway are present in
the database. The database provides the compulsory ingredient information reported on product labels and the nutrition
declaration when available. http://www.mintel.com/globalnew-products-database.
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Information on food products fortified with selenium and selenium-containing supplements available
on the EU market, and their selenium content as reported on the label, were extracted from the GNPD
database. These data were used qualitatively to describe the types of fortified foods and food
supplements available and to gain insight into their potential contribution to total selenium intake.

2.4. Public consultation

In line with EFSA’s policy on openness and transparency, and for EFSA to receive comments from
the scientific community and stakeholders, the draft Scientific Opinion was released for public
consultation from 14 September 2022 to 19 October 2022.6 The outcome of the public consultation is
described in a technical report published as Annex F to this Scientific Opinion.

3. Assessment

3.1. Chemistry of selenium

Selenium (CAS number 7782-49-2) resembles sulfur in its organic and inorganic forms (EFSA NDA
Panel, 2014). Selenium is found in organic compounds, such as SeMet, selenocysteine (SeCys),
dimethlyselenide (DMSe), dimethyldiselenide and Se-methyl-selenocysteine (MeSeCys), and inorganic
forms, such as selenite (SeO2�

3 ), selenide (Se2−), selenate (SeO2�
4 ) and elemental selenium (Mehdi

et al., 2013; Naderi et al., 2021). The main inorganic selenium compounds, selenite and selenate, are
water soluble, while elemental selenium is not (ATSDR, 2013). Selenium in a component of a number
of selenoproteins which are mediating the biological effects of selenium and include glutathione
peroxidases, thioredoxin reductases, iodothyronine deiodinases and selenoprotein P (EFSA NDA
Panel, 2014).

3.2. Absorption, distribution, metabolism and excretion

The most abundant forms of selenium in the diet are organic, SeMet and SeCys in particular.
Selenite and selenate (inorganic selenium compounds) normally represent a minor proportion of the
overall dietary intake (EFSA NDA Panel, 2014; see Section 3.4.1). Brassica and Allium species are
sources of the non-proteinogenic selenium-containing amino acids Se-methyl-selenocysteine (MeSeCys)
and γ-glutamyl-Se-methyl-selenocysteine (γ-Glu-MeSeCys) (see also Section 3.4.1).

SeMet is a methionine analogue that may non-specifically replace methionine in proteins. It can
only be synthesised by plants but can be incorporated into proteins by plants and animals into the
non-specific protein pool. They are often referred to as selenium-containing proteins, in contrast to
selenoproteins (Combs, 2015).

SeCys, which is the only form of selenium used for selenoprotein synthesis (see Section 3.1), is
co-translationally synthesised from selenide and serine and can be integrated into peptides through
in-frame UGA codons in selenoprotein mRNA (Labunskyy et al., 2014). Plants generally do not have
UGA-encoded selenoproteins (White, 2018). With exception of some algae (Jiang et al., 2020),
selenoproteins can only be synthesised in animals and some microorganisms (Beilstein and
Whanger, 1986; Combs, 2015).

Human studies confirm that all forms of selenium are readily absorbed (Jäger et al., 2016a,b).
As evidenced by animal studies, selenium-containing amino acids require the digestion of the

respective proteins and are then absorbed through active transport (Combs, 2015). SeMet is absorbed
with the involvement of intestinal methionine transporters, while the absorption of SeCys is less well
studied (Burk and Hill, 2015), but might be absorbed in a similar way as cysteine (Ha et al., 2019).
Selenite is absorbed via passive diffusion (Burk and Hill, 2015) and, when ingested in physiological
amounts, is reduced in the intestinal mucosa cells to selenide. It is, therefore, not expected to occur as
such in circulation (Burk and Hill, 2015). Selenate, on the contrary, is absorbed via a carrier-mediated
mechanism and can appear unchanged in blood (Combs, 2015; Ha et al., 2019) (Figure 3). The
absorption of selenium can be influenced by other dietary components and is in the range of
50%–90% in humans (Burk and Hill, 2015).

Following absorption, the different selenium compounds are mostly transported to the liver (Ha
et al., 2019). The liver is the principal site of selenium metabolism. The metabolites are then widely
distributed to other organs and tissues such as pancreas, nervous system, skin and hair, bone, both

6 https://connect.efsa.europa.eu/RM/s/publicconsultation2/a0l7U0000011gOQ/pc0265
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skeletal and cardiac muscle, lungs and kidneys (ATSDR, 2013). These organs are variably affected by
deficient and excessive intakes of selenium giving rise to site-specific pathological and biochemical
features (Alexander, 2022).

Evidence on the fate of selenium in the liver and subsequent transport to cells stems mainly from
animal and in vitro studies. In the liver, all selenium compounds, except SeMet, MeSeCys and γ-Glu-
MeSeCys, are metabolised to the common intermediate, hydrogen selenide (Figure 3).

SeMet can be metabolised via the transsulfuration pathway to SeCys or be randomly incorporated
into the non-specific protein pool (Burk and Hill, 2015). SeMet can also be metabolised to
methylselenol by γ-lyase in mouse liver (Suzuki et al., 2007; Thiry et al., 2012). However, it is uncertain
if this conversion occurs in humans. Selenium deposited in the non-specific protein pool can be
released by the degradation of proteins and be used in the formation of selenoproteins as SeCys
(Waschulewski and Sunde, 1988a,b).

MeSeCys and γ-Glu-MeSeCys are converted to methylselenol by β-lyase which can be either
metabolised to hydrogen selenide or further methylated for excretion (Suzuki et al., 2007; Thiry
et al., 2012).

SeCys, either consumed as such or produced from SeMet, is transformed to hydrogen selenide and
alanine by SeCys lyase (Burk and Hill, 2015). It is subsequently phosphorylated by selenophosphate
synthase 2 to monoselenophosphate (H2SePO3) (Saito, 2021), which is used for conversion of
phosphoseryl tRNA[ser]sec to SeCys tRNA[ser]sec that provides SeCys for insertion into selenoproteins
during translation (Burk and Hill, 2015). SeCys is highly reactive and has not been found in free form
in tissues, as SeCys lyase which catalyses the reaction from SeCys to hydrogen selenide keeps its level
low (Burk and Hill, 2015; Plateau et al., 2017; Hoffman et al., 2019). In humans, there is no
physiological pathway that allows SeMet to be synthesised from SeCys (Katarzyna et al., 2020).

Selenate is reduced first to selenite and then to hydrogen selenide through a series of redox
reactions coupled to reduced glutathione or with the involvement of thioredoxin reductases (Burk and
Hill, 2015).

Hydrogen selenide can be incorporated into selenoproteins, used in the formation of selenosugars
or methylated for excretion as shown in a study on the human metabolic profile of urinary selenium
(Lajin et al., 2016a).

From the liver, selenium is transported to tissues as SeCys mainly in selenoprotein P, the major
selenium transport protein, but also in other selenoproteins (Burk and Hill, 2015). The distribution is
differential, as some tissues, such as the brain and the testes, require more selenium than others for
their function, as shown in animal studies (Ha et al., 2019). In in vitro studies it has been observed
that in order to use selenium that had been transported by selenoprotein P, selenoprotein P is
incorporated into cells where it is degraded in the lysosome and the liberated SeCys can be used in
selenoprotein synthesis (Saito, 2021).

In plasma, selenium is also present as SeMet, which non-specifically substitutes for methionine in
plasma proteins, and as small molecules such as selenosugars (Burk and Hill, 2015).

Under physiological intakes, the assumption is that selenoproteins make up the majority of tissue
selenium, but recent data in turkey liver suggest that the selenosugar 1 (β-methylseleno-N-acetyl-
galactosamine; SeGalNac) comprises more selenium than all the selenoproteins combined (Katarzyna
et al., 2020).

It has been shown that in turkey liver selenosugars can react with low-molecular weight thiols and
with cysteine-containing peptides and proteins. Analysis of high-molecular weight selenium species
found that selenium was present as SeGalNac (selenosugar 1) linked to thiols on general body
proteins. With high selenium supplementation, increased selenosugar formation occurred, further
increasing these ‘selenosugar-decorated proteins’, but also increasing selenosugar linked to low-
molecular weight thiols and the excretion of SeGalNac (selenosugar 1) in urine (Katarzyna
et al., 2020).

Selenium elimination primarily occurs by urinary excretion (Sunde, 2012). The main human urinary
selenium metabolites are the selenosugars 1 and 3, trimethylselenonium ion (TMSe) and, depending
on the selenium compound consumed, selenate and selenium-methylselenoneine, the latter originating
most likely from methylation of selenoneine in fish (Hadrup and Ravn-Haren, 2021). A considerable
part of excreted selenium is in the form of yet unidentified metabolites. The amount of identified and
unidentified selenium metabolites in urine is dependent on the selenium compound ingested, on the
dose and on the individual genetic background (Kuehnelt et al., 2007; Jäger et al., 2016a,b).

TMSe is produced following methylation of hydrogen selenide first to methylselenol (driven by
thiopurine S-methyltransferase (TPMT)), then to DMSe (driven by either TPMT or indolethylamine

Tolerable upper intake level for selenium

www.efsa.europa.eu/efsajournal 17 EFSA Journal 2023;21(1):7704

 18314732, 2023, 1, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2023.7704 by U

niversity O
f A

berdeen, W
iley O

nline L
ibrary on [08/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



N-methyltransferase (INMT)) and finally to TMSe (driven by INMT). A genetic polymorphism in the
human INMT gene results in the fact that some individuals are not able to excrete TMSe in substantial
amounts (TMSe non-eliminators) (Lajin and Francesconi, 2016). It has been suggested that conversion
of hydrogen selenide to methylselenol and to DMSe takes place in the liver, while the urinary
metabolite TMSe is produced from DMSe in the lungs (Fukumoto et al., 2020). This would explain why
following ingestion of large amounts of selenium, when the ability of the lung to convert DMSe into
TMSe is exceeded, DMSe is exhaled in breath. There is indication that TMSe eliminators excrete TMSe
in addition to other selenium metabolites and eliminate more selenium than TMSe non-eliminators
(Kuehnelt et al., 2015; Lajin et al., 2016a). The Panel notes that the reduced capacity of TMSe non-
eliminators to excrete excess selenium in urine might make them more susceptible to selenium toxicity
compared with TMSe eliminators. However, current evidence is inadequate to confirm this hypothesis.

In TMSe non-eliminators, selenosugars 1 and 3 are the predominant selenium metabolites in urine,
while TMSe seems to be more prominent in TMSe eliminators (Lajin et al., 2016b). Selenosugar 2 is
present usually only in trace amounts and is only detected when selenium intakes are high. For
example, selenosugar 2 has been reported to be present in urine in individuals who had been
supplemented with 8,000 μg/day SeMet for 7 days and thereafter 4,000 μg/day with urine collections
up to day 30 of supplementation (Kuehnelt et al., 2007; Lajin et al., 2016b). With increasing selenium
intakes, selenosugar 1 becomes more prominent while the selenosugar 3 rise is less pronounced. The
ratio of selenosugar 3 to total urinary selenium metabolites tends to reach a plateau at around 5%,
while that of selenosugar 1 to total urinary selenium metabolites continues to rise and stabilises at
around 70% (Lajin et al., 2016a).

Selenium ingested as selenate given at a single dose of 50 μg was mostly excreted unmetabolised
in humans (Jäger et al., 2016a). Small amounts of ingested selenite are also excreted as selenate,
indicating that a fraction of selenite is oxidised to selenate following intake (Jäger et al., 2016b).

Figure 3 provides a schematic overview of selenium metabolism in humans.
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Based on Burk and Hill (2015), Combs (2015), Saito (2021), Jäger et al. (2016a,b), Thiry et al. (2012), and Rayman et al. (2008a).
DMSe: dimethylselenide; γ-Glu-MeSeCys: γ-glutamyl-Se-methyl-selenocysteine; INMT: indolethylamine N-methyltransferase; MeSeCys: Se-methyl-selenocysteine; SeMet:
selenomethionine; SeCys: selenocysteine; TMSe: trimethylselenonium ion; tRNA: transfer ribonucleic acid; TPMT: thiopurine S-methlytransferase.

Figure 3: Schematic representation of selenium metabolism
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3.3. Biomarkers of intake

3.3.1. Characteristics of selenium biomarkers

Several biological markers have been proposed as potential markers of selenium exposure. High
correlations (r = 0.63–0.96) between selenium dietary intake, as estimated from duplicate food
portions, and single measurements from whole blood, 2-h-urine, serum/plasma, hair and (toe)nail
samples have been reported (Yang et al., 1989a; Longnecker et al., 1996). The characteristics of
selenium biomarkers are described in Appendix A, together with their strengths and limitations
regarding their use as biomarkers of selenium dietary intake.

Dietary selenium intake is the major determinant of whole blood/serum/plasma selenium
concentrations in non-occupationally exposed individuals. Serum/plasma selenium concentrations and,
to a lesser extent, whole blood selenium concentrations, are the most commonly used biomarkers of
selenium intake in epidemiological studies and reflect short/medium term exposure.7

Some equations have been published to estimate selenium intake from whole blood/serum/plasma
selenium concentrations. These equations have been developed using data collected in specific
populations. Some approximate conversion factors have also been proposed based on observational
evidence (Haldimann et al., 1996).

Other markers that have been used include urinary selenium (short term exposure), nail and hair
selenium concentrations (medium/long term exposure8).

Glutathione peroxidases are selenoproteins which are part of the human antioxidant network.
Measures of glutathione peroxidase activity in plasma (glutathione peroxidase 3) and other blood
compartments (glutathione peroxidase 1 activity in platelets and RBCs; whole blood glutathione
peroxidase activity) have been commonly used as biomarkers of selenium status (EFSA NDA
Panel, 2014). Selenoprotein P has a central role in selenium storage and transport and has also been
used as a biomarker of selenium status (EFSA NDA Panel, 2014). The utility of these markers as
biomarkers of intake is limited to the lower range of selenium intake as they reach a plateau as
selenium intake increases (glutathione peroxidases were found to reach maximum activity at an intake
of 40–60 μg/day (Yang et al., 1987; Duffield et al., 1999; Xia et al., 2005; Xia et al., 2010), while
plasma selenoprotein P was found to reach such a plateau with selenium intakes of 60–70 μg/day
(Duffield et al., 1999; Persson-Moschos et al., 2000; Xia et al., 2010); in addition, these proteins are
upregulated by oxidative stress, and therefore their levels and activity may increase as a response to
free radicals even in the absence of any change in selenium supply.

3.3.2. Dose–response relationship between selenium intake and plasma/serum
selenium concentration

A dose–response meta-analysis was conducted by EFSA to characterise the relationship between
mean selenium intake and mean selenium plasma concentrations. The method and results are
summarised below. More details are given in the technical report in Annex B.

Data points from studies in which the standard error (SE) of the mean values was not available or
could not be calculated were excluded from the analysis. For each study only results from one analysis
among alternative ones were chosen (e.g. overall vs. sex-specific estimates). After sensitivity and
subgroup analyses were conducted, 63 pairs of mean values and related standard errors (plasma
concentrations and intakes) from 39 studies were included in the final set for the dose–response
analysis. The data points corresponding to the intervention phase of trials (25 data points) were
excluded as, in a sensitivity analysis, the slope obtained using datapoints from only this subgroup was
much different from the slope obtained from analysis of datapoints originating from observational
settings (i.e. observational studies, baseline characteristics of participants in intervention studies),
possibly due to the manipulation of the diet for relatively short periods. Therefore, intake estimates
corresponded to intakes from mixed diets containing different selenium compounds.

The shape of the relationship was explored by applying linear splines; these were considered a
convenient way of capturing the non-linearities in the relationship while keeping the conversion
process simple. Different numbers and types of knots were tested, including one at 70 μg/day which is
the AI for selenium established by the NDA Panel in 2014 (EFSA NDA Panel, 2014). This knot was

7 Short term: hours/days; medium term: weeks.
8 Medium term: weeks; long term: months/years.
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finally chosen as it corresponded to the best fitting model. Accordingly, the model estimated two
different slopes depending on whether the intake values were below or above the cut-off of 70 μg/day
and related constant terms.

The estimated coefficients were 1.25 (95% confidence interval (CI) 0.88, 1.61) below 70 μg/day
and 0.43 (95% CI: 0.29, 0.58) above 70 μg/day, with a constant term for the first spline of 23.10
(95% CI: 1.92, 44.28) and a constant term for the second spline of 79.90 (95% CI 58.72, 101.08) –
not shown (Figure 4); at 70 μg/day of mean selenium intake the predicted mean plasma
concentrations were 99 (95% CI: 93, 105) μg/L in the linear meta-regression model (not shown) and
111 (95% CI 102, 119) μg/L in the non-linear model (see Figure 4).

The outcome of the stratified and sensitivity analyses conducted on this model are presented in
Annex B.

3.4. Intake assessment

3.4.1. Sources of dietary selenium

Dietary selenium from plant and animal sources occurs mainly as organic compounds, primarily
SeMet and SeCys (Rayman et al., 2008a; Cubadda et al., 2010; Fairweather-Tait et al., 2011;
Rayman, 2012; Mehdi et al., 2013). Almost 90% of selenium in (non-selenium-enriched) plants is
present as SeMet (Burk and Hill, 2015). In food of animal origin, SeMet is also present as a major
species alongside SeCys specifically incorporated into selenoproteins (Bierla et al., 2008a,b; Lipiec
et al., 2010). In fish, SeMet or selenoneine are the major selenium forms depending on the fish
species (Yamashita and Yamashita, 2010; Sele et al., 2018).

The richest food source of selenium are Brazil nuts (Bertholletia excelsa). Mean concentrations
between 5 and 72 μg/g dry weight (up to 400 μg/nut) have been reported in samples collected in
Brazil and the Amazon Basin, indicating large variability depending on their region of production
(Pacheco and Scussel, 2007; Cardoso et al., 2017). There may be high seed-to-seed variation in
selenium content within commercially available batches (Lima et al., 2019).

Other rich foods of selenium include offals (e.g. mean content in kidney (pig, lamb, beef: 1–3 μg/g))
and fish and crustaceans (e.g. mean content in tuna: 1–3 μg/g; shrimps, crabs, prawns: 1–2 μg/g)
(Anses, 2020; Public Health England, 2021; Finnish Institute for Health and Welfare, 2022).

In EFSA’s intake assessment of selenium in European populations, the main food groups
contributing to selenium intake were found to be milk and dairy products, meat and meat products,

70

β1 = 1.25

β2 =

α =

Se: selenium.

Figure 4: Dose–response meta-analysis on the relationship between mean selenium intakes and
mean selenium plasma concentrations. At 70 μg/day one knot was identified from the best
fitting linear splines model and coefficients estimated below and above such a cut-off
(β1 = 1.25, β2 = 0.43, α = 23.10)
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grains and grain-based products and fish and fish products (EFSA NDA Panel, 2014) (see also
Section 3.4.2).

There is a large variability in the selenium concentration of foods, which depends, to a large extent,
on where crops and fodder are grown (Johnson et al., 2010; Mehdi et al., 2013). The amount of
selenium available in soil is a major determinant of the amount of selenium in the plant foods.
Seleniferous soils are present in parts of the United States, Canada, South America, India, China and
Russia, while New Zealand, some parts of China, Nordic European countries and parts of Eastern
Europe are characterised by selenium content in soils which are lower than the average content
worldwide (Combs, 2001; Oldfield, 2002). Other factors affect the uptake of selenium into plants, such
as soil pH, rainfall or microbial activity (Mora et al., 2015).

Selenium in water is mainly present as inorganic compounds, predominantly as selenate
(WHO, 2011; LeBlanc et al., 2018). As per Directive (EU) 2020/21849 the parametric value for the
selenium content of drinking water is 20 μg/L in the EU, which can be increased to 30 μg/L in regions
where geological conditions could lead to high levels of selenium in groundwater.

Selenium-enriched foods

Food items with an artificially increased content of selenium can be produced by means of
selenium-enriched fertilisers or growth medium. They are hereinafter referred to as selenium-enriched
foods (sometimes called selenised or biofortified foods in the literature). Examples include selenised
wheat, garlic, onion, broccoli, potatoes and selenised yeast (Demirci et al., 1999; Heard et al., 2004;
Fisinin et al., 2008; Fairweather-Tait et al., 2011).

Soil enrichment is usually performed with inorganic selenium salts (selenate, rarely selenite, e.g. as
sodium salt). In most plants, inorganic selenium is taken up and biotransformed into SeMet. For
example in cereal grains grown in areas with selenium-rich soil, the major selenium compound is
protein-bound SeMet. Inorganic selenium and water soluble low molecular weight seleno-compounds,
including selenosugars, are also present and are non-protein bound (Aureli et al., 2012). In plants of
the Brassica genus (e.g. broccoli) and the Allium genus (e.g. onion and garlic) enrichment with
inorganic selenium results in the biosynthesis of notable amounts of the non-protein selenoamino acids
MeSeCys and γ-Glu-MeSeCys (Rayman et al., 2008a).

Se-yeast is the most widespread selenium-enriched source and contains predominantly SeMet, with
a large variety of other organic species present as minor compounds (Fairweather-Tait et al., 2011;
Bierla et al., 2012; Bierla et al., 2018).

Fortified foods

The selenium content of foods can be increased by its addition to foods during processing
(hereinafter referred to as fortified foods). In the EU, sodium selenate, sodium hydrogen selenite,
sodium selenite, and Se-yeast are authorised for addition to foods10 and foods for specific groups.11

The Mintel GNPD database12 was used to identify foods and beverages to which selenium has been
voluntarily or mandatorily added in the EU market in the last 5 years (from January 2016 to December
2021). A total of 1,847 packaged food products available in 22 EU Member States (MSs) and Norway
were identified as containing added selenium in the ingredient list. The majority of the products belong
to the Mintel categories ‘baby foods’13 (41%) and ‘nutritional drinks & others’ (34%). Most products
were found in Germany, Italy, France and Spain. Data on selenium content per serving based on
labelled information were available for 19% of the products. Among those, this information was
available for 2% of ‘baby foods’ only (n = 18): range 1.5–11 μg selenium per serving
(median = 5.7 μg selenium); and 29% of ‘nutritional drinks & others’ (n = 179): range 6.4–165 μg

9 Directive (EU) 2020/2184 of the European Parliament and of the Council of 16 December 2020 on the quality of water
intended for human consumption (recast). OJ L 435, 23.12.2020, pp. 1–62.

10 Regulation (EC) No 1925/2006 of the European Parliament and of the Council of 20 December 2006 on the addition of
vitamins and minerals and of certain other substances to foods. OJ L 404, 30.12.2006, pp. 26–38.

11 Regulation (EU) No 609/2013 of the European Parliament and of the Council of 12 June 2013 on food intended for infants and
young children, food for special medical purposes, and total diet replacement for weight control and repealing Council
Directive 92/52/EEC, Commission Directives 96/8/EC, 1999/21/EC, 2006/125/EC and 2006/141/EC, Directive 2009/39/EC of
the European Parliament and of the Council and Commission Regulations (EC) No 41/2009 and (EC) No 953/2009. OJ L 181,
29.6.2013, pp. 35–56.

12 http://www.mintel.com/globalnew-products-database
13 ‘Baby foods’ as categorised by Mintel; the definition applied differs from the EU regulatory category ‘baby food’ as specified in

Regulation 609/2013 of the European Parliament and of the Council on food intended for infants and young children, food for
special medical purposes, and total diet replacement for weight control. OJ L 181, 29.6.2013, p. 35.
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selenium per serving (median = 18 μg selenium), with the highest contents per serving reported in
some weight management products such as meal replacement shakes.

Food supplements

In the EU, authorised forms of selenium for use in food supplements are sodium selenate, sodium
hydrogen selenite, sodium selenite, Se-yeast, L-SeMet and selenious acid.14

The Mintel GNPD database was used to identify selenium containing food supplements present in the
EU market in the last 5 years (from January 2016 to December 2021). The Mintel category ‘vitamins and
dietary supplements’, including supplements formulated for special nutrition needs such as ‘maternal &
infants nutrition’ and ‘performance nutrition’, was searched. It yielded a total of 1,238 products available
in 24 EU MSs and Norway. Most of the products were found in Germany, France and the Netherlands. The
labelled recommended daily dose ranged from 2.5 up to 220 μg of selenium, with an average of 49 μg per
daily dose (median 50 μg per daily dose) (Figure 5). A proportion of 15% of the food supplements contain
≥ 70 μg per daily dose, which is the AI for selenium in adults, and 4% contain > 100 μg per daily dose.
Among selenium containing products, only 2.6% were single-nutrient supplements.

3.4.2. EFSA’s intake assessment

Selenium intakes from food sources (excluding food supplements) in European populations were
calculated in the context of the Scientific Opinion of DRVs for selenium, based on the data from the
EFSA Comprehensive Database and the EFSA FCDB (EFSA NDA Panel, 2014). Food consumption
surveys of Finland, France, Germany, Ireland, Italy, Latvia, the Netherlands and Sweden were used for
the assessment. The period of data collections covered by the surveys ranged between 2000 and
2012. Further information on the characteristics and methods used for the data collection in the
respective surveys are provided in Annex C.

Intervals of selenium recommended daily dose displayed on labels (μg/day) 

Fr
eq

ue
nc

y 

Source: Mintel GNPD database. Search for selenium-containing supplements available in the EU market in the last
5 years (from January 2016 to December 2021). A total of 1,238 products available in 24 EU Member States and
Norway were identified.

Figure 5: Distribution of selenium-containing supplements available in EU Member States and Norway
according to the recommended daily dose displayed on labels

14 Directive 2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the approximation of the laws of the
Member States relating to food supplements. OJ L 183, 12.7.2002, pp. 51–57.
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Food composition data from Finland, Germany, Italy, the Netherlands and the UK were used to
calculate selenium intake in these countries. For nutrient intake estimates of Ireland and Latvia, food
composition data from the UK and Germany, respectively, were used, because no specific composition
data from these countries were available. The proportion of borrowed selenium values in the five
composition databases varied as follows: Germany 100%, Italy 91%, the UK 68%, Finland 58% and
the Netherlands 50%.

The intake assessment of 2014 did not distinguish between selenium ‘naturally present’ or ‘added’
to foods by manufacturers. As data on the consumption of foods fortified with selenium available in
the Comprehensive Database15 and on the concentration of selenium in fortified foods available in
EFSA FCDB database are scarce, EFSA’s intake estimates can be considered to reflect selenium intake
from natural sources.

The estimated distributions of intake are presented below by age group, sex and country of origin
(Figures 6 and 7). A summary overview, providing the ranges of means and 95th percentiles (P95)
across EU surveys is given in Table 3.

Lines represent the range between the 5th and 95th percentiles. Estimated intakes from 5th and 95th percentiles
are not presented when sample size is below 60 participants.
DE: Germany; FI: Finland; FR: France; IT: Italy; LV: Latvia; NL: Netherlands.
Source: (EFSA NDA Panel, 2014), except for infants.

Figure 6: Mean, median, 5th and 95th percentiles of selenium intakes in infants (< 1 year old),
toddlers (≥ 1 year to < 3 years old), other children (≥ 3 years to < 10 years old) and
adolescents (≥ 10 years to < 18 years old), by sex and country

15 Indicatively, 2.2% of the overall eating occasions reported a fortification descriptor (e.g. ‘F09.Fortification agent’) in the latest
version of the Comprehensive Database (updated in July 2021), of which 0.01% report a selenium-related fortification
descriptor, for foods such as milk, foods for sports people, and functional drinks. These figures are likely to underestimate the
actual consumption of fortified foods, as some surveys did not address the consumption fortified foods or because the survey
participants did not know if the food consumed was fortified.
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Lines represent the range between the 5th and 95th percentiles. Estimated intakes from 5th and 95th percentiles
are not presented when sample size is below 60 participants.
FI: Finland; FR: France; IE: Ireland; IT: Italy; LV: Latvia; NL: Netherlands; SE: Sweden.
Source: (EFSA NDA Panel, 2014).

Figure 7: Mean, median, 5th and 95th percentiles of selenium intakes in adults (≥ 18 years to
< 65 years old) and older adults (≥ 65 years), by sex and country

Table 3: Minimum and maximum mean values and 95th percentiles of selenium daily intake from
food sources (supplement use excluded) across European dietary surveys by population
group and sex

Population group, age range (mo, y)
(n of surveys)

Selenium (μg/day)

Males Females

Mean P95 Mean P95

Min. Max. Min. Max. Min. Max. Min. Max.

Infants, ≥ 4 to < 12 mo (3) 10.2 21.4 17.7 48.3 9.0 21.2 14.5 50.2

Toddlers, ≥ 1 to < 3 y (3) 18.9 36.3 32.2 61.6 17.2 35.8 28.3 56.9
Other children, ≥ 3 to < 10 y (6) 22.5 45.9 33.9 71.5 20.6 41.1 31.3 65.2

Adolescents, ≥ 10 to < 18 y (5) 41.6 60.3 66.5 95.5 33.9 46.9 55.9 87.8
Adults, ≥ 18 to < 65 y (6) 42.7 65.6 78.8 113.0 35.8 50.5 62.7 85.4

Older adults, ≥ 65 to < 75 y (6) 41.6 59.6 80 104.4 35.0 50.7 62.8 88.6
Older adults, ≥ 75 y (4) 38.8 61.7 64.6(a) 64.6(a) 31.0 49.5 49.6(a) 49.6(a)

Pregnant women (1) 50.3 50.9 82.9(a) 82.9(a)

mo: months, n: number, P, percentile; y: years.
(a): 95th percentiles calculated only for 1 survey.
Source: (EFSA NDA Panel, 2014), except for infants.
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Across population groups, the main food groups contributing to selenium intake were milk and
dairy products, meat and meat products, grains and grain-based products and fish and fish products,
with minor differences between sexes (EFSA NDA Panel, 2014) (Annex C).

When available, EFSA selenium intake estimates were compared with values from the same
national surveys published in the literature (EFSA NDA Panel, 2014). EFSA average selenium intake
estimates were similar to the published results from the Dutch national food consumption survey (van
Rossum et al., 2011) (� 5% difference), while EFSA values were up to 25% higher than the published
results from the Swedish Riksmaten survey (Amcoff et al., 2012) and up to 20% lower than the
published values from the INCA 2 survey in France (AFSSA, 2009), the FINDIET 2012 survey (Helldan
et al., 2013) and NWSSP study in adolescents (Hoppu et al., 2010) in Finland. As previously discussed
(EFSA NDA Panel, 2014), several factors may contribute to these differences, including discrepancies in
mapping food consumption data according to food classifications and in nutrient content estimates
available from the food composition tables, as well as different intake modelling methods. The lower
estimates for Finland may be due to borrowed values lower than the selenium contents of Finnish
foods that were used in the intake assessments at the national level owing to the national selenium
enrichment programme implemented in Finland. As the intake calculations rely heavily on estimates of
both food composition and food consumption, it is not possible to conclude which of these intake
estimates would be closer to the actual selenium intake.

3.4.3. Complementary information from national reports

3.4.3.1. Intake data of selenium from foods and fortified foods

Nationally representative consumption surveys and TDSs published after the surveys included in
EFSA’s intake assessment were collected. Survey characteristics, mean and P95 intake estimates are
presented in Annex D. Key information is summarised below.

Intake estimates from national consumption surveys

Reports from national consumption surveys providing estimates of selenium intake from foods and
fortified foods (excluding food supplements) are available for 10 countries: Denmark, Estonia, Finland,
France, Greece, Lithuania, Norway, Spain, Sweden, the Netherlands (Pedersen et al., 2015; Hansen
et al., 2016; AECOSAN, 2017; Anses, 2017; Hansen et al., 2017; Lemming et al., 2018; Valsta
et al., 2018; Mitsopoulou et al., 2020; van Rossum et al., 2020; Bulotaitė et al., 2021; Kukk
et al., 2021; Mitsopoulou et al., 2021). At the P95, the estimated intakes are up to 80.9 μg/day in male
infants (aged ≥ 3 to < 12 months; 3 countries), up to 108.6 μg/day in female toddlers (1 to < 3 years;
5 countries), up to 153.3 μg/day in male other children (3 to < 10 years; 5 countries), up to
183.7 μg/day in female adolescents (10 to < 18 years; 6 countries) and up to 227.7 μg/day in male
adults (≥ 18 years; 6 countries). The highest P95 values in all age groups are reported in the Third
Individual and National Survey on Food Consumption in France (INCA 3). However, the report of the
INCA3 survey (Anses, 2017) stressed large uncertainties related to the food composition tables used
for the selenium intake assessment.

Intake estimates from total diet studies

TDS data from Ireland and the Czech Republic were collected (FSA, 2016; Státnı́ zdravotnı́
ústav, 2021). Unpublished data from the Italian TDS were also obtained (F. Cubadda, personal
communication, November 2021). At the P95, selenium intakes from food consumption only in males
(i.e. without food supplements and fortified foods) are up to 64 μg/day in toddlers (1 to < 3 years;
one country), up to 116 μg/day in other children (3 to < 10 years; two countries), up to 144 μg/day in
adolescents (10 to < 18 years; one country) and up to 142 μg/day in adults (≥ 18 years; two
countries). Consistent with other results, intakes are slightly lower in females than in males. For all age
groups, the highest P95 values are found in the Italian TDS.

Contribution of fortified and enriched foods

The majority of the survey reports did not distinguish between selenium intake from natural
sources and intake resulting from selenium addition to foods (fortified foods). One report on two
national surveys in Estonia, involving children and adults, respectively, estimated selenium intake from
fortified foods only (Kukk et al., 2021). Only 1.5% of the total eating occasions included information on
fortification. Boys aged 1–9 years was the only population group for which a contribution of fortified
foods (0.1 μg selenium per day) could be detected. Challenges related to data gaps in food
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composition databases particularly for foods fortified with selenium were noted. In the report from the
DNFCS 2007–2010 (van Rossum et al., 2011), the estimated contribution of foods fortified with
selenium to total intake of selenium was negligible (< 1%).

Regarding selenium-enriched foods (Section 3.4.1), the addition of sodium selenate to the main
fertilisers became mandatory in 1984 in Finland, as a way to enrich the selenium content of local food
products, because of the low selenium content of Finnish soils. Following this public health measure,
the mean selenium intake in the Finnish population increased from 38 μg/day before enrichment policy
to 80 μg/day in 2001 (Rayman et al., 2008a). In other EU MSs, some selenium-enriched foods may be
present on the market (e.g. selenised potatoes). However, data on the contribution of these foods to
selenium intake are lacking.

3.4.3.2. Intake data of selenium from food supplements

Information on selenium intake from food supplements are available for six countries: Norway
(Totland et al., 2012; Hansen et al., 2016; Hansen et al., 2017; Astrup et al., 2020; Paulsen
et al., 2020), Sweden (Lemming et al., 2018), Finland (Valsta et al., 2018), the Netherlands (van
Rossum et al., 2020), Estonia (Kukk et al., 2021) and Poland (Stos et al., 2021). Study characteristics
and intake estimates are presented in Annex D.

Intake of selenium from foods supplements in the whole population

Six national dietary surveys from Estonia, the Netherlands and Norway provide information on the
contribution of selenium-containing food supplements to total selenium intake in the whole study
population, in different age groups (Table 4). The contribution is estimated to be ≤ 8% for toddlers,
children and adolescents in the three countries. Among adults, the contribution ranges between 2%
and 4% (adult women in Estonia) and 19% (adult women aged 51–79 years in the Netherlands).

Table 4: Percent contribution of food supplements to total selenium intake in whole survey
population

Country Dietary
method
(N of days)

Sex

Contribution of supplements to total mean selenium intake
% (age)

Toddlers
Other
children

Adolescents Adults Elderly

Survey name
(N subjects)

Reference

Estonia
National Dietary
Survey in Children and
Adults 2013–20151
(n = 4,646)
(Kukk et al., 2021)

24-h recalls
(2-d);
food records
(2-d)2

m 2–5
(1–9 y)

1–1.5
(10–17 y)

2–4
(18–64 y)

2–3
(65–74 y)

f 3–4
(1–9 y)

2–5
(10–17 y)

5–9
(18–64 y)

3–7
(65–74 y)

Netherlands
DNFCS 2012–2016
(n = 4,313)
(van Rossum et al.,
2020)

24-h recalls
(2-d)

m 4
(1–3 y)

9
(4–8 y)

7.5
(9–13 y)

7
(14–18 y)

7
(19–30 y)

5
(31–50 y)

11
(51-70y)

14
(71–79 y)

f 4
(1–3 y)

7
(4–8 y)

6
(9–13 y)

5
(14–18 y)

9
(19–30 y)

10
(31–50 y)

18.5
(51–70 y)

19
(71–79 y)

Norway
Spedkost 32,019
(n = 1,957)
(Paulsen et al., 2020)

FFQ m + f 6.5
(1 y)

Norway
Småbarnskost 32,019
(n = 1,413)
(Astrup et al., 2020)

FFQ m + f 5.6
(2 y)
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Intake of selenium from food supplements among users

In the latest national Finnish survey (FINDIET 2017), the percentage of selenium supplements
users was 15% among adult males and 22% among adult females of the total survey population
(based on 2 × 24-h recalls). Among selenium supplement users, the contribution of supplements to
selenium intake was 30% and 34% for males and females, respectively (Valsta et al., 2018) (Table 5).

Among food supplement users of the Riksmaten Adolescents 2016–2017 survey in Sweden
(individuals aged 11 to 21 years; n = 350), the contribution of selenium supplements to total mean
selenium intake ranged from 18% to 29% across age groups (based on 3 days of web-based dietary
record) (Lemming et al., 2018) (Table 5).

Among adult male and female food supplement users of the national survey in Poland (n = 178),
around 30% reported to have consumed selenium-containing supplements during the preceding year
(based on a food propensity questionnaire) (Stos et al., 2021). Mean (� standard deviation (SD))
selenium intake from food supplements only was 38.5 � 21.5 μg/day (median: 30 μg/day) for men
and women combined.

Country Dietary
method
(N of days)

Sex

Contribution of supplements to total mean selenium intake
% (age)

Toddlers
Other
children

Adolescents Adults Elderly

Survey name
(N subjects)

Reference

Norway
Ungkost 3
(n = 1,722)
(Hansen et al., 2016),
(Hansen et al., 2017)

Dietary
records
(web)
(3 or 4-d)

m 3
(4 y)

0
(9 y)

3
(13 y)

f 3
(4 y)

0
(9 y)

3
(13 y)

Norway
Norkost 32,010–2011
(n = 1,787)
(Totland et al., 2012)

24-h recalls
(2-d) + FPQ

m 6.8
(18–70 y)

f 10.7
(18–70 y)
11.83

(18–45 y)

d: days; DNFCS: Dutch National Food Consumption Survey; f: females; FFQ: Food Frequency Questionnaire; FPQ: Food
Propensity Questionnaire; m: males; N: number; y: years.
(1): Contribution expressed as a range based on two scenarios: (a) lower value: only accounting for supplements for which the

brand was reported (hence, food labelling checked) and, (b) upper value: accounting for all food supplements; when the
supplement brand was not reported, the nutrient concentration was estimated based on the label database created in the
first exposure scenario.

(2): For children up to 10 years of age.
(3): Women at childbearing age.

Table 5: Percent selenium supplement users in EU surveys and selenium intake from food
supplements among users

Country
Dietary
method

(N of days)
Sex

Age
range

% Se
supplement
users in total
survey sample

Se intake from
supplements,
mean � SD
(μg/day)

Contribution of
supplements to
total selenium
intake, mean

(%)

Survey name
(N of food supplement
users)

Sweden
Riksmaten 2016–2017
(N = 350)
(Lemming et al., 2018)

Dietary
records
(web)
(3-d)

m + f 11–13 y 4 17 29

12–16 y 5 14 23
17–21 y 9 24 18

Finland
FINDIET 2017
(N = 310)
(Valsta et al., 2018)

24-h recalls
(2-d)

m 18–74 y 15 38 30
f 22 37 34

Poland FPQ m 18–96 y 2 45.4 � 26.8 NA
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3.4.4. Overall conclusions on intake data

The Panel notes the uncertainties associated with selenium intake estimates due to the large
variability in the selenium content of foods, which mainly depends on the geochemistry and selenium
content of the soil. The origin of the foods can have a substantial impact on the selenium content of
some commodities. This may result in inaccuracies in food composition tables if the analytical data that
they include do not adequately capture the variability in the selenium content of foods or in the case
of borrowed values. Regarding EFSA intake estimates, the Panel notes the large amounts of borrowed
values and that there are uncertainties on how accurately the information contained in the nutrient
composition database reflects the variability in selenium concentrations in foods. Therefore, the results
should be considered indicative and be interpreted with caution (EFSA NDA Panel, 2014). TDSs can
address some limitations of the intake assessment based on food consumption tables as they use
representative sampling methods and chemical analysis of foods ‘as consumed’.

The Panel notes that, at P95, estimated intake of selenium from food consumption only (i.e.
without food supplements and fortified foods) are up to 48.3 μg/day in infants (4 to < 12 months), up
to 61.6 μg/day in toddlers (1 to < 3 years), up to 71.5 μg/day in other children (3 to < 10 years), up
to 95.5 μg/day in adolescents (10 to < 18 years) and up to 113.0 μg/day in adults (≥ 18 years),
across surveys included in EFSA’s intake assessment (EFSA NDA Panel, 2014). Intakes are slightly
lower in females, mainly due to smaller quantities of food consumed per day. National reports of more
recent data indicate that selenium intakes of high (P95) and average consumers in some EU MSs may
exceed EFSA estimates, but comparisons are difficult owing to the different methodologies and food
composition tables used.

The Panel notes that fortified foods were found to contribute little to total selenium intake in the
two countries for which information is available. The Panel notes the inherent uncertainties related to
self-reported intakes of fortified foods in food consumption surveys, as well as uncertainties in the
composition data, which can hamper the accurate evaluation of the actual contribution of these foods.
The Panel notes that the contribution of fortified foods to total selenium intake could be significant
among regular users of these foods but data are too limited for a reliable intake assessment of this
group.

In Finland, selenium-enriched foods contribute to total selenium intake to a significant extent. This
situation is unique in the EU, being the result of a national policy to increase selenium content of local
foods and the selenium status of the population through the use of selenium-supplemented fertilisers.
Data on the contribution of selenium-enriched foods to selenium intake in other countries are lacking.

Data on the contribution of food supplements to total selenium intakes are available for a limited
number of European countries. The Panel notes that food supplements were found to contribute up to
19% of total selenium intake in the Netherlands. In Finland, a significant proportion of the adult
population was found to use selenium-containing supplements (15% of males and 22% of females),
with supplements representing about a third of total selenium intake in the user group. In a cohort of
supplements users in Sweden, selenium supplements accounted for about 20%–30% of total selenium
intake among users. The Panel also notes that data from the Mintel database indicate that half of the
products on the EU market provide ≥ 50 μg selenium per daily dose and 15% provide daily doses
≥ 70 μg (maximum 220 μg per daily dose). The Panel notes that in regular consumers of selenium
supplements, the contribution of supplementation to total selenium intake can be substantial.

The Panel also notes that Brazil nuts can have a particularly high selenium content compared to
other food sources and may contribute remarkably high amounts of selenium (e.g. a serving of 5 or 6
Brazil nuts could contribute approximately between 100 and 2,000 μg selenium, considering the range
of concentration reported in the literature (range of means: 5–72 μg/g dry weight)).

Country
Dietary
method

(N of days)
Sex

Age
range

% Se
supplement
users in total
survey sample

Se intake from
supplements,
mean � SD
(μg/day)

Contribution of
supplements to
total selenium
intake, mean

(%)

Survey name
(N of food supplement
users)

NIPH-NIH 2019–2020
(N = 178)
(Stos et al., 2021)

f 4 33.3 � 15.5 NA

d: days; f: females; FPQ: food propensity questionnaire; m: males; N: number; NA: not available; Se: selenium; y: years.
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3.5. Hazard identification

3.5.1. Mechanisms of toxicity

In the opinion of 2000, the SCF concluded that ‘the molecular mechanisms of selenium toxicity
remain unclear’ (SCF, 2000a). The mechanisms reviewed included redox cycling of auto-oxidisable
selenium metabolites, glutathione depletion, protein synthesis inhibition, depletion of S-adenosyl-
methionine (cofactor for selenide methylation), general replacement of sulfur and reactions with critical
sulfhydryl groups of proteins and cofactors. However, it was noted that no unifying hypothesis is
possible given that several mechanisms may operate and vary among different selenium compounds.

The most often invoked mode of action of excess selenium involves oxidative stress generation and
the consequent perturbations of cellular and mitochondrial function. In summary, hydrogen selenide is
the central selenium metabolite for selenoprotein synthesis. As the body burden of the element
increases, once selenoprotein biosynthesis is saturated, oxidation of excess hydrogen selenide and free
selenols (e.g. monomethylselenol) is suggested to lead to the production of superoxide and other
reactive oxygen species (ROS) and cellular and subcellular damage, including that of lipids and
deoxyribonucleic acid (DNA) (Rayman et al., 2008a) (Figure 3). Generation of superoxide in the
presence of thiols such as glutathione would result in redox cycling, cell-cycle arrest and cell death due
to apoptosis, necrosis, necroptosis or ferroptosis (Wallenberg et al., 2014; Misra et al., 2015). Another
suggested mode of action is inhibition of methylation, the major detoxification pathway for selenium,
allowing the accumulation of hepatotoxic hydrogen selenide and other selenides. For instance,
overexposure to SeCys has been shown to cause hepatic toxicity in mice by depressing selenium
methylation through the inactivation of methionine adenosyltransferase, the enzyme responsible for
S-adenosyl methionine synthesis (Rayman et al., 2008a).

Recently, high selenium exposure (as selenite) has been shown to lead to endothelial dysfunction
through activation of endoplasmic reticulum stress and increased ROS production in vitro (Zachariah
et al., 2021). The SCF (2000a) further observed that growth reduction in experimental animals may be
caused by selective selenium accumulation and toxicity to growth hormone producing cells in the anterior
pituitary gland. It is now appreciated that selenium is necessary for the function of insulin-like growth
factor 1 but, as yet, any impact of excess selenium intake on insulin-like growth factor 1 activity, including
that on growth, cellular integrity and hair growth has not been reported (Hosnedlova et al., 2017).

Finally, the replacement of sulfur with selenium in proteins, with disruption of structural and
functional components, has also been proposed to contribute to selenium toxic effects (Unrine
et al., 2007; Lv et al., 2021). This could be the underlying mechanism for the structural damage and
loss of hair and nails which are typical of selenosis, through alterations in keratin structure (Webb and
Kerns, 2009; Fairweather-Tait et al., 2011; Yu et al., 2018).

The Panel notes that that several modes of action may operate in parallel, and the respective
importance might depend on the dose and the chemical form of selenium ingested.

3.5.2. Clinical effects of selenosis and related potential biomarkers of effects

As indicated before, the term ‘selenosis’ in the formulation of sQ1 broadly refers to selenium
toxicity and associated features (Section 2.1). Accordingly, the term selenosis is to be understood in a
wide sense in this opinion. In the few cases where the term is employed in accordance with its clinical
definition in the articles cited, this is specified in the text.

This section follows the approach for hazard identification that is outlined for sQ1 (Section 2.2.2.3).
Accordingly, Section 3.5.2.1 describes the clinical effects, i.e. signs and symptoms, associated with
selenosis. Based on the systematic reviews conducted to address sQ1, Section 3.5.2.2 reports data on
clinically diagnosed cases of selenosis in humans, as well as data on individual signs and symptoms
that are typical of excess selenium intake. Further, using a biologically based model, Section 3.5.2.3
explores potentially relevant endpoints among the homeostatic and adaptive responses to excess
selenium intake and increasing body burden. Relevant endpoints may be early biochemical changes or
biological markers for which a mechanistic pathway can be discerned, and which can be characterised
and validated as predictive of adverse effects (‘biomarkers of effects’) (EFSA NDA Panel, 2022).

3.5.2.1. Clinical effects of selenosis

In animals, selenium poisoning has been described in livestock, particularly cattle and horses, living
in seleniferous areas. Chronic selenosis, often termed Alkali disease, is mainly characterised by hoof
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and hair changes and has been suggested to be a result of chronic ingestion of selenium compounds
not soluble in water. Blind staggers disease was initially proposed to be a result of feeding on plants
containing water soluble selenium compounds. Its symptoms are impaired vision and unsteady gait up
to blindness and paralysis. As the symptoms could not be reproduced in experimental settings, its
relationship with selenium has been questioned (O’Toole and Raisbeck, 1995; O’Toole et al., 1996).

Signs and symptoms of acute selenium poisoning in humans (sometimes referred to as ‘acute
selenosis’) include hypotension and tachycardia, nausea, vomiting, diarrhoea, abdominal pain,
pulmonary oedema and neurologic abnormalities such as tremor, muscle spasms, restlessness,
confusion, delirium and coma (Nuttall, 2006; Fairweather-Tait et al., 2011).

The most common signs of chronic selenium poisoning in humans (sometimes referred to as
‘chronic selenosis’) are brittle thickened nails with white spots and longitudinal streaks as well as brittle
hair and hair loss/alopecia. Other signs include discoloration and excessive decay of teeth, garlic odour
on the breath, skin lesions and neurological abnormalities, such as fatigue, weakness, peripheral
paraesthesia, hyperreflexia, pain in the extremities, unsteady gait, paralysis and decreased cognitive
function (Nuttall, 2006; Rayman et al., 2008a; Fairweather-Tait et al., 2011; ATSDR, 2013).

3.5.2.2. Evidence from human studies relating selenium intake to clinical effects of
selenosis

Studies considered in the assessment by the SCF (2000a)

The current UL has been derived from the cross-sectional study by Yang et al. (1989a) conducted
in the Enshi County in China. A total of 349 individuals aged 1–71 years living in three distinct areas
with ‘low’, ‘medium’ and ‘high’ selenium content in the soil were included. Among adults, the average
daily selenium-intake estimated in the respective areas (mean � SE) was 70.5 � 4.8 μg,
194.7 � 22.9 μg and 1,438.2 � 76.3 μg for males, and 62.0 � 3.6 μg, 198.1 � 23.81 μg and
1,238.5 � 64.6 μg for females (average body weight: male 55 kg, female 53 kg).

A total of 60 cases of selenosis (aged 13–70 years) were identified upon physical examination.
Morphological changes in fingernails, stratified by severity and persistence, were used as the main
criterion for clinical diagnosis of selenosis. Hair loss or changes in hair structure were also considered
when present in combination with changes in fingernails. No clinical signs of selenosis were observed
among individuals with whole blood selenium concentration < 1,000 μg/L, corresponding to intakes of
around 850 μg/day selenium (calculated by the authors based on a regression equation presented in
Yang et al., 1989b). In a follow-up study, among five cases with long-persisting clinical symptoms of
selenosis (all adults aged > 30 years), blood selenium concentrations ranged between 1,054 and
1,854 μg/L; 1,054 μg corresponding to around 910 μg/day selenium intake (calculated). Symptoms
disappeared after a change in diet resulting in lower selenium intakes (Yang and Zhou, 1994).

In the same study, a prolonged prothrombin time (defined as > 14 s) was observed in 45% of
individuals with whole blood selenium concentrations > 1,000 μg/L, compared to 2.7% of individuals
with whole blood selenium concentrations below this value (analysed among a subset of 84
individuals). Although liver function was not thoroughly investigated, alterations associated with liver
fibrosis (assessed by supersonic shear imaging of the liver tissue) were not found in a subgroup of
20 male adults native of the high selenium area, 70% of whom had suffered from heavy hair and nail
loss.

Among a subset of 127 individuals, a reduction of the ratio between plasma selenium to RBC
selenium was observed at whole blood selenium concentrations > 100 μg/L and was more pronounced
at concentrations > 900 μg/L (around 750 μg/day selenium intake). The latter was taken by the
authors as indicative of an increased body burden (i.e. that it may reflect the nonspecific integration of
selenium in proteins, e.g. haemoglobin, after the requirement for the synthesis of selenoproteins has
been met). In a subgroup of adult males, a higher white blood cell (WBC) count was observed in those
living in the ‘high selenium’ area (mean � SE 10,004 � 403 count/mm3) compared with those in the
‘low selenium’ area (8,216 � 469 count/mm3). The authors also noted that blood concentrations of
glutathione were lower in subjects with whole blood selenium concentration > 1,000 μg/L than those
with concentrations < 1,000 μg/L.

Finally, in school children 7–14 years of age, the prevalence of mottled enamel teeth was 0%, 49%
and 95% in groups with ‘low’ (mean 130 μg/L), ‘medium’ (370 μg/L) and ‘high’ (1,570 μg/L) whole
blood selenium concentrations, respectively.

Based on Yang et al. (1989a), the daily selenium intake of 850 μg has been taken by the
SCF (2000a) as a NOAEL in relation to signs and symptoms of selenosis, to which an UF of 3 was
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applied to derive the UL of 300 μg/day for adults. The data on mottled teeth did not allow a NOAEL to
be derived and the UL from children was extrapolated from adults on a body weight basis.

Additional studies, by Longnecker et al. (1991), Clark et al. (1996) and Brätter and Negretti de
Brätter (1996), were considered by the SCF to support the UL of 300 μg/day for adults.

In the study by Longnecker et al. (1991) conducted in seleniferous areas of western South Dakota
and eastern Wyoming, 142 adult subjects were recruited from households selected at random and
from ranches where unusually high selenium intakes were suspected. About half of the subjects had
selenium intakes > 200 μg/day (range 68–724 μg/day), assessed using the duplicate food portion
technique. Median serum selenium was of 184 μg/L (range 123–363 μg/L). A physician performed a
physical examination of the 78 subjects enrolled in the first year of the study, including 29 ranchers
suspected of having high selenium intakes because of previous or current selenosis in livestock. The
examination covered a standardised list of signs and symptoms including muscle weakness,
asymmetrical reflexes, hyperreflexia, abnormal sensory examination, dermatitis, and nail loss or
markings. In all 142 subjects, a self-administered questionnaire inquired about the frequency of
symptoms such as weakness, paraesthesia, dyspepsia, loss of hair or nails, and dermatitis, and nail
photographs were taken. No symptoms of selenosis were observed in this population, even at the
highest estimated selenium intake of around 720 μg/day. There was a positive correlation between
selenium intake and alanine aminotransferase (ALT) activity, but this was within the reference and not
considered to be of biological relevance.

In the Nutritional Prevention of Cancer (NPC) trial, in which 200 μg/day Se-yeast was given to
patients with skin cancer (total dietary selenium intake 300 μg/day), Clark et al. (1996) reported that
‘no dermatologic signs of selenium toxicity’ were observed regarding the safety endpoints monitored in
the study.16

In the cross-sectional study by Brätter and Negretti de Brätter (1996) in lactating women in three
areas of Venezuela with average (range) dietary selenium intakes of 205 (90–350) μg/day, 274 (170–
500) μg/day and 552 (250–980) μg/day (calculated based on selenium breast-milk concentrations), no
changes in fingernails or hair loss were reported (method for outcome assessment not reported).

Additional data identified

To establish whether newly available data would require a revision of this NOAEL, the
Panel investigated whether signs and symptoms of selenosis have been reported in the literature
below a daily selenium intake of 850 μg (i.e. whole blood selenium < 1,000 μg/L). Given that an intake
of 850 μg/day is the current NOAEL, studies reporting signs and symptoms of selenosis at selenium
intakes above these values are not described hereunder. In addition, studies which reported such signs
and symptoms at plasma/serum selenium concentrations above 850 μg/L were also excluded, under
the conservative assumption that a daily intake of 850 μg is equivalent to a plasma or serum selenium
concentration of 850 μg/L (the prediction equation described in Section 3.3.2 is not applicable at these
levels). As a result, eight publications on case reports or case series of chronic selenium poisoning
were not further assessed (No authors listed, 1984; Sutter et al., 2008; Dosary et al., 2009;
MacFarquhar et al., 2010; Aldosary et al., 2012; Morris and Crane, 2013; Razmi et al., 2017; D’Oria
et al., 2018). In addition, the study by Garcı́a-Esquinas et al. (2021) was not considered because it
only reported on ‘weakness’, without other signs and symptoms of selenium toxicity (Annex E).

When studies characterised selenium intake by measuring plasma/serum selenium concentration,
an estimate of the corresponding selenium intake is provided, applying the prediction
equation described in Section 3.3.2.

Intervention studies

Five RCTs in adults provided data on signs and symptoms of selenium toxicity collected as part of
the monitoring of adverse events (Appendix D.1.1).

In the Selenium and Vitamin E Cancer Prevention Trial (SELECT) in the US (Lippman et al., 2009),
8,752 healthy men, ≥ 50 years of age, received 200 μg/day selenium from SeMet and 8,696 were
given placebo for a median duration of 5.5 years. Mean baseline serum selenium concentrations were
around 135 and 138 μg/L in the selenium and the placebo group, respectively (this corresponds to an
estimated selenium intake of around 130 μg/day which is higher than what is typically observed in
European populations) and reached 252 and 140 μg/L, respectively, after 4 years of follow-up. The
primary endpoint of the study was the incidence of prostate cancer, while prespecified secondary

16 Findings regarding the incidence of skin cancer in the NPC trial are assessed in Section 3.5.9.1.
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endpoints included lung, colorectal, and other cancers as well as deaths, and cardiovascular events.
Adverse events were reported by the participants every 6 months during a study site visit (or a
substitute phone call). Staff specifically queried about the following events: alopecia, dermatitis,
fatigue, halitosis, nail changes and nausea. The National Cancer Institute Common Toxicity Criteria
(version 2) were used for the grading of alopecia, nail changes, fatigue and nausea,17 while halitosis
and dermatitis were graded according to the study protocol.18 The side effects reported in the paper
were the worst grade that study participants experienced over the course of the trial.

The risk of developing alopecia was significantly increased in the selenium group (RR 1.28; 99% CI
1.01, 1.62). There was a slight increase in risk of developing nail changes when compared with
placebo (selenium group: RR 1.04; 99% CI 0.94, 1.16). The risks of developing dermatitis, halitosis,
fatigue grades 1–2 and nausea grades 1–2 were also higher in the selenium group, i.e. dermatitis
grades 1–2 (RR 1.17; 99% CI 1.00, 1.35), dermatitis grades 3–4 (RR 1.74; 99% CI 0.56, 5.44),
halitosis (RR 1.17; 99% CI 0.99, 1.38), fatigue grades 1–2 (RR 1.09; 99% CI 0.95, 1.26) and nausea
grades 1–2 (RR 1.19; 99% CI 0.94, 1.52). Loss to follow-up, defined as last contact data > 24 months
before analysis, was < 5%. The Panel notes that this study shows an increased risk of developing
alopecia at selenium intakes of around 330 μg/day compared with selenium intakes of 130 μg/day.
Increased risks for other features associated with selenium toxicity were also observed.

Algotar et al. (2013b) reported the evaluation of adverse effects in the Negative Biopsy Trial (NBT)
in the US, in which adult men, selected as being at increased risk of prostate cancer, were randomly
assigned to receiving a placebo or doses of 200 μg/day selenium or 400 μg/day selenium as Se-yeast
(sample size around 230 individuals per group at baseline). Mean baseline plasma selenium
concentrations were 126 μg/L (this corresponds to an estimated selenium intake of around
110 μg/day). Collection of adverse event data was performed at each study visit (every 6 months).
The median duration of follow-up was about 3 years in all groups. The occurrence of ‘brittle nail and
hair’ was 11.2%, 10.3% and 8.6% in the respective groups. The authors clustered the outcomes
‘garlic breath’ and ‘liver/kidney function test abnormality’ and reported an occurrence of 6.0%, 5.6%
and 4.7%, respectively, for this composite outcome. The study dropout was around 45%.

In the Danish PREvention of Cancer by Intervention with Selenium (DK PRECISE) study, healthy
participants were randomised to receive 100, 200 and 300 μg/day selenium as Se-yeast intended for
5 years (sample size around 120 individuals per group). Median plasma baseline concentration was
85 ng/g (equivalent to around 87 μg/L corresponding to an estimated selenium intake of around
50 μg/day). The authors reported that 25 individuals stopped the study early mainly because of ‘hair
loss, skin reactions, and grooved nails’ and that ‘these were equally associated with selenium and
placebo and were independent of selenium dose’ (Winther et al., 2015). The study flow chart
documents 3, 2, 1 and 2 ‘adverse events’ and 3, 0, 2 and 2 ‘adverse effects’ in the groups receiving
the placebo, 100, 200 or 300 μg/day selenium, respectively, during the first 6 months of intervention;
and 2, 11, 10 and 4 ‘adverse events’ and 3, 5, 6 and 4 ‘adverse effects’ from 6 months after the
initiation of the trial until its conclusion. However, no definition of ‘adverse events’/’adverse effects’ and
no description of the method used for their monitoring are provided in the article. The % drop-out
during the trial was 28%, 27%, 27% and 24% in the respective groups.

For the Selenium and Celecoxib (Sel/Cel) trial in the US, in which participants with a history of
colorectal adenoma received 200 μg/day selenium as Se-yeast or a placebo for a median duration of
3 years, Thompson et al. (2016) reported a hazard ratio (HR) of 0.86 (95% CI 0.53, 1.39) for
developing ‘brittle hair and/or nails’ in the selenium group (30 events/908 participants) compared with
the placebo group (35 events/912 participants). The method to monitor these events is not described
in the article. Median baseline plasma selenium concentrations were around 135 μg/L (corresponding
to an estimated selenium intake of around 126 μg/day).

17 National Cancer Institute Common Toxicity Criteria (version 2): Alopecia: Grade 0: normal, Grade 1: mild hair loss; Grade 2:
pronounced hair loss; Nail changes: Grade 0: normal, Grade 1: discoloration or ridging (koilonychia) or pitting, Grade 2: partial
or complete loss of nail(s) or pain in nailbeds; Fatigue, Grade 0: none, Grade 1: increased fatigue over baseline, but not
altering normal activities; Grade 2: moderate (e.g., decrease in performance status by 1 ECOG level or 20% Karnofsky or
Lansky) or causing difficulty performing some activities; Nausea: Grade 0: none, Grade 1: able to eat, Grade 2: oral intake
significantly decreased, Grade 3: no significant intake, requiring IV fluids.

18 Criteria defined in the study protocol (provided by the authors): Halitosis (bad breath): Grade 1: mildly altered from baseline,
Grade 2: moderately altered from baseline; Dermatitis: Grade 1: faint erythema or dry desquamation, Grade 2: moderate to
brisk erythema or a patchy moist desquamation, mostly confined to skin folds and creases; moderate edema, Grade 3: moist
desquamation other than skin folds and creases; may include bleeding induced by minor trauma or abrasion, Grade 4: skin
necrosis or ulceration of full thickness dermis; may include spontaneous bleeding.
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Finally, the intervention study by Fairris et al. (1989) involved psoriasis patients in the US, who
consumed 600 μg/day selenium as Se-yeast supplement (n = 22), a combination of 600 μg/day
selenium as Se-yeast and 600 IU of vitamin E (n = 23) or a placebo (n = 24) for 12 weeks. The
patients were followed up at weeks 2, 4, 8 and 12 of supplementation and again 12 weeks after
supplementation stopped. On each occasion, the following symptoms were sought by direct
questioning: ‘garlic breath’, ‘nausea’, ‘vomiting’, ‘loss of nails’ and ‘alopecia’. The authors report that no
signs and symptoms of selenium toxicity occurred in the study, but results are not shown in the
publication.

The Panel notes that one RCT shows an increased risk of alopecia and other features of selenium
toxicity at a total dietary selenium intake of around 330 μg/day compared with an intake of around
130 μg/day. This finding was not corroborated in three other RCTs. However, they had a much smaller
sample size and no or partial reporting on how the reported signs and symptoms were defined and
monitored.

Cross-sectional studies

In addition to the cross-sectional study by Yang et al. (1989a), three cross-sectional studies
investigated signs and symptoms of selenium toxicity in populations living in seleniferous areas, in
Brazil, India and the US. In addition, one cross-sectional study investigated signs and symptoms of
selenium toxicity in schoolchildren enrolled in a public health programme in which Brazil nuts, which
naturally have a high selenium content, were distributed to pre-school children.

Lemire et al. (2012) reported on a cross-sectional study in 407 individuals (aged 15–87 years) living
in the Brazilian Amazonas who had a large variation in selenium intake, as reflected in plasma
selenium concentrations that were between 50 and 950 μg/L (median 135 μg/L). Individuals were
classified according to their plasma selenium levels, i.e. < 328 μg/L (n = 360), ≥ 328 to < 520 μg/L
(n = 15) and ≥ 520 μg/L (n = 11). A trained nurse performed an examination of the clinical dermal
signs of selenium toxicity (hair, body hair, fingernails, toenails and skin) and garlic odour breath.
Individual signs on fingernails and toenails specific for selenosis (e.g. longitudinal or transversal
streaks, darkening, discoloration, symmetric thickening and stratifying) were detected in up to 8
individuals (2.2%) of those with plasma selenium levels < 328 μg/L and in up to 2 individuals (7.7%)
of those with levels ≥ 328 μg/L. In the groups with levels ≥ 328 μg/L, the effect was limited to
darkening of toenails and to longitudinal streaks on fingernails, while other symptoms did not occur in
this groups. Dry and brittle hair, sparse head hair and body hair occurred respectively in 2 (0.6%), 21
(6%) and 163 (45%) individuals with the lowest plasma selenium levels, and in 0, 1 (4%) and 13
(50%) individuals in the groups with higher selenium levels. The Panel notes that the higher intake
groups were small and may have not allowed the detection of individuals with specific symptoms.

In the study by Chawla et al. (2020), 680 adult residents living in a seleniferous area in Punjab,
India, were examined for signs of selenosis, including: ‘pallor’, ‘hair abnormalities’, ‘nail abnormalities’,
‘garlic odour’, ‘oedema’ and ‘dermatitis’. For 238 individuals, serum selenium concentrations were
available. Nail and hair abnormalities occurred in more than half of the population under investigation
and at median serum concentrations of around 250 μg/L compared with around 155 μg/L in those
without abnormalities, but there was a wide overlap in serum selenium concentration between
individuals with and without abnormalities. There was an increased risk of hair and nail abnormalities
as well as garlic odour, but not pallor and dermatitis, at serum selenium concentrations above the
study population median of 171 μg/L (odds ratio (OR)) adjusted for age, sex and socio-economic
status: nail abnormalities OR 2.1 (95% CI 1.2, 3.5); hair abnormalities OR 1.6 (0.9, 2.7); garlic odour
OR 3.45 (0.59, 20.34); pallor OR 0.57 (0.13, 2.50); dermatitis OR 0.81 (0.21, 3.19).

A cross-sectional study in children living in the Brazilian Amazonas (Martens et al., 2015) included
41 children from a public preschool (age range around 2–6.5 years) who had received as part of a
public health programme 15 to 30 g of Brazil nuts 3 days per week and a control group of 88 children
who had not received Brazil nut–enriched meals. Children who had received Brazil nuts consumed on
average 155 μg/day selenium, an intake that is above the UL of 60 and 90 μg/day for 1- to 3- and
4-to 6-year-old children, and those who had not consumed the nuts around 44 μg/day, based on the
analysis of duplicate food portions. The paper reports that, upon clinical examination of the children by
a doctor, ‘no signs of selenosis were observed in either group’.

Case reports

A case of selenosis in a 55-year-old woman has been reported by Senthilkumaran et al. (2012). The
woman had consumed 10–15 paradise nuts per day for 20 days and her serum selenium concentration

Tolerable upper intake level for selenium

www.efsa.europa.eu/efsajournal 34 EFSA Journal 2023;21(1):7704

 18314732, 2023, 1, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2023.7704 by U

niversity O
f A

berdeen, W
iley O

nline L
ibrary on [08/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



was 512 μg/L. She presented with headaches, dizziness, vomiting, abdominal pain, massive alopecia
and greyish discoloration of the fingernails. Two months after the end of the exposure her hair
restarted to grow.

Conclusions

The Panel notes that signs and symptoms of selenium toxicity have been observed at average
intakes below those that have been reported by Yang et al. (1989a) to be associated with selenosis
and which have been used by the SCF (2000a) to establish the NOAEL. However, the number of
studies available is limited and there seems to be a wide variability in the susceptibility of individuals to
selenium toxicity. Nail and hair changes were visible at a median serum concentration of 250 μg/L in
one cross-sectional study among residents living in a seleniferous area in India (Chawla et al., 2020).
Another cross-sectional study among individuals living in the Brazilian Amazonas reports on signs of
selenium toxicity at plasma selenium levels < 328 μg/L in 2.2% of individuals; such signs were not
consistently present in groups with higher plasma levels, but these included less than 15 participants
(Lemire et al., 2012). A case report describes overt selenosis at serum selenium concentration of
512 μg/L (Senthilkumaran et al., 2012). Finally, there is evidence from a large RCT (SELECT; Lippman
et al., 2009) in around 8,700 men (age ≥ 50 years) that average selenium intakes of 330 μg/day for a
median of 5.5 years (around 130 μg/day from background diet plus 200 μg/day from supplements)
increase the risk of developing features of selenium toxicity, such as alopecia and dermatitis. This
finding was not corroborated in three other smaller RCTs at similar or higher levels of selenium intake
(Algotar et al., 2013b; Winther et al., 2015; Thompson et al., 2016); however, the latter provide limited
information on the method used to identify adverse events and may have lacked sufficient power to
detect such effects (sample size in intervention arms between 22 and 900 participants).

The Panel considers that available studies provide evidence that signs and symptoms of selenium
toxicity occur at selenium exposures below the previously identified NOAEL of 850 μg/day; thus, the
NOAEL needs to be revisited.

None of the studies published after Yang et al. (1989a) and investigating selenium toxicity at
selenium exposures below 850 μg/day allow the derivation of a NOAEL.

There are indications from the SELECT (Lippman et al., 2009), a large RCT, that the risk of
developing features of selenium toxicity is increased when individuals with baseline selenium intake
around 130 μg/day are supplemented with 200 μg/day.

The Panel considers that, from available evidence from intervention and observational studies, a
LOAEL of 330 μg/day can be identified from the SELECT.

3.5.2.3. Identification of biomarkers of effect

In line with the protocol and the Guidance on ULs (EFSA NDA Panel, 2022), a biologically based
model for establishing ULs was investigated. Markers that could be indicative of when selenium
homeostasis is becoming overwhelmed and key tissues and organs are becoming functionally and
structurally affected, as the systemic load of the nutrient increases, were explored. Fundamental to
this are the recognition of the components of homeostasis and adaptation, and of early evidence of
adaptation failing. In that context, excretion of selenium metabolites, markers of liver dysfunction or
damage, and haematological parameters have been examined as potential markers of excess selenium
intake through the systematic review of the evidence. The selection of these markers have been
identified a priori in the protocol, based on expert knowledge (Annex A).

Excretion of selenium metabolites

The excretion of DMSe in breath and TMSe in urine has been proposed to reflect processes that
aim at minimising selenium accumulation in the body outside the regulated pool (Burk and Hill, 2015).
Notably, as described in Section 3.2, TMSe excretion is influenced by a polymorphism in the INMT
gene, which characterises individuals as eliminators or non-eliminators of TMSe, and eliminators may
excrete TMSe in urine at usual dietary selenium intakes (Lajin and Francesconi, 2016).

TMSe excretion in urine

A total of nine eligible studies, i.e. seven intervention studies (Sun et al., 1987; Robinson et al., 1997;
Janghorbani et al., 1999; Kuehnelt et al., 2005; Kuehnelt et al., 2007; Jäger et al., 2016a,b) and two
cross-sectional studies (Yang et al., 1989b; Kuehnelt et al., 2015) have been identified.

Yang et al. (1989b) reported a positive linear relationship between TMSe excretion and 24-h total
urinary selenium excretion (log–log scale) in 37 males living in a seleniferous area in China (TMSe-
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eliminator status not determined). Janghorbani et al. (1999) observed a non-linear relationship
between TMSe as a fraction of total urine selenium and urinary selenium excretion with increasing
selenium supplementation, in 10 adult males (TMSe-eliminator status not determined) living in a
seleniferous area in China with daily selenium intakes of 197 to 1,230 μg who were moved to a low
selenium area and reduced their selenium dietary intake to 43 μg/day.

In the intervention studies in which selenium was administered at doses of 50 μg selenate (Jäger
et al., 2016a), 200 μg selenite or 100 μg Se-yeast (Jäger et al., 2016b), TMSe non-eliminators did not
excrete TMSe in detectable amounts, while TMSe-eliminators all excreted TMSe regardless of
supplementation. In the cross-sectional study by Kuehnelt et al. (2015), Andean women (mean � SD
whole blood selenium 180 � 20 μg/L) characterised as TMSe non-eliminators (TMSe excretion < 4% of
total urinary selenium), excreted on average 0.35% of total urinary selenium as TMSe, versus 11% in
eliminators. In a Bangladeshi women population (mean whole blood selenium 114 μg/L (SD not
reported)), TMSe non-eliminators excreted on average 0.4%–1% of total urinary selenium as TMSe,
while eliminators excreted 13%–24% (Kuehnelt et al., 2015).

In three intervention studies in which TMSe-eliminator status was not characterised, the following
results were obtained. In the first trial, at doses of 1,000 μg selenium provided as selenite, L-SeMet, or
DL-SeMet, no TMSe in urine was detected (Kuehnelt et al., 2005). In the second, urinary excretion of
TMSe as a fraction of total urinary selenium metabolites was below 0.5% for supplementation doses of
197, 3,395 and 5,592 μg selenium as selenite (Sun et al., 1987). In the third, only one out of five
cancer patients excreted TMSe in significant amounts after supplementation (8,000 μg/day selenium as
SeMet for 7 days plus 4,000 μg/day for 21 days) (Kuehnelt et al., 2007). A notable observation from
two studies (Robinson et al., 1997; Kuehnelt et al., 2007) was that metabolites other than TMSe
became more prominent in urine with increasing selenium intakes.

The Panel notes that the available data do not allow a threshold to be determined below or above
which TMSe concentrations in urine could be used as an indicator of selenium overload either in TMSe-
eliminators or in non-eliminators.

DMSe exhalation in breath

Five eligible studies, i.e. three intervention studies (Serwin et al., 2003; Reid et al., 2004; Kremer
et al., 2005) and two cross-sectional studies (Lemire et al., 2012; Chawla et al., 2020), investigated
DMSe exhalation in breath. As described in Section 3.2 DMSe exhalation in breath, leading to a garlic
odour in breath, may occur when the capacity of the lungs to convert DMSe into TMSe is exceeded. It
is affected by the same polymorphism in the INMT gene that also affects TMSe production.

In the RCT by Reid et al. (2004), men with biopsy-proven prostate cancer were randomised to
consume either 1,600 μg/day (n = 8) or 3,200 μg/day (n = 16) Se-yeast (amount of selenium in Se-
yeast not reported) for an average of about 12 months. Supplementation was stopped when plasma
selenium had reached 1,000 μg/L. Selenium toxicity symptoms were monitored throughout the study
and plasma selenium levels at the time when symptoms were reported were documented. Garlic
breath was observed in six individuals in the 3,200-μg group and none in the 1,600-μg group. It
appeared on average at a plasma selenium level of around 155 μg/L (SD 222; read from graph).

Kremer et al. (2005) analysed breath samples of a healthy male volunteer using cryotrapping–
cryofocussing–gas chromatography–inductively coupled plasma–time of flight mass spectrometry.
Following the ingestion of 300 μg 77Se given as selenite, isotopically labelled selenium in DMSe
appeared in breath 15 min after ingestion with the highest concentration reached after 90 min
(1.4 ng/L). After 20 days, labelled selenium was still excreted in breath.

In an RCT (Serwin et al., 2003), 22 patients with active plaque psoriasis received either 200 μg/day
selenium as SeMet or placebo for 4 weeks. Every 2 weeks patients were asked to report symptoms of
selenium toxicity, including garlic breath. None of the patients reported the development of garlic
odour in breath.

Lemire et al. (2012) reported on a cross-sectional study in 407 individuals living in the Brazilian
Amazonas with a large variation in selenium intake. Individuals were classified by plasma selenium
levels, i.e. < 328 μg/L (n = 360), ≥ 328 to < 520 μg/L (n = 15) and ≥ 520 μg/L (n = 11). Garlic
breath occurred in around 16% of individuals in the group with plasma selenium concentrations
< 328 μg/L, in 20% of individuals in the group with plasma selenium concentrations ≥ 328 to
< 520 μg/L and in 10% of individuals in the group with the highest plasma concentrations.

In the cross-sectional study by Chawla et al. (2020), described above, garlic odour occurred in
eight of 238 individuals. Those individuals had median serum selenium concentrations of 404 μg/L
(IQR 212–600 μg/L), while individuals with no detectable garlic odour had concentrations of 165 μg/L
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(111–392 μg/L). In two individuals, garlic odour was noticeable at serum selenium concentrations
below the median of 171 μg/L.

The Panel notes that DMSe production is affected by the same polymorphism that also affects
TMSe excretion. Contrary to TMSe, DMSe is not exhaled in breath to a significant extent if a certain
threshold of selenium intake is not exceeded, at least not to an extent that a change in breath odour
is noticeable. This threshold is likely to have a large interindividual variability, in particular owing to the
polymorphism that influences DMSe production. In addition, in most of the studies, garlic odour was
self-reported and not assessed in a standardised manner.

Other selenium metabolites

The metabolome of selenium includes selenosugars (Figure 3, Section 3.2), which are one of the
forms in which of selenium is excreted in urine. There is indication from animal experiments that
hexose conjugation of selenium may occur as an early parallel feature of homeostasis rather than as a
pathway recruited for selenium excretion when methylation becomes less effective (Katarzyna
et al., 2020).

The Panel, however, notes that selenosugars have not been explored yet in humans as candidate
markers of actual or potential excess selenium intake.

Markers of liver function

The liver is one of the target organs for selenium toxicity. In hepatocyte models, early features
involve increased accumulation of selenides with oxidative damage (Section 3.5.1). Markers of liver
dysfunction and damage have been observed in livestock and animal models. In rodents, liver cirrhosis
is a common effect of chronic selenium excess exposure. Although less commonly observed in
domestic animals (horses, cattle and swine), focal necrosis of the liver can be observed in advanced
cases of chronic selenosis in these animals (ATSDR, 2013; Alexander, 2022).

In its previous assessment, the SCF (2000a) noted hepatic effects in humans manifested by an
increased prothrombin time, attributed to impaired synthesis of coagulation factors in the liver, which
was observed at dietary intakes at and above 850 μg/day selenium in the cross-sectional study in
seleniferous areas of China reported by Yang et al. (1989a). The SCF (2000a) further noted that in a
study by Longnecker et al. (1991) in areas of high selenium intake in the US, the concentration of the
liver enzyme ALT in serum, although within the reference range, showed a correlation with selenium
intake, but this was not considered to be clinically significant; no effect on prothrombin time was seen
in that study. The SCF (2000a) noted that the US population studied covered a lower range of
selenium intake than the Chinese study and, considering mean body weights, it is also likely that the
intake per kg body weight was greater in the Chinese study, in comparison with the US study. No
other evidence of adverse effects of selenium intake on liver was reported in the SCF assessment
(SCF, 2000a).

For the present assessment, data were collected to systematically investigate human evidence of an
effect of ‘high’ selenium dietary intake on liver function.

A total of 11 pertinent human studies were retrieved, i.e. two intervention studies (Välimäki
et al., 1991; Reid et al., 2004) and nine cross-sectional studies (Yang et al., 1989a; Longnecker
et al., 1991; Ruhl and Everhart, 2003; Petrovski et al., 2012; Yang et al., 2016; Loomba et al., 2020;
Wu et al., 2020; Isobe et al., 2021; Wang et al., 2021).

In an intervention study in which high doses of Se-yeast (i.e. 1,600 μg/day selenium (n = 8) and
3,200 μg/day selenium (n = 16)) were administered to patients with a diagnosis of prostate cancer
without other active treatment for 1 year, markers of liver function remained within the normal range,
i.e. alkaline phosphatase (ALP) (43.5–111.2 U/L), ALT (11.9–27.3 U/L), aspartate aminotransferase
(AST) (13.3–29.1 U/L), albumin (3.8–4.7 g/dL) and total bilirubin (< 1.2 mg/dL); however, ALP and
bilirubin levels were increased at 6 and 12 months of intervention in the 3,200 μg/day group (i.e. ALP
84 vs 65 U/L and bilirubin 0.59 vs 0.38 mg/dl at 12 months intervention) (Reid et al., 2004). In the
other intervention study, in a group of 8 healthy individuals who received 200 μg/day selenium as
Se-yeast, no changes were observed in the same markers of liver function, as well as in prothrombin
time; an increase in bilirubin was observed in controls (from 9.1 � 1.2 to 12.2 � 1.4 μmol/L) but this
was within the normal range (Välimäki et al., 1991).

In some cross-sectional studies, positive correlations between markers of selenium exposure and
ALT activity were observed. These studies had sample sizes between 93 and 8,550 individuals.
Longnecker et al. (1991) observed an increase in ALT activity at dietary selenium intake 68–724 μg/day
(β 19.7; 95% CI 8.65, 29.9; p < 0.05). Yang et al. (2016) investigated exposure levels of plasma
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selenium < 182 μg/L (quantile; Q1) vs > 247 μg/L (Q4) and observed elevated ALT (Q1 median
(interquartile range; IQR): 14 (10–20) U/L vs Q4: 17 (12–23) U/L; p < 0.001). Wang et al. (2021)
reported a 9.25 (95% CI 2.23, 16.76) percent higher ALT activity in quintile 5 (143–298 μg/L serum
selenium) than in quintile 1 (58–115 μg/L). Isobe et al. (2021) reported a positive correlation between
selenium exposure and log ALT activity (r 0.122 p < 0.001) in a population with mean � SD serum
selenium concentrations of 159 � 28 μg/L, Ruhl and Everhart (2003) observed a slight increase in risk
of having elevated ALT activity across deciles of serum selenium concentrations (overall range
39–425 μg/L) (OR 1.05; 95% CI 0.99, 1.12). A positive association between serum selenium
concentrations and ALT activity was reported. For each 100 U/L higher ALT activity serum selenium
concentrations were 0.007 μmol/L (95% CI 0.039, 0.195 μmol/L) higher (Petrovski et al., 2012). No
correlation between selenium exposure and ALT activity was observed by Loomba et al. (2020) at
serum selenium concentrations of 112–401 μg/L (r 0.043; 95% CI −0.085, 0.169). Loomba
et al. (2020) did not observe correlations between hair and nail selenium concentrations and ALT. Most
of the studies did not report sufficient details to establish whether the extent of increase in ALT activity
was of biological relevance. In the study by Longnecker et al. (1991) in ranchers living in seleniferous
areas of the US and corresponding controls it is reported that even though ALT was increased in those
with higher selenium exposure, ALT levels were not outside the reference range. This observation is
consistent with the results of the intervention studies.

Correlations between other markers of liver function and selenium exposure were less consistent.
Yang et al. (1989a) observed a prolonged prothrombin time (defined as > 14 s) in 84 individuals in
whom this was measured, in 45% of the population with whole blood selenium concentration
> 1,000 μg/L, compared to only 2.7% individuals with the same observation with lower whole blood
selenium concentrations. Longnecker et al. (1991) reported no relationship between dietary selenium
intake and prothrombin time (βx 1,000 1.18; 95% CI −165, 173), and gamma-glutamyl transferase
(GGT) activity (β 2.36; 95% CI −27.5, 31.5) and an inverse association with ALP activity (β −28.3;
95% CI −59.0, 2.4). Loomba et al. (2020) reported no correlation between serum selenium and ALP
activity (r 0.07; 95% CI −0.06, 0.19), as well as AST activity (r 0.09; 95% CI −0.04, 0.22) and
albumin concentrations (r 0.04; 95% CI −0.09, 0.16). In other studies, a positive correlation was
observed between selenium exposure and AST activity (Yang et al., 2016; Isobe et al., 2021). Isobe
et al. (2021) found a relationship between selenoprotein P concentrations and log AST (r 0.14,
p < 0.001) and Yang et al. (2016) between plasma selenium quartiles (Q1 < 181.6 μg/L,
Q4 > 247.4 μg/L) and AST (median (IQR): Q1 20 (16–24), Q2 21(17–25), Q3 21 (18–26), Q4 (22
(19–27) U/L, p for trend < 0.001). A positive association was also found for selenium exposure and
GGT (Yang et al., 2016; Isobe et al., 2021). Isobe et al. (2021) reported a correlation between
selenoprotein P and log GGT of 0.2, p < 0.001. Yang et al. (2016) found a significant p for trend
between serum selenium quartiles and GGT (median (IQR): Q1 19 (13–31), Q2 20 (14–32), Q3 21
(14–34), Q4 (22 (15–40) U/L, p for trend < 0.001). Petrovski et al. (2012) found no association
between serum selenium in individuals without chronic liver disease and some markers of liver function
(selenium concentrations per 100 Unit difference in the marker of liver function (GGT 0.004; 95%
CI −0.019, 0.026 μmol/L; ALP −0.008; 95% CI −0.028, 0.013 μmol/L and albumin 0.059; 95%
CI −0.042, 0.159 μmol/L). A negative association was observed for AST (−0.0121; 95% CI -0.235,
−0.007 μmol/L) and the AST/ALT ratio (−0.095; 95% CI −0.123, −0.069 μmol/L). Finally, Wu
et al. (2020) reported a positive linear relationship between quintiles of dietary selenium intake
(Q1 ≤ 21.3 μg/1,000 kcal,Q5 ≥ 31 μg/1,000 kcal) and non-alcoholic fatty liver disease (NAFLD),
diagnosed based on imaging or histological evidence of hepatic steatosis, in the absence of specific
aetiologies and no heavy alcohol consumption (prevalence of NAFLD Q1 31.6%, Q2 35.3%, Q3 37.2%,
Q4 37.6%, Q5 42.3%, p < 0.001). Markers of liver function were not measured in this study.

The Panel notes that animal models indicate that the liver is one of the target organs for selenium
toxicity and that data in humans provide indications that excess selenium intake may affect liver
function. However, the Panel considers that available data in humans are limited and insufficient to
inform the identification of a reference point that could be used to establish an UL for selenium.

Haematological parameters

Six eligible studies that reported on the relationship between selenium exposure and
haematological parameters were retrieved, i.e. two intervention studies (Fairris et al., 1989; Hawkes
et al., 2001) and four cross-sectional studies (Yang et al., 1989a; Longnecker et al., 1991; Larvie
et al., 2019; Loomba et al., 2020).
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In the cross-sectional study by Yang et al. (1989a), an increase in WBC counts was observed in
individuals with increasing selenium consumption up to around 1,400 μg/day through their habitual
diet (low selenium group, 25 men (mean selenium intakes around 60–70 μg/day): mean � SE WBC
counts 8,216 � 469/mm3, medium selenium group, 23 men (mean selenium intakes around
200 μg/day): 9,104 � 695/mm3, high selenium group, 28 men (mean selenium intakes around 1,200–
1,400 μg/day): 10,004 � 403/mm3).

A decrease in WBC counts by 5% was observed in a group of 5 men who consumed a diet
containing about 300 μg/day selenium (baseline vs end mean � SD 6,100 � 1,300 vs 5,800 � 1,400/
mm3) for 99 days compared to 6 men who consumed a diet containing about 15 μg/day selenium and
in whom WBC counts increased by 10% (4,100 � 750 vs 4,500 � 760/mm3) (Hawkes et al., 2001)
while in another intervention study involving 69 psoriasis patients, 600 μg/day selenium
supplementation for 12 weeks did not affect WBC counts (results not shown in the publication) (Fairris
et al., 1989).

In two other studies in a seleniferous area of India (median (IQR) serum selenium concentration
171 (111–400) μg/L among 238 individuals) (Loomba et al., 2020) and in the US (median (range)
serum selenium concentration 2.33 (1.56–4.60) μmol/L among 142 individuals) (Longnecker
et al., 1991), no relationship was found between selenium intake and WBC counts. The correlation
coefficients (95% CI) between serum selenium concentrations and WBC counts in the study by
Loomba et al. (2020) was 0.08 (−0.04, 0.21). Longnecker et al. (1991) reported a regression
coefficient (95% CI) of −10.2 (−42.5, 22.0) between dietary selenium intake (range 68–724 μg/day)
and WBC counts.

No relevant findings were reported for other haematological parameters (haemoglobin
concentrations, haematocrit, RBC and platelet counts) in these studies.

Conclusion

Overall, the Panel considers that there is no valid marker that is predictive of a risk of selenium
excess and potential toxicity, or biomarker of effect, which can be used to establish an UL for
selenium.

3.5.3. Hypertension

This section and the followings follow the approach for hazard identification that is outlined for sQ2
(Section 2.2.2.3).

For the risk of hypertension, incidence of hypertension is included in the standalone main LoE and
changes in systolic blood pressure (SBP) and/or diastolic blood pressure (DBP) are included in the
standalone surrogate LoE.

3.5.3.1. Intervention studies

No eligible intervention studies were retrieved which assessed the effect of selenium
supplementation on the incidence of hypertension.

LoE2. Standalone surrogate: Changes in systolic blood pressure and/or diastolic blood pressure

Preliminary UA

One eligible RCT was retrieved, which involved healthy adult males and females in Spain (Navas-
Carretero et al., 2011) and aimed at investigating in normo- and overweight adults the effect of
integrating selenium-enriched chicken in the diet on body composition, lipid profile, glucose
metabolism and antioxidant status. The intervention group received a controlled diet with selenium-
enriched chicken (22 μg/day selenium supplementation; n = 11) and the control group received non-
enriched chicken (n = 13) for 10 weeks. No effect of the intervention was found on blood pressure
levels (Appendix D.2.1).

The Panel notes the limited BoE from intervention studies. No comprehensive UA is performed.

3.5.3.2. Observational studies

LoE1. Standalone main: Incidence of hypertension and LoE2. Standalone surrogate: Changes in
systolic blood pressure and/or diastolic blood pressure

The relationship between dietary selenium intake and risk of hypertension was investigated in three
prospective cohort studies (Flemish Study on Environment, Genes and Health Outcomes (FLEMENGHO)
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Nawrot et al., 2007; The Selenium and Cognitive Decline study Su et al., 2016; Bangladesh Vitamin E
and Selenium Trial (BEST) Bulka et al., 2019). Bulka et al. (2019) and Su et al. (2016) defined
hypertension cases as SBP ≥ 140, DBP ≥ 90 mmHg, and/or use of antihypertensive medication, and/or
self-reported physician-diagnosed hypertension, while Nawrot et al. (2007) defined ‘high blood
pressure’ cases as SBP ≥ 130 or DBP ≥ 85 mmHg or use of antihypertensive medication. Three
additional prospective cohort studies (Programming Research in Obesity, Growth Environment and
Social Stress (PROGRESS) Kupsco et al., 2019; Prospective Urban and Rural Epidemiology (PURE)
Swart et al., 2019; RHEA, Howe et al., 2021) reported on the relationship of dietary selenium intake
with blood pressure levels.

Preliminary UA

Two studies investigated the association between exposure to various metals, including selenium, in
pregnant women and blood pressure in their child (PROGRESS (544 mother–child pairs in Mexico;
children aged 4–6 years at follow up), RHEA (176 mother–child pairs in Greece; children aged 11 years
at follow up)). Exposure was assessed as selenium concentrations in maternal whole blood in
PROGRESS and maternal urine in RHEA.

The four other prospective cohort studies involved adult males and females. The size of the cohorts
ranged between 255 participants (BEST) and 719 participants (FLEMENGHO), and the length of follow-
up ranged between 2.5 years (Selenium and Cognitive Decline study) and 10 years (PURE). Cohorts
were located in Belgium, China, Bangladesh and South Africa. Exposure was assessed in whole blood
(BEST, PROGRESS), serum (PURE) or nail (Selenium and Cognitive Decline study).

The evidence table is in Appendix D.2.2. Key study characteristics, together with the risk estimates
and related CIs, are plotted in Figures 8 and 9 for incidence of hypertension and change in blood
pressure, respectively.

*Denotes hypertension definition different from other studies.
BD: Bangladesh; BE: Belgium; BEST Bangladesh Vitamin E and Selenium Trial; B-Se: blood selenium; CI:
confidence interval; CN: China; FLEMENGHO: Flemish Study on Environment Genes and Health Outcomes; FM:
females and males; N-Se: nail selenium; NR: not reported; P/S-Se: plasma/serum selenium, Q: quantile; SD:
standard deviation; y: years.

Figure 8: Observational studies investigating the effect of selenium on the incidence of hypertension
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The Panel notes that available observational studies are small and heterogeneous in terms of
population characteristics (age, country) and biomarkers of selenium exposure.

Inconsistent results were found in the two mother–child pair studies investigating prenatal exposure
to various metals, including selenium, and blood pressure in the child (Kupsco et al., 2019; Howe
et al., 2021) (Figure 8).

Among the prospective cohorts of adults, one study reported a positive association between nail
selenium concentrations and incidence of hypertension in an elderly Chinese population (Su
et al., 2016). This is not supported by the other available studies (Nawrot et al., 2007; Bulka
et al., 2019; Swart et al., 2019) (Figures 8 and 9).

The Panel considers that the available BoE from observational studies does not suggest a positive
relationship between dietary intake of selenium and risk of hypertension over the range of exposure
investigated in these studies. No comprehensive UA is performed.

3.5.3.3. Overall conclusions on hypertension

The Panel considers that the available BoE does not suggest a positive relationship between dietary
intake of selenium and risk of hypertension.

3.5.4. Alzheimer’s dementia

Incidence of Alzheimer’s dementia is included in the standalone main LoE.

3.5.4.1. Intervention studies

LoE1. Standalone main: Incidence of Alzheimer’s dementia

Preliminary UA

When developing the protocol for this assessment (Annex A), the Panel noted one prospective
cohort study in Italy, in which higher amounts of selenate, but not of other selenium species or of
overall selenium, in cerebrospinal fluid in 56 subjects with mild cognitive impairment were associated
with an increased risk of developing Alzheimer’s dementia (Vinceti et al., 2017a).

One eligible study was identified as the result of the literature search, which reported on an
observational follow-up of an intervention study.

*Denotes estimated annual changes in blood pressure; **denotes mother–child pair studies where exposure was
analysed in the mothers and outcome in their child; the age of children is shown.
BD: Bangladesh; BP: blood pressure; B-Se: blood selenium; CI: confidence interval; FM: females and males; GR:
Greece; MX: Mexico; SD: standard deviation; U-Se: urinary selenium; ZA: South Africa; y: years.

Figure 9: Observational studies investigating the effect of selenium on continuous measures of blood
pressure

Tolerable upper intake level for selenium

www.efsa.europa.eu/efsajournal 41 EFSA Journal 2023;21(1):7704

 18314732, 2023, 1, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2023.7704 by U

niversity O
f A

berdeen, W
iley O

nline L
ibrary on [08/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



The Prevention of Alzheimer’s Disease by Vitamin E and Selenium (PREADViSE) trial, ancillary to the
SELECT (Kryscio et al., 2017) began as a double-blind RCT recruiting 7,540 non-demented individuals
in the US and transitioned into an observational cohort study upon cessation of the intervention (4,271
participants of the original sample agreed to remain in the study). The study included groups which
received selenium supplementation (200 μg/day) or a placebo for a median duration of 5.5 years and
aimed at determining the effect of the intervention on dementia. A HR for dementia incidence of 0.83
(95% CI 0.61, 1.13) was estimated for the selenium arm compared to placebo (see evidence table in
Appendix D.3.1).

The Panel considers that the available BoE from RCTs does not suggest a positive relationship
between dietary intake of selenium and risk of Alzheimer’s dementia at the intake level investigated.
No comprehensive UA is performed.

3.5.4.2. Observational studies

No eligible observational study was retrieved. The study by Vinceti et al. (2017a) described above
was not included in the current risk assessment, because selenium in cerebrospinal fluid was not
among the eligible biomarkers of exposure.

3.5.4.3. Overall conclusions on Alzheimer’s dementia

The Panel considers that the available BoE does not suggest a positive relationship between dietary
selenium intake and risk of Alzheimer’s dementia.

3.5.5. Amyotrophic lateral sclerosis

The incidence of ALS is included in the standalone main LoE.

3.5.5.1. Intervention studies

No eligible intervention study was retrieved.

3.5.5.2. Observational studies

LoE1. Standalone main: Incidence of amyotrophic lateral sclerosis

Preliminary UA

Two prospective cohort studies investigated the association between selenium exposure and the
risk of ALS. The evidence table is in Appendix D.4.1.

One prospective cohort study (Rivalta cohort in Italy) investigated the risk for ALS associated with
high exposure to selenium through contaminated water. ‘Exposed’ individuals consumed water with a
selenium content of 8–10 μg/L while the ‘unexposed’ cohort consumed water with selenium content
< 1 μg/L. Over a total follow-up of 29 years, the incidence rate ratio (IRR) was 2.8 (95% CI 1.3, 6) for
the exposed vs unexposed cohorts, with higher IRR observed in women (5.1; 95% CI 1.8, 14.3) than
men (1.7; 95% CI 0.5, 5.4) (Vinceti et al., 2019).

One NCC within the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort
(France, Germany, Greece, Italy, the Netherlands, Spain, UK) investigated the association between
blood selenium concentration and ALS mortality over a median follow up of 8.1 years. An OR of 1.21
(95% CI 0.65, 2.25) was estimated, comparing the highest (> 123 ng/g) vs lowest (≤ 104 ng/g)
tertiles of selenium in RBCs (Peters et al., 2021).

The Panel notes the limited BoE from observational studies. The Panel considers that the available
BoE is insufficient to conclude on a positive relationship between dietary intake of selenium and risk of
ALS. No comprehensive UA is performed.

3.5.5.3. Overall conclusions on amyotrophic lateral sclerosis

The Panel considers that the available BoE is insufficient to conclude on a positive relationship
between dietary intake of selenium and risk of ALS.

3.5.6. Functional neuropsychological development in children

For the impairment of functional neuropsychological development in children, measures of
functional neuropsychological development are included in the standalone main LoE.
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3.5.6.1. Intervention studies

No eligible intervention study was retrieved.

3.5.6.2. Observational studies

LoE1. Standalone main: measures of neuropsychological development

A total of 11 eligible prospective observational studies reported in 13 publications were retrieved.
All studies investigated the association between prenatal selenium exposure and functional
neurodevelopmental outcomes in children (Skröder et al., 2015; Kippler et al., 2016; Polanska
et al., 2017; Skröder et al., 2017; Tatsuta et al., 2017; Varsi et al., 2017; Amorós et al., 2018a,b;
Močenić et al., 2019; Calamandrei et al., 2020; Castriotta et al., 2020; Doherty et al., 2020; Li
et al., 2020a). Two studies also assessed selenium biomarkers of exposure in children after birth
(Skröder et al., 2017; Doherty et al., 2020).

Preliminary UA

The study size varied from 114 to 1,408 mother–child pairs. Cohorts were located in Europe
(Croatia, Spain, Greece, Italy, Norway, Poland, Slovenia), Asia (Bangladesh, China, Japan) and in the
US. Maternal selenium exposure was assessed during pregnancy (mostly at 1st or 3rd trimester) or at
delivery, and children’s functional neurodevelopment was assessed at different ages ranging from
6 months to 10 years. Maternal selenium exposure during pregnancy was assessed through selenium
concentrations in RBCs, serum/plasma, urine and toenails, and at delivery through maternal whole
blood or cord blood content. The neurodevelopment tests used included different editions (I–III) of
the Bayley Scales of Infant Development (BSID), the McCarthy Scales of Children’s Abilities (MSCA),
the Kyoto Scale of Psychological Development (KSPD), the Ages and Stages Questionnaire (ASQ), the
Wechsler Preschool and Primary Scale of Intelligence (WPPSI) and Wechsler Intelligence Scale for
Children (WISC), the Social Responsiveness Scale 2nd edition (SRS-2), and the Behaviour Assessment
System for Children 2nd edition (BASC-2), according to the developmental stage of the children
involved in the studies. The evidence table is in Appendix D.5.1. Data on these outcomes are not
plotted due to lack of comparability across studies.

In the birth cohort of the Spanish Childhood and Environment Project, an inverted U-shaped
relationship was found between maternal selenium status measured through plasma selenium during
the 1st trimester of pregnancy and some domains of child neuropsychological development assessed
at both 1 year of age (children’s mental and psychomotor development scales of BSDI version II) and
5 years of age (verbal and global memory scales of the MSCA test) (Amorós et al., 2018a).

In the Northern Adriatic Cohort II in Italy (Castriotta et al., 2020), an inverted U-shaped
relationship was observed between cord blood selenium concentrations and the cognitive development
of children at 40 months of age, assessed by the BSID version III. In a dichotomous analysis, children
who had low and high selenium concentrations in cord blood at birth had higher odds of falling in the
first quintile of cognitive composite compared with those who had medium concentrations.

In a mother–child cohort in China (Li et al., 2020a), an inverted U-shaped relationship between
maternal urinary selenium excretion during the last month of gestation and mental and psychomotor
development (BSDI version I) at 2 years was reported in girls, but not in boys.

The other studies reported no or positive associations between measures of selenium exposure and
measures of neurodevelopment in children (Skröder et al., 2015; Kippler et al., 2016; Polanska
et al., 2016; Skröder et al., 2017; Tatsuta et al., 2017; Varsi et al., 2017; Močenić et al., 2019;
Calamandrei et al., 2020; Castriotta et al., 2020; Doherty et al., 2020; Li et al., 2020a). The
Panel notes that, in most studies, non-linearity was either not explored (Polanska et al., 2017; Tatsuta
et al., 2017; Varsi et al., 2017; Močenić et al., 2019; Calamandrei et al., 2020; Castriotta et al., 2020;
Doherty et al., 2020) or not observed (Skröder et al., 2015; Kippler et al., 2016).

The Panel notes that available observational studies are heterogeneous in terms of population
characteristics (child age at assessment, country), selenium exposure assessments and methods used
to assess children’s neurodevelopment, which hampers comparisons between studies. Findings are
inconsistent across studies and domains of cognitive and motor functions. However, some data
suggest that there might be a relationship between ‘higher’ maternal selenium status and decreased
functional neuropsychological development in the offspring. The Panel notes that these data are
limited and subject to uncertainties related to the observational nature of these findings and further
research is necessary.
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The Panel considers that the available BoE from observational studies is insufficient to conclude on
a relationship between ‘high’ dietary intake of selenium and impaired functional neuropsychological
development in children. No comprehensive UA is performed.

3.5.6.3. Overall conclusions on functional neuropsychological development in children

The Panel considers that the available BoE is insufficient to conclude on a relationship between high
dietary intake of selenium and impaired functional neuropsychological development in children.

3.5.7. Thyroid diseases

Incidence of thyroid diseases such as hypo- or hyperthyroidism or thyroid cancer, are included in
the standalone main LoE. Measures of thyroid hormones are included in the standalone surrogate LoE.

3.5.7.1. Intervention studies

No eligible intervention studies were retrieved which assessed the effect of selenium
supplementation on the incidence of thyroid disease.

LoE2. Standalone surrogate: changes in thyroid hormones

Nine eligible intervention studies were identified that investigated the relationship between dietary
selenium intake and thyroid function as measured by changes in thyroid hormone concentrations. The
supplemental doses ranged from 10 to 400 μg/day. Eight studies lasted less than 1 year (13 to
48 weeks) (Olivieri et al., 1995; Duffield and Thomson, 1999; Hawkes and Keim, 2003; Thomson
et al., 2005; Hawkes et al., 2008; Rayman et al., 2008b; Thomson et al., 2009; Carvalho et al., 2015)
and one study lasted 5 years (Winther et al., 2015).

Preliminary UA

The study size ranged from 12 to 501 participants. The studies included adult males and females,
except for two studies that included only males (Hawkes and Keim, 2003; Hawkes et al., 2008). Most
studies selected apparently healthy individuals and one study selected subjects treated for
dyslipidaemia and hypertension (Carvalho et al., 2015). The studies were conducted in Brazil,
Denmark, Italy, the UK, the US and New Zealand. Mean/median plasma selenium concentrations at
baseline were between 62 and 118 μg/L across trials. The outcomes assessed included plasma levels
of the thyroid hormones triiodothyronine (T3), thyroxine (T4) and thyroid-stimulating hormone (TSH),
as well as free triiodothyronine (FT3), free thyroxine (FT4) and T3:T4 ratio.

The evidence table is in Appendix D.6.1 Key study characteristics, together with the effect
estimates and related CIs, are plotted in Figure 10.
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*Denotes depletion study.
BR: Brazil; CI: confidence interval; DK: Denmark; FM: females and males; IT: Italy; N: number; NR: not reported; NZ: New Zealand; PRECISE: PREvention of Cancer by Intervention
with Selenium SD: standard deviation; Suppl-I: inorganic selenium supplement; Suppl-O: organic selenium supplement; T3: triiodothyronine; T4: thyroxine; TSH: thyroid-stimulating
hormone, UK: United Kingdom.

Figure 10: Intervention studies investigating the effects of selenium supplementation vs placebo on thyroid hormone concentrations (standardised mean
differences), sorted by study duration
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Among studies lasting less than 1 year, the direction of the changes in T4, FT4, T3, FT3, TSH, and
T3:T4 ratio is inconsistent (dose: 40 to 300 μg/day; duration: 13 to 48 weeks) (Figure 10). In the
largest and longest trial using 100, 200 or 300 μg/day for 5 years, Winther et al. (2015) reported a
decrease of −0.035 mIU/L (p = 0.611) in TSH and −0.21 pmol/L (p = 0.12) in FT4 per 100 μg/day
increase using a binary analysis (i.e. active treatment vs placebo as a binary covariate in the
regression model); using a dose-analysis (i.e. dose as a continuous covariate in the regression model),
a decrease in TSH of −0.066 mIU/L (p = 0.010) and in FT4 of −0.11 pmol/L (p = 0.015) was
estimated. The Panel considers that the variations in thyroid hormones observed in this study are not
biologically relevant.

The Panel considers that the available BoE from RCTs does not suggest a positive relationship
between selenium intake and thyroid diseases at the intake levels investigated. No comprehensive UA
is performed.

3.5.7.2. Observational studies

LoE1. Standalone main: incidence of thyroid diseases

Preliminary UA

One eligible prospective observational study was identified, which investigated the relationship
between dietary selenium intake assessed with FFQ and thyroid cancer incidence in a cohort of
566,398 men and women of the National Institutes of Health-American Association of Retired Persons
(NIH-AARP) Diet and Health Study in the US (O’Grady et al., 2014). After 10 years of follow-up, a HR
of 1.35 (95% CI 0.99, 1.84) was estimated when comparing the 5th to the 1st quintile of selenium
intake (see evidence table in Appendix D.6.2).

The Panel notes the limited BoE from observational studies. No comprehensive UA is performed.

3.5.7.3. Overall conclusions on thyroid diseases

The Panel considers that the available BoE does not suggest a positive relationship between
selenium intake and thyroid diseases.

3.5.8. Prostate cancer

Incidence of prostate cancer is included in the standalone main LoE.

3.5.8.1. Intervention studies

LoE1. Standalone main: incidence of prostate cancer

Four intervention studies investigated the effect of selenium supplementation vs placebo on
incidence of prostate cancer (NBT, Algotar et al., 2013b; Nutritional Prevention of Cancer (NPC) trial,
Duffield-Lillico et al., 2003a; SELECT, Lippman et al., 2009; Southwest Oncology Group (SWOG) trial,
Marshall et al., 2011). The supplemental intake of selenium ranged from 200 to 400 μg/day and the
mean study intervention period ranged from 3 to 12 years. For the SELECT, results for an additional
observational follow-up period of 3 years after cessation of the intervention were also reported (Klein
et al., 2011).

Preliminary UA

The study size ranged between 255 (Marshall et al., 2011) and 17,448 participants (SELECT,
Lippman et al., 2009); one trial was in healthy men (SELECT), two trials included men at ‘high’ risk of
prostate cancer (NBT, SWOG), and one trial involved men with confirmed history of non-melanoma
skin cancer (NPC). Incidence of prostate cancer was the primary outcome in the SELECT, the NBT and
the SWOG trial, while in the NPC trial it was added as a secondary endpoint during the course of
intervention. Two studies were conducted in the US (SWOG, NPC), one in the US and New Zealand
(NBT) and one study in the US, New Zealand and Puerto Rico (SELECT). Mean/median plasma
selenium concentration at baseline ranged between 115 μg/L (NPC) and 138 μg/L (SWOG).

The evidence table is in Appendix D.7.1. Key study characteristics, together with the effect
estimates and related CIs, are plotted in Figure 11.
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The NBT, NPC and SWOG trials found no indication of an increased risk of prostate cancer in the
groups which received selenium supplementation (dose: 200 to 400 μg/day; mean duration: 3 to
7.4 years) (Figure 10). In the largest trial, i.e. the SELECT, a HR of 1.04 (99% CI 0.87, 1.24) was
estimated when comparing the selenium group (200 μg/day) to the control group after a median of
5.5 years of supplementation. After 3 years of follow-up upon cessation of the intervention, the HR
was 1.09 (99% CI 0.93, 1.27) (Klein et al., 2011) (Figure 10 and evidence table in Appendix D.7.1).
Making use of data collected through the SELECT and applying a case-cohort study design, authors
observed a non-statistically significant increase in the risk of high-grade prostate cancer among men in
the highest quintiles of baseline toenail selenium compared to the lowest quintile (Q4 ≥ 0.9– < 1.0 μg
selenium/g toenail, HR: 1.52 (95% CI 0.71, 3.25); Q5 ≥ 1.0 μg selenium/g toenail, HR: 1.74 (95% CI
0.81, 3.72)) (Kristal et al., 2014).

The Panel considers that the available BoE from RCTs does not suggest a positive relationship
between dietary intake of selenium and risk of prostate cancer at the doses investigated in these
studies. No comprehensive UA is performed.

3.5.8.2. Observational studies

LoE1. Standalone main: incidence of prostate cancer

Fifteen eligible prospective observational studies investigated the relationship between selenium
exposure and incidence of prostate cancer (EPIC, Allen et al., 2008; Seattle firms, Coates et al., 1988;
Mobile Clinic Health Examination Survey (MCHES), Knekt et al., 1990; Alpha-Tocopherol, Beta-Carotene
Cancer Prevention (ATBC), Hartman et al., 1998; Health Professional Follow-Up Study (HPFS),
Yoshizawa et al., 1998; CLUE II, Helzlsouer et al., 2000; Honolulu Heart Program (HHP), Nomura
et al., 2000; Carotene and Retinol Efficacy Trial (CARET), Goodman et al., 2001; Physician’s Health
Study (PHS), Li et al., 2004; Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCOCS),
Peters et al., 2007; Prostate Cancer Prevention Trial (PCPT), Kristal et al., 2010; Uppsala Longitudinal
Study of Adult Men (ULSAM), Grundmark et al., 2011; Netherlands Cohort Study, Geybels et al., 2013;
The Multiethnic Cohort (MEC), Park et al., 2015; Diet, Cancer and Health cohort, Outzen et al., 2021).

CI: confidence interval; duration: duration of the intervention and follow-up phase for studies with an observational
period (i.e. Klein et al., 2011); FUP: follow-up; GN: highest dose group from each study; HR: hazard ratio; M: males;
NBT: Negative Biopsy Trial; NPC: Nutritional Prevention of Cancer; NZ: New Zealand; PR: Porto Rico; RCT:
randomised controlled trial; SD: standard deviation; SELECT: Selenium and Vitamin E Cancer Prevention Trial;
Suppl-O: organic selenium supplement; SWOG: Southwest Oncology Group; US: United States; y: years.
Notes: For Algotar et al. (2013b), HR adjusted for age at baseline, race, baseline PSA, and baseline plasma Se
concentration; for Duffield-Lillico et al. (2003a), HR adjusted for age and smoking.

Figure 11: Intervention studies investigating the effects of selenium supplementation vs placebo on
incidence of prostate cancer, sorted by supplemental dose
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Preliminary UA

The cohort size ranged between 37 (Seattle firms) and 75,216 (MEC) participants. The length of
follow-up ranged from 2.5 to 26.5 years. Cohorts were located in Europe (Germany, Denmark, Spain,
Finland, Greece, Italy, the Netherlands, Sweden, the UK) and in the US and Canada.

Plasma or serum selenium concentrations were used as measure of selenium exposure in seven
studies (MCHES, HHP, CARET, PHS, PLCOCS, EPIC, ULSAM), one study used plasma selenoprotein P
concentration (Diet, Cancer and Health cohort), four studies used toenail selenium (HPFS, CLUE II,
Netherlands Cohort Study and the Diet, Cancer and Health cohort). Total dietary intake was assessed
through a diet history questionnaire or a semi-quantitative FFQ (SFFQ) in two studies (ATBC, MEC) and
supplemental intake of selenium was estimated through a questionnaire in one other (PCPT).

The evidence table is in Appendix D.7.2. Key study characteristics, together with the risk estimates
and related CIs, are plotted in Figures 12 and 13.
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*Denotes imputed standard error.
CI: confidence interval; CA: Canada; CARET: Carotene and Retinol Efficacy Trial; DE: Germany; DK: Denmark; EPIC: European Prospective Investigation into Cancer and Nutrition;
ES: Spain; FI: Finland; GR: Greece; IT: Italy; M: males; MCHES: Mobile Clinic Health Examination Survey; N: number; NL: The Netherlands; N: number NR: not reported; OR: odds
ratio; P/S-Se: plasma/serum Se; Q: quantile; RR: risk ratio; SD: standard deviation; SE: Sweden; UK: United Kingdom; ULSAM: Uppsala Longitudinal Study of Adult Men; US: United
States; y: years.

Figure 12: Observational studies on plasma/serum selenium concentrations and incidence of prostate cancer
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ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention; C: category; CA: Canada; CI: confidence interval; d: day; DK: Denmark; FI: Finland; HPFS: Health Professionals Follow-
Up Study; M: males; MEC: Multiethnic Cohort; N: number; NL: Netherlands; N-Se: nail selenium; NR: not reported; OR: odds ratio; P/S-Se: plasma/serum selenium; PCPT: Prostate
Cancer Prevention Trial; Q: quantile; RR: risk ratio; SFFQ: semiquantitative food frequency questionnaire; Suppl-Q: supplement use questionnaire; US: United States, y: years.
Note: For Kristal et al., 2010 stratified results plotted for incidence of prostate cancer for Gleason scores 2–7 (stratified results for Gleason scores 8–10 available in evidence table in
Appendix D.7.2).

Figure 13: Observational studies on measures of selenium intake other than plasma/serum selenium and incidence of prostate cancer
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Overall, prospective observational studies investigating the association between plasma/serum
selenium concentration (Figures 12) or other measures of selenium exposure (Figure 13) do not
support a positive association with the risk of prostate cancer.

The Panel considers that the available BoE from observational studies does not suggest a positive
relationship between dietary selenium intake and risk of prostate cancer over the range of exposure
investigated in these studies. No comprehensive UA is performed.

3.5.8.3. Overall conclusions on prostate cancer

The Panel considers that the available BoE does not suggest a positive relationship between dietary
selenium intake and risk of prostate cancer.

3.5.9. Skin cancer

For the risk of skin cancer, incidence of any type of skin cancer (i.e. melanoma skin cancer,
squamous cell carcinoma (SCC) and basal cell carcinoma (BCC) skin cancer) is included in the
standalone main LoE.

3.5.9.1. Intervention studies

LoE1. Standalone main: incidence of skin cancer

Three RCTs, reported in five publications, investigated the effect of selenium supplementation vs
placebo on incidence of skin cancer (NPC, Reid et al., 2008; NPC, Duffield-Lillico et al., 2002; NPC,
Duffield-Lillico et al., 2003b; Sel/Cel, Thompson et al., 2016; NBT, Algotar et al., 2013b). The NPC and
NBT trials measured the incidence of melanoma skin cancer, SCC and BCC skin cancer. The Sel/Cel trial
reports on incidence of SCC only. Three publications are available from the NPC trial: two report the
effect of 200 μg/day vs placebo based on the data collected in the main trial conducted in several
study sites (Duffield-Lillico et al., 2002, 2003b); one reports the results of an adjunct trial conducted in
one of the study sites, in which an additional group of participants was randomised to receive a
supplemental dose of 400 μg/day or a placebo (Reid et al., 2008). Across trials, the supplemental
doses of selenium ranged from 200 to 400 μg/day and the mean study intervention period ranged
from 2.75 to 7.9 years.

Preliminary UA

The study size ranged from 423 (NPC adjunct trial) to 1,820 participants (Sel/Cel). The studies
included adult males and females (Sel/Cel and NPC) or males only (NBT). One trial was conducted in
patients with a history of non-melanoma skin cancer (NPC), one in subjects with a history of colorectal
adenomas (Sel/Cel) and one in men at high risk for prostate cancer (NBT). In the NPC trial, incidence
of non-melanoma skin cancers (i.e. BCC and SCC) was the primary outcome and incidence of
melanoma skin cancer was a secondary outcome, while in the NBT and Sel/Cel trials they were
assessed as part of the evaluation of adverse events/toxicity outcomes. The studies were conducted
mainly in US, and New Zealand. Mean/median plasma selenium concentration at baseline were
between 114 and 127 μg/L across trials.

The evidence table is in Appendix D.8.1. Key study characteristics, together with the effect
estimates and related CIs, are plotted in Figure 14.
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In the NPC trial, an increased incidence of SCC (HR 1.25; 95% CI 1.03, 1.51) was found in the
group of subjects who received 200 μg/day selenium for 7.9 years compared to the control group
(Duffield-Lillico et al., 2003b). In a subgroup analysis according to baseline plasma selenium
concentrations, an increased incidence of SCC was found in the second tertile (105.6–122.0 ng/mL; HR
1.49; 95% CI 1.05, 2.12) and third tertile (≥ 122.4 ng/mL; HR 1.59; 95% CI 1.11, 2.30) (Duffield-
Lillico et al., 2003b). In the adjunct study of the NPC trial, the HR for SCC was 1.05 (95% CI 0.72,
1.53) comparing the group of participants who received 400 μg/day selenium for 5.2 years to the
control group (Reid et al., 2008). In the Sel/Cell trial, the HR for SCC was 1.34 (95% CI 0.76, 2.37)
when comparing the intervention group (200 μg/day selenium for 2.75 years) to the control group
(Thompson et al., 2016). In the NBT trial, 17 cases of SCC were identified in the control group
compared to 10 and 2 cases in the groups which received 200 or 400 μg/day selenium for 5 years,
respectively (Algotar et al., 2013b). The Panel notes that an increased incidence of SCC was observed
in the NPC trial among participants with plasma selenium ≥ 105.6 ng/mL who received a supplemental
intake of 200 μg/day selenium. However, the Panel notes the available data on an effect of selenium
supplementation on the risk of SCC are limited. In addition, the Panel notes the paucity of data on the
risk of BCC or melanoma in the selenium supplementation trials described above.

The Panel considers that the available BoE is insufficient to conclude on a positive relationship
between selenium exposure and risk of skin cancer at the doses investigated in these studies. No
comprehensive UA is performed.

3.5.9.2. Observational studies

LoE1. Standalone main: incidence of skin cancer

Six prospective observational cohorts, reported in seven publications, investigated the relationship
between selenium exposure and incidence of skin cancer (Nurses’ Health Study (NHS) and HPFS,
Matthews et al., 2019; Skin Cancer Prevention (SCP) study, Karagas et al., 1997; VITamins And
Lifestyle (VITAL) cohort, Asgari et al., 2009; Nambour Skin Cancer (NSC) study, van der Pols
et al., 2009; Heinen et al., 2007; MCHES, Knekt et al., 1990; Knekt et al., 1991). The incidence of SCC

*Denotes estimated risk ratios and standard errors; **denotes incidence rates instead of N events.
BCC: basal cell carcinoma; CI: confidence interval; FM: females and males; GN: highest dose group from each
study; HR: hazard ratio; N: number; NBT: Negative Biopsy Trial; NPC: Nutritional Prevention of Cancer; NZ: New
Zealand; SCC: squamous cell carcinoma; SD: standard deviation; Sel/Cel: Selenium and Celecoxib; Suppl-O:
organic Se supplement; US: United States: y: years.
Note: Participants in the NPC trial were at high risk of non-melanoma skin cancer at baseline having been
diagnosed with 1 or more SCC or 2 or more BCC within the year prior to randomization.

Figure 14: Intervention studies investigating the effect of selenium supplementation vs placebo on
incidence of skin cancer, sorted by duration
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and BCC were investigated in five cohorts (NHS and HPFS, SCP study, NSC study and MCHES) and four
cohorts (NHS and HPFS, NSC study and MCHES), respectively. The incidence of melanoma was
investigated in three cohorts (NHS and HPFS, VITAL) and one NCC (within the MCHES cohort).

Preliminary UA

The size of the cohorts ranged between 392 participants (SCP study) and 69,671 participants
(VITAL), while the NCC included 10 cases of melanoma and 18 matched controls (MCHES; Knekt
et al., 1991). The length of follow-up ranged from 5 years in the SCP study and VITAL cohort, to
28 years in the NHS cohort. Cohorts were located in Finland, US and Australia. All cohorts involved
adult males and females; the MCHES cohort also included adolescents from 15 years of age.

The SCP study was an RCT designed to investigate the effect of β-carotene supplementation in
preventing non-melanoma skin cancer in people who had a history of BCC or SCC; Karagas
et al. (1997) reported the association between baseline plasma selenium and incidence of a new SCC
among all trial participants. The NSC study was an RCT which investigated the effect of β-carotene
supplementation or use of sunscreen in preventing non-melanoma skin cancer; the association
between baseline plasma selenium and incidence of SCC and BCC among the participants involved in
the control group was investigated (van der Pols et al., 2009). In the NSC study, the associations
between estimates of dietary selenium intake and incidence of BCC and SCC were also investigated
among a subset of participants who completed an SFFQ at the end of the trial and were further
followed-up for 8 years after the end of the intervention phase (Heinen et al., 2007). In the other
cohorts, selenium exposure was assessed as toenail selenium in the NHS and HPFS cohorts, as 10-year
average selenium supplement intake in the VITAL cohort, and as serum selenium in MCHES.

The evidence table is in Appendix D.8.2. Key study characteristics, together with the risk estimates
and related CIs, are plotted in Figure 15.

Tolerable upper intake level for selenium

www.efsa.europa.eu/efsajournal 53 EFSA Journal 2023;21(1):7704

 18314732, 2023, 1, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2023.7704 by U

niversity O
f A

berdeen, W
iley O

nline L
ibrary on [08/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



*Denotes imputed standard error.
AU: Australia; BCC: basal cell carcinoma; C: category; CI: confidence interval; d: day; FI: Finland; FM: females and males; HPFS: Health Professionals Follow-Up Study; MCHES:
Mobile Clinic Health Examination Survey; N: number; NCC: nested case–control study; NHS: Nurses’ Health Study; NR: not reported; NSC: Nambour Skin Cancer; N-Se: nail
selenium; OR: odds ratio; P/S-Se: plasma/serum selenium; Q: quantile; RR: risk ratio; SD: standard deviation; SCC: squamous cell carcinoma; SCP: Skin Cancer Prevention; SFFQ:
semiquantitative food frequency questionnaire; Suppl-Q: supplement use questionnaire; UK: United Kingdom: VITAL: VITamins And Lifestyle.
Notes: Knekt et al. (1991) and Karagas et al. (1997) are NCCs; Karagas et al. (1997) enrolled participants with at least one BCC or SCC cancer previously removed.

Figure 15: Observational studies on selenium exposure and incidence of skin cancer
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The Panel notes the heterogeneity of the exposure-endpoint relationships investigated across
studies. Overall, available prospective observational studies do not support an increased risk of skin
cancer (SCC, BCC or melanoma) associated with increased selenium exposure, as assessed by plasma
or nail selenium concentrations or as estimated by dietary questionnaires.

The Panel considers that the available BoE from observational studies does not suggest a positive
relationship between selenium intake and risk of skin cancer over the range of exposure investigated in
these studies. No comprehensive UA is performed.

3.5.9.3. Overall conclusions on skin cancer

The Panel considers that the available BoE is insufficient to conclude on a positive relationship
between dietary selenium exposure and risk of skin cancer.

3.5.10. Type 2 diabetes mellitus

Incidence of T2DM is included in the standalone main LoE for the risk of T2DM.
Measures of glucose homeostasis have been grouped in LoEs which follow the natural history of

T2DM, i.e. from those that are expected to be impaired first to those expected to be impaired later in
time:

a) Measures of insulin sensitivity obtained either in steady-state conditions (during an
euglycaemic hyperinsulinaemic clamp) or in non-steady state conditions (e.g. during an
intravenous glucose tolerance test (IVGTT) with frequent sampling/minimal model
assessment).

b) Indices of insulin sensitivity/resistance and indices of insulin secretion/beta cell function,
either derived from the fasting state (e.g. homeostasis model assessment for insulin
resistance (HOMA-IR), homeostasis model assessment of β-cell function (HOMA-β) or from
an oral glucose tolerance test (OGTT)) (e.g. Matsuda index of insulin sensitivity).

c) Measures of glucose tolerance, either derived from the fasting state (fasting blood glucose
(FBG) and fasting insulin (FI)) or from an OGTT, including glucose and insulin at 120 min
and areas under the curve (AUCs) for glucose and insulin.

d) Measures of blood glucose control, including fructosamine, glycated albumin and glycated
haemoglobin (HbA1c).

LoE (c) is considered standalone surrogate because cut-off values for fasting glucose and for
glucose at 120 min during an OGTT are used for the diagnosis of diabetes. Within this LoE, measures
of fasting insulin and insulin at 120 min during an OGTT will be considered as complementary. In
contrast, LoEs (a), (b) and (d) are considered complementary because, on their own, they cannot
answer the sQ about the risk of T2DM.

3.5.10.1. Intervention studies

LoE1. Standalone main: incidence of type 2 diabetes mellitus

Five RCTs, which investigated effects of selenium supplementation vs placebo, reported data on
incident cases of T2DM (NPC, Stranges et al., 2007; SELECT, Lippman et al., 2009; NBT, Algotar
et al., 2013a; Eastern Cooperative Oncology Group (ECOG), Karp et al., 2013; Sel/Cel, Thompson
et al., 2016). The supplemental intake of selenium ranged from 200 (five study arms) to 400 μg (one
study arm) per day and the mean study intervention period ranged from 2.8 to 7.7 years. For the
SELECT, results after an additional observational follow-up period of 3 years after cessation of the
intervention were also reported (Klein et al., 2011). The SELECT was a 4-arm trial with groups
receiving either selenium supplementation alone, vitamin E alone, the combination of the two, or a
placebo; only the results for the arms receiving selenium or placebo are considered below.

In addition, in a publication describing the effect of selenium supplementation on changes in HbA1c
in the context of the 5-year PRECISE pilot trial (DK PRECISE) authors reported the overall number of
study participants receiving medication for T2DM 2 years after the initiation of the intervention. The
trial included three arms of selenium supplementation (100, 200 or 300 μg/day) vs placebo (Stranges
et al., 2019). As the number of incident T2DM cases by study group was not provided in the
publication, authors were contacted to obtain the data. In their answer, authors also provided data for
the UK PRECISE trial, a pilot RCT which used 100, 200 or 300 μg/day vs placebo for 6 months
(Rayman et al., 2012).

Tolerable upper intake level for selenium
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Preliminary UA

The study size ranged between 192 participants (NBT) and 17,448 participants (SELECT). Three
trials involved healthy individuals (SELECT; DK PRECISE; UK PRECISE), one trial recruited men at ‘high’
risk of prostate cancer (NBT), one trial involved men with confirmed history of non-melanoma skin
cancer (NPC), one trial included subjects with resected non-small-cell lung cancer (ECOG), and one
trial selected subjects with a history of colorectal adenomas (Sel/Cel). Three studies were conducted in
the US (NPC, ECOG, Sel/Cel), one in the US and New Zealand (NBT), one study in the US, New
Zealand and Puerto Rico (SELECT), with mean/median plasma selenium concentration at baseline
between 114 and 137 μg/L. The DK PRECISE and UK trials were conducted in Denmark and UK
respectively, with mean plasma selenium concentration at baseline of 88 μg/L in both trials.

Cases of T2DM were recorded from the start of the intervention among the secondary outcomes of
the study in two trials (NPC, NBT). In three trials, cases of T2DM were monitored among safety
endpoints, either from the start of the intervention (Sel/Cel; DK PRECISE; UK PRECISE) or added
during the course of intervention (SELECT, ECOG). Three studies reported estimates of RRs (NPC,
SELECT, Sel/Cel), while two studies only reported the number of T2DM cases in each study arm (NBT,
ECOG). For DK PRECISE and UK PRECISE, the number of incident T2DM cases in each study arm was
obtained from the authors through personal communication.

The evidence table is in Appendix D.9.1. Key study characteristics, together with the effect
estimates and related CIs, are plotted in Figure 16. A random-effect meta-analysis of the eligible RCTs
was conducted. For each study, the effect estimate corresponded to the RR in the group receiving
200 μg/day selenium compared to the control group. For the NBT trial, in which a dose of 400 μg/day
selenium was also tested, the RR was the same in both treatment groups.

In view of the specific characteristics of the DK PRECISE (mean plasma selenium concentration at
baseline of 88 μg/L) and UK PRECISE (6 months follow up), the Panel considered that these trials
could not be combined with the other trials and therefore, these data were not included in the meta-
analysis (number of T2DM cases available in Appendix D.9.1).

A higher number of T2DM cases in the selenium supplementation groups than in the control groups
was found in the five studies included in the meta-analysis. The pooled effect (RR) is 1.11 (95% CI

*Denotes estimated risk ratios and standard errors.
CA: Canada; CI: confidence interval; d: day; FM: females and males; G: group; HR: hazard ratio; N: number; PR:
Puerto Rico; SD: standard deviation; Suppl-O: organic selenium supplement; US: United States; y: years.
Note: In Karp et al. (2013): the ratio of participants assigned to G1 and G2 was 1:2: i.e. 521 individuals in the
control group and 1:040 individuals in treatment group.

Figure 16: Intervention studies investigating the effect of selenium supplementation vs placebo on the
incidence of T2DM
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1.00, 1.24), with low statistical heterogeneity identified across studies (I2 = 2.2%, p = 0.394). The
Panel notes that the SELECT is the major determinant of the pooled effect estimate (85% weight in
the estimation of the overall effect).

The Panel notes that in the NPC trial, in a stratified analysis by tertile of baseline plasma selenium
concentrations, the HRs were 1.13 (95% CI 0.58, 2.18) in the first tertile (≤ 105.2 ng/mL), 1.36 (95%
CI 0.60, 3.09) in the second tertile (95% CI 105.3, 121.6 ng/mL) and 2.70 (95% CI 1.30, 5.61) in the
third tertile (> 121.6 ng/mL). HRs were 1.04 (95% CI 0.60, 1.80) and 2.50 (95% CI 1.32, 4.77) for
the subgroups with baseline plasma selenium concentrations below or above the median value of
113.4 ng/mL (Stranges et al., 2007). No indication of a modification of the association by age
(≤ 65 years vs > 65 years), sex (men vs women), smoking status (never, former, current), or body
mass index (BMI) (≤ 23.71, 23.72–26.76, > 26.76 kg/m2) was found.

In the Sel/Cel trial, a HR of 2.21 (95% CI 1.04, 4.67) was found in the group aged ≥ 63 years vs
0.59 (95% CI 0.25, 1.35) in the group aged < 63 years.

In the SELECT, after an additional observational follow-up period of 3 years after cessation of the
intervention, the HR was 1.04 (99% CI 0.93, 1.17) (Klein et al., 2011).

Overall, the Panel considers that the available BoE suggests a positive relationship between the
intake of selenium and incidence of T2DM.

LoE2. Standalone surrogate: measures of glucose tolerance

Ten eligible RCTs reported on the effect of selenium supplementation on measures of glucose
tolerance. FBG concentrations were measured in nine trials, among which seven also reported
measures of FI concentration (Navas-Carretero et al., 2011; Jamilian et al., 2015; Karamali
et al., 2015; Hosseinzadeh et al., 2016; Mesdaghinia et al., 2017; Raygan et al., 2018; Tamtaji
et al., 2019), while two studies did not (Hawkes et al., 2008; Richie et al., 2014). The supplemental
intake of selenium ranged from 30 to 300 μg/day and the mean/median study intervention period
ranged from 8 to 48 weeks. One study reported the results of an OGTT conducted in a subset of the
initial study sample of the Sel/Cel trial mentioned above, in which participants received 200 μg/day
selenium for 2.9 years (Jacobs et al., 2019).

Preliminary UA

The size of the studies reporting on FBG (with or without FI) ranged between 24 and 70
participants; three trials were in healthy adults (Hawkes et al., 2008; Navas-Carretero et al., 2011;
Richie et al., 2014), one trial involved pregnant women (Mesdaghinia et al., 2017), two trials in women
with polycystic ovary syndrome (Jamilian et al., 2015; Hosseinzadeh et al., 2016), one trial among
patients with cervical intraepithelial neoplasia grade 1 (Karamali et al., 2015), one trial in patients with
congestive heart failure (Raygan et al., 2018), and one trial in patients with Alzheimer’s dementia
(Tamtaji et al., 2019). The study which conducted an OGTT involved 175 individuals with a history of
colorectal adenomas (Sel/Cel, Jacobs et al., 2019). Six studies were conducted in Iran, one in Spain,
and three in the US. Median/mean plasma selenium concentrations at baseline were reported for two
studies based in the US and were approx. 140 μg/L (Richie et al., 2014; Jacobs et al., 2019). Mean
whole blood selenium concentration was 144 μg/L in the study conducted in Spain (Navas-Carretero
et al., 2011). An average selenium intake of approx. 32 μg/day at baseline was estimated in one study
in Iran, using six 24-h recalls (Hosseinzadeh et al., 2016).

Measures of glucose tolerance were investigated as the primary outcome in three trials (Jamilian
et al., 2015; Hosseinzadeh et al., 2016; Raygan et al., 2018) and as secondary outcome in five trials
(Richie et al., 2014; Karamali et al., 2015; Mesdaghinia et al., 2017; Jacobs et al., 2019; Tamtaji
et al., 2019). Two trials measured FBG among other blood parameters (including markers of
antioxidant or inflammatory status, blood lipids) (Hawkes et al., 2008; Navas-Carretero et al., 2011).

The evidence table is in Appendix D.9.2. Key study characteristics, together with the effect
estimates and related CIs for fasting blood glucose and fasting insulin are plotted in Figures 17 and 18,
respectively. A random-effect meta-analysis of the eligible RCTs was conducted. For each study, the
effect estimate corresponds to the differences between the group receiving the highest daily selenium
dose compared to the control group.
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Lower FBG concentrations were found in the intervention groups compared to control group in
seven out of nine trials (Figure 17). In those trials which also measured FI, the pattern of change was
consistent, with lower FI concentrations found in six out of seven trials (Figure 18).

However, the Panel notes that three of these articles are currently under investigation after
concerns were raised to the Editors-in-Chief of the Scientific Journals about their integrity (Karamali
et al., 2015; Mesdaghinia et al., 2017; Raygan et al., 2018), according to information available on the
respective Journal websites. Forest plots excluding studies from this research group are presented in
Figure 19.

CI: confidence interval; d: day; ES: Spain; FM: females and males; IR: Iran; N: number; NR: not reported; SD:
standard deviation; Se: selenium; Suppl-O: organic selenium supplement; US: United States; wks: weeks.
Notes: Baseline selenium intake estimated with six 24-h recalls in Hosseinzadeh et al. (2016) (in μg/day).
Baseline selenium measured in whole blood in Navas-Carretero et al. (2011) (in μg/L).

Figure 17: Intervention studies investigating the effect of selenium supplementation vs placebo on
fasting glucose

CI: confidence interval; d: day; ES: Spain; FM: females and males; IR: Iran; N: number; NR: not reported; SD:
standard deviation; Se: selenium; Suppl-O: organic selenium supplement; wks: weeks.
Notes: Baseline selenium intake estimated with six 24-h recalls in Hosseinzadeh et al. (2016) (in μg/day).
Baseline selenium measured in whole blood in Navas-Carretero et al. (2011) (in μg/L).

Figure 18: Intervention studies investigating the effect of selenium supplementation vs placebo on
fasting insulin
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a. Fasting glucose 

b. Fasting insulin 

CI: confidence interval; d: day; ES: Spain; FM: females and males; IR: Iran; N: number; NR: not reported; SD:
standard deviation; Se: selenium; Suppl-O: organic selenium supplement; US: United States; wks: weeks.
Notes: Baseline selenium intake estimated with six 24-h recalls in Hosseinzadeh et al. (2016) (in μg/day).
Baseline selenium measured in whole blood in Navas-Carretero et al. (2011) (in μg/L).

Figure 19: Intervention studies investigating the effect of selenium supplementation vs placebo on
fasting glucose and fasting insulin, excluding: Karamali et al. (2015), Mesdaghinia
et al. (2017), Raygan et al. (2018), Tamtaji et al. (2019) and Jamilian et al. (2015)
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Jacobs et al. (2019) conducted a 3-h modified OGTT among a subsample of participants from the
Sel/Cel study (200 μg/day vs placebo for 2.9 years). A convenience sample was selected among the
participants who remained in the trial near the end of follow up. A total of 96 in the control group and
79 in the selenium group accepted to perform the test. At 120 min after oral administration of 75 g
glucose, there was no difference in blood glucose concentration between the two groups (mean � SD:
132.2 � 49.8 mg/dL in the control group vs 129.4 � 41.4 in the selenium group, p = 0.70)
(Appendix D.9.2).

The Panel considers that the available BoE does not suggest an adverse effect of high selenium
intake on measures of glucose tolerance.

Comprehensive UA.

The Panel selected incidence of T2DM as the key endpoint for the comprehensive UA.

Risk of bias appraisal. Four RCTs were at low RoB (tier 1) and one RCT was at moderate RoB
(tier 2) (Table 6).

The reasons for judging certain items as high RoB are outlined in the following.
With respect to allocation concealment for the NBT study described by Algotar et al. (2013a), it is

reported that randomisation codes were held by unblinded personnel. As it was unclear what the exact
tasks of these individuals were, a high RoB rating was attributed to this item. Study drop-out
percentages were 34.1%, 41.9% and 40.8% for the placebo group, the 200 μg/day selenium group
and the 400 μg/day selenium group, respectively. This high drop-out rate was considered to have
introduced a high RoB. The judgement related to the item on other threats to internal validity was
based on the fact that no risk estimates were provided in the publications. In addition, it was unclear
why self-reports of T2DM were not confirmed with the available data on plasma glucose
concentrations. For the ECOG trial described by Karp et al. (2013), the assessment of T2DM only
started 7 years after the start of the study and 2 years before the end of the study. This is the reason
why the question on other threats to internal validity was rated as high RoB.

In a sensitivity analysis excluding the NBT and ECOG trials, considering the RoB appraisal and the
fact that these studies only reported number of T2DM cases by group rather than risk estimates, the
pooled effect estimate (RR) for the effect of selenium supplementation vs placebo on incidence of
T2DM was 1.18 (95% CI 0.95, 1.48; I2 = 38.2%, p = 0.198).

Publication bias. Funnel plots and Egger’s regression results provide weak support (p = 0.137;
intercept 0.97, 95% CI 0.56, 2.51) for a publication bias, i.e. there is weak support that results of
some studies with no effect of selenium supplementation on T2DM or an effect in the opposite
direction may have not been published (Figure 20).

The Panel notes the low number of studies and thus the low power of the test and related risk for
false-negatives. Therefore, the Panel considers the results of the tests as inconclusive.

The Panel notes that the reporting of adverse effects in supplementation studies is often
incomplete, particularly for those which are not pre-planned in the study protocol.

Table 6: Outcome of the risk of bias appraisal of the RCTs on incidence of T2DM

Reference Study name
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Tier

Stranges et al. (2007) NPC + + + + + + + 1

Lippman et al. (2009) SELECT + + + NR + + + 1
Algotar et al. (2013b) NBT + + + − + − − 2

Karp et al. (2013) ECOG + + + + + NR − 1

Thompson et al. (2016) Sel/Cel + + + + NR + + 1

+: low RoB; −: high RoB; NR: not reported.
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Dose–response relationship. Eligible studies were similar regarding the baseline selenium status
of the participants (mean/median plasma concentration between 114 and 137 μg/L) and all used a
supplementation dose of 200 μg/day (corresponding to a total selenium intake between 270 and
340 μg/day). Only the NBT trial used two doses of selenium, i.e. 200 and 400 μg/day. The number of
T2DM cases identified during the intervention was 7 in the control group, 12 in the group receiving
200 μg/day and 12 in the group receiving 400 μg/day.

The Panel considers that the data from RCTs are not suitable to characterise a dose–response
relationship between selenium intake and incidence of T2DM.

LoE3. Complementary: Indices of insulin sensitivity/resistance and indices of insulin secretion/β-cell
function

Among the RCTs which reported on measures of glucose tolerance, seven studies also assessed
changes in the HOMA2-IR (Navas-Carretero et al., 2011; Jamilian et al., 2015; Karamali et al., 2015;
Hosseinzadeh et al., 2016; Mesdaghinia et al., 2017; Raygan et al., 2018; Tamtaji et al., 2019), among
which four also HOMA2-β. A statistically significant decrease in HOMA2-IR was found in six trials (30–
200 μg/day selenium for 8–26 weeks, Navas-Carretero et al., 2011; Jamilian et al., 2015; Karamali
et al., 2015; Mesdaghinia et al., 2017; Raygan et al., 2018; Tamtaji et al., 2019), with a consistent
decrease in HOMA2-β in the three trials reporting this parameter (Jamilian et al., 2015; Karamali
et al., 2015; Mesdaghinia et al., 2017). In contrast, a statistically significant increase in HOMA2-IR was
found in one trial (200 μg/day for 12 weeks; Hosseinzadeh et al., 2016) (Appendix D.9.2).

However, the Panel notes that three of these articles are currently under investigation after concerns
were raised to the Editors-in Chief of the Scientific Journals about their integrity (Karamali et al., 2015;
Mesdaghinia et al., 2017; Raygan et al., 2018), according to information available on the respective
Journal websites. Forest plots excluding studies from this research group are presented in Figure 19.

LoE4. Complementary: Measures of blood glucose control

The DK PRECISE reported HbA1c measurements at baseline and after 6 months and 2 years of
selenium supplementation with 100 μg/day (n = 124, group 1), 200 μg/day (n = 122, group 2), or
300 μg/day (n = 119, group 3) vs placebo (n = 126). After 2 years, HbA1c had decreased in all groups,
with no difference between active treatment and placebo (mean (95% CI) in control group: −1.8
(−3.1, −0.6); group 1: −2.7 (−4.0,-1.4); group 2: −1.7 (−3.0, −0.3); group 3: −2.8 (−4.1, −1.5))
(Stranges et al., 2019). Six participants were using diabetes medications at baseline, six at 6 months,
and 14 at 2 years. The exclusion from analysis of participants once they had received diabetes
medications did not alter the results on HbA1c.

Consistency across LoEs. The increased risk of T2DM observed following selenium
supplementation is not supported by the results of studies reporting on measures of glucose tolerance
(LoE2, standalone surrogate), indices of insulin sensitivity/resistance (LoE3, complementary) or
measures of blood glucose control (LoE4, complementary).

Figure 20: Funnel plot of the RCTs on incidence of T2DM
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Outcome of the comprehensive analysis of the uncertainties

Conclusions from intervention studies. The level of certainty in a positive and causal
relationship between the intake of selenium and risk of T2DM is moderate (rationale in Table 7).

Table 7: Comprehensive analysis of the uncertainties in the BoE from intervention studies

What is the level of certainty that the intake of selenium is positively and causally associated with the risk of
T2DM?

BoE LoE1. Standalone main. Endpoint: incidence of T2DM
5 RCTs, 22,227 participants (92% males). Pooled mean effect
estimate, RR (95% CI) = 1.11 (1.00, 1.24) (Figure 16).

Initial certainty:
High (> 75%–100%
probability)

Domain Rationale Evaluation

RoB 4 studies in tier 1 (low RoB), 1 study in tier 2 (moderate RoB)
(Table 6).
Key questions:

• Randomisation: low
• Exposure assessment: low
• Outcome assessment: low

Mostly low RoB for blinding; mixed low/high RoB or not reported for
attrition/exclusion from analysis; mixed low/high RoB for other
threats to internal validity

Not serious

Unexplained
inconsistency

Point estimates are in the same direction.

Low statistical heterogeneity (I2 = 2.2% for the meta-estimate).

RR estimates substantially higher in smaller studies; yet, 95% CI
largely overlap.

Not serious

Indirectness No concern regarding the directness of the endpoint (incidence of
the disease).

Regarding the study populations: all trials were conducted in
populations with average baseline plasma selenium higher than those
typically observed in European populations; mean age was ≥ 63 years
in the 5 trials; men are overrepresented as compared to women in the
overall body of evidence; three trials were designed for the secondary
prevention of cancer, i.e. recruited people with a history of non-
melanoma skin cancer, non-small-cell lung cancer and colorectal
adenomas, respectively, while the largest trial involved men from the
general population. Overall, no source of concern was identified given
the relevance of the study populations for the target population

Not serious

Imprecision Low, based on the 95% CI of the meta-estimate Not serious

Publication bias Weak support for publication bias based on funnel plot and Egger
test. Given the low number of studies and thus the low power of the
test and related risk for false-negatives, the results of the tests are
considered inconclusive.
Funding sources were public (n = 4), or not reported (n = 1).

Undetected

Upgrading factors Dose–response: cannot be characterised based on the available BoE
Consistency across LoEs: the increased risk of T2DM observed
following selenium supplementation is not supported by the results
of the surrogate and complementary LoEs

Magnitude: effect size is insufficient to consider upgrading

None identified

Final certainty Started ‘high’. No serious concern identified regarding RoB,
unexplained inconsistency, imprecision, indirectness and no
publication bias detected. However, the level of certainty was
downgraded one level considering the limitations related to the design
and conduct of the studies (T2DM not the primary outcome) and the
inconsistent results from the surrogate and complementary LoEs.

Moderate
(> 50%–75%
probability)

BoE: body of evidence; CI: confidence interval; LoE: line of evidence; RoB: risk of bias; RR: risk ratio; T2DM: type 2 diabetes
mellitus.
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3.5.10.2. Observational studies

LoE1. Standalone main: incidence of type 2 diabetes mellitus

Ten cohorts investigated the relationship between selenium exposure and incidence of T2DM.
Seven were PCs (Hortega study, Galan-Chilet et al. 2017; ULSAM, Gao et al., 2014; NHS and HPFS,
Park et al., 2012; HORmones and Diet in the ETioliogy of Breast Cancer (ORDET), Stranges
et al., 2010; Moli-Sani, Vinceti et al., 2021; China Stroke Primary Prevention Trial (CSPPT), Zhang
et al., 2019), three were NCCs (Dongfeng-Tongji cohort (DFJT), Yuan et al., 2018; Jinchang cohort,
Cheng et al., 2022; ORDET, Cabral et al., 2021) and one was a case-cohort study (EPIC-Potsdam,
Cabral et al., 2021). Two analyses of the ORDET cohort were available, using a FFQ (Stranges
et al., 2010) and toenail selenium concentration (Vinceti et al., 2015b) to characterise selenium
exposure, respectively. The CSPPT study used a population involved in an RCT designed to investigate
the effect of enalapril and/or folic acid treatment in preventing stroke (Zhang et al., 2019).

Preliminary UA

The size of the PCs ranged between 1,234 participants (Hortega) and 21,335 participants (Moli-
Sani), while the NCCs and case-cohort studies included between 621 participants (ORDET) and 2,741
participants (EPIC-Potsdam). The length of follow-up ranged from 4.5 years in the CSPPT study to
26 years in the NHS cohort. Five cohorts were located in Europe (Spain, Sweden, Italy, Germany), one
in the US and three in China. All cohorts involved adult males and females.

Selenium exposure was assessed as plasma/serum selenium concentrations in the Hortega, ULSAM,
DFJT, EPIC-Postdam and CSPPT studies, as dietary selenium intake estimates based on FFQs in the
Moni-Sani study and one of analyses of the ORDET study and as toenail selenium concentrations in the
NHS and HPFS cohorts and the other analysis of the ORDET study.

The evidence table is in Appendix D.9.3. Key study characteristics, together with the risk estimates
and related CIs, are plotted in Figures 21 and 22.
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C: category: CI: confidence interval; CN: China; d: day; DE: Germany; EPIC: European Prospective Investigation into Cancer and Nutrition; ES: Spain; IT: Italy; N: number; NR: not
reported; FM: females and males; SD: standard deviation; SE: Sweden; OR: Odds Ratio; ORDET: HORmones and Diet in the ETioliogy of Breast Cancer; P/S-Se: plasma/serum
selenium; Q: quantile; ref: reference; SFFQ: semiquantitative food frequency questionnaire; T-Se: toenail selenium; ULSAM: Uppsala Longitudinal Study of Adult Men; US: United
States; y: years.
Note: For Stranges et al., 2010: N analysed refers to total number of participants.

Figure 21: Observational studies on selenium exposure and incidence of T2DM, most adjusted RRs from PCs and NCCs
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C: category; CI: confidence interval; CN: China; d: day; DE: Germany; EPIC: European Prospective Investigation into Cancer and Nutrition; ES: Spain; FM: females and males; IT:
Italy; N: number; NR: not reported; ORDET: HORmones and Diet in the ETioliogy of Breast Cancer; P/S-Se: plasma/serum selenium; SD: standard deviation; SE: Sweden; SFFQ:
food frequency questionnaire; T-Se: toenail selenium; OR: Odds Ratio; ULSAM: Uppsala Longitudinal Study of Adult Men; US: United States: y: years.
Note: For Stranges et al., 2010: N analysed refers to total number of participants.

Figure 22: Observational studies on selenium exposure and incidence of T2DM, most adjusted highest vs lowest RRs from PCs and NCCs
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Eight observational studies found a positive association between selenium exposure and risk of
T2DM, while two did not (Park et al., 2012; Vinceti et al., 2015b). These two studies used toenail
selenium concentrations as a marker of exposure.

Overall, the Panel considers that the available BoE suggests a positive relationship between the
intake of selenium and incidence of T2DM.

LoE2. Standalone surrogate: measures of glucose tolerance

One PC conducted in 76 healthy Japanese adults (Oo et al., 2018) reported a positive association between
baseline serum selenoprotein P concentration and FBG after 4 years of follow-up (β = 0.237, p = 0.033),
independently from age and baseline insulinogenic index,19 BMI and HBA1c levels. Baseline serum selenium
concentration and glutathione peroxidase 3 activities were not associated with FBG at follow-up.

The Panel notes the limited BoE from observational studies on measures of glucose tolerance
(Appendix D.9.4).

Comprehensive UA

The Panel selected incidence of T2DM as the key endpoint for the comprehensive UA.

Risk of bias appraisal. All eligible observational studies were at low RoB (tier 1) (Table 8).

Dose–response relationship. A dose–response meta-analysis modelling the relationship between
selenium exposure and risk of T2DM was performed using restricted cubic splines. The method and
results are summarised below. The technical statistical report and all related references are in Annex B.

The NHS, the HPFS and one of the analyses of the ORDET study could not be included in the
analysis as they used toenail selenium concentrations as markers of exposure. Upon request for
additional data from the study authors of EPIC-Potsdam and ORDET, risk estimates by quintiles of
exposure and not standardised for energy intake, respectively, were included in the dose–response
meta-analysis. For three estimates of two studies (Stranges et al., 2010; Vinceti et al., 2018a and for
males and females in Vinceti et al., 2021), in which selenium intake had been assessed with FFQs,
exposure was converted to estimated mean plasma concentrations using the equation from the dose–
response reported in Section 3.3.2.

Thirty non-referent most adjusted RRs from 10 study-specific analyses (5 PCs and 3 NCCs) were
included (I2 = 0%; p = 0.771) in the dose–response analysis. The predicted pooled RR of T2DM was

Table 8: Outcome of the risk of bias appraisal of the observational studies on incidence of T2DM

Reference Study name

E
x
p
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re

O
u
tc
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m
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C
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o
n

G
ro

u
p
s

Tier

Cabral et al. (2021) EPIC Potsdam + + ++ ++ ++ 1

Galan-Chilet et al. (2017) HORTEGA + + + ++ ++ 1
Gao et al. (2014) ULSAM + ++ ++ + ++ 1

Park et al. (2012) NHS/HPFS + + ++ ++ ++ 1
Stranges et al. (2010) ORDET (FFQ) + + ++ + ++ 1

Vinceti et al. (2015b) ORDET (Toenail) + + ++ + ++ 1
Yuan et al. (2018) DFJT + + ++ ++ ++ 1

Zhang et al. (2019) CSPPT + + ++ ++ ++ 1
Vinceti et al. (2021) Moli-Sani + + ++ ++ ++ 1

Cheng et al. (2022) Jinchang + + ++ ++ ++ 1

++: Definitely low RoB; +: probably low RoB.

19 Calculated as the ratio of the increment of plasma insulin (μU/mL) to the increment in glucose (mg/L) during the first 30 min
of OGTT.
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1.10 (95% CI 1.07, 1.14) for an increase in selenium plasma concentrations of 10 μg/L in the linear
model (p for linear trend < 0.0001) and 1.53 (95% CI 1.13, 2.06) at 100 μg/L in the non-linear model
(restricted cubic splines with three knots at fixed percentiles, 10%, 50%, and 90%, of the distribution;
p for non-linearity = 0.157).

A subgroup analysis on the three ‘intake’ estimates from the ORDET and the Moli-sani studies
provided strong evidence of departure from linearity (p = 0.009; RR at 92 μg/L inflection point: 1.17
(95% CI 1.09, 1.26)); the subgroup of studies that reported on plasma selenium concentrations
showed no support for non-linearity (p = 0.831). The inclusion of the two studies for which the
conversion was necessary (Stranges et al., 2010; Vinceti et al., 2018a) was found to have little impact
on the relative risk (RR) estimate but improved its precision (Annex B).

A sensitivity analysis excluding females’ study-specific trends confirmed no evidence of departure
from linearity (p = 0.568), while in a sensitivity analysis excluding Cheng et al. (2022) (Jinchang cohort;
in which it had been observed that the risk of developing T2DM differed between men and women) and
with a choice of four knots (Harrell: 5%, 35%, 65%, 95%) the data supported a departure from linearity
(p = 0.039; RR at 94 μg/L inflection point: 1.12 (95% CI 1.06, 1.18)) (Annex B).

Overall, the dose–response meta-analysis could not consistently identify departures from non-
linearity between plasma selenium concentrations and risk of T2DM over the range of plasma selenium
concentrations investigated.

The Panel considers that a linear positive dose–response between plasma selenium concentration
and incidence of T2DM over a range of plasma selenium concentrations which largely corresponds to
selenium intake levels achieved through the natural selenium content of food, is not biologically
plausible. A major limitation of the analysis relates to the lack of data points in the higher range of
plasma selenium concentrations (> 120 μg/L). The Panel notes that the baseline mean/median plasma
concentrations in the trials described in Section 3.5.10.1 were between 114 and 137 μg/L, which is at
or above the plasma selenium concentrations found in observational studies included in this
assessment.

There are uncertainties associated with this dose–response relationship:

• The observed association could also be due to confounding factors. For example, other dietary
factors in foods that contain selenium could contribute to the risk of T2DM. Key potential
confounders (i.e. age, sex, BMI) were adjusted for in all eligible cohorts. Nevertheless,
unmeasured confounding cannot be excluded.

• Factors other than dietary selenium intake affect plasma selenium concentrations (Section 3.3
and Appendix A). It cannot be excluded that metabolic disturbances (e.g. an increase in
oxidative stress), occurring before T2DM is diagnosed, could affect plasma selenium
concentrations. In the ORDET cohort where the association with incidence of T2DM was
investigated using both plasma and toenail Se concentrations, a positive association was found
with plasma selenium concentrations, while no association was found with toenail selenium
concentrations. Similarly, no association was found between toenail selenium concentrations
and incidence of T2DM in the NHS and HPFS cohorts.

Publication bias. Publication bias in the subset of studies included in the dose–response
modelling was investigated through a funnel plot (Figure 23) and Egger’s regression. No support for a
‘small-study effect’ (larger effects in PCs where RRs are more imprecise) was found (p = 0.444;
intercept 0.88, 95% CI −1.76, 3.53).
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LoE4. Complementary: Measures of blood glucose control

In a cohort of 2,774 adult men and women in Germany (Monitoring of Trends and Determinants in
Cardiovascular Diseases (MONICA)/Cooperative Health Research in the Region of Augsburg (KORA)
cohort), no association was found between the intake of selenium from food supplements (assessed
through interviews at baseline) and HbA1c levels after 10 years of follow-up (Schwab et al., 2015). In
a population of 548 mother–child pairs in Mexico (PROGRESS cohort), no association was found
between blood selenium concentrations during the 2nd trimester of pregnancy and HbA1c levels
measured in children at 4–6 years of age (Kupsco et al., 2019).

The Panel notes the limited BoE from observational studies on these endpoints.
Consistency across LoEs. The Panel considers that this cannot be assessed given the limited BoE

available on LoE2 and LoE4.

Outcome of the comprehensive analysis of the uncertainties

Figure 23: Funnel plot of the observational studies on incidence of T2DM included in the dose–
response analysis

Table 9: Comprehensive analysis of the uncertainties in the BoE from observational studies

What is the level of certainty that the intake of selenium is positively and causally associated with the risk of
T2DM?

BoE LoE1. Standalone main. Endpoint: incidence of T2DM
10 observational studies, 47,271 participants (42.6% males). Pooled
mean effect estimate, RR (95% CI) = 1.45 (1.23, 1.72) for six studies
which used plasma/serum Se (7 study-specific analyses: CSPPT, DFTJ,
EPIC-Postdam, Jinchang males, Jinchang females, Hortega, ULSAM);
pooled mean effect estimate, RR (95% CI) = 2.04 (1.38, 3.01) for two
studies which used a FFQ (3 study-specific analyses: ORDET, Moli-Sani
males, Moli-Sani females); pooled mean effect estimate, RR (95%
CI) = 0.79 (0.62, 0.99) for two studies which used toenail selenium (3
study-specific analyses: HPFS, NHS, ORDET).

Initial certainty:

Moderate
(> 50%–75%
probability)

Domain Rationale Evaluation

RoB 10 studies in tier 1 (low RoB) (Table 8)
Key questions:
• Confounding: key potential confounders (i.e. age, sex, BMI) were

adjusted for in all eligible cohorts; however, confounding due to
unmeasured factors may be present

• Exposure assessment: low
• Outcome assessment: low

No concern identified in relation to attrition/exclusion from analysis
and comparison groups.

Serious
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Conclusions from observational studies. The level of certainty in a positive and causal
relationship between the intake of selenium and risk of T2DM is low (rationale in Table 9).

3.5.10.3. Mode of action

Several possible mechanisms by which selenium could be involved in the development of T2DM
have been proposed in the literature.

As discussed in Section 3.5.1, endoplasmic reticulum stress and increased ROS production have
been suggested to play a role in the development of T2DM (Zachariah et al., 2021). It has also been
suggested that selenium may on the one hand stimulate biosynthesis and secretion of insulin in
pancreatic beta-cells and on the other may lead to a reduced insulin sensitivity in target cells. It has
been put forward that both purported mechanisms could be mediated through the upregulation of
selenoproteins involved in the antioxidant network, in particular, glutathione peroxidases and
thioredoxin reductases. An upregulation of the antioxidant defence system may lead to a reduction in
hydrogen peroxide (H2O2) concentrations in the target cells. As H2O2 is essential for insulin signalling
in target cells, its reduction may lead to an impairment of the insulin signalling cascade. The effect on
an increased insulin secretion has been proposed to be also due to a modulation of H2O2

concentrations in the β-cells where H2O2 is essential for insulin biosynthesis (Steinbrenner, 2013;
Steinbrenner et al., 2022). Mice with a global overexpression of glutathione peroxidase 1, which were
fed a selenium-adequate diet from 8 to 24 weeks of age, developed hyperglycaemia,
hyperinsulinaemia, mild insulin resistance and obesity. The insulin-induced activation of the insulin
receptor was attenuated (McClung et al., 2004). An overexpression of β-cell specific glutathione
peroxidase 1, reversed hyperglycaemia in db/db mice, increased β-cell volume and insulin granulation
(Harmon et al., 2009). Glutathione peroxidase 1 knock-out mice were protected from high-fat-diet-
induced insulin resistance and showed improved insulin signalling in muscle cells, but not hepatocytes
(Loh et al., 2009). In another study, glutathione peroxidase 1 knock-out mice had lower fasting plasma

Unexplained
inconsistency

8 PCs which used serum/plasma selenium or an FFQ to measure
selenium intake found positive relationships with the incidence of
T2DM, while 2 PCs which used toenail selenium, a marker of
medium/long term selenium exposure, did not. Factors other than
dietary selenium intake can affect plasma selenium concentrations.

Serious

Indirectness • No concern regarding the directness of the endpoint (incidence of
the disease).

• Five out of 10 studies involved European populations.
• Lower range of selenium exposure covered by available

observational studies as compared to intervention studies
(relationship above 120 μg/L could not be explored)

Not serious

Imprecision Low based on the 95% CI of the meta-estimates by category of
exposure.

Not serious

Publication bias 1) No indication of publication bias based on funnel plot and Egger’s
test (subset of studies included in dose–response analysis).

2) Funding sources were public (n = 6), mixed (n = 3) or private
(n = 1).

Undetected

Upgrading factors Dose–response. The dose–response meta-analysis could not
consistently identify departures from non-linearity between plasma/
serum selenium and risk of T2DM; the significant linear positive
relationship, over a range of plasma selenium concentrations which
corresponds to ‘normal’ selenium intake from the diet, was not
considered biologically plausible.
Consistency across LoEs: cannot be assessed
Magnitude: insufficient to upgrade

None identified

Final certainty Started moderate, downgraded one level for risk of bias due to
unmeasured confounding factors and unexplained inconsistency

Low
(> 15%–50%
probability)

BMI: body mass index; BoE: body of evidence; CI: confidence interval; CSPPT: China Stroke Primary Prevention Trial; DFTJ:
Dongfeng-Tongji cohort; EPIC: European Prospective Investigation into Cancer and Nutrition FFQ: food frequency questionnaire;
HPFS: Health Professionals Follow-Up Study; LoE: line of evidence; NHS: Nurses’ Health Study; ORDET: HORmones and Diet in
the ETioliogy of Breast Cancer; PC: prospective cohort study; RoB: risk of bias; RR: risk ratio; T2DM: type 2 diabetes mellitus.
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insulin concentrations, glucose-stimulated insulin secretion and lower β-cell mass as compared with the
wild type (Wang et al., 2011). An involvement of selenoprotein P, the transport protein in blood, in the
upregulation of the expression of glutathione peroxidase has been also suggested. It has been
observed that the treatment of mice with purified human selenoprotein P induced glucose intolerance
and insulin resistance, while selenoprotein P knock-out was associated with improved glucose tolerance
and insulin resistance. Also, in vitro studies seem to suggest an involvement of selenoprotein P in a
potential adverse effect on the insulin signalling cascade (Misu et al., 2010).

The Panel notes that even though there is evidence that oxidative stress and the concomitant
upregulation of the antioxidant networks may play a role in the pathogenesis of T2DM, convincing
evidence lacks that this antioxidant network is upregulated as a sole response to excess selenium
intakes, in particular considering that selenoprotein concentrations in humans reach a plateau beyond
a certain selenium intake. Taking this into account, it has been speculated that additional selenium
species beyond selenoproteins, i.e. low molecular weight selenometabolites might have specific actions
on signalling and metabolic pathways (Steinbrenner et al., 2022).

The Panel considers that potential mechanisms by which excess intake of selenium may increase
the risk of T2DM are not firmly established.

3.5.10.4. Overall conclusions on type 2 diabetes mellitus

There is evidence from RCTs for a positive and causal relationship between the intake of selenium
and risk of T2DM (moderate level of certainty). The available BoE from observational studies and
information regarding the mode of action cannot be used to modify the level of certainty in this
conclusion.

3.5.11. All-cause mortality

All-cause mortality rate is included in the standalone main LoE.

3.5.11.1. Intervention studies

LoE1. Standalone main: All-cause mortality rate

The effect of selenium supplementation vs placebo on all-cause mortality was investigated in five
intervention studies (NBT, Clark et al., 1996; NPC, Clark et al., 1996; SWOG, Marshall et al., 2011; DK-
PRECISE, Rayman et al., 2018; SELECT, Lippman et al., 2009). The supplemental doses of selenium
ranged from 200 to 400 μg/day and the mean study intervention period ranged from 3 up to 12 years.
The SELECT (Klein et al., 2011) and DK-PRECISE (Rayman et al., 2018) also reported results for an
additional observational follow-up period of 3 and 10 years after cessation of the intervention,
respectively.

The study size ranged between 437 and 17,448 participants; one trial included healthy men and
women with relatively low selenium status (DK-PRECISE), one trial included healthy men (SWOG), two
trials included men at risk of prostate cancer (NBT, SELECT), and one trial involved men and women
with confirmed history of non-melanoma skin cancer (NPC). Number of deaths by study arm was
recorded as part of the evaluation of adverse events/toxicity in the five trials. Mean plasma selenium
concentration at baseline were between 87 (DK-PRECISE) and 138 μg/L (SWOG) across trials.

An overview of eligible studies is provided in the evidence table presented in Appendix D.10.1. Key
study characteristics, together with the effect estimates and related CIs, are plotted in Figure 24.
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There is no indication for an increased mortality risk in the groups which received selenium
supplementation in the NPC trial, the NBT, the SWOG trial and the SELECT (dose: 200 to 400 μg/day;
duration: 3 to 12 years) (Figure 24). In the DK-PRECISE, the HR comparing 300 μg/day selenium to
placebo was 1.62 (95% CI 0.66, 3.96) after 5 years of treatment and 1.59 (95% CI 1.02, 2.46) after
an additional 10 year of observational follow-up (Figure 22). Mortality rates in the groups receiving 100
and 200 μg/day selenium were similar to the control group (Rayman et al., 2018) (see evidence table
in Appendix D.10.1). The Panel notes the excess mortality with selenium supplementation of
300 μg/day for 5 years in the DK-PRECISE.

Overall, the Panel considers that the available BoE from RCTs does not suggest a positive
relationship between selenium supplementation and all-cause mortality.

3.5.11.2. Observational studies

LoE1. Standalone main: All-cause mortality rate

Sixteen prospective observational cohorts investigated the relationship between selenium exposure
and all-cause mortality (Virtamo et al., 1985; Kilander et al., 2001; Wei et al., 2004; Akbaraly et al., 2005;
Ray et al., 2006; González et al., 2007; Lauretani et al., 2008; Eaton et al., 2010; Bates et al., 2011;
Alehagen et al., 2016; Henŕıquez-Sánchez et al., 2016; Sun et al., 2016; Vinceti et al., 2016a; Giovannini
et al., 2018; Schomburg et al., 2019; Li et al., 2020b).

The size of the cohorts ranged between 215 participants (Asturias cohort) and 73,854 participants
(SWHS). The length of follow-up ranged from 4 (Prevención con Dieta Mediterránea (PREDIMED) and
Asturias cohorts) to 27 years (Reggio Emilia cohort). Cohorts were located in Europe (Spain, Finland,
France, Italy, Sweden, UK), China, and the US. Most cohorts involved adult males and females, while
one cohort involved females only, two cohorts involved males only.

Twelve studies assessed exposure as plasma or serum selenium (Virtamo et al., 1985; Kilander
et al., 2001; Wei et al., 2004; Akbaraly et al., 2005; Ray et al., 2006; González et al., 2007;
Lauretani et al., 2008; Eaton et al., 2010; Bates et al., 2011; Alehagen et al., 2016; Giovannini et al.,
2018; Li et al., 2020b), one study assessed plasma selenoprotein P concentration (Schomburg

*Denotes estimated risk ratio and standard error.
CI: confidence interval; d: day; duration: duration of the intervention and follow-up phase for studies with an
observational period (i.e. Klein et al., 2011; Rayman et al., 2018); DK: Denmark; FM: females and males; FUP:
follow-up; GN: highest dose group from each study; HR: hazard ratio; NBT: Negative Biopsy Trial; NZ: New
Zealand; PR: Puerto Rico; PRECISE: PREvention of Cancer by Intervention with Selenium; RCT: randomised
controlled trial; SD: standard deviation; Se: selenium; SELECT: Selenium and Vitamin E Cancer Prevention Trial;
Suppl-O: organic selenium supplements; SWOG: Southwest Oncology Group; US: United States; y: years.

Figure 24: Intervention studies investigating the effect of selenium supplementation vs placebo on
all-cause mortality, sorted by supplemental dose
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et al., 2019), two studies assessed dietary intake of selenium through a SFFQ (Henŕıquez-Sánchez
et al., 2016; Sun et al., 2016), and one study investigated selenium exposure through drinking water
(Vinceti et al., 2016a). The evidence table is in Appendix D.10.2. Key study characteristics, together
with the risk estimates and related CIs, are plotted in Figures 25 and 26.
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*Denotes Q1 vs Q2-Q3-Q4.
C: category; CI: confidence interval; CN: China; ES: Spain; EVA: Étude du Vieillissement Artériel; FI: Finland; FM: females and males; FR: France; ilSIRENTE: Invecchiamento e
Longevità nel Sirente; InCHIANTI: Invecchiare in Chianti; IT: Italy; N: number; NHANES: National Health and Nutrition Examination Survey; NR: not reported; P/S-Se: plasma/serum
selenium; Q: quantile; ref: reference; RR: risk ratio; SD: standard deviation; SE: Sweden; Se: selenium; SES: cohort in the south-east of Sweden; UK: United Kingdom; US: United
States; WHAS: Women’s Health and Aging Studies; y: years.

Figure 25: Observational studies on plasma/serum selenium and all-cause mortality
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C: category; CI: confidence interval; CN: China; d: day; ES: Spain; FM: females and males; IT: Italy; MPP: Malmö Preventive Project; N: number; NR: not reported; PREDIMED:
Prevención con Dieta Mediterránea; Q: quantile; ref: reference; RR: risk ratio; SD: standard deviation; SE: Sweden; SeP: selenoprotein P; SFFQ: semiquantitative food frequency
questionnaire; SWHS: Shanghai Women’s Health; SMHS: Shanghai Men’s Health study; y: years.

Figure 26: Observational studies on measures of selenium exposure other than plasma/serum selenium and all-cause mortality
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Overall, prospective observational studies investigating the association between plasma/serum
selenium concentration (Figure 25) or other measures of selenium exposure (Figure 26) do not support
a positive association with all-cause mortality.

The Panel considers that the available BoE from observational studies does not suggest a positive
relationship between dietary selenium intake and all-cause mortality over the range of exposure
investigated in these studies.

3.5.11.3. Overall conclusions on all-cause mortality

The Panel considers that the available BoE does not suggest a positive relationship between dietary
selenium intake and all-cause mortality.

3.6. Hazard characterisation

3.6.1. Selection of a critical effect and reference point

The Panel considers that the progression of the effects of excess selenium on keratinised epithelia
or integuments (hair, skin, nails) as seen in selenosis is a consequence of altered protein metabolism.
Alopecia is an early observable feature and a well-established adverse effect of excess selenium
exposure (Sections 3.5.2.1 and 3.5.2.2). Thus, based on considerations of causality and biological
relevance, the Panel selects alopecia as the critical endpoint on which to base a UL for selenium
(Section 3.6.2).

There are indications from one RCT, the SELECT (Lippman et al., 2009), that at average selenium
intakes of 330 μg/day (around 130 μg/day from the background diet plus 200 μg/day from
supplements), the risk of developing alopecia is increased as compared to un-supplemented individuals
with similar background selenium intakes. This was accompanied by an increased risk of other features
of selenium toxicity, such as dermatitis (Section 3.5.2.2). The Panel notes uncertainties related to the
self-reporting of adverse events in that study; signs and symptoms of selenosis were, however,
recorded among the pre-planned adverse events monitored in the study using standardised criteria.
Strengths of this study also lie in its controlled setting regarding selenium intake (fixed supplemental
dose, high level of compliance among participants), its large sample size and its long duration. The
Panel uses the LOAEL of 330 μg/day identified from the SELECT as a RP for the derivation of an UL for
selenium.

3.6.2. Derivation of a tolerable upper intake level

3.6.2.1. Adults

The Panel notes that men aged ≥ 50 years, recruited from the general population in the US, were
involved in the SELECT. There is no indication from the literature that younger men may be more
susceptible to selenium toxicity. The Panel considers that the results from the SELECT can be
generalised to the European male adult population and that the LOAEL of 330 μg/day derived from
that study is applicable to this population group.

The Panel considers that the large number (~8,700 individuals per arm) and characteristics of the
participants involved in the SELECT adequately account for inter-individual variability among adult men.
No UF is required to account for this source of uncertainty.

The following uncertainties needs to be accounted for:

• The use of a LOAEL as the RP for the derivation of the UL. Data are lacking to characterise the
steepness of the dose–response curve. However, when compared to controls, an excess of less
than 1% of the selenium supplemented participants exhibited alopecia in the SELECT, possibly
indicating that the NOAEL might not be far from the LOAEL.

• The lack of data in women. However, the Panel notes that there is no indication from the
literature that women may be more susceptible than men to selenium toxicity.

Taking this into account and considering that alopecia is an early sign of selenium toxicity, is of mild
nature and likely to be reversible, the Panel considers that an UF of 1.3 is sufficient to cover for the
uncertainties. After rounding to the closest 5 μg, it results in an UL of 255 μg/day for adult men and
women, which is judged by the Panel to be protective for adverse effects of excess selenium intake
based on available data. The choice of an UF of 1.3 is based on expert judgement and is a pragmatic
choice which allows to extrapolate the value for adults to infants and children (Sections 3.6.2.3 and

Tolerable upper intake level for selenium

www.efsa.europa.eu/efsajournal 75 EFSA Journal 2023;21(1):7704

 18314732, 2023, 1, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2023.7704 by U

niversity O
f A

berdeen, W
iley O

nline L
ibrary on [08/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



3.6.2.4). The application of a higher UF would result in ULs for younger age groups very close to
background intakes of selenium observed in European countries (Sections 3.4.2 and 3.4.3). The
Panel notes that no adverse effects related to selenium excess intake have been reported with the
current background intake of selenium (intake from food, excluding food supplements) in European
countries.

The Panel further notes that the UL value is lower than the mean selenium intake levels which have
been associated with an increased number of T2DM cases in intervention studies (Section 3.5.10).

The UL covers selenium intake from all dietary sources based on available evidence, including the
forms currently authorised for addition to food10 and use in food supplements20 (i.e. sodium selenate,
sodium hydrogen selenite, sodium selenite, L-selenomethionine and selenium-enriched yeast).

3.6.2.2. Pregnant and lactating women

There is no indication for a specific risk or increased susceptibility to adverse effects of excessive
selenium intake during pregnancy or lactation from populations living in seleniferous areas.

In line with what was previously proposed by the SCF (2000a), the Panel considers that the UL for
women also applies during pregnancy and lactation.

3.6.2.3. Children and adolescents

There are no data to support a derivation of a UL for children. On the other hand, there is no
indication from the literature that children may be more susceptible than adults to selenium toxicity.
The Panel considers that it is appropriate to extrapolate the UL from adults to children based on
allometric scaling (body weight0.75) as it is the preferred method to adjust for metabolic differences
between age groups, using reference body weights (EFSA NDA Panel, 2022).

ULs are established for the age categories proposed by the Panel in its guidance on establishing
ULs (EFSA NDA Panel, 2022). Values are rounded to the closest 5 μg (Table 10).

3.6.2.4. Infants

There are no data to support a derivation of an UL for infants. On the other hand, there is no
indication from the literature that infants may be more susceptible than adults to selenium toxicity. The
Panel considers that it is appropriate to extrapolate the UL from adults to infants aged ≥ 4 months
based on allometric scaling (body weight0.75) as it is the preferred method to adjust for metabolic
differences between age groups, using reference body weights (EFSA NDA Panel, 2022).

ULs established for infants aged 4–6 months and 7–11 months, respectively. Values are rounded to
the closest 5 μg.

The Panel notes that breast milk concentration reflects maternal selenium intake and that there are
large variations in breast milk selenium concentrations between countries or regions within a country
(EFSA NDA Panel, 2014). In European countries, selenium concentrations in mature breast milk of
50 μg/L or above have been measured (Miklavcic et al., 2013; Krachler et al., 2000) corresponding to
40 μg per day or more based on an average consumption of 800 mL/day breast milk, which indicates
that the UL established for infants aged 4 to 6 months can be considered sufficiently protective
(Table 11).

Table 10: UL for children and adolescents aged 1 year to 17 years

Age range
Reference bw males and females

(kg)(a)
UL males and females

(μg/day)
1–3 years 11.9 70

4–6 years 19.0 95
7–10 years 28.7 130

11–14 years 44.6 180

15–17 years 60.3 230

bw: body weight; UL: Tolerable Upper Intake Level.
(a): The median weight for age at the mid-age of each age category used as reference weight. Sources: WHO Multicentre

Growth Reference Study Group (2006) for children aged 1–3 years; van Buuren et al. (2012) for children and adolescents
aged 4–17 years.

20 Directive 2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the approximation of the laws of the
Member States relating to food supplements. OJ L 183, 12.7.2002, pp. 51–57.
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3.7. Risk characterisation

The ULs apply to the general European population and relate to selenium intake from all dietary sources.
Among adults, mean and high consumers (P95) selenium intake estimates, excluding supplements, are

below the UL of 255 μg/day, across countries and age groups (Sections 3.4.2 and 3.4.3). The Panel considers
that it is unlikely that adult consumers exceed the UL for selenium, except for regular users of food
supplements containing high daily doses of selenium or regular consumers of Brazil nuts (Section 3.4.1).

Based on EFSA intake estimates, mean and high consumers’ (P95) selenium intakes, excluding
supplements, are below the ULs for infants and children, including adolescents, across all surveys
(Section 3.4.2). Considering national reports published after EFSA’s intake assessment (Section 3.4.3,
Annex D), the Panel notes that high consumers (P95) intakes estimated for some groups of the Spanish
and French surveys exceed the ULs. The Panel notes that no risk has been reported with the current
levels of selenium intake in EU countries from food (excluding food supplements) in toddlers and
children. The Panel, however, considers that selenium-containing supplements in toddlers and children
should be used with caution based on individual needs, upon consultation with a healthcare provider.

With respect to infants, the Panel also notes that exclusively formula-fed infants being fed a formula
with the currently highest permitted concentration of selenium as per Delegated Regulation (EU) 2016/
12721 (i.e. 8.6 μg/100 kcal), will consume on average 43 μg/day selenium, using mean formula intakes in
the first half year of life of 500 kcal/day as a basis. High consumers can reach formula intakes of around
1,000 mL (EFSA Scientific Committee, 2017b) (or 700 kcal/day using as a basis the maximum energy
content of a formula as permitted by Delegated Regulation (EU) 2016/127). The Panel notes that in these
high consumers, the selenium intake would be 60 μg/day. Therefore, infants from 4–6 months and
infants from 7–11 months for whom formula with the highest permitted concentration of selenium is
predominant in the diet may exceed the UL of 45 μg/day and 55 μg/day, respectively, when such a
formula is consumed on a regular basis.

Conclusions

The following ULs are established:

Age group UL males and females (μg/day)
4–6 months 45

7–11 months 55
1–3 years 70

4–6 years 95
7–10 years 130

11–14 years 180
15–17 years 230

Adults 255
Pregnant women 255

Lactating women 255

UL, Tolerable Upper Intake Level.

Table 11: UL for infants aged 4 to 11 months

Age range
Reference bw males and females

(kg)(a)
UL males and females

(μg/day)
4–6 months 7.2 45

7–11 months 8.6 55

bw: body weight; UL: Tolerable Upper Intake Level.
(a): The averages of the median weights-for-age for boys and girls at 5 and 9 months, respectively, were used as reference

weights (WHO Multicentre Growth Reference Study Group, 2006).

21 Commission Delegated Regulation (EU) 2016/127 of 25 September 2015 supplementing Regulation (EU) No 609/2013 of the
European Parliament and of the Council as regards the specific compositional and information requirements for infant formula
and follow-on formula and as regards requirements on information relating to infant and young child feeding. OJ L 25,
2.2.2016, pp. 1–29.
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Recommendations for research
• Biomarkers of exposure and effect that can be used for the risk assessment of selenium are

limited. The identification and validation of biomarkers would allow a more refined hazard
characterisation (i.e. dose–response assessment and characterisation of critical levels). Further
investigation of homeostatic and adaptive responses to excess selenium intakes and of the
mechanistic pathways involved in adverse effects of selenium is recommended, also with the
aim of validating biomarkers (EFSA NDA Panel, 2022).

• Further investigation of the relationship between excess selenium intake and the risk of
diseases such as T2DM is needed to ascertain further the causality of reported associations
(e.g. strengthening the understanding of underlying mode of actions).

• Further investigation of age and sex susceptibility to selenium toxicity is needed. Genetic traits
that may influence individual susceptibility (e.g. TMSe eliminators vs non eliminators) also
requires further investigation.

• Additional research is needed regarding potential differences in the toxicity profile of the
various dietary forms of selenium (e.g. organic vs inorganic Se).

• Data on the consumption of selenium-containing fortified and enriched foods, and food
supplements in EU populations are scarce. For the intake assessment of selenium and risk
characterisation, there is a need to generate more data on selenium intake from food
supplements and fortified/enriched foods among users of those products. Improved food
composition databases, which include analytical results representative of the food supply of the
survey population (using appropriate sampling methods), are also needed to enhance
estimations of selenium intake.
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BD Bangladesh
BE Belgium
BEST Bangladesh Vitamin E and Selenium Trial
BMI body mass index
BoE body of evidence
BP blood pressure
BR Brazil
B-Se blood selenium
BSID Bayley Scales of Infant Development
bw body weight
C category
CA Canada
CARET Carotene and Retinol Efficacy Trial
CC case–control study
CI confidence interval
CN China
CS cross-sectional study
CSPPT China Stroke Primary Prevention Trial
DBP diastolic blood pressure
DE Germany
DFJT Dongfeng-Tongji cohort
DK Denmark
DMSe dimethlyselenide
DNFCS Dutch National Food Consumption Survey
DRV Dietary Reference Values
ECOG Eastern Cooperative Oncology Group
EPIC European Prospective Investigation into Cancer and Nutrition
ES Spain
EVA Étude du Vieillissement Artériel
EVM Expert Group on Vitamins and Minerals (UK)
F females
FBG fasting blood glucose
FCDB food composition database
FEEDAP Panel EFSA’s Panel on Additives and Products or Substances used in Animal Feed
FFQ food frequency questionnaire
FI fasting insulin
FI Finland
FINDIET Finnish National Dietary Survey in Adults and Elderly
FLEMENGHO Flemish Study on Environment Genes and Health Outcomes
FM females and males
FR France
FT3 free triiodothyronine
FT4 free thyroxine
FUP follow-up
G group
GGT gamma-glutamyl transferase
GN highest dose group from each study
GNPD Global New Products Database (Mintel)
GR Greece
HbA1c glycated haemoglobin
HCT human controlled trial
HOMA-IR homeostasis model assessment for insulin resistance
HOMA-β homeostasis model assessment of β-cell function
HPFS Health Professionals Follow-Up Study
HR hazard ratio
IE Ireland
ilSIRENTE Invecchiamento e Longevità nel Sirente
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InCHIANTI Invecchiare in Chianti
INMT indolethylamine N-methyltransferase
IOM Institute of Medicine (US)
IQR interquartile range
IR Iran
IRR incidence rate ratio
IT Italy
IVGTT intravenous glucose tolerance test
KORA Cooperative Health Research in the Region of Augsburg
KSPD Kyoto Scale of Psychological Development
LOAEL lowest observed adverse effect level
LoE lines of evidence
LV Latvia
M males
MCHES Mobile Clinic Health Examination Survey
MEC Multiethnic Cohort
MeSeCys Se-methyl-selenocysteine
MONICA Monitoring of Trends and Determinants in Cardiovascular Diseases
MPP Malmö Preventive Project
MS Member State
MSCA McCarthy Scales of Children’s Abilities
MX Mexico
N number
NAFLD non-alcoholic fatty liver disease
NBT Negative Biopsy Trial
NCC nested case–control study
nd not defined
NDA Panel EFSA Panel on Nutrition, Novel Foods and Food Allergens
NHANES National Health and Nutrition Examination Survey
NHMRC National Health and Medical Research Council of Australia and New Zealand
NHS Nurses’ Health Study
NIH-AARP National Institutes of Health-American Association of Retired Persons
NL The Netherlands
NOAEL No Observed Adverse Effect Level
NPC Nutritional Prevention of Cancer
NR not reported
NSC Nambour Skin Cancer
N-Se nail selenium
NTP National Toxicology Program
NZ New Zealand
OHAT Office of Health Assessment and Translation
OR odd ratio
ORDET HORmones and Diet in the ETioliogy of Breast Cancer
P/S-Se plasma/serum selenium
P95 95th percentile
PC prospective cohort study
PCPT Prostate Cancer Prevention Trial
PHS Physicians’ Health Study
PLCOCS Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial
PR Porto Rico
PREADViSE Alzheimer’s Disease by Vitamin E and Selenium
PRECISE PREvention of Cancer by Intervention with Selenium
PREDIMED Prevención con Dieta Mediterránea
PROGRESS Programming Research in Obesity, Growth Environment and Social Stress
PURE Prospective Urban and Rural Epidemiology
Q quantile
RBC red blood cell
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RCT randomised controlled trial
ref reference
RoB risk of bias
ROS reactive oxygen species
RP reference point
RR risk ratio
SBP systolic blood pressure
SCC squamous cell carcinoma
SCF Scientific Committee on Food
SCP Skin Cancer Prevention
SD standard deviation
Se selenium
SE standard error
SE Sweden
SeCys selenocysteine
Sel/Cel Selenium and Celecoxib
SELECT Selenium and Vitamin E Cancer Prevention Trial
SeMet L-selenomethionine
Se-yeast selenium-enriched yeast
SFFQ semi-quantitative food frequency questionnaire
SMHS Shanghai Men’s Health study
sQ sub-question
SRS-2 Social Responsiveness Scale 2nd edition
Suppl-I inorganic selenium supplement
Suppl-O organic selenium supplement
SWHS Shanghai Women’s Health
SWOG Southwest Oncology Group
T2DM type 2 diabetes mellitus
T3 triiodothyronine
T4 thyroxine
TDS Total Diet Study
TMSe trimethylselenonium ion
TPMT thiopurine S-methyltransferase
T-Se toenail selenium
TSH thyroid-stimulating hormone
U/L units per litre
UA uncertainty analysis
UF uncertainty factor
UL Tolerable Upper Intake Level
ULSAM Uppsala Longitudinal Study of Adult Men
U-Se urinary selenium
VITAL VITamins And Lifestyle
WBC white blood cell
WG Working Group
WHAS Women’s Health and Aging Studies
WHO/FAO World Health Organization/Food and Agriculture Organization of the United Nations
WISC Wechsler Intelligence Scale for Children
WPPSI Wechsler Preschool and Primary Scale of Intelligence
γ-Glu-MeSeCys γ-glutamyl-Se-methyl-selenocysteine
ZA South Africa
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Appendix A – Characteristics of selenium biomarkers as measures of selenium intake

Biomarker Description Influencing factors Characteristics
Sensitivity as biomarker of
selenium intake(b)

Serum/plasma(a)

Se concentrations
Non-cellular Se; organic (mainly
selenoproteins (selenoprotein P,
glutathione peroxidase 3,
thioredoxin reductases)); albumin-
bound SeMet; selenosugars (Ward-
Deitrich et al., 2021) and inorganic
selenium (Vinceti et al., 2015a;
Filippini et al., 2018)

- Sex, age (Sheehan and Halls, 1999;
Muntau et al., 2002)
- Smoking status (Swanson et al.,
1990; Alfthan and Neve, 1996;
Kocyigit et al., 2001; Arnund et al.,
2006; Filippini et al., 2018)
- Inflammation, disease (Miller et al.,
1983; Nichol et al., 1998; Combs
et al., 2012)
- Chemical nature of dietary Se
- GPX1 679 genotype (Combs
et al., 2012)

- Varies across geographical locations
(Fordyce, 2013; Stoffaneller and
Morse, 2015; Ibrahim et al., 2019)
- Responds to Se supplementation
over wide range of supplemental
intake (15–700 μg/d); dose-dependent
(Ashton et al., 2009)
- Higher response to organic Se,
especially in non-deficient populations
(Thomson et al., 1982; Burk et al.,
2006; Combs, 2015)
- Suitable for speciation analysis

- Can detect changes in intake
over short/medium-term
- Can distinguish ‘high’ from ‘low’
consumers
- Low responsiveness to
inorganic Se intake in Se-replete
populations (Neve, 1995)
- Population-specific equations to
predict dietary Se intake
(Longnecker et al., 1996; Burk
et al., 2006; Combs, 2015)

RBC Se
concentrations

Mainly glutathione peroxidase 1
and Hb-bound Se

- Age (Lloyd et al., 1983)
- Chemical nature of dietary
Se (Neve, 1995)
- Unaffected by inflammatory
responses (Stefanowicz et al., 2013)

- Responds to Se supplementation,
more slowly than serum/plasma
(Neve, 1995; Ashton et al., 2009)

- Can detect changes in intake
over medium/long-term
- Can distinguish ‘high’ from ‘low’
consumers

Whole blood Se
concentrations

Cellular and non-cellular circulating
Se

- Age (Lloyd et al., 1983)
- Smoking status (Lloyd et al., 1983)
- Disease (Muecke et al., 2009;
Muecke et al., 2018)
- Chemical nature of dietary Se

- Varies across geographical locations
(Fordyce, 2013)
- Responds to Se supplementation
over wide range of supplemental
intake (15–200(c) μg/d); dose-
dependent (Neve, 1995; Ashton
et al., 2009)
- Suitable for speciation analysis

- Can detect changes in intake
over medium/long-term
- Can distinguish ‘high’ from ‘low’
consumers
- Population-specific to predict
dietary Se intake (Yang
et al., 1989b)

Urine Se
concentrations

Primary route of Se elimination,
mainly as selenosugars 1 and 3,
trimethylselenonium ion (TMSe)
and selenate and Se-
methylselenoneine

- Sex
- Chemical nature of dietary Se
(Burk et al., 2006)
- Se status
- Kidney function (Oster and Prellwitz,
1990)
- Physical activity (Rodriguez
Rodriguez et al., 1995)
- GPX1 679 genotype (Combs et al.,
2012)

- Varies across geographical locations
(Fordyce, 2013)
- Responds to Se supplementation
over wide range of supplemental
intake (100–700 μg/d); dose-
dependent (Yang et al., 1989b; Burk
et al., 2006; Combs et al., 2012)
- Correlates with plasma Se over a
wide range (Yang et al., 1989b; Sanz
Alaejos and Diaz Romero, 1993)

- Can detect changes in intake
over short term
- Can distinguish ‘high’ from ‘low
consumers’
- Population-specific to predict
dietary Se intake (Yang
et al., 1989b; Sanz Alaejos and
Diaz Romero, 1993; Longnecker
et al., 1996; Combs, 2015)
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Biomarker Description Influencing factors Characteristics
Sensitivity as biomarker of
selenium intake(b)

- TMSe eliminators vs non-eliminators
(Kuehnelt et al., 2015; Lajin
et al., 2016a)

- Suitable for speciation analysis

(Toe)nail/hair Se
concentrations

Deposition of Se - Age (Hunter et al., 1990)
- Smoking (Swanson et al., 1990; van
den Brandt et al., 1993; Virtanen
et al., 1996; Xun et al., 2011)
- Chemical nature of dietary Se (i.e.
toenail Se content might not reflect
inorganic Se exposure (Filippini
et al., 2017))
- Growth rate (Slotnick and
Nriagu, 2006)
- External exposure (e.g. Se-
containing shampoos)

- Varies across geographical locations
(Morris et al., 1983; Hunter
et al., 1990; Fordyce, 2013)
- Responds slowly to Se
supplementation (weeks to months)
(Gallagher et al., 1984; Longnecker
et al., 1993)
- Correlation with Se intake (Hunter
et al., 1990; Swanson et al., 1990)
and blood/plasma Se (Yang
et al., 1989a; Satia et al., 2006) over a
wide range shown in some studies.
Other studies found no or low
association with Se intake (Hunter
et al., 1990; Al-Saleh and
Billedo, 2006; Satia et al., 2006;
Vinceti et al., 2012) or blood selenium
(Satia et al., 2006; Vinceti et al., 2012;
Chawla et al., 2020).

- Can detect changes in intake
over medium/long-term
- Can distinguish ‘high’ from ‘low’
consumers
- Requires standardised
procedures for sample
collections and treatments as
prone to contamination (Slotnick
and Nriagu, 2006)
- Population-specific to predict
dietary Se intake based on
toenail content (Longnecker
et al., 1996)

Plasma
selenoprotein P
concentrations

20%–70% of total plasma Se;
mostly secreted in the liver
(Saito, 2021)

- Inflammation; oxidative stress
(Saito, 2020; Vinceti et al., 2022);
insulin levels and glucose metabolism
(Speckmann et al., 2008; Mao and
Teng, 2013; Schomburg, 2022)
- Se status
- Selenoprotein P polymorphisms
(Meplan et al., 2007)

- Responds rapidly to Se
supplementation in populations with
‘low Se’ intake/status (Duffield
et al., 1999; Hurst et al., 2010)
- Correlates with plasma/serum Se up
to 80–90 μg/L (Hurst et al., 2013)

- Responsive in population with
Se status in the lowest range
- Plateau (i.e. maximum
expression) in the higher range
of Se intake
(> ca. 60–70 μg/day)

Plasma, RBC,
platelet and whole
blood glutathione
peroxidase activity

- Glutathione peroxidase 3 in
plasma (represents 10%–25% of
plasma/whole blood Se)
- Glutathione peroxidase 1 in RBC
- Glutathione peroxidase 1 and
glutathione peroxidase 4 in
platelets

- Sex, age
- Se status
- Race
- Physical activity (Tessier et al., 1995;
Pograjc et al., 2012)
- Deficiencies in other nutrients

- Plasma glutathione peroxidase is a
useful marker of Se intake/status in
populations with low Se intake; it
responds rapidly to supplementation.
Correlates with plasma/serum Se up
to 80 μg/L serum Se (Rea et al., 1979;
Muller et al., 2020)

- Responsive in population with
Se status in the lowest range
- Plateau in the higher range of
Se intakes (> ca. 40–60 μg/day)
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Biomarker Description Influencing factors Characteristics
Sensitivity as biomarker of
selenium intake(b)

- Chemical nature of dietary Se
(Thomson et al., 1982; Xia
et al., 2005)
- Diseases, polymorphisms (Hurst
et al., 2013)

- RBC GPx glutathione peroxidase
responds slowly to depletion and
supplementation; plateau at plasma
Se levels > 100 μg/L (Neve, 1995; zzn
et al., 2000; Burk et al., 2006; Hurst
et al., 2010; Combs et al., 2012)
- Platelet glutathione peroxidase
responds rapidly to Se dietary
changes; plateau at plasma Se levels
> 100 μg/L (Alfthan et al., 1991;
Neve, 1995; Burk et al., 2006; Hurst
et al., 2010)

AAS: Atomic absorption spectrometer; d: day; ELISA: enzyme-linked immunosorbent assay; GF: graphite-furnace; Hb: haemoglobin; HG: Hydride-generation; ICP-MS: Inductively coupled plasma
mass spectrometry; RBC: red blood cell; Se: selenium.
(a): Serum and plasma selenium concentrations are considered equivalent.
(b): Short term: hours/days; Medium term: weeks; Long term: months.
(c): Highest dose tested in available supplementation trials reporting on blood Se concentration.
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Appendix B – Flow charts for the selection of human studies
Id

en
tif

ic
at

io
n

Records identified through 
database searching 
Cochrane = 362 
Embase = 4009 
PubMed = 3388 
N = 7,759 

Additional records identified in 
SRs found in the searches 

N = 21 

Records after duplicates removed N = 5, 983

Sc
re

en
in

g

Full-text articles excluded, with reasons  
N = 131 
- Outcome = 67 
- Exposure = 33 
- Publication type = 16 
- Population = 13 
- Other reasons = 2 

Records screened title and abstract 

N = 6,004 

Records excluded 

N = 5,797 

Articles included in the review  
N = 76 
Intervention n = 45 
- 7 addressed sQ1a 
- 38 addressed sQ1b 

Observational n = 31
- 13 addressed sQ1a 
- 15 addressed sQ1b 
- 3 addressed sQ1a&b 

Full-text articles assessed for eligibility 

N = 207 

El
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Note: 26 articles identified from the search for sQ1 were included in the dose–response plasma-intake modelling.

Figure B.1: Flow chart for the selection of studies addressing sQ1
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Records after duplicates removed N = 7,873

Sc
re

en
in

g Records screened title and abstract 

N = 7,873 

Records excluded 

N = 7,603 

Full-text articles excluded during data 
extraction, with reasons  
N = 31 
Intervention n = 9 
- Study overlap = 6 
- Population = 1 
- Other reasons for exclusion = 2 
Observational n = 22 
- Cohort overlap = 17 
- Exposure = 1 
- Other reasons for exclusion = 4 

Articles included in the review  
N = 138 
Intervention n = 42 
Observational n = 96 

Full-text articles assessed for eligibility 

N = 270 

Final articles included in the assessment 
N = 107
Intervention n = 33 
Observational n = 74 

El
ig

ib
ili

ty
In

cl
ud

ed
Id

en
tif

ic
at

io
n

Records identified through 
database searching 
Embase = 5,918 
PubMed = 4,604 
Cochrane = 626 

N = 11,148

Additional records identified in 
the update of the T2DM search 
Embase = 261 
PubMed = 1,184 
Cochrane = 21 

N = 1,466 

Note: 17 studies identified through the search addressing sQ2 were included in the dose–response analysis for
plasma-intake.

Figure B.2: Flow chart for the selection of studies addressing sQ2
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Appendix C – RoB appraisal

C.1. Criteria used to appraise RoB in eligible studies

C.1.1. Human controlled trials

Question Rating Explanation for expert judgement

1. Was administered
dose or exposure level
adequately
randomised?

Key question

+ There is direct or indirect evidence that subjects were allocated to any
study group (or intervention sequence for cross-over studies) including
controls using a method with a random component (including authors
state that allocation was random, without description of the method
used). Acceptable methods of randomisation include: referring to a
random number table, using a computer random number generator, coin
tossing, shuffling cards or envelopes, throwing dice, or drawing of lots.
Restricted randomisation (e.g., blocked randomisation) to ensure
particular allocation ratios will be considered low risk of bias. Similarly,
stratified randomisation and minimisation approaches that attempt to
minimise imbalance between groups on important prognostic factors (e.g.,
body weight) will be considered acceptable
There is indirect evidence that subjects were allocated to study groups (or
intervention sequence for cross-over studies) using a method with a
random component (i.e., authors state that allocation was random,
without description of the method used)
OR
it is deemed that allocation without a clearly random component during
the study would not appreciably bias results (e.g. cross-over studies with
no or unlikely carry-over effects)

NR There is insufficient information provided about how subjects (or clusters)
were allocated to study groups

− There is indirect evidence that subjects were allocated to study groups
using a method with a non-random component
NOTE: Non-random allocation methods may be systematic but have the
potential to allow participants or researchers to anticipate the allocation to
study groups. Such “quasi-random” methods include alternation,
assignment based on date of birth, case record number, or date of
presentation to study.
NR: There is insufficient information provided about how subjects were
allocated to study groups (or intervention sequence for cross-over
studies)

There is direct evidence that subjects were allocated to study groups (or
intervention sequence for cross-over studies) using a non-random method
including judgement of the clinician, preference of the participant, the
results of a laboratory test or a series of tests, or availability of the
intervention.

2. Was allocation to
study groups
adequately concealed?

+ There is direct evidence that at the time of recruitment the research
personnel and subjects did not know what study group subjects were
allocated to, and it is unlikely that they could have broken the blinding of
allocation until after assignment was complete and irrevocable. Acceptable
methods used to ensure allocation concealment include central allocation
(including telephone, web-based and pharmacy-controlled randomisation);
sequentially numbered drug containers of identical appearance;
sequentially numbered, opaque, sealed envelopes; or equivalent methods

There is indirect evidence that the research personnel and subjects did
not know what study group subjects were allocated to and it is unlikely
that they could have broken the blinding of allocation until after
recruitment was complete and irrevocable
OR
It is deemed that lack of adequate allocation concealment would not
appreciably bias results (e.g. cross-over studies where all subjects receive
all the study treatments)
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Question Rating Explanation for expert judgement

NR There is insufficient information provided about allocation to study
groups.

− There is indirect evidence that at the time of recruitment it was possible
for the research personnel and subjects to know what study group
subjects were allocated to (or treatment sequence for cross-over studies),
or it is likely that they could have broken the blinding of allocation before
recruitment was complete and irrevocable
NOTE: Inadequate methods include using an open random allocation
schedule (e.g., a list of random numbers); assignment envelopes used
without appropriate safeguards (e.g., if envelopes were unsealed or
nonopaque or not sequentially numbered); alternation or rotation; date of
birth; case record number; or any other explicitly unconcealed procedure.
There is direct evidence that at the time of recruitment it was possible for
the research personnel and subjects to know what study group subjects
were allocated to, or it is likely that they could have broken the blinding of
allocation before recruitment was complete and irrevocable

3. Were the research
personnel and human
subjects blinded to the
study group during the
study?

+ There is direct evidence that the subjects and research personnel were
adequately blinded to study group, AND it is unlikely that they could have
broken the blinding during the study. Methods used to ensure blinding
include central allocation; sequentially numbered drug containers of
identical appearance; sequentially numbered, opaque, sealed envelopes;
or equivalent methods
There is indirect evidence that the research personnel and subjects were
adequately blinded to study group, AND it is unlikely that they could have
broken the blinding during the study
OR
it is deemed that lack of adequate blinding during the study would not
appreciably bias results (this would depend on the outcome).

NR There is insufficient information provided about blinding to study group
during the study

− There is indirect evidence that it was possible for research personnel or
subjects to infer the study group
NOTE: Inadequate methods include using an open random allocation
schedule (e.g., a list of random numbers), assignment envelopes used
without appropriate safeguards, alternation or rotation; date of birth; case
record number; or any other explicitly unconcealed procedure

There is direct evidence for lack of adequate blinding of the study group
including no blinding or incomplete blinding of research personnel and
subjects. For some treatments, such as behavioural interventions,
allocation to study groups cannot be concealed

4. Were outcome data
complete without
attrition or exclusion
from analysis?

+ There is direct evidence that there was no loss of subjects during the
study and outcome data were complete,
OR
loss of subjects (i.e., incomplete outcome data) was adequately
addressed(a) and reasons were documented when human subjects were
removed from a study or analyses. Review authors should be confident
that the participants included in the analysis are exactly those who were
randomised into the trial. Acceptable handling of subject attrition includes:
very little missing outcome data (e.g. < 10% in each group); reasons for
missing subjects unlikely to be related to outcome; missing outcome data
balanced in numbers across study groups, with similar reasons for missing
data across groups,
OR
analyses (such as intention-to-treat analysis) in which missing data have
been imputed using appropriate methods (insuring that the characteristics
of subjects lost to follow up or with unavailable records are described in
identical way and are not significantly different from those of the study
participants).
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Question Rating Explanation for expert judgement

NOTE: Participants randomised but subsequently found not to be eligible
need not always be considered as having missing outcome data.

There is indirect evidence that loss of subjects (i.e., incomplete outcome
data) was adequately addressed and reasons were documented when
human subjects were removed from a study,
OR
it is deemed that the proportion lost to follow-up would not appreciably
bias results (e.g. < 20% in each group). This would include reports of no
statistical differences in characteristics of subjects lost to follow up or with
unavailable records from those of the study participants. Generally, the
higher the ratio of participants with missing data to participants with
events, the greater potential there is for bias. For studies with a long
duration of follow-up, some withdrawals for such reasons are inevitable.

NR There is insufficient information provided about numbers of subjects lost
to follow-up

− There is indirect evidence that loss of subjects (i.e., incomplete outcome
data) was unacceptably large (e.g. > 20% in each group) and not
adequately addressed.
There is direct evidence that loss of subjects (i.e., incomplete outcome
data) was unacceptably large and not adequately addressed.
Unacceptable handling of subject attrition includes: reason for missing
outcome data likely to be related to true outcome, with either imbalance
in numbers or reasons for missing data across study groups; or potentially
inappropriate application of imputation.

5. Can we be confident
in the exposure
characterisation?

Key question

+ There is direct evidence that the exposure was adequately assessed, i.e.
the sugar content of the intervention (and control) foods and/or
beverages was measured during the study by e.g. food analysis AND
there is direct evidence that the exposure was consistently administered
(i.e., with the same method and time-frame) across treatment groups
(e.g., administration of study foods or diets was supervised; compliance
was assessed)
There is indirect evidence that the exposure was adequately assessed, i.e.
the sugar content of the intervention (and control) foods and/or
beverages was not measured but rather e.g. calculated from food
composition tables, provided by the food manufacturer, calculated form
the ingredients list;
AND there is indirect evidence that exposure was consistently
administered (i.e., with the same method and time-frame) across
treatment groups (e.g. administration of study foods or diets was not
supervised but study products were provided by the investigators and
compliance was assessed using food records, return of unconsumed
foods, or a similar method).

NR There is insufficient information provided about the validity of the
exposure assessment method

− There is indirect evidence that the exposure was assessed using poorly
validated methods (e.g. study products or diets were not provided by the
investigators and compliance was not checked)

There is direct evidence that the exposure was assessed using poorly
validated methods
OR
There is direct evidence of poor compliance with the intervention

6. Can we be confident
in the outcome
assessment?

Key question

+ There is direct evidence that the outcome was assessed using well-
established methods (e.g., the “gold standard”). Such methods will
depend on the outcome, but may include: objectively measured with
diagnostic methods, measured by trained interviewers, obtained from
registries
AND subjects had been followed for the same length of time in all study
groups,
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Question Rating Explanation for expert judgement

AND there is direct evidence that the outcome assessors (including study
subjects, if outcomes were self-reported) were adequately blinded to the
study group, and it is unlikely that they could have broken the blinding
prior to reporting outcomes.

There is indirect evidence that the outcome was assessed using
acceptable methods (i.e., deemed valid and reliable but not the gold
standard). Such methods will depend on the outcome, but may include:
proxy reporting of outcomes, mining data collected for other purposes
AND subjects had been followed for the same length of time on average
in all study groups (or if not, this has been accounted for using
appropriate statistical approaches), OR it is deemed that the outcome
assessment methods used would not appreciably bias results (e.g. when
there is no information about the method but standard measurements are
most likely, e.g. blood lipids, body weight in a research setting),
AND
there is indirect evidence that the outcome assessors (including study
subjects, if outcomes were self-reported) were adequately blinded to the
study group, and it is unlikely that they could have broken the blinding
prior to reporting outcomes, OR it is deemed that lack of adequate
blinding of outcome assessors would not appreciably bias results, which is
more likely to apply to objective outcome measures.

NR There is insufficient information provided about blinding of outcome
assessors OR there is no information about the outcome assessment
method

− There is indirect evidence that the outcome assessment method is an
insensitive instrument (e.g., a questionnaire used to assess outcomes with
no information on validation),
OR
the length of follow up differed by study group,
OR
there is indirect evidence that it was possible for outcome assessors
(including study subjects if outcomes were self-reported) to infer the
study group prior to reporting outcomes AND it is deemed that the
outcome assessment methods used could appreciably bias results
There is direct evidence that the outcome assessment method is an
insensitive instrument,
OR
the length of follow up differed by study group,
OR
there is direct evidence for lack of adequate blinding of outcome assessors
(including study subjects if outcomes were self-reported), including no
blinding or incomplete blinding AND it is deemed that the outcome
assessment method could have biased the results

7. Were there no other
potential threats to
internal validity (e.g.
statistical methods
were appropriate and
researchers adhered to
the study protocol)?

+ There is direct evidence that variables, other than the exposure and
outcome, did not differ between groups during the course of the
intervention in a way that could bias results/For cross-over trials: there is
direct evidence of no carry-over effects,
AND
there is no evidence of differences in baseline characteristics between
groups.
There is indirect evidence that variables, other than the exposure and
outcome, did not differ between groups during the course of the
intervention in a way that could bias results/For cross-over trials: there is
indirect evidence of no carry-over effects (e.g. presence of a sufficient
washout period) AND there is no evidence of differences in baseline
characteristics between groups,
OR
there is evidence that reported variables differed between groups at
baseline/For cross-over trials: no washout period AND it is deemed that
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Question Rating Explanation for expert judgement

these differences (or absence of washout for cross-over trials) would not
appreciably bias results (no concern or adequately addressed by analysis)

NR There is no information about baseline characteristics by group (for
parallel studies)

− There is no information on variables, other than the exposure and
outcome, which could bias the results would have differed between
groups during the course of the intervention/ For cross-over trials: no
washout period
AND
there is indirect evidence that variables, other than the exposure and
outcome, may have differed between groups during the course of the
intervention in a way that could bias results/ For cross-over trials: indirect
evidence of carry-over effects

There is evidence that variables, other than the exposure and outcome,
differed between groups during the intervention/For cross-over trials:
direct evidence of carry-over effects
AND It is deemed that these differences appreciably biased results (there
is concern e.g. not adequately addressed by analysis)
OR
there is evidence that reported variables differed between groups at
baseline
AND it is deemed that these differences appreciably biased results (e.g.
not adequately addressed by analysis)

+: Low RoB; NR: not reported; −: high RoB.
(a): This will depend on the context in which the assessment is performed. For safety assessments the interest lies in particular

in the population group who followed the protocol and consumed the intervention accordingly (PP population), while for
efficacy assessments the intention-to-treat population is of greater importance, This item needs to be judged on a case-by-
case basis as also other types of information supplied in the publication could be used in the assessment (e.g. considerations
on the type of missingness of the data or sensitivity analyses presented in the publication).

C.1.2. Prospective observational studies

Question Rating Explanation for expert judgement

1. Did the study design
or analysis account for
important
confounding?

Key question

++ There is direct evidence that appropriate adjustments or explicit
considerations were made for primary covariates and confounders in the
final analyses through the use of statistical models to reduce research-
specific bias including standardisation, matching, adjustment in
multivariate model, stratification, propensity scoring, or other methods
that were appropriately justified. Acceptable consideration of appropriate
adjustment factors includes cases when the factor is not included in the
final adjustment model because the author conducted analyses that
indicated it did not need to be included,
AND there is direct evidence that primary covariates and confounders
were assessed using valid and reliable measurements,
AND there is direct evidence that other exposures anticipated to bias
results were not present or were appropriately measured and adjusted for.
Note: This applies to:

• Studies which characterised exposure though serum/plasma selenium
and accounted for age, sex and BMI as potential confounders

• Studies which characterised exposure though dietary questionnaire
(e.g. FFQ) and accounted for age, sex, BMI as potential confounders,
and total energy intake (the latter, for the purpose of reducing
measurement errors)

+ There is indirect evidence that appropriate adjustments were made, OR it
is deemed that not considering or only considering a partial list of
covariates or confounders in the final analyses would not appreciably bias
results.
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Question Rating Explanation for expert judgement

AND there is evidence (direct or indirect) that primary covariates and
confounders were assessed using valid and reliable measurements, OR it
is deemed that the measures used would not appreciably bias results (i.e.,
the authors justified the validity of the measures from previously
published research),
AND there is evidence (direct or indirect) that other co-exposures
anticipated to bias results were not present or were appropriately
adjusted for, OR it is deemed that co-exposures present would not
appreciably bias results.
Note: This applies to studies which characterised exposure though dietary
questionnaire (e.g. FFQ) and accounted for age, sex, BMI as potential
confounders, but did not control for total energy intake

NR There is insufficient information provided about the distribution of known
confounders,
OR there is indirect evidence that primary covariates and confounders
were assessed using measurements of unknown validity,
OR there is insufficient information provided about the measurement
techniques used to assess primary covariates and confounders,
OR there is insufficient information provided about co-exposures in
occupational studies or studies of contaminated sites where high
exposures to other chemical exposures would have been reasonably
anticipated

− There is indirect evidence that the distribution of potential confounders
differed between the groups and was not appropriately adjusted for in the
final analyses
OR there is indirect evidence that primary covariates and confounders
were assessed using measurements of unknown validity,
OR there is indirect evidence that there was an unbalanced provision of
additional co-exposures across the primary study groups, which were not
appropriately adjusted for

− − There is direct evidence that the distribution of primary covariates and
known confounders differed between the groups, confounding was
demonstrated, and was not appropriately adjusted for in the final
analyses,
OR there is direct evidence that primary covariates and confounders were
assessed using non valid measurements,
OR there is direct evidence that there was an unbalanced provision of
additional co-exposures across the primary study groups, which were not
appropriately adjusted for.

2. Were outcome data
complete without
attrition or exclusion
from analysis?

++ There is direct evidence that loss of subjects (i.e., incomplete outcome
data) was adequately addressed and reasons were documented when
subjects were removed from a study.
Acceptable handling of subject attrition includes:

• Very little missing outcome data (less than 10%, considering N of
subjects included over N of subjects eligible (after exclusion of
prevalent cases, participants with missing variables) for the analysis);

• Reasons for missing subjects unlikely to be related to outcome (for
survival data, censoring unlikely to be introducing bias);

• Missing outcome data balanced in numbers across study groups, with
similar reasons for missing data across groups (i.e. unlikely to be
related to exposure),

OR missing data have been imputed using appropriate methods and
characteristics of subjects lost to follow up or with unavailable records are
described in identical way and are not significantly different from those of
the study participants.

+ There is indirect evidence that loss of subjects (i.e., incomplete outcome
data) was adequately addressed and reasons were documented when
subjects were removed from a study,

Tolerable upper intake level for selenium

www.efsa.europa.eu/efsajournal 109 EFSA Journal 2023;21(1):7704

 18314732, 2023, 1, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2023.7704 by U

niversity O
f A

berdeen, W
iley O

nline L
ibrary on [08/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Question Rating Explanation for expert judgement

OR it is deemed that the proportion lost to follow-up would not
appreciably bias results (i.e. losses are not expected to be related to both
exposure and outcome, considering N of subjects included over N of
subjects eligible for the analysis). This would include reports of no
statistical differences in characteristics of subjects lost to follow up or with
unavailable records from those of the study participants.
Generally, the higher the ratio of participants with missing data to
participants with events, the greater potential there is for bias.
For studies with a long duration of follow-up, some withdrawals for such
reasons are inevitable.

NR There is insufficient information provided about numbers of subjects lost
to follow-up

− There is indirect evidence that loss of subjects (i.e., incomplete outcome
data) was unacceptably large (greater than 20% in each group, Genaidy
et al., 2007) and not adequately addressed

− − There is direct evidence that loss of subjects (i.e., incomplete outcome
data) was unacceptably large and not adequately addressed.
Unacceptable handling of subject attrition includes:

• Reason for missing outcome data likely to be related to true outcome,
with either imbalance in numbers or reasons for missing data across
study groups (i.e. likely to be related to the exposure);

• Or potentially inappropriate application of imputation.

3. Did selection of study
participants result in
appropriate comparison
groups?

++ Cohort studies: There is direct evidence that subjects (both exposed
and non-exposed) were similar (e.g., recruited from the same eligible
population, recruited with the same method of ascertainment using the
same inclusion and exclusion criteria, and were of similar age and health
status), recruited within the same time frame
Case–control studies: There is direct evidence that cases and controls
were similar (e.g., recruited from the same eligible population including
being of similar age, gender, ethnicity, and eligibility criteria other than
outcome of interest as appropriate), recruited within the same time frame,
and controls are described as having no history of the outcome.
Note: A study will be considered low risk of bias if baseline characteristics
of groups differed but these differences were considered as potential
confounding or stratification variables

+ Cohort studies: There is indirect evidence that subjects (both exposed
and non-exposed) were similar (e.g., recruited from the same eligible
population, recruited with the same method of ascertainment using the
same inclusion and exclusion criteria, and were of similar age and health
status), recruited within the same time frame
OR differences between groups would not appreciably bias results.
Case–control studies: There is indirect evidence that cases and controls
were similar (e.g., recruited from the same eligible population, recruited
with the same method of ascertainment using the same inclusion and
exclusion criteria, and were of similar age), recruited within the same time
frame, and controls are described as having no history of the outcome,
OR differences between cases and controls would not appreciably bias
results

NR Cohort studies: there is insufficient information provided about the
comparison group
Case–control studies: there is insufficient information provided about
the appropriateness of controls

− Cohort studies: There is indirect evidence that subjects (both exposed
and non-exposed) were not similar, recruited within very different time
frames
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Question Rating Explanation for expert judgement

Case–control studies: There is direct evidence that controls were drawn
from a very dissimilar population than cases or recruited within very
different time frames,
Note: A study will be considered low risk of bias if baseline characteristics
of groups differed but these differences were considered as potential
confounding or stratification variables

− − Cohort studies: There is direct evidence that subjects (both exposed
and non-exposed) were not similar, recruited within very different time
frames
Case–control studies: There is direct evidence that controls were drawn
from a very dissimilar population than cases or recruited within very
different time frames.
Note: A study will be considered low risk of bias if baseline characteristics
of groups differed but these differences were considered as potential
confounding or stratification variables

4. Can we be confident
in the exposure
characterisation?

Key question

++ There is direct evidence that exposure was consistently assessed (i.e.,
under the same method and time-frame) using well-established methods
that directly measure exposure (e.g., measurement of the chemical in air
or measurement of the chemical in blood, plasma, urine, etc.),
OR exposure was assessed using less-established methods that directly
measure exposure and are validated against well-established methods.
Note: This applies to studies which characterised Se exposure through
repeated measurements of plasma/serum selenium.
Graphite furnace atomic absorption spectrometric method and inductively
coupled plasma tandem mass spectrometry are considered reliable
methods

+ There is indirect evidence that the exposure was consistently assessed
using well-established methods that directly measure exposure,
OR exposure was assessed using indirect measures (e.g., questionnaire or
occupational exposure assessment by a certified industrial hygienist) that
have been validated or empirically shown to be consistent with methods
that directly measure exposure (i.e., inter-methods validation: one method
vs. another).
Note: This applies to studies which characterised exposure through:

• A single measurement of plasma/serum selenium at baseline
• A semi-quantitative FFQ and food composition data which are

representative of the food supply of the study participants; i.e: lack of
validation of the FFQ for selenium intake is deemed not to affect the
result substantially

• Toenails concentration with measures applied to avoid contamination of
the samples

NR There is insufficient information provided about the exposure assessment,
including validity and reliability, but no evidence for concern about the
method used
Note: This applies to studies which characterised exposure through
toenails concentration but do not describe measures applied to avoid
contamination of the samples

− There is indirect evidence that the exposure was assessed using poorly
validated methods that directly measure exposure,
OR there is direct evidence that the exposure was assessed using indirect
measures that have not been validated or empirically shown to be
consistent with methods that directly measure exposure (e.g., a job-
exposure matrix or self-report without validation)

− − There is direct evidence that the exposure was assessed using methods
with poor validity,
OR evidence of exposure misclassification (e.g., differential recall of self-
reported exposure).
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Question Rating Explanation for expert judgement

5. Can we be confident
in the outcome
assessment?

Key question

++ There is direct evidence that the outcome was assessed using well-
established methods
AND subjects had been followed for the same length of time in all study
groups. Acceptable assessment methods will depend on the outcome, but
examples of such methods may include: objectively measured with
diagnostic methods, measured by trained interviewers, obtained from
registries (Shamliyan et al. 2010),
AND there is direct evidence that the outcome assessors (including study
subjects, if outcomes were self-reported) were adequately blinded to the
study group, and it is unlikely that they could have broken the blinding
prior to reporting outcomes.
Note: This applies to studies in which incident cases of T2DM were
identified based on systematic clinical screening of the participants (i.e.
measures of fasting glucose, glucose at 2 h during OGTT, glycated
haemoglobin for diagnostic purposes). Diagnostic based on single fasting
glucose measurement is considered acceptable.

+ There is indirect evidence that the outcome was assessed using
acceptable methods (i.e., deemed valid and reliable but not the gold
standard)
AND subjects had been followed for the same length of time in all study
groups [Acceptable, but not ideal assessment methods will depend on the
outcome, but examples of such methods may include proxy reporting of
outcomes and mining of data collected for other purposes]
OR it is deemed that the outcome assessment methods used would not
appreciably bias results,
AND there is indirect evidence that the outcome assessors (including
study subjects, if outcomes were self-reported) were adequately blinded
to the study group, and it is unlikely that they could have broken the
blinding prior to reporting outcomes,
OR it is deemed that lack of adequate blinding of outcome assessors
would not appreciably bias results, which is more likely to apply to
objective outcome measures
Note: This applies to studies in which diagnosis of T2DM was based on
self-reporting (e.g. self-report of a diabetes diagnosis or use of diabetes
medication)

• With/without confirmation of diagnosis based on medical records or
validated questionnaire

• With/without use of hospital discharge databases, prescription drug
databases as complementary source of information

Differential underreporting of T2DM in ‘high’ selenium exposure groups is
considered unlikely. Non-differentiable underreporting across exposure
groups is not expected to bias rate ratios.

NR There is insufficient information provided about blinding of outcome
assessors

− There is indirect evidence that the outcome assessment method is an
insensitive instrument (e.g., a questionnaire used to assess outcomes with
no information on validation),
OR the length of follow up differed by study group,
OR there is indirect evidence that it was possible for outcome assessors
(including study subjects if outcomes were self-reported) to infer the
study group prior to reporting outcomes

− − There is direct evidence that the outcome assessment method is an
insensitive instrument,
OR the length of follow up differed by study group,
OR there is direct evidence for lack of adequate blinding of outcome
assessors (including study subjects if outcomes were self-reported),
including no blinding or incomplete blinding.

++: Definitely low RoB; +: probably low RoB; NR: not reported; −: probably high RoB; − −: definitely high RoB.
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Appendix D – Evidence tables

D.1. Clinical effects associated with selenosis

D.1.1. Intervention studies on clinical effects of selenosis

Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes assessed Results

Lippman et al.
(2009)
SELECT
USA, Canada,
and Puerto
Rico

RCT
G1, placebo: 8,856/8,696
G2, 200 μg Se/d: 8,910/8,752
Duration (median (min-max)):
5.46 (4.17–7.33) yr
Aged ≥ 50 yr (African American
men) or ≥ 55 yr (all other men);
serum prostate-specific antigen
level ≤ 4 ng/mL; DRE not suspicious
for prostate cancer

Sex: M
Age (yr, median
(IQR)) G1: 62.6
(58.1–67.8)
G2: 62.6 (58.2–
68.0)
BMI (kg/m2): NR
Ethnicity
(Caucasian, %)
G1: 79 G2: 79
Serum Se (μg/L,
median (IQR))
G1: 137.6 (124.7–
151.8)
G2: 135.0 (123.4–
145.9)
Se intake: NR

L-selenomethionine (200 μg
Se/d) vs placebo
Adherence, pill counts (%)
G1: 85% at yr 1; 69% at yr 5
G2: 84% at yr 1; 69% at yr 5

Serum Se at 4 yr follow up,
μg/L (median (IQR))
G1: 140.1 (124.3–150.8)
G2: 251.6 (218.7–275.0)

Adverse events self-reported every
6 months during study site visit (or
phone call): alopecia, dermatitis,
halitosis, nail changes, fatigue,
nausea. NCI Common Toxicity
Criteria used for alopecia, nail
changes, fatigue, and nausea.
Halitosis and dermatitis defined in
study protocol.

RR for adverse events
(99% CI)
Alopecia: 1.28 (1.01,
1.62)
Dermatitis grade 1–2:
1.17 (1.00, 1.35)
Dermatitis grade 3–4:
1.74 (0.56, 5.44)
Halitosis: 1.17 (0.99,
1.38)
Nail changes: 1.04
(0.94, 1.16)
Fatigue grade 1–2:
1.09 (0.95, 1.26)
Fatigue grade 3–4:
0.87 (0.40, 1.88)
Nausea grade 1–2:
1.19 (0.94, 1.52)
Nausea grade 3: 0.99
(0.30, 3.34)
Grade 1 = mild, 2 =
moderate, 3 = severe,
4 = life-threatening.

Algotar et al.
(2013b)
NBT
USA and
New Zealand

RCT
G1, placebo: 232/0
G2, 200 μg Se/d: 234/0
G2, 400 μg Se/d: 233/0
Duration (median): 35 mo
High risk of prostate cancer, as
evidenced by PSA > 4 ng/mL and/or

Sex: M
Age (yr)
G1: 65.5 � 7.4
G2: 65.2 � 8.0 G3:
65.5 � 7.7 BMI
(kg/m2): NR
Ethnicity

Selenised yeast (200 μg Se/d
or 400 μg Se/d or) vs placebo

Adherence, pill counts (%)
G1: 92.1 G2: 93.2
G3: 91.2

Adverse events self-reported to study
staff every 6 months during study
visit: Brittle nail and hair, garlic
breath, liver/kidney abnormality
(criteria NR)

N (%) adverse events
Brittle nail and hair:
G1: 26 (11.2) G2: 24
(10.3)
G3: 20 (8.6)
p = 0.63
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes assessed Results

suspicious digital rectal examination
and/or PSA velocity (rate of PSA
change over time) > 0.75 ng/mL per
year; undergone a prostate biopsy
negative for cancer within 12 mo of
enrolment.

(Caucasian, %)
G1: 84.2
G2: 83.7 G3: 82.6
Plasma Se (μg/L)
G1: 124.5 � 24.7
G2: 126.6 � 26.9
G3: 127.2 � 24.8
Se intake: NR

Garlic breath, liver/
kidney abnormality:
G1: 14 (6.0)
G2: 13 (5.6)
G3: 11 (4.7)
p = 0.82

Winther et al.
(2015)

DK PRECISE

Denmark

RCT
G1, placebo: 126/90
G2, 100 μg Se/d: 124/91
G3, 200 μg Se/d: 122/90
G4, 300 μg Se/d: 119/90
Duration (max): 5 yr
Aged 60–74 yr; taking > 80% pills in
the run-in phase; SWOG
performance status score ≤ 1; no
active liver or kidney disease; no
previous diagnosis of cancer
(excluding NMSC); no diagnosed HIV
infection; not receiving
immunosuppressive therapy; not
receiving ≥ 50 mg/day of Se
supplements in the previous 6 mo

Sex (% F): 48.1%
Age (yr):
66.1 � 4.1
BMI (kg/m2): NR
Ethnicity:
Caucasian
Plasma Se (ng/g,
median (IQR))
G1: 85 (20)
G2: 86 (18)
G3: 88 (22)
G4: 84 (19)
Se intake: NR

Se-enriched yeast (100 μg
Se/d or 200 μg Se/d 300 μg
Se/d) vs placebo
Adherence: NR
Serum selenium at 5 yr follow
up, μg/L (median (IQR))
G1: 85 (16)
G2: 157 (33)
G3: 217 (46)
G4: 271 (106)

‘Adverse effects’ monitored during
the intervention. Method and criteria
NR.

25 participants withdrew
due to ‘adverse effects’,
which included hair loss,
skin reactions, grooved
nails
N of adverse effects,
first 6 months/from
7th month until end of
study
G1: 3/3
G2: 0/5
G3: 2/6
G4: 2/4
35 participants withdrew
due to ‘non-fatal adverse
events’ (not described)

Thompson
et al. (2016)

Sel/Cel

USA

RCT
G1, placebo: 914/912 G2, 200 μg
Se/d: 910/908
Duration (median (max)): 2.75
(0–7.0) yr
Aged 40–80 yr; had undergone
removal of ≥ 1 colorectal adenomas
≥ 3 mm within 6 mo prior to random
assignment; 200 participants had
one or more advanced adenomas

Sex (% F)
G1: 34.0 G2: 36.7
Age (yr) G1:
62.6 � 8.9
G2: 63.2 � 9.0
BMI (kg/m2)
G1: 29.2 � 5.1
G2: 29.1 � 5.1
Ethnicity
(white, %)

Selenised yeast (200 μg Se/d)
vs placebo
Adherence: NR

Adverse events included brittle hair
and/or nails. Method and criteria NR.

N of
events/participants
(event rate/1,000 PY)
Brittle hair and/or
nails
G1: 35/912 (13.8)
G2: 30/908 (12.2)
HR (95% CI) = 0.86
(0.53, 1.39); p = 0.53
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes assessed Results

(i.e., adenomas ≥ 10 mm, villous
histology, or high-grade dysplasia).

G1: 93.3
G2: 94.4
Plasma Se (μg/
L), median (Q1,
Q3) G1: 135.2
(120.8, 153.3)
G2: 135.5 (121.5,
151.8)
Se intake: NR

Fairris et al.
(1989)
USA

RCT
G1, placebo: 22/20 G2, 600 μg/d
Se: 23/21
G3, 600 μg/d Se + 600 IU
vitamin E/d: 24/24
Duration: 12 wk (+12 wk follow up
after treatment cessation)
Aged 18–70 yr; patients with
moderate or severe chronic stable
plaque psoriasis

Sex (% F): 51
Age (mean
(min-max), yr)
G1: 43 (27–59)
G2: 39 (23–66)
G3: 44 (20–68)
BMI (kg/m2): NR
Ethnicity: NR
Plasma Se
(μmol/L)
1.19 � 0.17
Se intake: NR

Se-enriched yeast (600 μg
Se/d or 600 μg Se/d + 600 IU
vitamin E/d) vs placebo
Adherence: NR

Adverse events self-reported at 2, 4,
8, 12 and 24 wk: garlic breath,
nausea, vomiting, loss of nails and
alopecia. Method and criteria NR.

‘None of the patients
developed symptoms or
signs that could be
related to selenium
toxicity’ (Data not
shown).

BMI: body mass index; CI: confidence interval; d: day; DK: Denmark; DRE: digital rectal examination; F: females; Gx: group x; HR: hazard ratio; IU: International Unit; IQR: interquartile range; M:
males; mo: month; NBT: Negative Biopsy Trial; NCI: National Cancer Institute; NMSC: non-melanoma skin cancer; NR: Not Reported; PSA: prostate specific antigen; PRECISE: PREvention of Cancer
by Intervention with Selenium; PY: person years; Qx: quartile x; RCT: randomised controlled trial; RR: risk ratio; Se: selenium; Sel/Cel: The Selenium and Celecoxib Trial; SELECT: Selenium and
Vitamin E Cancer Prevention Trial; SWOG: Southwest Oncology Group; USA: United States of America; wk: week; yr: year.
(a): Duration = duration of the treatment phase, unless specified otherwise.
(b): Mean � SD, unless specified otherwise.
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D.1.2. Observational studies on clinical effects of selenosis

Cohort name
Country
Reference

Original Cohort (N total)
Exclusion criteria
Study population (n, sex and age
at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n
Results

China

Yang et al.
(1989a)

Cross-sectional

N = 349
Population sampled: individuals
living is a seleniferous area in Enshi
County, China
Exclusion criteria: NR
n = 237
Sex: M and F
Age (yr): 1–71+

Morphological changes in fingernails
used as the main criteria for the
presence of selenosis in the ‘high Se’
area. Selenosis was categorised in:
(++) persistent or ongoing fingernail
disease over yr;
(+) fingernail thickening and stratifying
+ ≥ 1 of the following signs: history of
severe hair or nail loss; deformed or
brittle fingernails; distinct transverse or
longitudinal ridges of the nails; white
area at the base of the nail; persistent
fall of brow hair and itchiness of
shaded skin OR the presence of ≥ 4 of
the latter signs.

Whole blood Se N cases with signs, per category:
(++) 6
(+) 54

Whole blood Se of 5 individuals with long-
persisting, distinct clinical signs, ranged
from 1.054 to 1.854 mg/L.
Minimal whole blood Se of 1.054 mg/L
taken as the marginal level for Se toxicity;
equivalent to 910 μg/d based on
equation from Yang et al. (1989b)

China

Yang et al.
(1989a)

Cross-sectional
Sub-study on
children dental
health

N = NR
Population sampled: children from
“high”, “medium” and “low” Se sites in
Enshi County, China
Exclusion criteria: NR
n = 402
Sex: NR
Age (yr): 7–14

Mottled enamel teeth and dental
caries; methods NR

Whole blood Se (mg/L)
Low: 0.13 � 0.02; n = 163
Medium: 0.37 � 0.32;
n = 108
High: 1.57 � 0.44; n = 131

N cases (%) with mottled enamel
teeth/dental caries, per Se site:
Low: 0 (0%)/39 (23.9%)
Medium: 53 (49.1%)/9 (8.3%)
High: 125 (95.4%)/3 (2.3%)

CARUSO Project

Brazil
Lemire et al.
(2012)

Cross-sectional

N = 448
Population sampled: Population
living in the Lower Tapajós River
region of the Brazilian Amazon, with a
local traditional diet that includes
important Se sources.
Exclusion criteria: Pregnant and
breastfeeding women, reported
stroke, taking psychotropic
medication, missing data for blood or
plasma biomarkers.

A nurse without the information of Se
exposure of the individuals, performed
clinical examinations an examination of
the clinical dermal (hair, body hair,
fingernails, toenails and skin), garlic
odour breath and dermal signs of Se
toxicity. Alopecia and early hair
damage (hair shininess and split hairs)
were evaluated on a gradient (absent,
mild, more than mild, and important).
Nails abnormalities, the number of

Whole blood Se (μg/L;
median, max): 228.4,
1,500.2
Plasma Se (μg/L; median,
max): 134.8, 913.2
Normal
Whole blood < 560 μg/L
Plasma < 328 μg/L
N = 360

N cases with signs, per Se group
Hair dry and brittle, easily broken at
scalp
Normal 2
High 0
Very high 0
Sparse head hair
Normal 21
High 1
Very high 0
Sparse body hair
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Cohort name
Country
Reference

Original Cohort (N total)
Exclusion criteria
Study population (n, sex and age
at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n
Results

n = 407
Sex (% F): 50
Age (yr): 39.9 � 14.3

fingernail and toenail whitlows and the
presence specific nails damage were
examined and noted. General skin
irritations were noted and specific skin-
related signs of selenosis on different
parts of the body were also carefully
examined.

High
Whole
blood ≥ 560 < 1,000 μg/L
Plasma ≥ 328 < 520 μg/L
N = 15

Very high
Whole blood ≥ 1,000 μg/L
Plasma ≥ 520 μg/L
N = 11

Normal 163
High 9
Very high 4
Abnormal fingernails
Normal 149
High 7
Very high 5
Fingernails with whitlow
Normal 52
High 1
Very high 2
Longitudinal/transversal fingernail
streaks
Normal 4/3
High 0/0
Very high 1/0
Symmetric fingernail thickening and
stratifying
Normal 8
High 0
Very high 0
Deformed and brittle fingernail
Normal 8
High 0
Very high 0
Garlic breath
Normal 56
High 3
Very high 1

India

Chawla et al.
(2020)

Cross-sectional

N = 680
Population sampled: Residents of 7
villages pertaining to a seleniferous
area in Punjab, India.
Exclusion criteria: NR
n = 680

Method to identify clinical signs of
selenosis NR

Serum Se (μg/L, median
(IQR))
171.30 (111.7, 400.5)
N = 238

N cases with sign present/sign not
present; OR (95% CI) of clinical signs
according to Se exposure biomarkers
above the median compared to below
the median (ref.), adjusted for age, sex,
socio-economic status
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Cohort name
Country
Reference

Original Cohort (N total)
Exclusion criteria
Study population (n, sex and age
at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n
Results

Sex (% F): 61
Age (yr, median (IQR)): 43
(32–52)

Hair Se (μg/g, median
(IQR))
1.25 (0.75, 2.42)
N = 521
Nail Se Se (μg/g, median
(IQR))
5.69 (4.37, 8.42)
N = 513

Hair loss
Serum Se: 22/97 vs 33/86; 0.61 (0.33,
1.15)
Hair Se: 57/203 vs 39/222; 1.69 (1.07,
2.66)
Nail Se: 46/211 vs 49/207; 0.92 (0.59,
1.44)
Hair abnormalities
Serum Se: 72/47 vs 58/61; 1.56 (0.92,
2.65)
Hair Se: 57/203 vs 39/222; 2.71 (1.86,
3.96)
Nail Se: 46/211 vs 49/207; 1.35 (0.94,
1.95)
Nail abnormalities
Serum Se: 77/42 vs 55/64; 2.06 (1.21,
3.50)
Hair Se: 139/121 vs 78/183; 2.72 (1.88,
3.93)
Nail Se: 122/13 vs 89/167; 1.71 (1.19,
2.44)
Garlic odour breath
Serum Se: 6/113 vs 2/117; 3.45 (0.59,
20.34)
Hair Se: 12/249 vs 14/246; 0.88 (0.39,
1.96)
Nail Se: 3.48 (1.37, 8.85)
Selenosis*
7/102 vs 1/109
Serum Se 7.56 (0.87, 65.39)
Nail Se 3.48 (0.68, 17.92)
*Considered as a collection of all clinical
signs linked to overexposure to selenium.
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Cohort name
Country
Reference

Original Cohort (N total)
Exclusion criteria
Study population (n, sex and age
at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n
Results

USA
Longnecker
et al. (1991)
Cross-sectional

N = 142
Population sampled:
Year 1: households selected at
random from telephone books for
western South Dakota and
eastern Wyoming’ (n = 49) and
ranches with suspected unusually high
because of selenosis
in livestock (n = 29)
Year 2: additional group of subjects
suspected of having high Se intakes
(because of selenosis in
livestock) + ≥ 1 adult in household
with serum Se >2. 10 mol/L (n = 64)
Exclusion criteria: NR
n = 142
Sex (% F): 53
Age: NR

Self-administered questionnaire to
collect data on symptoms of Se
toxicity; collected once every season in
yr 1; in summer and winter fin yr 2.
Photographs of subjects’ thumbnails
taken with a camera equipped with a
macro lens and a ring light; taken
once, in summer of yr 1 and yr 2; a
board-certified dermatologist, unaware
of the subjects’ laboratory results,
evaluated the photographs
Standardised physical examinations
performed by
a physician, focusing on dermatologic
and neurologic examinations (e.g.
signs of interest included muscle
weakness, asymmetrical reflexes,
hyperreflexia,
abnormal sensory examination,
dermatitis, and nail loss or markings);
performed in summer of yr 1

Whole blood Se (μmol/kg)
4.04 � 1.39 (2.30–8.54)
n = 141
sampled once every season
in yr 1; in summer and
winter in yr 2
Toenail Se (μmol/kg)
19.7 � 7.3 (10.6–48.4)
n = 142
collected once every
season in yr 1; in summer
and winter in yr 2
Diet Se (μmol/d)
3.04 � 1.81 (0.86–9.20)
n = 76
based on 2-d duplicate
portions method, once
every season in yr 1; in
summer and winter in yr 2

OR (95% CI) of having symptoms
more frequently than the median for
an increase of 1 SD* in Se biomarker,
adjusted for sex, age and smoking
Muscle twitches
Muscle twitches
Whole blood: 1.17 (0.84,1.64)
Nail: 1.10 (0.80,1.51)
Diet: 1.28 (0.87,1.88)
Paraesthesia
Whole blood: 0.64 (0.45,0.93)
Nail: 0.73 (0.36,0.80)
Diet: 0.52 (0.50,1.05)
Lethargy
Whole blood: 1.41 (1.01,1.96)
Nail: 1.41 (1.02,1.95)
Diet: 1.43 (0.98,2.09)
Nail breakage/ nail loss
Whole blood: 0.72 (0.50, 1.02)/1.22 (0.56,
2.66)
Nail: 0.79 (0.56, 1.10)/1.13 (0.52, 2.42)
Diet: 0.84 (0.57, 1.23)/0.78 (0.09, 6.59)
Dark nail lines/white nail lines
Whole blood: 0.77 (0.39, 1.53)/1.09 (0.74,
1.60)
Nail: 0.75 (0.39, 1.44)/1.01 (0.67, 1.49)
Diet: 0.85 (0.42, 1.72)/1.20 (0.80, 1.78)
Hair loss
Whole blood 1.13 (0.77, 1.67)
Nail 1.04 (0.70, 1.54)
Diet 0.96 (0.61, 1.53)
Yellowed skin
Whole blood 0.38 (0.06, 2.46)
Nail 0.50 (0.09, 2.91)
Diet 0.86 (0.08, 8.81)
Garlic breath
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Cohort name
Country
Reference

Original Cohort (N total)
Exclusion criteria
Study population (n, sex and age
at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n
Results

Whole blood 1.14 (0.76, 1.73)
Nail 1.03 (0.68, 1.56)
Diet 1.03 (0.65, 1.63)
Dizziness
Whole blood 1.20 (0.88, 1.64)
Nail 1.29 (0.94, 1.76)
Diet 1.17 (0.82, 1.66)
OR (95% CI) of having abnormal
findings on photographic examination
of thumbnails for an increase of 1 SD*
in Se toenail, adjusted for sex, age and
smoking
Leukonychia: 0.95 (0.53, 1.72)
Transverse ridging: 0.55 (0.25, 1.25)
Longitudinal ridging: 0.57 (0.19, 1.65)
Onycholysis: 1.16 (0.48, 2.79)
* 1 SD = 1.27 μmol/kg for whole blood;
6.36 μmol/kg for toenail; 1.27 μmol/d for
diet
N cases with signs, upon physical
examination
Nail loss, alopecia, liver enlargement,
muscle fasciculation: 0
Yellowed sclera: 2; abnormal
proprioception: 2; abnormal muscle
strength to extend the fingers: 3
(whole-blood Se <3.18 μmol/kg)
Easy epilation: 1 (whole-blood
Se = 3.88 μmol/kg)

Brazil
Martens
et al. (2015)
Cross-sectional

N = NR
Population sampled:
Macapá city: children enrolled in
public preschool receiving 15-30 g
Brazil nuts 3 d/wk (n = 41);

Clinical symptoms of selenosis clinically
evaluated by a doctor; symptoms
included changes to and loss of nails
and hair, skin lesions, unusual garlic
odour breath, nervous system defects,
and gastrointestinal disorders (nausea,
vomiting).

Mean Se intake (μg/d,
median (range))
Macapá (n = 41): 155.3
(98.7–195.3)
Belém (n = 88): 44.4
(33.9–53.2)

No clinical symptoms of selenosis observed
in any child.
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Cohort name
Country
Reference

Original Cohort (N total)
Exclusion criteria
Study population (n, sex and age
at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n
Results

Belém city: control children from
public preschool, not receiving Brazil
nuts as part of their diet (n = 88);
All children spent 5 d/wk at school
and had breakfast, lunch and dinner
at school.
Exclusion: child not enrolled in
school in last 7 mo or attendance
< 75%.
n = 129
Sex (% F):
Macapá: 46.3
Belém: 52.3
Age (yr):
Macapá: 4.7 � 0.9 (3.1–6.3)
Belém: 4.5 � 1.2 (2.1–6.6)

Based on 7-d duplicate
portions method
Plasma Se (μg/L)
Macapá (n = 41):
107.29 � 27.15
(73.0–172.0)
Belém (n = 41):
83.56 � 23.32
(47.0–142.0)

Hair Se (μg/g)
Macapá (n = 41):
0.89 � 0.24 (0.44–1.35)
Belém (n = 41):
0.31 � 0.10 (0.12–0.50)

Toe- and fingernail Se
(μg/g)
Macapá (n = 41):
3.43 � 1.81 (0.89–8.43)
Belém (n = 41):
1.29 � 0.52 (0.31–2.16)

India
Senthilkumaran
et al. (2012)
Case report

1 woman, healthy, 55 yr old;
Consumed “paradise nuts” (Lecythis
ollaria) with the intention of
preventing cancer

Recovered at the emergency
department of Sri Gokulam Hospital,
Tamil Nadu

Plasma Se, μg/L: 512
Consumed 10–15 ‘paradise
nuts’ per day for 20 days

Patient reported headaches, dizziness,
vomiting, and abdominal pain for 5 d before
hospital admission;
Presented severe alopecia;
Greyish discolouration of nails developed on
4th hospital day.
At follow-up after 2 mo, hair started to
regrow.

CI: confidence interval; d: day; F: females; mo: month; M: males; N: number of participants; NA: not applicable; NR: not reported; OR: odds ratio; SD: standard deviation; Se: selenium; USA:
United States of America; wk: week; yr: year.
(a): Mean � SD (range), unless specified otherwise.
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D.2. Blood Pressure and hypertension

D.2.1. Intervention studies on continuous measures of blood pressure

Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes assessed Results(b)

Navas-
Carretero
et al. (2011)

Spain

RCT
G1, non-enriched chicken
breast: 16/13
G2, Se-enriched chicken
breast: 16/11
Duration: 10 wk
Aged 20–45 yr; BMI 18.5–30 kg/
m2; not taking any medication or
following any dietary treatment;
had maintained their weight
(�3 kg) for the last 3 mo; no
diabetes, thyroid impairments, or
other endocrine disturbances; not
suffering gastric and peptic ulcer
problems; no hypertension,
constipation, or diarrhoea.

Sex: M and F
Age (yr): 20–45
BMI (kg/m2)
G1: 24.2 � 2.1
G2: 24.1 � 2.7
Ethnicity: NR
Blood Se (μg/dL)
G1: 14.2 � 1.4
G2: 14.6 � 1.7
Blood pressure
(mmHg)
Se intake: NR

Non-enriched chicken breast
vs 22 μg/d Se supplementation
as Se-enriched chicken breast

Isocaloric diet with 30% of
energy as proteins

Blood Se, end of trial (μg/dL):
G1: 0.7 � 0.9
G2: 0.2 � 1.4

SBP and DBP (method not
described; not a pre-planned
outcome)

Baseline
SBP (mmHg)
G1: 110.0 � 7.4
G2: 110.0 � 12.0
DBP (mmHg)
G1: 68.8 � 6.8
G2: 69.1 � 8.6

Changes from
baseline
SBP (mmHg)
G1: −8.5 � 10.3
G2: −1.8 � 8.7
G1 vs G2 NS
DBP (mmHg)
G1: −1.1 � 8.9
G2: −3.2 � 7.5
G1 vs G2 NS

d: day; DBP: diastolic blood pressure; F: females; Gx: group x; M: males; mo: month; NR: not reported; SBP: systolic blood pressure; SD: standard deviation; Se: selenium; RCT: randomised
controlled trial; wk: week; yr: year.
(a): Duration = duration of the treatment phase, unless specified otherwise.
(b): Mean � SD, unless specified otherwise.
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D.2.2. Observational studies on continuous measures of blood pressure and incidence of hypertension

Cohort name Original Cohort (N total)

Ascertainment of outcome

Exposure groups(a)

Incident
cases

Model covariates Results

Country Exclusion criteria

n/person-years
Reference

Study population (n, sex
and age at baseline(a))

Follow-up

Funding

BEST
Bangladesh
Bulka
et al. (2019)
6 yr

Prospective
Cohort
Public

N = 255
Population sampled:
general population in an
arsenic-endemic area,
randomly selected from
placebo arm of BEST trial;
adults having manifested
arsenical skin lesions.
Exclusion: pregnant women,
unwillingness to discontinue
vitamin use, prior history of
cancer, too ill to participate,
unwilling to give blood and
urine samples; hypertensive
at baseline.
n = 178
Sex (% F): 54.9
Ethnicity: NR
Age (yr): 24–64

SBP and DBP (2 seated
measurements using an
automated
sphygmomanometer)
measured in visits at 2, 4-
and 6-yr follow-up. HTN
defined as SBP
≥ 140 mmHg, DBP
≥ 90 mmHg,
antihypertensive medication
use, or self-reported
physician diagnosed HTN.

Blood Se (μg/L,
median (IQR)):
121 (110.0–135.0)

Cut-offs for quartiles
NR

Incident
HTN cases:
46

N per
quartile NR

Model 1 (M1): age and sex
Model 2 (M2):
M1 + baseline blood lead,
manganese, and selenium
Model 3 (M3): M2 + site,
smoking status, educational
duration, creatinine-corrected
urinary arsenic concentration
Model 4 (M4): M3 + time-
varying BMI, time-varying
diabetes status

HR (95% CI) for
incidence of HTN
Q1(ref): 1
Q2: 1.31 (0.52, 3.29)
Q3: 1.68 (0.70, 4.02)
Q4: 1.33 (0.53, 3.36)
ptrend 0.432
Model 2
Q1(ref): 1
Q2: 1.17 (0.46, 3.01)
Q3: 1.35 (0.55, 3.23)
Q4: 1.11 (0.42, 2.91)
ptrend 0.593
Model 3
Q1(ref): 1
Q2: 0.94 (0.35, 2.54)
Q3: 1.10 (0.41, 3.00)
Q4: 0.90 (0.30, 2.68)
ptrend 0.882
Model 4
Q1(ref): 1
Q2: 0.72 (0.25, 2.08)
Q3: 0.91 (0.32, 2.55)
Q4: 0.73 (0.23, 2.30)
ptrend 0.641

FLEMENGHO
Belgium
Nawrot
et al. (2007)
8.4 yr

N = 1,107
Population sampled:
general population
Exclusion: participants who
died, became severely ill or
moved; creatinine excretion

Blood pressure measured
(5 seated measurements) by
trained nurses, twice at
baseline (1–3 wk apart) and
once at follow-up visit. High
BP was defined as HTN

Blood Se (μg/L):
97.0 � 19.0

Incident
cases of
high BP:
139; 36
cases per

Age, BMI, smoking, the 24 h
urinary excretion of sodium
and potassium + for
F: menopausal status and
the use of contraceptive pills
at baseline.

HR (95% CI) for
incidence of high BP,
by 20 μg/L blood Se at
baseline
F: 1.08 (0.90, 1.27)
p = 0.41
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Cohort name Original Cohort (N total)

Ascertainment of outcome

Exposure groups(a)

Incident
cases

Model covariates Results

Country Exclusion criteria

n/person-years
Reference

Study population (n, sex
and age at baseline(a))

Follow-up

Funding

prospective
cohort
Public

was outside published limits;
missing values; high BP or
hypertension at baseline.
n = 385
sex (% F): 51.8
Ethnicity: NR
Age (yr) = 48.8 (> 20)

(≥ 140/≥ 90 mmHg), high-
normal BP (130–139/85–
89 mmHg), or self-reported
start of antihypertensive
drug.

1,000
person-years

M: 0.63 (0.48, 0.83)
p = 0.0013

The Selenium
and Cognitive
Decline study
China
Su et al. (2016)
7 yr prospective
cohort
Public

N = 2000
Population sampled:
general population > 65 yr
Exclusion: severe hearing
loss (cognitive assessment
not possible).
n = 635
sex (% F): 53.7
age (yr): 71.9 � 5.6

Blood pressure measures
and self-reported HTN
history collected at baseline,
2.5 and 7 yr follow-up.
HTN was defined as ≥ 140/
≥ 90 mmHg.

Nail Se (μg/g):
0.413 � 0.183
n, per quintile:
Q1 ≤ 0.233: 402
Q2 0.234–0.362: 405
Q3 0.363–0.442: 395
Q4 0.443–0.552: 397
Q5 > 0.552: 401

Incident
HTN cases
n, per
quintile:
Q1: 192
Q2: 132
Q3: 120
Q4: 105
Q5: 86

Age, gender, BMI, education,
smoking, alcohol
consumption, physical
activity.

HR (95% CI) for
incidence of HTN
Q1(ref): 1
Q2: 1.41 (1.03, 1.94)
p = 0.0331
Q3: 1.93 (1.40, 2.67)
p < 0.0001
Q4: 2.35 (1.69, 3.26)
p < 0.0001
Q5: 1.94 (1.36, 22.77)
p = 0.0002

PURE
South Africa
Swart
et al. (2019)
10 yr
prospective
cohort
Private

N = 987
Population sampled:
general population
Exclusion: missing baseline
or follow-up cardiovascular
data or baseline Se data.
n = 690
sex (% F): 64.6
Ethnicity: black South
Africans
Age (yr): 50.7 � 10.2
(35–70)

Blood pressure (seated
measurements; twice, 5-min
apart)
measured with a validated
device
at baseline and follow-up.

Plasma Se
(μg/100 mL)
Group with “normal
Se status” at baseline
(n = 845):
12.7 � 3.41

Group with “deficient
Se status” at baseline
(n = 142):
6.12 � 1.67

NA Age, sex, BMI, physical
activity index, tobacco use,
Ɣ-glutamyl transferase,
glucose, C-reactive protein,
LDL

SBP level, β
coefficients (95% CI),
per 10 μg/L Se
increase
All: −0.03 (−0.10, 0.04)
p = 0.418
Group with “normal Se
status”: −0.03 (−0.11,
0.05) p = 0.439
Group with “deficient Se
status”: 0.01 (−0.20,
0.22) p = 0.929

DBP NR
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Cohort name Original Cohort (N total)

Ascertainment of outcome

Exposure groups(a)

Incident
cases

Model covariates Results

Country Exclusion criteria

n/person-years
Reference

Study population (n, sex
and age at baseline(a))

Follow-up

Funding

PROGRESS
Mexico
Kupsco
et al. (2019)
6 yr prospective
cohort
Public

N = 948
Population sampled:
mother–child pairs
Exclusion: Women exposed
to environmental tobacco
smoke (at home) or smoking
during pregnancy; missing
values
n = 548
sex (% F): 49.6
Ethnicity: NR
Maternal age
(yr) = 28 � 5.6

Children blood pressure
measures at 4–6 yr of age
(4.8 � 0.55 yr) during a
clinical examination (seated
measurements; twice, 3 min
apart)

Maternal blood Se
(2nd trimester) (μg/
dL): 25 � 4.5

NA Single-metal model
(SMM): Maternal age, pre-
pregnancy BMI, education,
socioeconomic status, parity
(primiparous or multiparous),
and environmental tobacco
smoke (present or absent in
home)
Multi-metal model
(SMM): as above + As, Cd,
Co, Cr, Cs, Cu, Mn, Pb, Sb,
and Zn

BP levels,
β-coefficients (95%
CI), per 1 μg/L Se
increase
SBP
SMM: −0.19 (−0.51,
0.13) p = 0.25; MMM:
−0.07 (−0.52, 0.39)
p = 0.77
DBP
SMM: β = −0.12 (−0.39,
0.14) p = 0.36; MMM:
−0.14 (−0.51, 0.23)
p = 0.46

RHEA
Greece
Howe
et al. (2021)

11 yr
prospective
cohort
Public

N = 1,363
Population sampled:
mother–child pairs from
Heraklion, Greece; aged
≥ 16 yr
Exclusion: outliers for
metal measurements
(mean � 4 SD), missing
values
n = 176
Sex (% F) = 44.3
Ethnicity: Caucasian
Maternal age
(yr) = 30.3 � 4

Children blood pressure
measured at 4, 6 and 11 yr
of age during clinical
examination (seated
measurements; 3 times,
1-min apart)

Maternal urinary Se
in early pregnancy
(specific-gravity
adjusted) (μg/L,
geometric mean
(95% CI)): 21.72
(20.72, 22.77)

Incident
cases of
elevated
BP: 56

Maternal age, maternal
education, maternal pre-
pregnancy BMI, maternal
smoking during pregnancy,
child’s sex, child’s exact age,
and child’s height at each
time point, maternal urinary
Co, Se, Mo, As, Cd, Sb, Pb

Per-year change in BP
levels from 4 to 11 yr
of age, main effect
estimate* for Se
(95% CI)
SBP
β = 0.1 (−0.1, 0.3)
DBP
β = 0.1 (−0.1, 0.3)
*Bayesian Varying
Coefficient Kernel
Machine Regression

BEST: The Bangladesh Vitamin E and Selenium Trial; BP: blood pressure; FLEMENGHO: The Flemish Study on Environment, Genes and Health Outcomes; HTN: Hypertension; PROGRESS:
Programming Research in Obesity, Growth, Environment and Social Stressors; NR: not reported; PURE: Prospective Urban Rural Epidemiology; yr: year.
(a): Mean � SD (range), unless specified otherwise.
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D.3. Alzheimer’s dementia

D.3.1. Intervention study on Alzheimer’s dementia

Cohort name
Country
Reference
Follow-up
Funding

Original Cohort
(N total)
Exclusion criteria
Study population
(n, sex and age at
baseline(a))

Ascertainment of
outcome

Exposure
groups(a)

n
Incident cases Model covariates Results

PREADVISE
USA, Canada
and Puerto Rico
Kryscio
et al. (2017)
Approx. 5 yr
RCT + 7 yr
observational
follow-up

Public

N = 7,540
Population
sampled: Subsample
of participants from
SELECT
Exclusion: dementia,
active neurologic and/
or neuropsychiatric
conditions affecting
cognition; history of
serious head injury
and substance abuse;
no follow-up visit
n = 3,786
Sex: Males
Ethnicity: 8.4%
Black, 2.5% Hispanic,
89.1% White
Age: > 60 yr

Incidence of dementia;
Memory Impairment
Screening (MIS) test at
follow-up visit; cases
identified based on MIS test
and i) followed by diagnostic
by local clinician, or ii) AD8
Dementia Screening
Interview ≥ 1 plus a self-
reported dementia diagnosis,
use of a memory enhancing
prescription drug, or
cognitive score ≥ 1.5 SDs
below expected performance

n, per group
G1, placebo*:
1,830
G2, 200 μg
Se/d*: 1,881

*5.4 � 1.2 yr of
intervention

Incident cases of
dementia, n
G1: 85
G2: 78

Baseline age, black race, APOE
ε4 carrier status (present or
absent), college education,
baseline MIS score, and the
presence/absence of the
following self-reported co-
morbidities at PREADVISE
baseline: coronary artery
bypass graft (CABG), congestive
heart failure (CHF), diabetes,
hypertension, stroke, sleep
apnoea, and memory change or
problem

HR (95% CI) for
incidence of dementia
G1: ref.
G2: 0.92 (0.63, 1.34)
Modified intent-to-treat
analysis
G1: ref.
G2: 0.83 (0.61, 1.13)
Weighted for treatment
compliance
G1: ref.
G2: 0.80 (0.59, 1.09)

PREADVISE: Prevention of Alzheimer’s Disease with Vitamin E and Selenium; RCT: randomised controlled trial; SELECT: Selenium and Vitamin E Cancer Prevention Trial; yr: year.
(a): Mean � SD (range), unless specified otherwise.
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D.4. Amyotrophic lateral sclerosis

D.4.1. Observational studies on amyotrophic lateral sclerosis

Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex and
age at baseline)

Ascertainment of
outcome

Exposure groups(a)

n/person-years
Incident cases

Model
covariates

Results

EPIC
France, Germany,
Greece, Italy, The
Netherlands, Spain,
UK
Peters et al. (2021)

8.1 yr (median)
Nested case–control
Public

N = 487
Population sampled: general
population
Exclusion: missing data on
exposure or confounding variables
n = 426
Cases: 107
Controls: 319 (matched for age,
sex and study centre)
Sex: 65.5% females
Ethnicity: NR
Age (yr, median (range)): 60
(35–70)

Fatal cases of ALS,
identified from
death certificates;
ALS cases defined as
those subjects for
whom “motor neuron
disease” (G12.2
according to ICD, v.
10) was reported as
an immediate,
antecedent, or
underlying cause of
death

Erythrocyte Se (ng/
g, geo. mean SD)
Controls: 117.7 � 1.31
Cases: 115 � 1.25

n, per tertile
T1 ≤ 104: 141
T2 > 104 ≤ 123: 140
T3 > 123: 145

Incident cases,
n per tertile
T1: 32
T2: 38
T3: 37

Cigarette
smoking, BMI,
physical activity,
alcohol
consumption,
and education.

ALS mortality, OR (95%
CI)
T1: 1.00 [Ref]
T2: 1.31 (0.74, 2.31)
T3: 1.21 (0.65, 2.25)
ptrend, linear = 0.374
ptrend, spline = 0.850

Exclusion of deaths within
first 3 yrs did not
substantially change the
results

Rivalta + Reggio
Emilia

Italy

Vinceti et al. (2019)

29 yr

Prospective cohort

Public

N = 97,780
Population sampled: subjects
continuously residing in Rivalta
from 1974 to 1985, exposed to
high-Se-contaminated tap water
(n = 2,065) and unexposed
municipal population as controls
(n = 95,715)
n = 97,780
Sex (% F):
Exposed: 51
Unexposed: 53
Ethnicity: NR
Age (yr): 5–95+

Fatal and non-fatal
cases of ALS
ascertained from
death records (since
1986), registries of the
neurological
department (since
1986), hospital
discharge data (since
1993), records of
riluzole prescription
(since 2001); data
from the local ALS
registry (since 2009)

Se in tap water
(inorganic Se), μg/L
Exposed: 8–10
Unexposed: < 1

person-years, per
group:
G1, exposed cohort:
50,100
G2, unexposed cohort:
2,233,963

Incident cases, n
G1: 7
G2: 112
By period, 1986–
1994/1995–2015
G1: 4/3
G2: 21/91
By sex, M/F
G1: 3/4
G2: 73/39

Incident cases,
n per 100,000
person-years
G1: 14
G2: 5

Age, gender and
calendar year,
education and
occupation

Incidence rate ratio
(IRR) for ALS (95% CI)
in exposed group (G1)
compared to unexposed
group (G2)
Overall
2.8 (1.3, 6)
By period
1986–1994: 8.2 (2.7, 24.7)
1995–2015: 1.5 (0.5, 4.7)
By sex
F: 5.1 (1.8, 14.3)
M: 1.7 (0.5, 5.4)

ALS: Amyotrophic Lateral Sclerosis; EPIC: European Prospective Investigation into Cancer and Nutrition; ICD: International Classification of Diseases; NR: not reported; PREADVISE: Prevention of
Alzheimer’s Disease with Vitamin E and Selenium; RCT: randomised controlled trail; SELECT: Selenium and Vitamin E Cancer Prevention Trial; yr: year.
(a): Mean � SD (range), unless specified otherwise.
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D.5. Functional neuropsychological development in children

D.5.1. Observational studies on functional neuropsychological development in children

Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline)(a)

Ascertainment of outcome
Exposure groups(a)

n/person-years
Model covariates Results

INMA Project
(2003–2005)

Spain

Amorós et al.
(2018a)

Approx. 1.7 yr
Cohort

Public

N = 787
Population Sampled:
Pregnant women aged
≥ 16 yr, 10–13 weeks of
gestation, singleton
pregnancy, intention of
undergoing follow-up and
delivery at the corresponding
centre of reference, and no
impediment for
communication.
Excluded: missing exposure
or outcome variables.
n = 651 mother–child pairs
Sex (% F): 47
Ethnicity: NR
Mothers’ age (yr):
30.1 � 4.4

Neuropsychological
development assessed
around 12 mo of age
(12.3 � 0.7 mo) using the
BSID-II, mental scale and
psychomotor scale.
Testing carried out at the
children’s reference hospital in
the presence of their mothers,
by four trained psychologists.

Maternal serum Se at
1st trimester of
pregnancy
(μg/L)
79.74 � 7.92

BSID mental score: child’s
sex, maternal BMI, parity, area
of residence (urban,
metropolitan, semi-urban and
rural), maternal age and intake
of seafood per 100 g/d.
BSID psychomotor score:
social class, paternal age,
attendance to nursery, season
of birth.

Maternal Se
concentrations and BSID-
II scores; β-coefficient
(95% CI)
Mental: −0.13 (−0.29, 0.03);
p = 0.122
Psychomotor: −0.08 (−0.24,
0.07); p = 0.283
Non-linearity (splines
analysis): inverted U-shape for
the associations between
maternal serum Se and
mental score (break point at
86.4 μg/L Se (95% CI 79.3,
93.5)) and psychomotor score
(break point at 86.2 μg/L Se
(95% CI 69.3, 103.0))

INMA Project
(2003–2012)

Spain

Amorós et al.
(2018b)

Approx. 5.7 yr

Cohort

Public

N = 787
Population Sampled:
Pregnant women aged ≥16 yr,
10–13 wk of gestation,
singleton pregnancy, intention
of undergoing follow-up and
delivery at the corresponding
centre of reference, and no
impediment for
communication.
Excluded: missing exposure
or outcome variables.

Neuropsychological
development assessed at
5 yr of age (5.8 � 0.16 yr) by
using a standardised version
of the MSCA adapted to the
Spanish population

Maternal serum Se at
1st trimester of
pregnancy
(μg/L)
79.9 � 8.1

Base model (BM): sex, age
at evaluation, psychologist,
maternal age, maternal
educational level or maternal
intelligence
Verbal: BM + maternal
country of birth, parity, type of
zone, maternal working status
and BMI before pregnancy.
Perceptual-performance:
BM + type of zone, smoking
during pregnancy, parity,

Maternal Se
concentrations and MSCA
scores; β-coefficients
(95% CI)
Verbal: −0.052 (−0.164,
0.061); p = 0.366
Perceptual-performance:
−0.046 (−0.128, 0.036);
p = 0.268
Quantitative: 0.015 (−0.050,
0.080); p = 0.653
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline)(a)

Ascertainment of outcome
Exposure groups(a)

n/person-years
Model covariates Results

n = 409 mother–child pairs
Sex (% F): 48.6
Ethnicity: NR
Mothers’ age (yr):
30.1 � 4.4 yr

breastfeeding, maternal
smoking at evaluation and
maternal working status
Quantitative: BM + parental
educational level, type of zone,
parity
General cognitive:
BM + parity, type of zone,
paternal working status at
evaluation, and seafood intake
during pregnancy.
Working memory:
BM + maternal country of
birth, paternal educational
level, parity, maternal smoking
at evaluation.
Global memory: BM + parity,
type of zone, maternal country
of birth, and seafood intake
during pregnancy.
Fine motor:
BM + breastfeeding, parity,
type of zone and maternal
smoking at evaluation.
Global motor:
BM + breastfeeding.
Executive function:
BM + maternal country of
birth, maternal age, parental
educational level, parity, type
of zone, maternal smoking at
evaluation

General cognitive: −0.085
(−0.283, 0.112); p = 0.395
Working memory: −0.006
(−0.054, 0.042); p = 0.793
Global memory: −0.041
(−0.110, 0.027); p = 0.234
Fine motor: −0.022 (−0.064,
0.021); p = 0.317
Global motor: −0.048
(−0.115, 0.019); p = 0.160
Executive function: −0.057
(−0.175, 0.060);
p = 0.338
Non-linearity (splines
analysis): inverted U-shape for
the associations maternal
serum Se and the verbal score
(break point at 83.7 μg/L Se
(95% CI 77.2, 90.1)) and
global memory score (break
point at 85.6 μg/L Se (95% CI
77.4, 93.9))

China

Li et al. (2020a)

N = 545 mother–child pairs
Population Sampled:
Pregnant women recruited

Neurocognitive
development assessed by
BSID at 2 yr of age; translated

Maternal urinary Se
(Geometric

Single-metal model (SMM):
child’s sex, maternal
education, paternal education,

Maternal Se
concentrations and BSID
scores; β-coefficients*
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline)(a)

Ascertainment of outcome
Exposure groups(a)

n/person-years
Model covariates Results

Approx. 2 yr
Prospective
Cohort

Public

from the Wuhan Women and
Children Medical Care Center
Excluded: Participants with
missing values.
n = 544 mother–child pairs
Sex (% F): 44
Ethnicity: Asian
Mothers’ age (yr):
28.97 � 3.43

to Chinese and locally
standardised.

mean � SD, (P5th,
P95th), μg/L)
11.47 � 2.34 (2.59,
43.03)
Based on one spot urine
sample collected before
delivery (36–42 wk)

weight gain during pregnancy,
annual household income and
parity.
Multi-metal model (MMM):
as above + maternal urinary
zinc, copper, manganese,
strontium, nickel, cobalt,
rubidium, chromium and
vanadium.

(95% CI), by IQR change
in lnSe
Mental: SMM 2.02 (−0.18,
4.22); MMM 2.28 (−1.23,
5.80)
Psychomotor: SMM −0.10
(−1.81, 1.62); MMM −1.09
(−3.83, 1.65)

Non-linearity (Bayesian kernel
machine regression): inverted
U-shaped between log
(maternal urinary Se) and
mental and psychomotor
scores in girls, but not boys.

RHEA study

Greece

Kippler et al.
(2016)

4 yr

Public

N = 628 mother–child pairs
Population Sampled: early
stage pregnant women (before
15 wk), residency within the
study area, aged ≥16 yr and
good understanding of the
Greek language.
Excluded: Participants with
missing data.
n = 575 mother–child pairs
Sex (% F): 50
Ethnicity: NR
Mothers’ age (yr): 30 � 5.1

Neuropsychological
development assessed by
two trained psychologists, with
MSCA at 4 yr (4.2 � 0.23 yr).
Executive and cognitive
functions of posterior cortex
derived from reorganisation of
the MSCA subtests in
accordance with their
association with specific
neurocognitive function areas.

Maternal urinary Se
(Mean � SD, median
(5-95th percentile),
μg/L)
23 � 8.6; 22 (12–39)
Samples collected at
median 13 wk of
gestation (IQR: 4 wk)

Single-element model
(SEM): adjusted for examiner,
child sex, age at testing, and
maternal age, parity, marital
status, education and tobacco
smoking.
Multi-element model
(MEM): as above + urinary
iodine, cadmium, lead.

Maternal urinary Se and
MSCA scores; β-
coefficients (95% CI), per
every doubling of
maternal urinary Se
General cognitive: SEM 1.9
(−0.57, 4.3); MEM 2.2 (−0.38,
4.8)
Verbal: SEM 2.2 (−0.31, 4.7);
MEM
2.4 (−0.14, 5.0)
Quantitative: SEM −0.072
(−2.7, 2.6); MEM
−0.27 (−3.0, 2.5)
Memory: SEM 1.9 (−0.66,
4.4); MEM 1.9 (0.72, 4.5)
Perceptive-performance:
SEM 1.5 (−0.78, 3.9); MEM
2.0 (−0.66, 4.7)
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline)(a)

Ascertainment of outcome
Exposure groups(a)

n/person-years
Model covariates Results

Motor: SEM 0.54 (−1.6, 2.7);
MEM 0.87 (−1.7, 3.5)
Executive functions: SEM
1.5 (−0.98, 4.0); MEM 1.4
(−1.3, 4.0)
Cognitive functions: SEM
1.9 (0.50, 4.2); MEM 2.5
(−0.055, 5.1)
No indication of non-linearity
(scatterplots).

The Tohoku
Study of Child
Development

Japan

Tatsuta
et al. (2017)

18 mo

N = 879
Population Sampled:
mother–child pairs (term
infants)
Excluded: mothers: in vitro
fertilisation, preeclampsia or
gestational diabetes mellitus
(DM), use of antidiabetic
agents, thyroid dysfunction,
mental or psychological
disease, hepatitis, immune
deficiency, malignant tumours,
diseases affecting foetus
growth; infants: congenital
anomalies or severe disease,
non-singleton, preterm birth
(< 36 wk), BW < 2,500 g.
n = 566
Sex (% F): 49
Ethnicity: Asian
Mothers’ age (yr): NR

Neurocognitive
development assessed by
BSID-II and KSPD at 18 mo of
age (range, 17–20 mo). A
Japanese version of the
BSID-II was prepared by the
researchers.

Cord-plasma Se
(ng/g)
Boys: 66.3 � 10.2
Girls: 67.0 � 9.6

Pearson correlations were used
to determine the association of
maternal blood and cord-blood
Se with KPSD/BSID-II scores.

Cord-plasma Se and
KPSD/BSID-II scores,
r-coefficients
KPSD
Developmental quotient:
0.015, p = 0.729
Cognitive-adaptive: 0.004,
p = 0.918
Language-social: 0.018,
p = 0.675
Postural-motor: 0.020,
p = 0.643
BSID-II
Mental: 0.56, p = 0.181
Psychomotor: 0.007,
p = 0.876

Norway

Varsi
et al. (2017)

N = 140 Neurodevelopment
assessed by Ages and Stages

Maternal serum Se at
18 wks pregnancy

Birthweight, BW at 6 mo,
gender, mo of exclusive

Maternal serum Se at 18
wks and ASQ scores, β-
coefficients (95% CI NR)
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline)(a)

Ascertainment of outcome
Exposure groups(a)

n/person-years
Model covariates Results

From 18 wk
pregnancy to
6 mo
postpartum;
infants from birth
to 6 mo old

Population Sampled:
mother (pregnant at 18 wk)-
child pairs
Excluded: Women with
pregnancy related or chronic
disease, except those with
hypothyroidism under control.
Missing outcome.
n = 112
Sex (% F): 47
Ethnicity: Caucasian
Mothers’ age (yr):
31.5 � 4.3

Questionnaire (ASQ),
completed by parents at 6 mo.

(μmol/L, median
(P2.5, P97.5))
0.96 (0.71, 1.35)
Maternal serum Se at 28
and 36 wk pregnancy;
infant serum Se at 6 mo

breastfeeding, maternal age,
education, and parity

Total: 11, p = 0.007
Problem solving: 3,
p = 0.006
Fine motor scores: 3,
p = 0.04
Communication: 1, p = 0.22
Personal-social
functioning: 2, p = 0.11
Gross motor score: 1,
p = 0.56
No associations observed
between ASQ scores and
maternal serum Se at other
timepoints or infant serum Se
Non-linearity not explored.

PHIME

Croatia
Močenić
et al. (2019)

Approx. 18 mo
Public

N = 205 mother–child pairs
Population Sampled:
pregnant women that were
permanent residents in the
study area for at least 2 years
Excluded: Participants with
missing values.
n = 154 mother–child pairs
Sex (% F): 46
Ethnicity: NR
Mothers’ age (yr): 30.1
(20–43)

Neurodevelopment
assessed with the BSID-III at
the age of 18 mo.

Maternal blood Se at
delivery (ng/g,
mean � SD (min-
max))
92.6 � 22.4
(40.9–182.4)
Cord-blood Se at
delivery (ng/g,
mean � SD,
(min-max))
98.7 � 21.8
(59.6–162.7)

Pearson correlations were used
to determine the association of
maternal blood and cord-blood
Se with BSID-III scores.

Maternal blood Se
correlation with BSID-III
scores; r-coefficients
Cognitive: 0.176 (p = 0.029)
Language: 0.138 (p = 0.089)
Motor: 0.128 (p = 0.113)
Cord-blood Se correlation
with BSID-III scores; r-
coefficients
Cognitive: 0.001 (p = 0.993)
Language: 0.100 (p = 0.218)
Motor: 0.032 (p = 0.692)
Non-linearity not explored.

REPRO_PL

Poland

Polanska et al.
(2017)

Approx. 3 yr

N = 539 mother–child pairs
Population Sampled:
women up to 12 wk of single
pregnancy, no assisted
conception, no pregnancy

Neuropsychological
development assessed with
BSID-III in children at 1 year
(12.6 � 1.4 mo) and 2 years
of age (24.8 � 2.5 mo).

Maternal plasma Se in
the 1st trimester
(μg/L, mean � SD
(min-max))
48.3 � 10.6
(16.1–91.4)

Examiner, maternal age,
maternal education, child
gender and maternal smoking
status during pregnancy based
on the cotinine level.

Maternal plasma Se (1st
trimester) and BSID-III
scores, β-coefficients
(95% CI)
1-y-old children
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline)(a)

Ascertainment of outcome
Exposure groups(a)

n/person-years
Model covariates Results

Public complications and no chronic
diseases.
Excluded: Participants with
missing values.
n for analysis 1-y old
children = 239
n for analysis 2-y old
children = 168
Sex (% F): 53
Ethnicity: NR
Mothers’ age (yr):
28.9 � 4.4

Cord-blood Se at
delivery (μg/L,
mean � SD (min-
max))
31.1 � 8.2
(13.8–56.3)

Cognitive: 0.11 (−0.03,
0.25) p = 0.13
Language: 0.18 (0.02, 0.34)
p = 0.03
Motor: 0.25 (0.08, 0.42)
p = 0.005
2-y-old children
Cognitive: 0.22 (−0.02,
0.47) p = 0.07
Language: 0.07 (−0.15,
0.29) p = 0.52
Motor: 0.15 (−0.07, 0.38)
p = 0.18
Cord-blood Se and BSID-
III scores, β-coefficients
(95% CI)
1-y-old children
Cognitive: 0.005 (−0.16,
0.17) p = 0.95
Language: 0.10 (−0.08,
0.29) p = 0.28
Motor: 0.17 (−0.03, 0.37)
p = 0.10
2-y-old children
Cognitive: −0.06 (−0.32,
0.19) p = 0.62
Language: 0.09 (−0.14,
0.32) p = 0.44
Motor: 0.07 (−0.16, 0.31)
p = 0.55
Non-linearity not explored.

MINIMat

Bangladesh

N = 4,436 pregnant women;
3,267 had singleton live births
Population Sampled:
women in early pregnancy, at

Neuropsychological
development assessed at 18
mo of age 17–19.2) with
BSID-II and tests for children’s

Maternal erythrocyte
Se (Ery-Se) at
gestational wk 30
(μg/g Hb):

Model 1 (M1): age at testing
and gender.
Model 2 (M2):
M1 + gestational age,

Maternal Ery-Se and
BSID-II, comprehensive
and expressive language
scores, β-coefficients
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline)(a)

Ascertainment of outcome
Exposure groups(a)

n/person-years
Model covariates Results

Skröder et al.
(2015)

Approx. 2 yr

Public

gestational wk 8 on average;
gestational age ≤ 14 wk by
ultrasound examination; no
severe illness.
n = 750 mother–child pairs
Sex (% F): 47.5
Ethnicity: NR
Mothers’ age (yr): 27
(14–44)

comprehensive and expressive
language development using a
Bangladeshi version of
MacArthur’s Communicative
Development Inventory

Low Ery-Se: 0.39 � 0.056
High Ery-Se:
0.53 � 0.068

maternal age, maternal BMI,
socio economic status (SES),
home observation for
measurement of the
environment (HOME), weight
for height (WHZ) and birth
weight.
Model 3 (M3): M2 + Ery-Zn,
Ery-Mn and urinary iodine.
Model 4 (M4): M2 + urinary
arsenic, urinary cadmium and
Ery-Pb.

(95% CI), by 0.5 μg/g Hb
increase in Ery-Se
Mental: M1 3.2 (−1.7, 8.0);
M2 3.3 (−1.7, 8.3); M3 3.8
(−2.2, 9.9); M4 4.0 (−1.4,
9.4)
Psychomotor: M1 9.2 (3.9,
15); M2 8.8 (3.3, 14); M3 10
(3.7, 17); M4 10 (4.6, 16)
Comprehension: M1 7.2
(3.3, 11); M2 3.7 (0.40, 7.1);
M3 3.1 (−0.65, 6.9); M4 3.5
(−0.079, 7.0)
Expression: M1 2.4 (−0.066,
4.9); M2
0.75 (−1.6, 3.1); M3 0.087
(−2.7, 2.9); M4 1.3 (−1.3,
3.9)
No indication of non-linearity
for mental, psychomotor and
expression scores
(scatterplots). For
comprehension, estimates
given between the knots at
0.32 and 0.60 μg/g Hb.

MINIMat

Bangladesh

Skröder et al.
(2017)

Approx. 10 yr

Public

N = 1,530 children
Population Sampled:
mother–child pairs, women in
early pregnancy, at gestational
wk 8 on average gestational
age ≤ 14 wk by ultrasound
examination; no severe illness.
Excluded: Participants with
missing values.

Children’s cognition
assessed at 5 yr (5.4 � 0.13)
and 10 yr (9.5 � 0.095) using
the WPPSI and the WISC

Maternal Se
erythrocyte (Ery-Se)
at gestational wk 14
(μg/g Hb):
0.45 � 0.11
Children
urinary Se (U-Se) at
5 yr (μg/L):
14 � 6.6

Model 1 (M1): gender, parity
and family socio economic
status (SES) at enrolment,
birthweight, Hb at gestational
week 14, age at testing,
height-for-age z-score (HAZ),
modified Home Observation
for Measurement of the
Environment score (HOME),
testers, school type, mothers’

Maternal Ery-Se and
WPPSI/WISC scores; β-
coefficients (95% CI), by
0.1 μg/g Hb increase in
Ery-Se
At 5 yr
Full developmental: M1
0.94 (0.027, 1.9); M2 0.97
(−0.16, 2.1); M3 0.99
(0.0051, 2.0)

Tolerable upper intake level for selenium

www.efsa.europa.eu/efsajournal 134 EFSA Journal 2023;21(1):7704

 18314732, 2023, 1, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2023.7704 by U

niversity O
f A

berdeen, W
iley O

nline L
ibrary on [08/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline)(a)

Ascertainment of outcome
Exposure groups(a)

n/person-years
Model covariates Results

Analysis maternal Ery-Se,
n = 1,260
Analysis children U-Se:
<34 μg/L, n = 1,214;
≥34 μg/L, n = 20
Sex (% F): 47.6
Ethnicity: NR
Mothers’ age (yr): NR

cognitive function, and
paternal education (all
assessed at 5-yr follow-up)
Model 2 (M2):
M1 + erythrocyte zinc and
manganese at gestational wk
14 (prenatal analyses).
No M2 for U-Se as Zn and Mn
not measured
Model 3 (M3):
M1 + erythrocyte cadmium,
lead, and arsenic at gestational
wk 14 (prenatal analyses) or
urinary arsenic, cadmium, and
lead at 5 yr

Verbal: M1 0.47 (−0.0072,
0.95); M2 0.41 (−0.18, 1.0);
M3 0.46 (−0.054, 0.98)
Performance: M1 0.27
(−0.078, 0.62); M2 0.32
(−0.11, 0.76); M3 0.25
(−0.13, 0.63)
At 10 yr
Full developmental: M1 2.2
(1.0, 3.3); M2 2.6 (1.2, 3.9);
M3 2.2 (1.0, 3.4)
Verbal: M1 0.50 (0.12, 0.89);
M2 0.50 (0.051, 0.95); M3
0.51 (0.10, 0.92)
Perceptual reasoning: M1
0.53 (0.079, 0.98); M2 0.75
(0.22, 1.3); M3 0.56 (0.081,
1.0)
Working memory: M1 0.38
(0.14, 0.62); M2 0.39 (0.11,
0.67); M3 0.37 (0.12, 0.62)
Processing speed: M1 0.75
(0.29, 1.2); M2 0.94 (0.40,
1.5); M3 0.78 (0.30, 1.3)
Children urinary Se at 5 yr
and WISC scores at 10 yr,
β-coefficients (95% CI),
by 10 μg/L increase in U-
Se
U-Se < 34 μg/L
Full developmental: M1 2.5
(−0.033, 5.0); M3 2.5 (−0.12,
5.1)
Verbal: M1 0.49 (−0.35, 1.3);
M3 0.52 (−0.34, 1.4)
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline)(a)

Ascertainment of outcome
Exposure groups(a)

n/person-years
Model covariates Results

Perceptual reasoning: M1
1.2 (0.18, 2.2); M3 1.2 (0.18,
2.2)
Working memory: M1 0.34
(−0.18, 0.86); M3 0.25
(−0.28, 0.78)
Processing speed: M1 0.52
(−0.50, 1.5); M3 0.53 (−0.50,
1.6)
U-Se ≥ 34 μg/L
Full developmental: M1 1.1
(−12, 14); M3 1.0 (−12, 14)
Verbal: M1–1.5 (−5.8, 2.8);
M3–1.4 (−5.8, 3.0)
Perceptual reasoning: M1
3.1 (−20, 8.1); M3 3.2 (−2.0,
8.3)
Working memory: M1–0.13
(−2.8, 2.5); M3–0.28 (−3.0,
2.4)
Processing speed: M1–0.37
(−5.5, 4.8); M3–0.44 (−5.7,
4.8)

HEALS project

Croatia, Slovenia,
Poland

Calamandrei
et al. (2020)

18 mo for PHIME
and 24 mo for
REPRO_PL

Public

N = 984
Population Sampled:
Mothers and their infants from
the PHIME and REPRO_PL
cohorts.
Excluded
PHIME: preterm births,
babies with congenital
malformations or severe
perinatal problems or severe
health problems that
presented in the following mo

Neuropsychological
development assessed by
BSID-III at 18 mo in PHIME
cohort and at 24 mo in
REPRO_PL cohort

Cord-blood Se at
delivery (μg/L,
mean � SD
(min-max))
PHIME Croatia
42.5 � 9.0 (24.0–71.0)
n = 141
PHIME Slovenia
40.3 � 8.0 (15.0–61.0)
REPRO_PL
31.1 � 8.2 (13.8–56.3)

Sex, age at examination (mo),
maternal pre-pregnancy BMI,
maternal education level
(primary vs secondary vs
university degree), and mode
of delivery (caesarean vs
natural)

Cord-blood Se and BSID-
III scores, β-coefficients
(95% CI)
PHIME CRO
Cognitive: 0.045 (−0.201,
0.292) p = 0.717
Language: 0.178 (−0.144,
0.499) p= 0.278
Motor: 0.005 (−0.265, 0.276)
p = 0.969
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline)(a)

Ascertainment of outcome
Exposure groups(a)

n/person-years
Model covariates Results

and potentially compromised
their neurological
development.
REPRO_PL: Poor-quality
BSID tests or missing data.
PHIME Croatia, n = 141
PHIME Slovenia, n = 212
REPRO_PL, n = 311
Sex (% F): 51.6
Ethnicity: NR
Mothers’ age (yr):
29.6 � 4.5

PHIME SLO
Cognitive: 0.118 (−0.155,
0.391) p = 0.394
Language: 0.172 (−0.174,
0.518) p = 0.329
Motor: 0.050 (−0.224, 0.324)
p= 0.719
REPRO_PL
Cognitive: −0.024 (−0.320,
0.273) p= 0.876
Language: 0.071 (−0.186,
0.327) p = 0.587
Motor: −0.029 (−0.325,
0.266) p= 0.846
Non-linearity not explored.

NHBCS

USA

Doherty et al.
(2020)

3 yr

Public

N = 2000 mother–child pairs
Population Sampled:
mothers aged 18–45 yr,
carrying a singleton
pregnancy, literate in English,
having a private water system
as the primary source of water
at their residence
n children = 371 for SRS-2
and 318 for BASC-2
Sex (% F): 51
Ethnicity: Majority white,
non-Hispanic
Mothers’ age (yr, median
(IQR)): 31 (29,34)

Neurobehavior at 3 years of
age assessed by mothers
using the Social
Responsiveness Scale, 2nd
edition (SRS-2) and the
Behaviour Assessment System
for Children, 2nd edition
(BASC-2)

Maternal prenatal
toenail Se (at 25–30
gestational wk) (μg/g,
median (IQR))
0.97 (0.87, 1.07)
Infant toenail Se at
2–8 wk after birth
(μg/g, median (IQR))
1.21 (0.90, 1.81)

Maternal age (quadratic),
maternal BMI (quadratic),
highest level of parental
education (high school or less,
any college, any graduate),
sex, parity (0, ≥1), smoking
status (no second- or first-
hand, ever second-hand only,
ever first-hand), age at last
breastfeeding (< 365 d, ≥ 365
d), maternal marital status
(married, other), birth year,
Healthy Eating Index (linear),
Parenting Relationship
Questionnaire (first three
principal components), and
age at assessment (linear).

Toenail As, Cu, Mn, Pb, and Zn
fixed at their medians

Maternal toenail Se and
SRS-2/BASC-2 scores;
effect estimate* (95% CI)
SRS-2
Total: −0.04 (−0.15, 0.07)
BSC-2
Behavioural Symptoms:
0.03 (−0.08, 0.14)
Externalising Problems:
0.07 (−0.04, 0.17)
Internalising Problems:
−0.02 (−0.14, 0.10)
Adaptive Skills: 0.02
(−0.09, 0.14)
Infant toenail Se and SRS-
2/BASC-2 scores; effect
estimate* (95% CI)
SRS-2
Total: 0.00 (−0.05, 0.05)
BSC-2
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline)(a)

Ascertainment of outcome
Exposure groups(a)

n/person-years
Model covariates Results

Behavioural Symptoms:
0.03 (−0.02, 0.08)
Externalising Problems:
0.04 (−0.01, 0.09)
Internalising Problems:
0.06 (0.01, 0.12)
Adaptive Skills: 0.01
(−0.04, 0.07)

*Difference in the mean
predicted outcome
(standardised) between Se
fixed at 75% versus 25%

Associations appeared linear
(after log2 transformation)

PHIME

Italy

Castriotta et al.
(2020)

40 mo

Public

N = 900 mother–child pairs
Population sampled:
mother–child pairs enrolled in
the Northern Adriatic Cohort II
in Italy
Excluded: preterm births,
babies with congenital
malformations or severe
perinatal problems or with
severe health problems that
presented in the following mo
and potentially compromised
their neurological
development; missing
outcome assessment
n = 456
Sex (% F): 47.8
Ethnicity: NR
Mothers’ age (yr):
33.4 � 4.3

Neuropsychological
development assessed by
BSID-III at 40 mo old.

Cord-blood Se (ng/g)
117.4 � 27.1
Cord-blood Se (ng/g),
tertiles
T1: Se ≤ 105
T2: 105 < Se ≤ 125
T3: Se > 125

Home size, children fish intake
up to 18 mo

Dichotomised BSID-III
cognitive composite
score*, OR (90% CI)
T1 vs T2: 2.13 (1.18, 3.85)
T3 vs T2: 1.41 (0.76, 2.62)

*Children who scored under
the 20th percentile of the
cognitive composite score
were considered as having
suboptimal cognitive
development and were
compared with children who
scored above that cut-off
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BSID: Bayley Scales of Infant Development; BW: body weight; d: day; F: females; HEALS: Health and Environment-wide Associations based on Large population Surveys; INMA: Spanish Childhood
and Environment Project; KSPD: Kyoto Scale of Psychological Development; M: males; MINIMat: Maternal and Infant Nutrition Interventions in Matlab; mo: month; MSCA: McCarthy Scales of
Children’s Abilities; NA: not applicable; NHBCS: New Hampshire Birth Cohort Study; NR: not reported; PHIME: Public Health Impact of Long-term Low level Mixed Element Exposure in Susceptible
Population Strata; REPRO_PL: Polish Mother and Child Cohort; SD: standard deviation; USA: United States of America; WISC: Wechsler Intelligence Scale for Children; wk: week; WPPSI: Wechsler
Preschool and Primary Scale of Intelligence; yr: year.
(a): Mean � SD, unless specified otherwise.

D.6. Thyroid function

D.6.1. Intervention studies on thyroid function

Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes
assessed

Results(b)

Baseline End of trial

Rayman
et al. (2008b)
UK PRECISE
pilot study
UK

RCT
G1, placebo: 121/90
G2, 100 Se μg/d: 127/99
G3, 200 Se μg/d: 127/95
G4, 300 Se μg/d: 126/84
Duration: 6 mo
Euthyroid volunteers; TSH at
baseline within the reference range
(0.15–3.5 mU/L); SWOG
performance status score ≤ 1; no
active liver or kidney disease; no
prior diagnosis of cancer
(excluding nonmelanoma skin
cancer); no diagnosis of HIV
infection; not on
immunosuppressive therapy; not
diminished mental capacity; not
taking ≥ 50 μg/d of Se
supplements in the previous 6 mo.

Sex (% F): 44
Age, range:
60–74 yr
BMI (kg/m2): NR
Ethnicity:
Caucasian
Plasma Se (ng/g,
mean (95% CI)):
88.9 (86.9, 90.8)
Se intake: NR

Se-enriched yeast (100 μg Se/
d or 200 μg Se/d or 300 μg
Se/d) vs placebo
Adherence, pill counts (%):
97% participants
missed < 10% pills
Increase in plasma Se at 6 mo
follow up, ng/g (mean (95%
CI))
G1: 0
G2: +53.5 (48.2, 58.8)
G3: +96.4 (89.2, 103.6)
G4: +129.7 (119.9, 139.5)

Plasma levels
of T3, FT3,
T4, FT4, T3:
T4, FT3:FT4,
TSH

T3 (nmol/L)
G1: 1.80 � 0.30
G2: 1.81 � 0.23
G3: 1.82 � 0.49
G4: 1.73 � 0.27
FT3 (pmol/L)
G1: 5.25 � 0.57
G2: 5.14 � 0.62
G3: 5.14 � 0.62
G4: 5.17 � 0.56
T4 (nmol/L)
G1: 86.5 � 17.3
G2: 87.7 � 18.1
G3: 85.6 � 15.9
G4: 82.7 � 15.8
FT4 (pmol/L)
G1: 12.2 � 2.1
G2: 11.8 � 1.6
G3: 12.0 � 1.8
G4: 11.6 � 1.9
T3:T4 (x10−2)
G1: 2.13 � 0.43
G2: 2.12 � 0.40
G3: 2.16 � 0.50
G4: 2.14 � 0.44

T3 (nmol/L)
G1: 1.79 � 0.23
G2: 1.78 � 0.22
G3: 1.80 � 0.47
G4: 1.72 � 0.25
Adj p = 0.56*
FT3 (pmol/L)
G1: 5.25 � 0.61
G2: 5.15 � 0.65
G3: 5.22 � 0.55
G4: 5.17 � 0.59
Adj p = 0.45*
T4 (nmol/L)
G1: 87.2 � 18.0
G2: 87.0 � 16.4
G3: 83.5 � 14.5
G4: 81.6 � 14.4
Adj p = 0.10*
FT4 (pmol/L)
G1: 12.1 � 2.1
G2: 11.9 � 1.6
G3: 11.9 � 1.8
G4: 11.6 � 1.7
Adj p = 0.92*
T3:T4 (× 10−2)
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes
assessed

Results(b)

Baseline End of trial

FT3:FT4
G1: 0.44 � 0.08
G2: 0.44 � 0.06
G3: 0.44 � 0.08
G4: 0.45 � 0.07
TSH (mU/L)
G1: 1.17 � 0.66
G2: 1.24 � 0.73
G3: 1.20 � 0.61
G4: 1.21 � 0.61

G1: 2.12 � 0.41
G2: 2.09 � 0.37
G3: 2.19 � 0.46
G4: 2.15 � 0.43
Adj p = 0.37*
FT3:FT4
G1: 0.44 � 0.09
G2: 0.44 � 0.07
G3: 0.45 � 0.08
G4: 0.45 � 0.07
Adj p = 0.41*
TSH (mU/L)
G1: 1.23 � 0.72
G2: 1.23 � 0.70
G3: 1.27 � 0.69
G4: 1.18 � 0.69
Adj p = 0.24*
*Between-groups
comparisons
(ANCOVA; adjusted for
baseline value, sex,
age, and clinic
location)

Winther
et al. (2015)
DK PRECISE
Denmark

RCT
G1, placebo: 126/90
G2, 100 μg Se/d: 124/91
G3, 200 μg Se/d: 122/90
G4, 300 μg Se/d: 119/90
Duration (max): 5 yr
Aged 60–74 yr; taking > 80% pills
in the run-in phase; SWOG
performance status score ≤ 1; no
active liver or kidney disease; no
previous diagnosis of cancer
(excluding NMSC); no diagnosed
HIV infection; not receiving

Sex (% F): 48.1
Age (yr):
66.1 � 4.1
BMI (kg/m2): NR
Ethnicity:
Caucasian
Plasma Se (ng/g,
median (IQR))
G1: 85 (20)
G2: 86 (18)
G3: 88 (22)
G4: 84 (19)
Se intake: NR

Se-enriched yeast (100 μg Se/
d or 200 μg Se/d 300 μg Se/d)
vs placebo
Adherence: NR
Serum selenium at 5 yr follow
up, μg/L (median (IQR))
G1: 85 (16)
G2: 157 (33)
G3: 217 (46)
G4: 271 (106)

Plasma levels
of FT3, FT4,
FT3:FT4, TSH

FT3 (pmol/L,
median (IQR))
G1: 5.44 (0.77)
G2: 5.56 (0.71)
G3: 5.54 (0.68)
G4: 5.56 (0.83)
FT4 (pmol/L,
median (IQR))
G1: 12.88 (2.67)
G2: 13.06 (2.8)
G3: 13.43 (2.28)
G4: 13.43 (2.38)

FT3 (pmol/L,
median (IQR))
G1: 5.54 (0.95)
G2: 5.59 (0.71)
G3: 5.58 (0.78)
G4: 5.53 (0.78)
FT4 (pmol/L,
median (IQR))
G1: 13.32 (3.07)
G2: 13.52 (2.88)
G3: 13.24 (2.08)
G4: 13.25 (2.12)
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes
assessed

Results(b)

Baseline End of trial

immunosuppressive therapy; not
receiving ≥ 50 mg/day of Se
supplements in the previous 6 mo

FT3:FT4 (median,
IQR))
G1: 0.43 (0.07)
G2: 0.43 (0.10)
G3: 0.42 (0.07)
G4: 0.42 (0.07)
TSH (mU/L, median
(IQR))
G1: 1.21 (0.81)
G2: 1.28 (0.94)
G3: 1.14 (0.95)
G4: 1.18 (0.89)

FT3:FT4 (median,
IQR))
G1: 0.42 (0.09)
G2: 0.42 (0.09)
G3: 0.42 (0.07)
G4: 0.42 (0.08)
TSH (mU/L, median
(IQR))
G1: 1.22 (1.02)
G2: 1.17 (0.79)
G3: 1.32 (0.84)
G4: 1.06 (0.85)

Carvalho et al.
(2015)
Brazil

RCT
G1, placebo: 45/42
G2, 227.5 μg Se/day: 44/35
Duration: 90 d
Aged 40–80 yr; with dyslipidemia
and hypertension and treated for
both conditions in the previous 3
mo; TSH within reference range
(0.45–4.50 μUI/mL) and FT4
within reference range (0.70–
1.48 ng/dL); no history of thyroid
disease or thyroid medication use;
no chronic renal failure; not using
supplements containing > 20 μg
Se/day; no excessive consumption
of Brazil nuts; not having plasma
Se levels > 125 μg/L; not being
current smokers; not having been
in a rigorous exercise/ weight-
reduction program in the previous
3 mo

Sex (% F): 44.2
Age (yr):
60.05 � 10.27
BMI (kg/m2):
29.54 � 5.60
Ethnicity: NR
Plasma Se (μg/L)
G1: 86.6 � 17.2
G2: 88.7 � 15.3
Se intake: NR

13 g/day partially defatted
Brazil nut flour (227.5 μg of
Se/d) vs 11 g/day of artificially
flavoured dyed cassava flour
as placebo (0.07 μg Se/d)
Plasma Se at 90 d follow up,
μg/L
G1: 92.7 � 16.8
G2: 169.5 � 46.5

Plasma levels
of FT3, FT4,
TSH

NR Change from
baseline
FT3 (pg/mL)
G1: −0.1 � 0.4
G2: 0.1 � 1.1
p = 0.030, for
intragroup differences
in G1, compared to
baseline values
NS, for intragroup
differences in G2 or
intergroup differences
at end of trial
FT4 (ng/dL)
G1: −0.1 � 0.1
G2: 0.1 � 0.6
NS, for intragroup
differences in G1 and
G2, or intergroup
differences at end of
trial
TSH (μUI/mL)
G1: −0.2 � 0.9
G2: 0.2 � 1.8
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes
assessed

Results(b)

Baseline End of trial

NS, for intragroup
differences in G1 and
G2.
p = 0.06 for
intergroup differences
at end of trial

Thomson
et al. (2009)
New Zealand

RCT
G1, placebo: 25/24
G2, 100 Se μg/d: 25/25
Duration: 12 wk
Aged 60–80 yr;
noninstitutionalised, free from
cancer, diabetes, or cardiovascular
disease; not using medications for
thyroid function or with any known
thyroid problems; not taking
supplements containing Se or
iodine.

Sex (% F): 55
Age (yr):
72.4 � 4.8
BMI (kg/m2):
26.8 � 5.8
Ethnicity: NR
Plasma Se
(μmol/L)
G1: 1.23 � 0.29
G2: 1.23 � 0.31
Se intake: NR

L-Selenomethionine (100 Se
μg/d) vs placebo
Adherence: 90% of consuming
all pills and 10% consuming
between 97% and 99% pills.

Plasma levels
of FT3, FT4,
FT3:FT4, TSH

FT3 (pmol/L)
G1: 4.85 � 0.47
G2: 4.70 � 0.46
FT4 (pmol/L)
G1: 14.7 � 2.0
G2: 14.0 � 2.0
FT3:FT4 (median,
IQR))
G1: 0.33 (0.31, 0.37)
G2: 0.34 (0.30, 0.39)
TSH (mIU/L,
median (IQR))
G1: 2.35 (1.59, 3.41)
G2: 2.58 (1.76, 3.23)

Change from
baseline
FT3 (geometric
mean (95% CI))
G1: −0.10 (20.27,
0.08), p = 0.267*
G2: 0.15 (20.02,
0.31), p = 0.080*
FT4 (geometric
mean (95% CI))
G1: −0.16 (20.65,
0.33), p = 0.521*
G2: 0.04 (20.43,
0.51), p = 0.881*
*Random-coefficients
mixed model, adjusted
for age, sex, BMI,
baseline plasma Se,
medication use, and
supplement use

Thomson
et al. (2005)
Study 3:
Dunedin
smokers
New Zealand

RCT
G1, placebo: 30
G2, 100 μg Se/d: 30
Duration: 20 wk
Aged 19–52 yr; smokers; whole
blood Se
concentration < 1.0 mmol/L, or
whole blood Se concentration
between 1.0–1.2 mmol/L and

Sex (% F): 50
Age (yr): 19–52
BMI (kg/m2): NR
Ethnicity: NR
Plasma Se
(μmol/L)
G1: 0.99 � 0.15
G2: 0.97 � 0.14
Se intake: NR

L-Selenomethionine (100 μg
Se/day) vs placebo
Adherence: NR

Plasma levels
of T3, T4, TSH

T4 (μmol/L)
G1: 99 � 31
G2: 106 � 36
T3:T4
G1: 0.021 � 0.009
G2: 0.022 � 0.008
TSH NR

T4 (μmol/L)
G1: 91 � 32
G2: 98 � 33
p = NS
T3:T4
G1: 0.020 � 0.007
G2: 0.023 � 0.008
p = NS
TSH NR
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes
assessed

Results(b)

Baseline End of trial

whole blood glutathione
peroxidase activities < 20 units/g
Hb

Thomson
et al. (2005)
Study 5:
Dunedin
residents
New Zealand

RCT
G1, placebo: 86
G2, 200 μg Se/d: 86
Duration: 20 wk
Aged 18–65 years, healthy

Sex (% F): 66.28
Age (yr): 18–65
BMI (kg/m2): NR
Ethnicity: NR
Plasma Se
(μmol/L)
G1: 1.06 � 0.23
G2: 1.14 � 0.28
Se intake: NR

Se-enriched yeast (200 μg Se/
d) vs placebo
Adherence: NR

Plasma levels
of T3, T4, TSH

T4 (μmol/L)
G1: 89 � 18
G2: 88 � 23
T3:T4
G1: 0.018 � 0.003
G2: 0.019 � 0.006
TSH NR

T4 (μmol/L)
G1: 88 � 23
G2: 84 � 22
p = NS
T3:T4
G1: 0.018 � 0.005
G2: 0.018 � 0.004
p = NS
TSH NR

Hawkes
et al. (2008)
USA

RCT
G1, placebo: 20
G2, 300 μg Se/d: 22
Duration: 48 wk
No hypertension, diabetes,
sexually transmitted disease, or
cancer; clinically normal blood
count, blood chemistries and
thyrotropin; no smokers; no use of
Se shampoos, Se supplements
> 50 mg/d, thyroid medications,
weight loss drugs, or anabolic
steroids; not > 10 lb weight
change within last 6 mo; no
exercise or physical training in
excess of 3 × 1-h sessions per wk.

Sex: M
Age (yr): 18–45
BW (kg):
G1: 77.4 � 11.9
G2: 76.3 � 9.9
Ethnicity: NR
Plasma Se: NR
Se intake (3-d
diet record):
135 � 57 μg/d

Se-enriched yeast (300 μg Se/
d) vs placebo
Adherence, pills count (%):
93 � 5.3

Plasma levels
of T3, FT3,
T4, FT4, TSH

T3 (nmol/L)
G1: 1.90 � 0.38
G2: 2.17 � 0.43
FT3 (pmol/L)
G1: 41 � 11
G2: 45 � 7.5
T4 (nmol/L)
G1: 91 � 17
G2: 94 � 17
FT4 (nmol/L)
G1: 18 � 2.7
G2: 18 � 2.7
TSH (mU/L)
G1: 2.30 � 1.31
G2: 2.10 � 0.85

T3 (nmol/L)
G1: 1.77 � 0.28
G2: 1.98 � 0.35
p = NS
FT3 (pmol/L)
G1: 39 � 7.5
G2: 45 � 17
p = NS
T4 (nmol/L)
G1: 92 � 18
G2: 92 � 22
p = NS
FT4 (nmol/L)
G1: 18 � 3.0
G2: 18 � 2.2
p = NS
TSH (mU/L)
G1: 2.16 � 1.11
G2: 2.11 � 1.10
p = NS
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes
assessed

Results(b)

Baseline End of trial

Hawkes and
Keim (2003)
USA

RCT
G1, low Se diet: 6/6
G2, high Se diet: 6/5
Duration: 99 d
Healthy; BW for height 125% of
ideal; no use of Se supplements or
Se-containing shampoos; normal
ECG, blood cell counts, clinical
chemistries or semen analysis; no
HIV infection; no use of illegal
drugs; no use of tobacco or
alcohol; no use of medications; no
history of psychiatric illness,
thyroid or heart disease, syphilis,
hepatitis, diabetes, hypertension or
hyperlipidaemia.

Sex: M
Age (yr): 20–45
BW (kg):
G1: 74.9 � 9.8
G2: 73.5 � 12.6
Ethnicity: NR
Plasma Se
(μg/L)*
G1: 118 � 8
G2: 107 � 19
Se intake: NR

Stabilisation period: 47 μg/day
of Se for 21-d; then
randomised to receive foods
with naturally high (297 μg/d)
or low (14 μg/d) Se content;
diet controlled in metabolic
research unit.

Plasma levels
of T3, T4, TSH

T3 (nmol/L)*
G1: 1.57 � 0.25
G2: 1.82 � 0.36
T4 (nmol/L)*
G1: 118 � 26
G2: 113 � 15
TSH (mU/L)*
G1: 1.69 � 0.30
G2: 2.25 � 0.81
* Values at 21-d (end
of stabilisation period)

T3 (nmol/L)
G1: 1.64 � 0.16
G2: 1.57 � 0.07
p Se = 0.013; p
time = NS; p
Se × time = 0.048#

T4 (nmol/L)
G1: 90.3 � 6.6
G2: 86.8 � 12.7
p Se = NS; p
time = 0.033; p
Se × time
model = NS#

TSH (mU/L)
G1: 1.77 � 0.46
G2: 2.96 � 1.05
p Se = NS; p
time = 0.011; p
Se × time = 0.031#
#Repeated-measures
ANOVA, controlling for
baseline values

Duffield and
Thomson (1999)
New Zealand

RCT
G1, placebo: 10
G2, 10 Se μg/d: 10
G3, 20 Se μg/d: 11
G4, 30 Se μg/d: 10
G5, 40 Se μg/d: 11
Duration: 20 wk
New Zealand residents;
whole-blood Se concentrations
< 1.26 mmol/L

Sex (% F): 67.31
Age (yr): 19–59 y
BW (kg):
G1: 78.5
G2: 66.4
G3: 76.6
G4: 79.4
G5: 67.8
Ethnicity: NR
Plasma Se
(μmol/L)
G1: 0.783
G2: 0.806
G3: 0.846

L-selenomethionine (10 Se
μg/day, 20 Se μg/day, 30 Se
μg/day or 40 Se μg/day) vs
placebo
Adherence (assessed by pill
counts) NR
Increase in whole-blood Se at
20 kw follow up vs baseline,
% (mean)
G1: +4
G2: +9
G3: +9
G4: +7
G5: +13

Plasma levels
of T4

T4 (nmol/L)
G1: 95 � 32
G2: 108 � 21
G3: 97 � 15
G4: 97 � 18
G5: 95 � 23

T4 (nmol/L)
G1: 99 � 30
G2: 93 � 10*
G3: 88 � 15
G4: 90 � 17
G5: 89 � 19
G2-G5 (combined):
89 � 15*
*Significantly different
from week 0 after
adjustment for
baseline value,
p < 0.05
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes
assessed

Results(b)

Baseline End of trial

G4: 0.869
G5: 0.809
Se intake
(μg/day)
3-d duplicate diets:
29 � 13
3-d diet records:
28 � 15

Olivieri
et al. (1995)
Italy

RCT
G1, placebo: 20/17
G2, 100 Se μg/d: 20/19
Duration: 3 mo
No nutritional disturbances, thyroid
or gastrointestinal diseases that
could influence thyroid hormones
or Se status; not taking
supplements.

Sex (% F): 77.8
Age (yr): 85 � 7
Ethnicity:
Caucasian
Serum Se
(μmol/L)
G1: 0.79 � 0.18
G2: 0.83 � 0.13
Se intake: NR

Sodium selenite (100 Se μg/d)
vs placebo
Adherence: tablets given
during breakfast over the
supervision of a nurse.
Serum Se increased by 61% in
the supplemented participants
vs no change in the control
group

Plasma levels
of T3, T4,
FT4, T3:T4,
TSH

T3 (nmol/L)
G1: 1.1 � 0.17
G2: 1.08 � 0.14
T4 (nmol/L)
G1: 70 � 13
G2: 67 � 9
FT4 (pmol/L)
G1: 9.99 � 2.2
G2: 9.4 � 1.5
T3:T4
G1: 0.016 � 0.003
G2: 0.016 � 0.002
TSH (mU/L)
G1: 1.14 � 0.51
G2: 1.2 � 0.5

T3 (nmol/L)
G1: 1.1 � 0.09
G2: 0.99 � 0.2
T4 (nmol/L)
G1: 68.5 � 10.4
G2: 62 � 10*
FT4 (pmol/L)
G1: 10 � 1.65 G2:
9.3 � 2
T3:T4
G1: 0.015 � 0.002
G2: 0.016 � 0.003
TSH (mU/L)
G1: 0.99 � 0.71
G2: 1.18 � 0.58
*paired Student t-test:
significant difference
between values at
baseline vs end of trial
(p < 0.05).

CI: confidence interval; d: day; BMI: Body mass index; BW: body weight; DK: Denmark; ECG: electrocardiogram; ERMS: error root mean square; F: females; Gx: group x; HIV: human
immunodeficiency virus; M: males; mo: month; NR: not reported; NS: not significant; PRECISE: PREvention of Cancer by Intervention with Selenium; RCT: randomised controlled trial; Se: selenium;
SWOG: Southwest Oncology Group; T3: triiodothyronine; T4: thyroxine; TSH: thyroid-stimulating hormone; FT3: free triiodothyronine; FT4: free thyroxine; T3:T4: triiodothyronine: thyroxine ratio;
UK: United Kingdom; USA: United States of America; wk: week; yr: year.
(a): Duration = duration of the treatment phase, unless specified otherwise.
(b): Mean � SD, unless specified otherwise.
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D.6.2. Observational studies on thyroid diseases

Cohort name
Country
Reference
Follow-up
Funding

Original Cohort
(N total)
Exclusion criteria
Study population
(n, sex and age at
baseline)

Ascertainment of
outcome

Exposure groups
n

Incident cases Model covariates Results

NIH-AARP
Diet and
Healthy
Study
USA
O’Grady et al.
(2014)
Prospective
Cohort
10 yr
Public

N = 566,398
Population Sampled:
members of the American
Association of Retired
Persons (AARP), aged
50–71 yr old.
Excluded: participants
with proxy respondents,
reported poor health or
end stage renal disease,
with a previous diagnosis
of cancer other than
NMSC, with extreme or
missing values for total
energy intake or Se
intake.
n = 482,807
Sex (% F): 40.34
Ethnicity: Majority white
Age (yr, range): 50–71

Incident thyroid cancer
cases identified via
linkage of the NIH-AARP
cohort membership to
state cancer registries
and the National Death
Index; defined according
to the International
Classification of Disease
for Oncology, Third
Edition (ICD-O-3)

Se intake assessed
through a SFFQ
Se intake (μg/day
mean � SD):
94.0 � 42.9
Quintiles of Se intake
(μg/day, median)
Q1: 47
Q2: 68.4
Q3: 86.6
Q4: 108.6
Q5: 150.1
n, per quintile of
intake
Q1: 96,561 (22,396 M)
Q2: 96,562 (39,795 M)
Q3: 96,561 (60,176 M)
Q4: 96,562 (77,287 M)
Q5: 96,561 (88,290 M)

592 incident thyroid
cancer cases
n thyroid cancer
cases, F/M,
per quintile of intake
Q1: 119/19
Q2: 106/25
Q3: 66/49
Q4: 29/68
Q5: 15/96

Model 1 (M1) - age
Model 2 (M2) –
M1 + sex, calories,
smoking status, race,
education, BMI, and
physical activity.
Model 3 (M3) –
M2 + vitamin C, vitamin
E, beta-carotene, and
folate.

Incidence of thyroid
cancer, HRs (95%
CI)
M1
Q1 (ref): 1
Q2: 0.96 (0.75, 1.22)
Q3: 0.85 (0.66, 1.09)
Q4: 0.72 (0.56, 0.94)
Q5: 0.83 (0.65, 1.07)
M2
Q1 (ref): 1
Q2: 1.00 (0.79, 1.28)
Q3: 0.99 (0.76, 1.29)
Q4: 1.00 (0.75, 1.33)
Q5: 1.23 (0.92, 1.65)
M3
Q1 (ref): 1
Q2: 1.07 (0.83, 1.36)
Q3: 1.07 (0.81, 1.40)
Q4: 1.10 (0.82, 1.48)
Q5: 1.35 (0.99, 1.84)

CI: confidence interval; F: females; HR: hazard ratio; M: males; NIH-AARP: National Institutes of Health-American Association of Retired Persons – Diet and Health Study; Qx: quintile x; SD:
standard deviation; SFFQ: semi-quantitative food frequency questionnaire; USA: United States of America; yr: year.
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D.7. Prostate cancer

D.7.1. Intervention studies on incidence of prostate cancer

Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject characteristics
at baseline(b) Intervention(b) Outcomes assessed Results

Algotar
et al. (2013b)
NBT
USA and New
Zealand

RCT
G1, placebo: 232/0
G2, 200 μg Se/d: 234/
0 G2, 400 μg Se/d: 233/0
Duration (median): 35 mo
High risk of prostate cancer,
as evidenced by PSA > 4 ng/
mL and/or suspicious DRE
and/or PSA velocity > 0.75
ng/mL per yr; negative
prostate biopsy for cancer
within 12 mo of enrolment.

Sex: M
Age (yr)
G1: 65.5 � 7.4
G2: 65.2 � 8.0
G3: 65.5 � 7.7
BMI (kg/m2): NR
Ethnicity
(Caucasians, %)
G1: 84.2 G2: 83.7
G3: 82.6
Plasma Se (μg/L)
G1: 124.5 � 24.7
G2: 126.6 � 26.9
G3: 127.2 � 24.8
PSA (ng/mL)
G1: 6.4 (5.6)
G2: 7.2 (6.2)
G3: 6.9 (4.5)
Se intake: NR

Selenised yeast (200 μg Se/
d or 400 μg Se/d or) vs
placebo
Adherence, pill counts (%)
G1: 92.1
G2: 93.2
G3: 91.2

Incidence of prostate cancer,
biopsy-proven (primary
endpoint). Tissue samples from
the subject’s qualifying biopsy
requested from the subject’s
physician and compiled in a
biospecimen repository.

HR for risk of prostate
cancer (95% CI) (adjusted
for age at baseline, race,
baseline PSA, and baseline
plasma Se concentration)
G1: 1 (ref)
G2: 0.94 (0.52, 1.7)
G3: 0.90 (0.48, 1.66)

Lippman
et al. (2009)
Klein et al. (2011)
SELECT
USA, Canada,
Puerto Rico

RCT
G1, placebo: 8,856/8,696
G2, 200 μg Se/d: 8,910/
8,752 Duration (median
(min-max)): 5.46
(4.17–7.33) yr (+ additional
3 yr of follow up)
Aged ≥ 50 yr (African
American men) or 55 yr or
older (all other men); serum
PSA ≤4 ng/mL; DRE not
suspicious for prostate cancer

Sex: M
Age (yr, median
(IQR))
G1: 62.6 (58.1–67.8)
G2: 62.6 (58.2–68.0)
BMI (kg/m2): NR
Ethnicity (Caucasian,
%): 79
Serum Se (μg/L,
median (IQR))
G1: 137.6 (124.7–151.8)
G2: 135.0 (123.4–145.9)

L-selenomethionine (200 μg
Se/d) vs placebo
Adherence, pill counts (%)
G1: 85% at yr 1; 69%
at yr 5
G2: 84% at yr 1; 69%
at yr 5
Serum Se at 4 yr, μg/L
(median (IQR))
G1: 140.1 (124.3–150.8)
G2: 251.6 (218.7–275.0)

Incidence of prostate cancer
determined by routine clinical
management. Prostate cancer
status was determined by self-
report at each 6-mo study visit;
pathology report and tissue
forwarded to the central
pathology laboratory for
confirmation of diagnosis

N prostate cancer cases; HR
for risk of prostate cancer
(95% CI)
By end of intervention
period:
G1: 416|G2: 432; 1.04 (0.90,
1.18), p = 0.62
Intervention period + 3 yr
of follow up:
G1: 529|G2: 575; 1.09 (0.93,
1.27), p = 0.18
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject characteristics
at baseline(b) Intervention(b) Outcomes assessed Results

PSA (ng/mL, mean
(IQR))
G1: 1.1 (0.6–1.9)
G2: 1.1 (0.6–1.9)
Se intake: NR

Of which, prostate cases with
Gleason ≥7
G1: 133|G2: 161; 1.21 (0.90,
1.63), p = 0.11

Marshall et al.
(2011)
USA

RCT
G1, placebo: 225/134
G2, 200 μg Se/d: 227/135
Duration: 3 yr
Aged ≥ 40 yr; biopsy-
confirmed diagnosis of high-
grade prostatic intraepithelial
neoplasia with no evidence of
cancer; PSA ≤ 10 ng/mL; AUA
symptom score < 20;
ambulatory and able to carry
out work of a light or
sedentary nature.

Sex: M
Age (yr): ≥ 40
BMI < 25|> 30 kg/m2

(%)
G1: 26.1|27.5
G2: 21.7|26.4
Ethnicity (White, %)
G1: 76.8
G2: 83.5
Plasma Se, μg/L
(median (IQR))
G1 (n = 51): 135.2
(113.3, 166.8)
G2 (n = 46): 138.1
(104.7, 166.4)
PSA < 4 ng/mL|
4–10 ng/mL (%)
G1: 42.6|57.4
G2: 38.2|61.8
Se intake NR

Selenomethionine (200 μg
Se/d) vs placebo
Adherence, pills count (%),
at 1 yr; 3 yr
G1: 90.8; 81.3
G2: 90.5; 78.9
Plasma Se (median, μg/L),
at 1 yr; 3 yr
G1 (n = 51): 145.7; 152.1
G2 (n = 46): 240.4; 261.2

Incidence of prostate cancer;
biopsy proven. DRE every 6
mo. Tissue blocks and
corresponding
pathology reports for all
prostate procedures submitted
to the central study pathologist
for review (blinded to study
assignment)

N prostate cancer cases; RR
for prostate cancer (95%
CI)
G1: 47|G2: 45; 0.97 (0.68,
1.39)
By quartile of baseline plasma
Se
< 106 μg/L
G1: 11|G2: 9; 0.82 (0.40, 1.69)
106–132 μg/L
G1: 9|G2: 12; 1.38 (0.68, 2.78)
132–162 μg/L
G1: 16|G2: 14; 0.98 (0.58,
1.68)
> 162 μg/L
G1: 11|G2: 10; 0.91 (0.45,
1.84)

Duffield-Lillico
et al. (2003a)
NPC
USA

RCT
G1, placebo: 470
G2, 200 μg Se/day: 457
Duration (mean, max):
7.6 yr, 13 yr
Confirmed histories of
nonmelanoma skin cancer
within the year before
randomisation; estimated
5-year life-expectancy; no

Sex: M
Age (yr)
G1: 63.7 � 9.4
G2: 64.9 � 8.8
BMI (kg/m2)
G1: 25.9 � 3.7
G2: 26.0 � 3.6
Ethnicity: NR

Selenised yeast (200 μg
Se/d) vs placebo
Adherence NR

Participants visited the clinics
every 6 mo and reported new
illnesses and medications;
medical records documenting
any cancer screening
procedures (PSA tests, DRE,
prostate biopsies and surgery)
obtained throughout the course
of the trial. Incident prostate
cancer cases reviewed and

N prostate cancer cases; HR
for prostate cancer (95%
CI) (adjusted for age and
smoking)
G1: 42|G2: 22; 0.48 (0.28,
0.80)
By tertile of baseline plasma Se
≤ 106.4 μg/L
G1: 15|G2: 2; 0.14 (0.03, 0.61)
106.8–123.2 μg/L
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject characteristics
at baseline(b) Intervention(b) Outcomes assessed Results

cancer within the previous
5 years.

Plasma Se (μg/L)
G1: 115.1 � 22.0
G2: 115.1 � 22.1
PSA (ng/mL)
G1: 1.9 (3.3)
G2: 2.0 (3.4)
Se intake: NR

staged by a urological
oncologist according to the TNM
system.

G1: 16|G2: 7; 0.33 (0.13, 0.82)
> 123.2 μg/L
G1: 11|G2: 13; 1.14 (0.51,
2.59)

AUA: American Urological Association; BMI: body mass index; CI: confidence interval; d: day; DRE: digital rectal examination; Gx: group x; HR: hazard ratio; IQR: interquartile range; M: males; mo:
month; NBT: Negative Biopsy Trial; NPC: Nutritional Prevention of Cancer Trial; NR: not reported; PC: prostate cancer; PSA: prostate specific antigen; RCT: randomised controlled trial; Se: selenium;
SELECT: Selenium and Vitamin E Cancer Prevention Trial; TNM: tumour, nodes, and metastases; USA: United States of America; yr: year.
(a): Duration = duration of the treatment phase, unless specified otherwise.
(b): Mean � SD, unless specified otherwise.

D.7.2. Observational studies on dietary selenium intake and incidence of prostate cancer

Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure
groups(a)

n/person-years
Incident cases Model covariates Results

EPIC
Denmark, Italy, The
Netherlands, Spain,
Sweden, UK,
Germany, Greece
Allen et al. (2008)
4.3 yr (median; up
to 15.1 yr)
Nested Case–Control
Public

N ≈ 520,000
Population sampled:
general population
Excluded: no blood sample,
missing information on the
date of blood collection or
had a history of cancer
(except NMSC)
n = 2,018
cases: 959
controls: 1,059 (matched for
age, time of blood collection)
Sex: M
Ethnicity: Caucasian
Age (yr): 43–76

Data on stage and grade at
diagnosis extracted from
pathology reports stored at
cancer registries or from
medical records stored at the
treating hospital.

Serum Se (μg/L,
geometric mean
(95% CI))
Cases: 70.6 (69.7,
71.5)
Controls: 71.9
(71.0, 72.7)
n, per quintile
Q1 < 62: 441
Q2 62–68.5: 391
Q3 68.6–75: 404
Q4 75.1–84.0: 384
Q5 ≥ 84.1: 398

Cases per
quintile
Q1: 229
Q2: 179
Q3: 192
Q4: 172
Q5: 187

Model 1: crude
Model 2: BMI, smoking
status, alcohol intake,
physical activity, marital
status, and education level

Incidence of
prostate cancer;
RR (95% CI)
Model 1
Q1(ref.): 1
Q2: 0.80 (0.60,
1.05)
Q3: 0.87 (0.65,
1.16) Q4: 0.85
(0.64, 1.14)
Q5: 1.00 (0.74,
1.36)
ptrend = 0.48
Model 2
Q1(ref.): 1
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure
groups(a)

n/person-years
Incident cases Model covariates Results

Q2: 0.81 (0.61,
1.07)
Q3: 0.85 (0.63,
1.14) Q4: 0.82
(0.61, 1.10)
Q5: 0.96 (0.70,
1.31)
ptrend = 0.25

MEC
USA
Park et al. (2015)
13.9 yr (mean)
Prospective cohort
Public

N = 96,896
Population sampled:
general population
Excluded: not belonging to
one of the five racial/ethnic
groups, prior prostate
cancer, implausible dietary
data based on total energy
intake or its components,
and missing or incomplete
data
n = 75,216
Sex: M
Ethnicity: 26% White, 12%
African American, 7% Native
Hawaiian, 32% Japanese
American, 23% Latino
Age (yr): 45–75

Cases identified by linkage to
the Surveillance,
Epidemiology, and End
Results (SEER) cancer
registries covering the states
of Hawaii and California.

Se intake assessed
through a SFFQ
Quintiles cut-
points, μg/
1,000 kcal
Q1 < 44
Q2 44–49.4
Q3 49.5–54.3
Q4 54.4–60
Q5 ≥ 60.1
n per quintile:
NR

Total cases:
7,115
Cases per
quintile: NR

Age at cohort entry, race/
ethnicity, family history of
prostate cancer, BMI,
smoking status, education,
history of diabetes, physical
activity, alcohol
consumption, calcium intake,
legume intake, lycopene
intake.

Incidence of
prostate cancer;
RR (95% CI)
Q1(ref): 1
Q2: 1.10 (0.96,
1.26)
Q3: 1.10 (0.95,
1.27)
Q4: 0.98 (0.84,
1.16)
Q5: 1.01 (0.84,
1.20)
ptrend = 0.71

DCH cohort
Denmark
Outzen et al. (2021)
Up to 19 yr
Nested Case–Control
Mixed

N = 27,178
Population sampled:
general population, aged 50–
64 yr, without prior diagnosis
of cancer
Excluded: lack of toenail
sample, very high toenail Se
concentration, very low

Data on cancer occurrence
obtained through record
linkage to the Danish Cancer
Registry.

Toenail
selenium (μg/g,
median (P5,
P95): 0.510
(0.394, 0.717)
n, per quintile
Q1 ≤ 0.447: 481

Cases per
quintile of
toenail Se
Q1: 247
Q2: 211
Q3: 239
Q4: 232
Q5: 231

BMI, smoking status,
education, participation in
sport

Incidence of
prostate cancer,
OR (95% CI)
By toenail Se
Q1(ref): 1
Q2: 0.87 (0.67,
1.12)

Tolerable upper intake level for selenium

www.efsa.europa.eu/efsajournal 150 EFSA Journal 2023;21(1):7704

 18314732, 2023, 1, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2023.7704 by U

niversity O
f A

berdeen, W
iley O

nline L
ibrary on [08/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure
groups(a)

n/person-years
Incident cases Model covariates Results

toenail sample mass, missing
data, incomplete case–
control pairs
n = 2,320
Cases: 1,160
Controls: 1,160
Sex: M
Ethnicity: Caucasian
Age (yr): 50–64

Q2 0.447–0.488:
441
Q3 0.488–0.533:
474
Q4 0.533–0.599:
461
Q5 ≥ 0.599: 463
Plasma
selenoprotein P
(n = 993; mg/L,
median (P5,
P95): 5.5 (3.5,
8.0)
n, per quintile
Q1 ≤ 4.4: 399
Q2 4.4–5.2: 425
Q3 5.2–5.8: 408
Q4 5.8–6.7: 382
Q5 > 6.7: 372

Cases per
quintile of
plasma
selenoprotein P
Q1: 200
Q2: 226
Q3: 209
Q4: 184
Q5: 174

Q3: 0.97 (0.75,
1.27)
Q4: 0.98 (0.74,
1.30)
Q5: 0.95 (0.72,
1.26)
ptrend = 0.88
By plasma
selenoprotein P
Model 1
Q1(ref): 1
Q2: 1.13 (0.86,
1.49)
Q3: 1.03 (0.78,
1.37)
Q4: 0.90 (0.68,
1.20)
Q5: 0.83 (0.61,
1.13)
ptrend = 0.11

Netherlands
Cohort Study
The Netherlands
Geybels et al. (2013)
17.3 yr
Prospective case-
cohort
Private

N = 58,279
Population sampled:
general population, aged
55–69 yr
Excluded: prevalent cancer
other than skin cancer at
baseline; incomplete/
inconsistent dietary
questionnaire
n = 2,074
Cases: 898
Sub-cohort: 1,176
Sex: M
Ethnicity: Caucasian
Age (yr)

Cases of advanced prostate
cancer (International Union
Against Cancer (UICC) stage
III/IV) identified by annual
record linkage to the
Netherlands Cancer Registry
and the Dutch Pathology
Registry

Toenail Se (μg/g,
mean (SD))
Cases: 0.527
(0.169)
Sub-cohort: 0.550
(0.129)
person-years,
per quintile* for
sub-cohort
Q1 ≤ 0.469: 3,203
Q2 0.469–0.515:
3,283
Q3 0.515–0.560:
3,336

Total = 898
n, per quintile
Q1: 261
Q2: 214
Q3: 178
Q4: 130
Q5: 115

Model 1: age
Model 2: age, first-degree
family history of prostate
cancer, smoking status,
duration of smoking, and
frequency of smoking

HR (95% CI) for
advanced
prostate cancer
Model 1
Q1(ref): 1
Q2: 0.78 (0.59,
1.02)
Q3: 0.63 (0.48,
0.83)
Q4: 0.47 (0.35,
0.63)
Q5: 0.39 (0.29,
0.53)
ptrend < 0.001
Model 2
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure
groups(a)

n/person-years
Incident cases Model covariates Results

Cases: 62.1 (4.1)
Sub-cohort: 61.3 (4.2)

Q4 0.560–0.617:
3,449
Q5 > 0.617: 3,375
*based on the
distribution among
sub-cohort
members.

Q1(ref): 1
Q2: 0.75 (0.57,
1.00)
Q3: 0.59 (0.44,
0.79)
Q4: 0.43 (0.31,
0.58)
Q5: 0.37 (0.27,
0.51)
ptrend < 0.001

ULSAM
Sweden
Grundmark
et al. (2011)
26.5 yr (mean)
Prospective cohort
Mixed

N = 2,322
Population Sampled:
general male population
residents in Uppsala
Excluded: missing serum
Se
n = 2,045
Sex: M
Ethnicity: Caucasian
Age (yr): 50

Prostate cancer cases
ascertained via linkage with
the nationwide Population
Register, the Cancer Register,
the
Hospital Discharge Register
and the Causes of Death
Register. Cases confirmed by
reviewing the medical
records

n, per tertile of
serum Se (μg/L)
T1 ≤ 70: 759
T2 70.1–81: 653
T3 > 81: 633

n, per tertile
T1: 84
T2: 65
T3: 59

unadjusted Incidence of
prostate cancer,
RR (95% CI)
T1(ref): 1
T2: 0.89 (0.65,
1.24)
T3: 0.83 (0.60,
1.16)

PCPT
USA and Canada
Kristal et al. (2010)
9 yr
Nested case–control
Public

N = 18,880
Population sampled: men
with PSA levels ≤ 3 ng/mL
and normal DRE,
participating in PCPT trial
Excluded: missing end-of-
study biopsy, BMI, dietary
intake or Gleason scores;
had prostatectomy for
reasons other than cancer;
cases diagnosed on or after
the trial end-date; unreliable
dietary information
n = 9,559

Adenocarcinoma identified
through biopsies, consisting
of a minimum of 6 core
samples, reviewed by the
pathologist at the local study
site and a central pathology
laboratory

Se intake assessed
through a
nutritional
supplement
questionnaire
n, per
supplemental
intake (μg/d)
category
For Gleason
score 2–7
C1 < 10: 5,351
C2 10–30: 2,947
C3 > 30: 1,134

n, for Gleason
score 2–7
C1: 870
C2: 514
C3: 192
n, for Gleason
score 8–10
C1: 78
C2: 33
C3: 16

age, race/ethnicity, family
history of prostate cancer in
first-degree relatives,
treatment arm, and BMI

Incidence of
prostate cancer,
OR (95% CI)
For Gleason
score 2–7
C1(ref): 1
C2: 1.08 (0.96,
1.22)
C3: 1.06 (0.89,
1.25)
For Gleason
score 8–10
C1(ref): 1
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure
groups(a)

n/person-years
Incident cases Model covariates Results

Cases: 1,703
Controls: 7,856
Sex: M
Ethnicity: ~94% White
Age (yr) ≥ 55

For Gleason
score 8–10
C1 < 10: 4,559
C2 10–30: 2,466
C3 > 30: 958

C2: 0.80 (0.53,
1.21)
C3: 1.00 (0.58,
1.73)

PLCOCS
USA
Peters et al. (2007)
Up to 8 yr
Nested case–control
Public

N = 38,352
Population sampled:
participants from the
screening arm for the PLCO
trial, aged 55–74 yr
Excluded: history of cancer
(other than NMSC), unable
to be contacted, ethnic or
racial background other than
non-Hispanic white, missing
data
n = 1,603
cases: 879
controls: 724 (matched for
age, time since initial
screening, race, year of
blood draw)
Sex: M
Ethnicity: non-Hispanic
white
Age (yr): 55–74

Cases of adenocarcinoma of
prostate were identified. PSA
measured at entry and
annually for 5 yr and DRE at
entry and annually for 3 yr;
men with PSA levels > 4 ng/
mL or suspicious DRE
referred to their medical care
providers for prostate cancer
diagnosis. Follow-up for
recent diagnosis of cancer
carried out by annual mailed
questionnaires and through
searches of the National
Death Index; confirmed
against death certificates and
medical or pathologic records

Serum Se (ng/
mL, median
(range))
n, per quartile*
Q1 113.7 (50.5 to
< 126.8): 414
Q2 135.3 (≥ 126.8
to < 141.9): 409
Q3 149.4 (≥ 141.9
to < 158): 418 Q4
170.4 (≥ 158 to
253): 362
*Based on the
distribution among
controls

n, per quartile
Q1: 195
Q2: 189
Q3: 198 Q4: 142

Incidence of
prostate cancer,
OR (95% CI)
Q1(Ref): 1
Q2: 0.95 (0.72,
1.27)
Q3: 1.13 (0.85,
1.51) Q4: 0.84
(0.62, 1.14)
ptrend = 0.70

PHS
USA
Li et al. (2004)
13 yr
Nested case–control
Public

N = 22,071
Population sampled: male
physicians
Excluded: history of
myocardial infarction, stroke,
transient ischemic attack,
unstable angina; cancer
(except for NMSC); renal or

Cases of prostate cancer self-
reported; confirmed against
hospital records and
pathology reports by study
physicians from the End
Point Committee
Stage

Plasma Se (ppm,
median (range))
n, per
quintile*Error!
Bookmark not
defined.
Q1 0.09 (0.06–
0.09): 236

n, per quintile
Q1: 121
Q2: 137
Q3: 105
Q4: 127
Q5: 96

Age at baseline, smoking
status, and duration of
follow-up (duration of follow-
up for case subjects was
number of years between
baseline and diagnosis;
duration of follow-up for
control subjects was the

Incidence of
prostate cancer,
OR (95% CI)
Q1(ref): 1
Q2: 1.13 (0.79,
1.61)
Q3: 0.88 (0.61,
1.28)
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure
groups(a)

n/person-years
Incident cases Model covariates Results

liver disease, peptic ulcer,
gout; use of platelet-active
agents, vitamin A, or β-
carotene supplements
n = 1,163
cases: 586
controls: 577
Sex: M
Ethnicity: majority
Caucasian (94%)
Age (yr): 40–84

Q2 0.10 (0.09–
0.10): 253
Q3 0.11 (0.10–
0.11): 217
Q4 0.12 (0.11–
0.12):245
Q5 0.13 (0.12–
0.19): 212
*Based on the
distribution among
controls

same as that for
corresponding case
subjects).

Q4: 1.02 (0.71,
1.45)
Q5: 0.78 (0.54,
1.13)
ptrend = 0.16

CARET
USA
Goodman et al.
(2001)
4.7 yr (mean)
Nested case–control
Public

N = 18,306
Population sampled:
asbestos workers and heavy
smokers participating to
CARET trial
n = 691
cases: 235
controls: 456 (matched for
randomisation year, age
group, smoking status,
treatment arm, year of blood
draw
Sex: M
Ethnicity: 91% White, 6%
Black, 3% other/unknown
Age (yr): 45–74

Self-reported prostate
cancer; confirmed against
medical records and
pathology reports

Serum Se
quartiles*
(μg/dl)
Q1: 5.07–10.12
Q2: 10.13–11.25
Q3: 11.26–12.59
Q4: 12.60–21.96
*Based on the
distribution among
controls
n per quartile:
NR

n, per quartile:
NR

Incidence of
prostate cancer,
OR (95% CI)
Q1 (ref): 1
Q2: 0.85 (0.53,
1.35)
Q3: 1.08 (0.69,
1.71)
Q4: 1.02 (0.65,
1.60)
ptrend = 0.69

HHP
USA
Nomura et al. (2000)
12.4 yr (mean)
Nested case–control
Public

N = 9,345
Population sampled:
Japanese American men
Excluded: history of cancer
prior to baseline
n = 498
Cases: 249

Prostate cancer cases
identified through discharge
records of hospitals and
linkage with the Hawaii
Tumour Registry

n per quartile of
serum Se
(ng/mL)
Q1 < 119.3: 137
Q2 119.3 to
< 130.6: 127

n, per quartile
Q1: 75
Q2: 64
Q3: 72
Q4: 38

Incidence of
prostate cancer,
OR (95% CI)
Q1(ref): 1
Q2: 0.9 (0.5, 1.4)
Q3: 1.0 (0.6, 1.6)
Q4: 0.5 (0.3, 0.9)
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure
groups(a)

n/person-years
Incident cases Model covariates Results

Controls: 249 (matched on
age, smoking status, time of
examination)
Sex: M
Ethnicity: Asian
Age (yr): 45–68

Q3 130.6 to
< 147.2: 134
Q4 ≥ 147.2: 100
*Based on the
distribution among
controls

ptrend = 0.2

CLUE II
USA
Helzlsouer
et al. (2000)
7 yr
Nested case–control
Public

N = 10,456
Population sampled:
general male population
residents of Washington
county
Excluded: NR
n = 350
cases: 117
controls: 233 (matched for
age, race, date of
participation in the CLUE II
program, size of toenail
clipping)
Sex: M
Ethnicity: NR
Age (yr): > 45

Cases of prostate cancer
identified by linkage with
Washington County Cancer
Registry and the Maryland
Cancer Registry (since 1995)

n, per quintile of
toenail Se (ppm)
Q1: < 0.69: 77
Q2: 0.69–0.75: 68
Q3: 0.75–0.81: 67
Q4: 0.81–0.91: 71
Q5: > 0.91: 67
*Based on the
distribution among
controls

n, per quintile
Q1: 32
Q2: 20
Q3: 21
Q4: 24
Q5: 20

BMI at age 21 years,
education, and hours since
last meal

Incidence of
prostate cancer,
OR (95% CI)
Q1(ref): 1
Q2: 0.41 (0.18,
0.93)
Q3: 0.55 (0.26,
1.17)
Q4: 0.66 (0.33,
1.33)
Q5: 0.38 (0.17,
0.85)

HPFS
USA
Yoshizawa
et al. (1998)
7 yr
Nested case–control
Public

N = 51,529
Population sampled: male
health professionals, aged
40–75 yr
Excluded: energy intake
< 800 or > 4,200 kcal/d,
incomplete questionnaire,
cases occurring in first 2 yr
n = 362
Cases: 181

Self-reported incident cases
of prostate cancer identified
via biannual questionnaires,
confirmed through a review
of histopathologic reports
from medical records

n per quintile
(median
(range)) of
toenail Se (ppm)
Q1: 0.66 (0.53–
0.73): 89
Q2: 0.76 (0.73–
0.79): 71
Q3: 0.82 (0.79–
0.85): 66
Q4: 0.88 (0.85–
0.94): 71

n, per quintile
Q1: 54
Q2: 34
Q3: 29
Q4: 36
Q5: 28

Model 1: crude
Model 2: quintiles of
lycopene, saturated fat, and
calcium, for family history of
prostate cancer (binary), for
body mass index (quintiles),
and for vasectomy (binary).
Model 3 (n = 354): model
2 + region (soil selenium
content high, medium, low)

Incidence of
prostate cancer,
OR (95% CI)
Model 1
Q1(ref): 1
Q2: 0.57 (0.29,
1.12)
Q3: 0.53 (0.28,
1.01)
Q4: 0.67 (0.34,
1.32)
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure
groups(a)

n/person-years
Incident cases Model covariates Results

Controls: 181 (matched for
age, smoking status, date of
toenail return)
Sex: M
Ethnicity: majority
Caucasian
Age (yr, median): 64

Q5: 1.14 (0.94–
7.09): 65

Q5: 0.49 (0.25,
0.96)
ptrend = 0.11
Model 2
Q1(ref): 1
Q2: 0.62 (0.29,
1.35)
Q3: 0.35 (0.16,
0.78)
Q4: 0.80 (0.35,
1.80)
Q5: 0.39 (0.18,
0.84)
ptrend = 0.05
Model 3
Q1(ref): 1
Q2: 0.59 (0.27,
1.30)
Q3: 0.35 (0.16,
0.78)
Q4: 0.76 (0.34,
1.73)
Q5: 0.35 (0.16,
0.78)
ptrend = 0.03

ATBC study
Finland
Hartman
et al. (1998)
7 y (median)
Prospective case-
cohort
Public

N = 29,133
Population sampled:
smokers, aged 50–69 yr,
participating in the ATBC trial
Excluded: alcoholics,
cirrhosis of the liver, severe
angina with exertion, chronic
renal insufficiency, previously
diagnosed with cancer, use
of vitamins E or A or β-

Prostate cancer cases
identified through the Finnish
Cancer Registry and the
Register of Causes of Death;
confirmed against medical
records

Se intake (μg/d)
assessed
through a SFFQ
Cases: 93.9 � 40.2
Controls:
95.9 � 36.5
Quartiles of Se
intake (n = 190)
Q1: < 71.52
Q2: 71.52–89.12

n, per quartile:
NR

Age, BPH, living in an urban
area, β-carotene
intervention, and total
energy (dietary factors)

Incidence of
prostate cancer,
RR (95% CI)
Q1(ref): 1
Q2: 1.09 (0.71,
1.68)
Q3: 0.97 (0.59,
1.60)
Q4: 1.27 (0.70,
2.20)
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure
groups(a)

n/person-years
Incident cases Model covariates Results

carotene supplements,
receiving anticoagulant
therapy
n = 29,133
cases: 317
controls: 28,816
Sex: M
Ethnicity: Caucasian
Age (yr):
cases: 60.9 � 5.1
controls: 57.2 � 5.1

Q3: 89.13–111.05
Q4: > 111.05
n per quartile:
NR

ptrend = 0.49

MCHES
Finland
Knekt et al. (1990)
10 yr (median)
Nested case–control
Public

N = 39,268
Population sampled:
general population, aged
15–99 yr
Excluded: history of cancer
n = 102
Cases: 51
Controls: 51 (matched for
sex, age and municipality)
Sex: M
Ethnicity: Caucasian
Age (yr): 15–99

Prostate cancer cases
identified through the
nationwide Finnish Cancer
Registry.

Serum Se (μg/L)
Cases: 59.6 � 19.4
Controls:
58.3 � 14.8
Quintiles
Q1: < 0.49
Q2: 49–57
Q3: 58–66
Q4: 67–77
Q5: ≥ 78
n per quintile:
NR

n, per quintile:
NR

Smoking Incidence of
prostate cancer,
RR (95% CI NR)
Q1(ref): 1
Q2: 1.37
Q3: 0.85
Q4: 0.87
Q5: 1.15
ptrend = 0.707

Seattle firms
USA
Coates et al. (1988)
10 yr
Nested case–control
Public

N = 6,167
Population sampled:
employees from two Seattle
firms
Excluded: NR
n = 37
cases: 13
controls: 24 (matched for
employer, age, sex, race,
date of blood draw)
Sex: M
Ethnicity: ~70% white
Age (yr): > 18

Names and birthdates of the
employees who developed
prostate cancer were
matched against the records
of the Cancer Surveillance
System.

Serum Se
tertiles (μg/L,
n = 241)
T1: 98–148
T2: 149–170
T3: 171–240
n per tertile: NR

n, per tertile: NR Incidence of
prostate cancer,
RR (95% CI:
NR)
T1(ref): 1
T2: 0.2 T3: 0.3
ptrend = 0.18
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ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention; BMI: body mass index; Cx: category x; CARET: Carotene and Retinol Efficacy Trial; CLUE II: Campaign Against Cancer and Heart Disease
II; CI: confidence interval; DCH: Diet, Cancer and Health; DRE: digital rectal examination; EPIC: European Prospective Investigation into Cancer and Nutrition; HHP: Honolulu Heart Program; HPFS:
Health Professionals Follow-Up Study; HR: hazard ratio; M: males; MCHES: Mobile Clinic Health Examination Survey; MEC: The Multiethnic cohort; NR: not reported; OR: odds ratio; PCPT: Prostate
Cancer Prevention Trial; PH: benign prostatic hyperplasia; PHS: Physicians’ Health Study; PLCOCS: Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial; PSA: prostate specific antigen;
Qx: quintile/quartile x; RR: relative risk; SD: standard deviation; SFFQ: semi-quantitative food frequency questionnaire; Tx: tertile x; ULSAM: Uppsala Longitudinal Study of Adult Men; UPI: unique
personal identification; USA: United States of America; yr: year.
(a): Mean � SD (range), unless specified otherwise.

D.8. Skin cancer

D.8.1. Intervention studies on incidence of skin cancer

Reference
Study
Country

Design
N
randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes assessed Results

Duffield-Lillico et al.
(2003b)
Duffield-Lillico et al.
(2002)
NPC
USA

RCT
G1, placebo: 629/465
G2, 200 μg Se/d: 621/
472
Duration (mean, max):
7.6 yr; 13 yr
Confirmed histories of
NMSC within the year
before randomisation;
estimated 5-yr life-
expectancy; no cancer
within the previous 5 yr.

Sex (% F)
G1: 25 G2: 26
Age (yr)
G1: 63.0 � 9.9
G2: 63.4 � 10.2
BMI (kg/m2)
G1: 25.5 � 4.1
G2: 25.6 � 3.9
Ethnicity (non-
Hispanic white, %):
98.4
Plasma Se (μg/L)
G1: 114.0 � 21.5
G2: 114.4 � 22.6
Se intake: NR

Selenised yeast (200 μg
Se/d) vs placebo
Adherence, % missing a
pill less than twice
a month (self-reported):
G1: 80
G2: 78

Incident BCC and SCC
diagnosed by biopsy and
confirmed by board-certified
dermatopathologists.
Recurrent and retreated skin
tumours and skin tumours
without biopsy confirmation
were excluded

Incidence rate (N cases/total
PY); HR (95% CI) (adjusted for
sex, age, smoking status, clinic site,
plasma Se, clinical sun damage,
sunscreen use at baseline, and N of
BCCs/SCCs/total NMSCs (analysis
dependent) in previous 12 mo)
SCC
G1: 0.05|G2: 0.07; 1.25 (1.03, 1.51)
By tertile of baseline plasma Se
concentration (μg/L)
≤ 105.2 μg/L: 0.87 (0.62, 1.22)
105.6–122 μg/L: 1.49 (1.05, 2.12)
≥ 122.4 μg/L: 1.59 (1.11, 2.30)
BCC
G1: 0.13|G2: 0.16; 1.09 (0.94, 1.26)
Total NMSC
G1: 0.16|G2: 0.20; 1.17 (1.02, 1.34)
N incident cases; HR (95% CI)
(adjusted for age, smoking status
and gender)
Melanoma
G1: 9|G2: 11; 1.18 (0.49, 2.85)
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Reference
Study
Country

Design
N
randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes assessed Results

Reid et al. (2008)
NPC (Macon site)
USA

RCT
G1, placebo: 213
G2, 400 μg Se/d: 210
Duration (mean): 5.2 yr
Confirmed history of NMSC
in the year before
randomisation, had an
estimated life expectancy
of 5 yr, and had no
reported internal cancer in
the previous 5 yr

Sex (% F)
G1: 31.9
G2: 33.8
Age (yr)
G1: 63.8 � 10.1
G2: 63.8 � 10.6
Ethnicity (non-
Hispanic white, %):
98.4
BMI (kg/m2)
G1: 26.1 � 3.9
G2: 25.7 � 3.8
Plasma Se (μg/L)
G1: 114.0 � 18.1
G2: 119.0 � 24.3
Se intake NR

Selenised yeast (400 μg
Se/d) vs placebo
Adherence, % missing a
pill less than twice
a month (self-reported):
G1: 81
G2: 78

Incident BCC and SCC
diagnosed by biopsy and
confirmed by board-certified
dermatopathologists.
Recurrent and retreated skin
tumours and skin tumours
without biopsy confirmation
excluded

N incident cases; HR (95% CI)
(adjusted for age, smoking status
and gender)
SCC
G1: 53|G2: 56; 1.05 (0.72, 1.53)
BCC
G1: 83|G2: 76; 0.95 (0.69, 1.29)
Total NMSC
G1: 108|G2: 98; 0.91 (0.69, 1.20)
By tertile of baseline plasma Se
≤ 106.8 μg/L: 0.95 (0.57, 1.55)
106.8–122.4 μg/L: 0.94 (0.57, 1.53)
> 122.4 μg/L: 0.79 (0.46, 1.34)
By median baseline plasma Se
< 113.2 μg/L: 0.98 (0.65, 1.46)
≥ 113.2 μg/L: 0.80 (0.53, 1.21)

Thompson et al. (2016)
Sel/Cel
USA

RCT
G1, placebo: 914/912
G2, 200 μg Se/d: 910/
908
Duration (median): 33
mo
Aged 40–80 yrs; had
undergone removal of ≥ 1
colorectal adenomas
≥ 3 mm within 6 mo prior
to random assignment; 200
participants had one or
more advanced adenomas
(i.e., adenomas ≥ 10 mm,
villous histology, or high-
grade dysplasia).

Sex (% F)
G1: 34.0
G2: 36.7
Age (yr)
G1: 62.6 � 8.9
G2: 63.2 � 9.0
BMI (kg/m2)
G1: 29.2 � 5.1
G2: 29.1 � 5.1
Ethnicity (white,
%)
G1: 93.3
G2: 94.4
Plasma Se (μg/L,
median (Q1, Q3))
G1: 135.2 (120.8,
153.3)
G2: 135.5 (121.5,
151.8)

Selenised yeast (200 μg
Se/d) vs placebo
Adherence: NR

Incident SCC; method of
ascertainment NR

N incident cases SCC (event
rate/1,000 PY); HR (95% CI)
(adjusted for random assignment to
celecoxib, aspirin, and clinic)
G1: 21 (8.2)|G2: 27 (10.9); 1.34
(0.76, 2.37)
Stratified by sex
F: G1: 5 (6.2)|G2: 3 (3.4); 0.52
(0.13, 2.20)
M: G1: 16 (9.2)|G2: 24 (15.2); 1.64
(0.87, 3.09)
Among participants with history of
SCC at baseline
G1: 5 (68.8)|G2: 6 (78.3); 1.09
(0.30, 4.04)
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Reference
Study
Country

Design
N
randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes assessed Results

Se intake: NR
Personal history of
skin cancer, n (%)
G1: 144 (15.8)
G2: 142 (15.6)
Personal history of
SCC, n (%)
G1: 28 (3.1)
G2: 33 (3.6)

Algotar et al. (2013b)
NBT
USA and New Zealand

RCT
G1, placebo: 232/0
G2, 200 μg Se/d: 234/0
G2, 400 μg Se/d: 233/0
Duration (median): 35
mo
High risk of prostate
cancer, as evidenced by
prostate specific antigen
(PSA) > 4 ng/mL and/or
suspicious digital rectal
examination and/or PSA
velocity (rate of PSA
change over time)
> 0.75 ng/mL per year;
undergone a prostate
biopsy negative for cancer
within 12 mo of enrolment.

Sex: M
Age (yr)
G1: 65.5 � 7.4
G2: 65.2 � 8.0
G3: 65.5 � 7.7
BMI (kg/m2):
NR Ethnicity
(Caucasians, %)
G1: 84.2
G2: 83.7 G3: 82.6
Plasma Se (μg/L)
G1: 124.5 � 24.7
G2: 126.6 � 26.9
G3: 127.2 � 24.8
Se intake: NR

Selenised yeast (200 μg
Se/d or 400 μg Se/d or)
vs placebo
Adherence, pill counts
(%) G1: 92.1 G2: 93.2
G3: 91.2

Incidence of melanoma, BCC
and SCC; method of
ascertainment NR

N incident cases
Melanoma
G1: 2|G2: 3|G3: 2 (p = 0.87)
BCC
G1: 15|G2: 13|G3: 12 (p = 0.82)
SCC
G1: 17|G2: 10|G3: 2 (p = 0.002)

BCC: basal cell carcinoma; BMI: body mass index; CI: confidence interval; d: day; F: females; Gx: group x; HR: hazard ratio; M: males; mo: month; N: number; NBT: Negative Biopsy Trial; NMSC:
non-melanoma skin cancer; NPC: Nutritional Prevention of Cancer Trial; NR: not reported; NZ: New Zealand; PY: person-years; Qx: quartile x; SCC: squamous cell carcinoma; SD: standard
deviation; Se: selenium; Sel/Cel: The Selenium and Celecoxib Trial; USA: United States of America; yr: year.
(a): Duration = duration of the treatment phase, unless specified otherwise.
(b): Mean � SD, unless specified otherwise.
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D.8.2. Observational studies on incidence of skin cancer

Cohort name
Country
Reference
Follow-up
Funding

Original Cohort
(N total)
Exclusion criteria
Study population
(n, sex and age at
baseline(a))

Ascertainment of outcome
Exposure groups(a)

n
Incident
cases

Model covariates Results

HPFS & NHS
USA
Matthews
et al. (2019)
HPFS: 26 yr
NHS: 28 yr
Prospective
cohort
Public

HPFS N = 51,529
NHS N = 121,700
Population sampled:
male health
professionals (HPFS)
and registered nurses
(NHS)
Excluded: prior history
of cancer, non-
Caucasian, no toenail
clippings
HPFS n = 3,730
NHS n = 6,708
HPFS Sex: males
NHS Sex: females
Ethnicity: Caucasian
HPFS Age (yr):
40–75
NHS Age (yr):
30–55

Incident BCC, SCC and
MSC identified through
self-administered biennial
questionnaires; confirmed on
the basis of
medical and pathology reports
for SCC and melanoma. Self-
reported BCC not confirmed
against medical report (validity
previously demonstrated, with
96% and 84% of cases, in
females and males,
respectively, confirmed by
pathology records)

Toenail Se (μg/g,
median)
HPFS/NHS
Q1(ref): 0.67/0.63
Q2: 0.77/0.71
Q3: 0.84/0.77
Q4: 0.94/0.83
Q5: 1.17/0.95
n per quintile NR

HPFS/NHS
BCC
Q1(ref): 158/
292
Q2: 178/329
Q3: 180/310
Q4: 180/313
Q5: 184/309
SCC
Q1(ref): 32/43
Q2: 34/47
Q3: 48/53
Q4: 37/40
MSC
Q1(ref): 16/12
Q2: 18/17
Q3: 20/9
Q4: 19/19

Assay batch, age (in years),
number of severe sunburns,
number of moles, hair colour,
family history of melanoma,
history of SCC or melanoma,
UV exposure at residence
(quintiles), history of
physical examination, and sun
reactions (none, burn, painful
burn/blisters) (and Fitzpatrick
score (I-VI) for females)

HR (95% CI) for
BCC
Q1(ref): 1
Q2: 1.06 (0.93, 1.20)
Q3: 1.00 (0.88, 1.13)
Q4: 0.99 (0.87, 1.13)
Q5: 0.99 (0.87, 1.13)
ptrend 0.64
HR (95% CI) for
SCC*
Q1(ref): 1
Q2: 1.06 (0.77, 1.45)
Q3: 1.27 (0.93, 1.72)
Q4: 0.90 (0.65, 1.26)
ptrend 0.69
HR (95% CI) for
MSC*
Q1(ref): 1
Q2: 1.22 (0.74, 2.03)
Q3: 0.99 (0.58, 1.68)
Q4: 1.34 (0.80, 2.24)
ptrend 0.43
*Se intake divided in
quartiles due to
smaller sample sizes

The Nambour
Skin Cancer
Study
Australia
van der Pols
et al. (2009)

N = 1,621
Population sampled:
Adult residents of
Nambour, sub-tropical
area of Australia

BCC and SCC identified
through biannual
questionnaires; cases
confirmed through histologic
reports.

Serum Se (μmol/L*;
median (min-max))
T1: 0.9 (0.4–1.0)
T2: 1.1 (1.1–1.2)
T3: 1.4 (1.3–2.8)
*1 μmol/L = 79 μg/L

BCC:
T1: 20
T2: 22
T3: 17
SCC:
T1: 17

Model 1: age and sex
Model 2: Model 1 + pack-
years of smoking, alcohol
intake (continuous), time spent
outdoors on weekdays, and

RR (95% CI) for
BCC
Model 1
T1(ref): 1
T2: 1.09 (0.56, 2.10)
T3: 0.57 (0.28, 1.17)
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort
(N total)
Exclusion criteria
Study population
(n, sex and age at
baseline(a))

Ascertainment of outcome
Exposure groups(a)

n
Incident
cases

Model covariates Results

8 yr
Prospective
cohort
Public

Excluded: skin cancer
at baseline; no serum
Se measurement
n = 485
Sex (% F): 54
Ethnicity: Caucasian
Age (yr): 20–69

BCC, n per tertile
T1: 163
T2: 159
T3:163
SCC, n per tertile
T1: 162
T2: 158
T3: 165

T2: 21
T3: 21

history of skin cancer before
baseline

ptrend 0.14
Model 2
T1(ref): 1
T2: 1.02 (0.56, 1.87)
T3: 0.43 (0.21, 0.86)
ptrend 0.02
RR (95% CI) for
SCC
Model 1
T1(ref): 1
T2: 0.97 (0.48, 1.95)
T3: 0.44 (0.19, 1.00)
ptrend 0.06
Model 2
T1(ref): 1
T2: 0.86 (0.44, 1.67)
T3: 0.36 (0.15, 0.82)
ptrend 0.02

The Nambour
Skin Cancer
Study
Australia
Heinen
et al. (2007)
8 yr
Prospective
cohort
Public

N = 1,621
Population sampled:
Adult residents of
Nambour, sub-tropical
area of Australia
Excluded: skin cancer
at baseline; incomplete
FFQ, energy intakes
outside the normal
ranges
n = 1,001

BCC and SCC identified
through biannual
questionnaires; cases
confirmed through histologic
reports.

Se intake assessed
through a SFFQ
Se intake (μg/d;
median (min-max))
T1: 70.1 (34.3–76.2)
T2: 82.2 (76.2–89.3)
T3: 99.1 (89.3–168.9)
BCC/SCC, n per tertile
NR

BCC:
T1: 84
T2: 122
T3: 115
SCC:
T1: 61
T2: 63
T3: 97

Model 1: age, sex, treatment
allocation during the Nambour
trial of b-carotene and/or
sunscreen (prior to baseline)
Model 2: age, sex, energy
intake (kJ/day), skin colour,
tanning ability of skin, elastosis
of the neck, number of painful
sunburns, smoking, treatment
allocation, use of dietary

RR (95% CI) for
BCC
Model 1
T1(ref): 1
T2: 1.2 (0.71, 1.9)
T3: 1.0 (0.62, 1.7)
ptrend 0.90
Model 2
T1(ref): 1
T2: 1.2 (0.73, 1.9)
T3: 0.95 (0.59, 1.5)
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort
(N total)
Exclusion criteria
Study population
(n, sex and age at
baseline(a))

Ascertainment of outcome
Exposure groups(a)

n
Incident
cases

Model covariates Results

Sex (% F): 54
Ethnicity: Caucasian
Age (yr): 20–69

supplements (yes/no), history
of skin cancer before baseline

ptrend 0.81
RR (95% CI) for
SCC
Model 1
T1(ref): 1
T2: 0.75 (0.43, 1.3)
T3: 1.1 (0.63, 1.8)
ptrend 0.73
Model 2
T1(ref): 1
T2: 1.1 (0.59, 1.9)
T3: 1.3 (0.77, 2.3)
ptrend 0.28

VITAL cohort
USA
Asgari et al.
(2009)
5 yr (mean)
Prospective
cohort

N = 77,719
Population sampled:
Adult residents of
western Washington
Excluded: MSC at
baseline, non-Caucasian
or did not report their
race
n = 69,671
Sex (% F): 54
Ethnicity: Caucasian
Age (yr): 50–76

Incident cases of MSC
identified through linkage with
Surveillance,
Epidemiology, and End Results
(SEER) cancer registry;
included melanoma in situ,
malignant melanoma NOS,
superficial spreading
melanoma, lentigo maligna
melanoma, nodular
melanoma, and other
subtypes including melanoma
within a junctional nevus,
spindle cell melanoma, acral
lentiginous melanoma, and
desmoplastic melanoma.

Self-reported Se intake
from food supplements
(μg/d) over the 10 y prior
to baseline
n, per category:
G1, none: 23,855
G2, > 0–≤ 20: 28,613
G3, > 20–< 50: 11,414
G4: ≥ 50: 5,392

G1: 152
G2: 195
G3: 76
G4: 37

Age, gender, education (high
school or less, some college,
advanced degree), 1st degree
family history melanoma (no,
yes), personal history of NMSC
(no, yes), ever had moles
removed (no, yes), freckles
between ages 10–20 yr (no,
yes), had ≥ 3 severe sunburns
between ages 10–20 years (no,
yes), natural red/blond hair
between ages 10–20 yr (no,
yes), and reaction to 1-h in
strong sunlight

RR (95% CI) for
MSC
G1(ref): 1
G2: 1.09 (0.88, 1.36)
G3: 1.01 (0.77, 1.33)
G4: 0.98 (0.69, 1.41)
ptrend 0.98

Skin Cancer
Prevention
Study
USA

N = 1,805
Population sampled:
Adults participating to
the Skin Cancer

SCC cases detected at
annual examinations by study
dermatologists; biopsy
specimens read locally and

Plasma Se (ppm,
mean (SE))
Cases: 0.127 (0.0018)
Controls: 0.128 (0.0012)

first SCC/
any SCC
Q1: 49/49
Q2: 18/19

Smoking OR (95% CI) for
first SCC
Q1(ref): 1
Q2: 0.45 (0.23, 0.87)
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Cohort name
Country
Reference
Follow-up
Funding

Original Cohort
(N total)
Exclusion criteria
Study population
(n, sex and age at
baseline(a))

Ascertainment of outcome
Exposure groups(a)

n
Incident
cases

Model covariates Results

Karagas
et al. (1997)
5 yr (mean)
Nested case–
control
Public

Prevention study (at
least one BCC or SCC
cancer previously
removed)
Excluded: NR
n = 392
Cases: 132
Controls: 264 (matched
for age, sex and study
center)
Sex (% F): 11
Ethnicity: Caucasian
Age (yr): 35–84

reviewed centrally by the
study dermatopathologist.
Skin lesions removed at times
other than the scheduled
study examinations identified
through patient questionnaires
and confirmed against medical
records.

n, per quartile for first
SCC/any SCC:
Q1 ≤ 0.12: 111/118
Q2 0.121–0.130: 73/84
Q3 0.131–0.140: 81/91
Q4 > 0.140: 84/99

Q3: 24/28
Q4: 28/35

Q3: 0.62 (0.31, 1.24)
Q4: 0.67 (0.35, 1.29)
ptrend 0.25
OR (95% CI) for
any SCC
Q1(ref): 1
Q2: 0.44 (0.23, 0.84)
Q3: 0.74 (0.38, 1.44)
Q4: 0.86 (0.47, 1.58)
ptrend 0.89

MCHES
Finland
Knekt et al.
(1990); Knekt
et al. (1991)
10 yr (median)
Nested case–
control
Public

N = 39,268
Population sampled:
general population,
aged 15–99 yr
Excluded: history of
cancer
n = 378
Cases: 126
Controls: 252 (matched
for sex, age and
municipality)
Sex (% F): 50
Ethnicity: Caucasian
Age (yr): 15–99

BCC and MSC cases
identified from the nationwide
Finnish Cancer Registry

Serum Se (μg/L)
BCC cases:
Males: 60.7 � 16.9
Females: 62.7 � 15.3
BCC controls:
Males: 61.9 � 14.5
Females: 62.6 � 14.8
Quintiles
Q1: < 0.49
Q2: 49–57
Q3: 58–66
Q4: 67–77
Q5: ≥ 78
Melanoma cases: 59.8
(NR)
Melanoma controls: 61.3
(NR)
n per quintile of intake
NR

Total BCC
cases:
64 males
62 females
Melanoma
cases: 10
(mixed sex; %
NR)
Melanoma
controls: 18
(mixed sex; %
NR)
Cases per
quintile of
intake NR
MSC
cases = 10

Smoking RR (95% CI NR) for
BCC
Males
Q1(ref): 1
Q2: 0.94
Q3: 0.38
Q4: 0.41
Q5: 0.54
ptrend 0.429
Females
Q1(ref): 1
Q2: 1.81
Q3: 1.63
Q4: 0.94
Q5: 1.55
ptrend 0.743
RR for MSC, per 1
SD increase of
serum Se (crude)
0.79 (95% CI NR)
ptrend 0.68
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BCC: basal cell carcinoma; BMI: body mass index; CI: confidence interval; F: females; HR: hazard ratio; HPFS: Health Professionals Follow-up study; MCHES: Mobile Clinic Health Examination
Survey; MSC: melanoma skin cancer; NHS: Nurses’ Health Study; NMSC: non-melanoma skin cancer; NR: not reported; NZ: New Zealand; OR: odds ratio; RR: relative risk; Qx: quintile/quartile x;
SCC: squamous cell carcinoma; RR: relative risk; SD: standard deviation; SFFQ: semi-quantitative food frequency questionnaire; VITAL: VITamins And Lifestyle; yr: year.
(a): Mean � SD (range), unless specified otherwise.

D.9. Type 2 diabetes mellitus

D.9.1. Intervention studies on incidence of T2DM

Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes assessed Results

Stranges et al. (2007)
NPC
USA
Trial period: 1983–1996

RCT
G1, placebo: 659/602
G2, 200 μg Se/d: 653/600
Duration: 7.7 � 2.7 yr
Confirmed history of NMSC in the
year before randomisation,
estimated life expectancy of 5 yr,
and no reported internal cancer in
the previous 5 yr, no history of
clinically important liver or kidney
disorders, no baseline T2DM

Sex (% F)
G1: 25 G2: 26
Age (yr)
G1: 63.0 � 9.9
G2: 63.4 � 10.2
BMI (kg/m2)
G1: 25.5 � 4.1
G2: 25.6 � 3.9
Ethnicity (non-
Hispanic white, %):
98.4
Plasma Se (μg/L)
G1: 114.0 � 21.5
G2: 114.4 � 22.6
Se intake: NR

Selenised yeast
(200 μg/d) vs
placebo
Adherence, self-
reported (%)
G1: 80.3
G2: 78.4

Incidence of T2DM: self-report
during the clinical interview,
reported use of drugs for diabetes,
and reports in medical record
documents. About 92% of reports,
regardless of source, were
corroborated with medical record
documentation (obtained from
primary physician and reviewed by
blinded nurses).

N T2DM incident cases
(N cases/1,000 PY);
HRs (95% CI) (adjusted
for age, sex, BMI, and
smoking status)
G1: 39 (8.4)lG2: 58 (12.6);
1.55 (1.03, 2.33)
By age
≤ 65 yr: 1.53 (0.83, 2.82)
> 65 yr: 1.60 (0.92, 2.76)
By sex
M: 1.62 (1.04, 2.55)
F: 1.38 (0.52, 3.64)
By baseline plasma Se
median level ≤ 113.4 μg/L:
1.04 (0.60, 1.80)
> 113.4 μg/L: 2.50 (1.32,
4.77)
By tertile of baseline
plasma Se
≤ 105.2 μg/L: 1.13 (0.58,
2.18) 105.3–121.6 μg/L:
1.36 (0.60, 3.09)
> 121.6 μg/L: 2.70 (1.30,
5.61)
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes assessed Results

Lippman et al. (2009)
SELECT
USA, Canada, and
Puerto Rico
Trial period: 2001–2008

RCT
G1, placebo: 8,856/
8,696 G2, 200 μg Se/d:
8,910/8,752 Duration (median
(min-max)): 5.46 (4.17–7.33) yr
Aged ≥ 50 yr (African American
men) or ≥ 55 yr (all other men);
serum prostate-specific antigen
level ≤4 ng/mL; DRE not suspicious
for prostate cancer

Sex: M
Age (yr, median
(IQR)) G1: 62.6
(58.1–67.8) G2: 62.6
(58.2–68.0)
BMI (kg/m2): NR
Ethnicity
(Caucasian, %)
G1: 79 G2: 79
Serum Se (μg/L,
median (IQR))
G1: 137.6 (124.7–
151.8) G2: 135.0
(123.4–145.9)
Se intake: NR

L-selenomethionine
(200 μg/d) vs
placebo
Adherence, pill
counts (%) G1: 85%
at yr 1; 69% at yr 5
G2: 84% at yr 1;
69% at yr 5

Incidence of T2DM: self-reported
glitazone medication use (as of
beginning of 2003) and self-report
of diabetes (as of beginning of
2005) at each clinic visit; prevalent
cases at randomisation excluded

N T2DM incident cases;
RR (99% CI) (crude)
G1: 699 l G2: 724; 1.07
(0.94, 1.22)

Algotar et al. (2013a)
NBT
USA and New Zealand
Trial period: –

RCT
G1, placebo: 232/0
G2, 200 μg Se/d: 234/0
G3, 400 μg Se/d: 233/0
Duration (median (max)): 3 (5)
yr
High risk of prostate cancer, as
evidenced by PSA > 4 ng/mL and/
or suspicious DRE and/or PSA
velocity (rate of PSA change over
time) > 0.75 ng/mL per year;
undergone a prostate biopsy
negative for cancer within 12 mo of
enrolment.

Sex: M
Age (years)
G1: 65.5 � 7.4
G2: 65.2 � 8.0
G3: 65.5 � 7.7
BMI (kg/m2): NR
Ethnicity
(Caucasian, %)
G1: 84.2 G2: 83.7
G3: 82.6
Plasma Se (μg/L)
G1: 124.5 � 24.7
G2: 126.6 � 26.9
G3: 127.2 � 24.8
Se intake: NR

Selenised yeast (200
or 400 μg Se/day)
vs placebo
Adherence: NR

Incidence of T2DM: questionnaire
at baseline and at every follow-up
visit recorded ‘diabetes status’ (no
further information)

N T2DM incident cases
G1: 7|G2: 12lG3: 12;
p = 0.44

Karp et al. (2013)
ECOG
USA
Trial period: 2000–2009

RCT
G1, placebo: 521/521
G2, 200 μg Se/d: 1,040/1,040
Duration (mean (max)): NR (4)
yr

Sex (% F)
G1: 52
G2: 51
Age (yr, median
(range))

Selenised yeast
(200 μg Se/day) vs
placebo
Adherence, reporting
taking ‘1 pill a day

Incidence of T2DM: diabetes-
related questions added in the on-
study, toxicity, and long-term
follow-up forms following a

N T2DM incident cases
G1: 12lG2: 26
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes assessed Results

Aged ≥ 18 yr; 6 to 36 mo from
complete resection of histologically
proven non-small lung cancer; no
concurrent cancers or cancer
history within the past 5 yr, except
localised NMSC; normal hepatic
function. Supplements containing
≤ 70 μg Se allowed throughout
study participation.

G1: 66 (38–86)
G2: 66 (24–93)
BMI (kg/m2): NR
Ethnicity: NR
Plasma/serum Se:
NR
Se intake: NR

almost always’: 96%
at 3 months, 1 year
and 2 years

recommendation of the DMC in
2007

Thompson et al. (2016)
Sel/Cel Trial
USA
Trial period: 2001–2013

RCT
G1, placebo: 914/912 G2,
200 μg Se/d: 910/908
Duration (median, max): 2.75,
7.0 yr
Aged 40–80 yr; had undergone
removal of ≥ 1 colorectal
adenomas ≥ 3 mm within 6 mo
prior to random assignment; 200
participants had one or more
advanced adenomas (i.e.,
adenomas ≥ 10 mm, villous
histology, or high-grade dysplasia).

Sex (% F)
G1: 34 G2: 36.7
Age (yr)
G1: 62.6 � 8.9
G2: 63.2 � 9.0
BMI (kg/m2)
G1: 29.2 � 5.1
G2: 29.1 � 5.1
Ethnicity (white,
%) G1: 93.3 G2: 94.4
Plasma Se (μg/L,
median (Q1, Q3)
G1: 135.2 (120.8,
153.3) G2: 135.5
(121.5, 151.8)
Se intake: NR

Selenised yeast
(200 μg/d) vs
placebo
Adherence, pill count
(%) G1: 96.4
G2: 96.6

Incidence of T2DM:
development of T2DM (no further
description of outcome
ascertainment method)

N T2DM incident cases
(N cases/1,000 PY);
HRs (95% CI) (adjusted
for random assignment to
celecoxib, aspirin, and
clinic)
G1: 25 (11.0) l G2: 31
(13.7); 1.25 (0.74, 2.11)
By sex
F: G1: 6 (8) l G2: 12 (15);
1.85 (0.69, 4.97)
M: G1: 19 (12.5) l G2: 19
(13); 1.05 (0.56, 1.99)
By age
< 63 y: G1: 15 (13.5) l G2:
9 (8.1); 0.59 (0.25, 1.35)
≥ 63 y: G1: 10 (8.6) l G2:
22 (19.2); 2.21 (1.04,
4.67)

BMI: body mass index; CI: confidence interval; d: day; DRE: digital rectal examination; ECOG: Eastern Cooperative Oncology Group; F: females; Gx: group x; HR: hazard ratio; IQR: interquartile
range; M: males; mo: month; N: number; NBT: Negative Biopsy Trial; NMSC: non-melanoma skin cancer; NPC: Nutritional Prevention of Cancer trial; PSA: prostate specific antigen; PY: person-
years; RCT: randomised controlled trial; RR: relative risk; Se: selenium; Sel/Cel: Selenium and Celecoxib trial; SD: standard deviation; SELECT: Selenium and Vitamin E Cancer Prevention Trial; Qx:
quartile x; T2DM: type 2 diabetes mellitus; USA: United States of America; wk: week; yr: year.
(a): Duration = duration of the treatment phase, unless specified otherwise.
(b): Mean � SD, unless specified otherwise.
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D.9.2. Intervention studies on measures of blood glucose tolerance

a. Fasting glucose, fasting insulin, Homeostasis Model Assessment (HOMA) indices

Reference
Study
Country

Design
N randomised/completed
Duration(a)

Reftcruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes
assessed

Results(b)

Baseline End of trial

Hawkes et al. (2008)
USA

RCT
G1, placebo: 27/20
G2, 300 μg Se/d: 27/22
Duration: 48 wk (+ 48 wk follow
up)
Aged 19–45 yr, healthy men; non-
smokers; no use of Se shampoos, Se
supplements providing > 50 μg/d,
thyroid medications, weight loss
drugs, or anabolic steroids; no weight
loss > 10 lb within last 6 mo; no
exercise > 3 h per wk.

Sex: M
Age (yr): 18–45
BMI (kg/m2): NR
Ethnicity: NR
Plasma/serum
Se: NR
Se intake (μg/d):
135 � 57 (by 3-d
diet records, during
the 48 wk of
supplementation)

Selenised yeast (300 μg
Se/d) vs placebo
Adherence, pill count (%):
93 � 5.3%

Fasting serum
glucose at baseline
and at 48 wk and
96 wk

Fasting serum
glucose
(mmol/L)
G1: 4.83 � 0.59
G2: 4.97 � 0.54

Fasting serum
glucose
(mmol/L)
At 48 wk
G1: 4.80 � 0.46
G2: 4.90 � 0.56
At 96 wk
G1: 5.04 � 0.53
G2: 4.92 � 0.44

Mesdaghinia et al.
(2017)
Iran

RCT
G1, placebo: 30/30
G2, 100 Se μg/d: 30/30
Duration: 10 wk, between 17 and
27 wk of gestation
Pregnant women at risk for IUGR; no
use of Se supplement during past 3
mos; non-smokers; no
hypothyroidism or hyperthyroidism,
UTI, preeclampsia, HT, diseases
related to increased inflammation,
and kidney or liver diseases

Sex: F
Age (yr)
G1: 28.1 � 4.9
G2: 30.5 � 5.5
BMI (kg/m2)
G1: 22.5 � 3.2
G2: 21.2 � 4.2
Ethnicity: NR
Se intake: NR

Selenised yeast (100 Se
μg/d) vs placebo
Adherence, pill count (%):
100

Fasting serum
glucose, HOMA-IR,
HOMA-B at baseline
and after 10 wk

Fasting serum
glucose (mg/
dL)
G1: 92.6 � 9.6
G2: 90.4 � 11.6
HOMA-IR
G1: 3.5 � 1.5
G2: 3.7 � 1.7
HOMA-B
G1: 57.1 � 24.7
G2: 62.0 � 26.0

Fasting serum
glucose (mg/
dL)
G1: 91.6 � 11.6
G2: 89.2 � 12.6
p = 0.90
HOMA-IR
G1: 4.2 � 2.1
G2: 3.2 � 1.0
p = 0.02
HOMA-B
G1: 72.5 � 43.4
G2: 55.6 � 21.0
p = 0.02

Navas-Carretero
et al. (2011)
Spain

RCT
G1, non-enriched chicken: 16/13
G2, Se-enriched chicken: 16/11
Duration: 10 wk
Aged 20–45 yr, BMI > 18.5
and < 30 kg/m2, no medication or

Sex: M and F
Age (yr): 20–45
BMI (kg/m2)
G1: 24.2 � 2.1
G2: 24.1 � 2.7
Ethnicity: NR

200 g of Se-enriched
chicken breast (25.5 Se
μg/100 g), 4 times/wk, vs
non-enriched chicken
breasts (6.5 Se μg/100 g)
Adherence: NR

Fasting serum
glucose, fasting
insulin and HOMA-
IR at baseline and
10 wk

Fasting serum
glucose
(mg/dL)
G1: 81.7 � 6.1
G2: 87.3 � 5.1

Change from
baseline
Fasting serum
glucose (mg/
dL)
G1: −0.9 � 4.1
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Reftcruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes
assessed

Results(b)

Baseline End of trial

dietary treatment, and maintained
weight (�3 kg) for the last 3 mo; no
metabolic diseases (e.g. diabetes,
thyroid impairments, other endocrine
disturbances); no gastric and peptic
ulcer problems, HTN, constipation, or
diarrhoea

Blood Se (μg/dL)
G1: 14.2 � 1.4
G2: 14.6 � 1.7
Se intake: NR

No significant difference
between groups in blood
Se changes (μg/dL)
G1: +0.7 � 0.9
G2: +0.2 � 1.4

Fasting insulin
(mU/L)
G1: 4.9 � 2.2
G2: 5.2 � 3.6
HOMA-IR
G1: 1.0 � 0.5
G2: 1.1 � 0.8

G2: −5.2 � 4.7
Fasting insulin
(mU/L)
G1: 0.3 � 2.3
G2: −0.5 � 1.4
HOMA-IR
G1: 0.05 � 0.5
G2: −0.16 � 0.32

Richie et al., 2014
USA

RCT
G1, placebo: 34/18
G2, 200 μg Se/d as SY: 33/16
G3: 285 μg Se/d as SY: 32/15
G4: 200 μg Se/d as SeMet: 31/20
Duration: 9 mo (+ 3 mo of follow-
up)
Aged 20–79 yr, healthy men, non-
smokers, normal serum PSA, no
history or evidence of diabetes,
prostate cancer, liver, or kidney
disease, no use of Se supplements
providing > 50 μg/d

Sex: M
Age (yr)
G1: 48.1 � 14.6
(22–70)
G2: 50.7 � 16.2
(23–78)
G3: 51.3 � 12.0
(25–72)
G4: 54.0 � 13.4
(30–75)
BMI (kg/m2)
G1: 30.0 � 4.79
(22.0–38.3)
G2: 28.0 � 3.20
(22.4–34.9)
G3: 27.8 � 3.14
(23.7–34.2)
G4: 28.5 � 3.79
(23.0–36.4)
Ethnicity
(Caucasians, %)
G1: 94
G2: 94
G3: 87
G4: 85
Plasma Se (μg/L):
ca. 137
Se intake: NR

Selenised yeast (200 or
285 μg /d) vs
selenomethionine
(200 μg /d) vs placebo
Adherence, pill count (%):
95
Plasma Se (μg/L) at 9 mo
G1: 146
G2: 207
G3: 253
G4: 263

Fasting blood
glucose at baseline
and at 9 mo (data
at 3, 6 and 12 mo
visits not extracted)

Fasting blood
glucose (mg/
dL,
mean � SE)
G1: 84.7 � 2.29
G2: 91.6 � 1.65
G3: 82.7 � 2.45
G4: 91.0 � 2.07

Change from
baseline
Fasting blood
glucose (mg/dL,
mean � SE)
G1: 3.72 � 2.76
G2: −1.44 � 2.75
G3: 1.60 � 5.31
G4: −1.75 � 2.46
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Reftcruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes
assessed

Results(b)

Baseline End of trial

Diseased individuals

Jamilian et al. (2015)
Iran

RCT
G1, placebo: 35/35
G1, 200 μg Se/d: 35/35
Duration: 8 wk
Aged 18–40 yr, with PCOS, before
menopause; no use of Se
supplements and metformin in the
last 3 mo; non-smokers; no diabetes
or hypothyroidism; no special diet,
oral conceptive, ovulation induction
agents

Sex: F
Age (yr)
G1: 25.7 � 4.8
G2: 25.4 � 5.1
BMI (kg/m2)
G1: 25.2 � 4.1
G2: 25.0 � 3.7
Ethnicity: NR
Serum/plasma
Se: NR
Se dietary intake
(μg/day,
mean � SD) (by
3-d dietary records
measured at week
2, 4, 6)
G1: 58.5 � 8.0
G2: 56.1 � 10.5

Selenised yeast (200 μg
Se/d) vs placebo
Adherence, pills count
(%): > 90%

Fasting plasma
glucose, fasting
serum insulin,
HOMA-IR, HOMA-B
at baseline and at
8 wk

Fasting plasma
glucose
(mmol/L)
G1: 5.15 � 0.39
G2: 4.91 � 0.52
Fasting insulin
(pmol/L)
G1:
73.58 � 59.50
G2:
80.69 � 42.28
HOMA-IR
G1: 2.78 � 2.25
G2: 3.00 � 1.69
HOMA-B
G1: 2.78 � 2.25
G2: 3.00 � 1.69

Change from
baseline (adjusted
for baseline value,
age and BMI)
Fasting plasma
glucose
(mmol/L)
G1: 0.05 � 0.09
G2: −0.29 � 0.09
p = 0.010
Fasting insulin
(pmol/L)
G1: 7.32 � 9.73
G2: −28.09 � 9.73
p = 0.012
HOMA-IR
G1: 0.38 � 0.39
G2: −1.11 � 0.39
p = 0.010
HOMA-B
G1: 3.06 � 5.97
G2:
−17.59 � 5.97
p = 0.017

Karamali et al. (2015)
Iran

RCT
G1, placebo: 28/28
G2, 200 μg Se/d: 28/28
Duration: 6 mo
Aged 18–55 yr, with cervical
intraepithelial neoplasia grade 1; no
history of cervical cancer or other
cancers of the lower genital tract; no
history of hysterectomy or destructive
therapy of the cervix; not pregnant.

Sex: F
Age (yr)
G1: 38.3 � 9.2
G2: 38.3 � 9.1
BMI (kg/m2)
G1: 28.7 � 3.9
G2: 28.6 � 4.0
Ethnicity: NR
Serum/plasma
Se: NR

Selenised yeast (200 μg
Se/d) vs placebo
Adherence, pills count
(%): > 90%

Fasting plasma
glucose, serum
insulin, HOMA-IR,
HOMA-B at baseline
and 6 mo

Fasting plasma
glucose (mg/
dL)
G1: 89.4 � 8.3
G2: 94.5 � 12.1
Fasting insulin
(μIU/mL)
G1: 12.7 � 4.4
G2: 13.9 � 4.5
HOMA-IR

Change from
baseline (adjusted
for baseline value,
age and BMI)
(mean � SE)
Fasting plasma
glucose (mg/
dL)
G1: 0.3 � 1.7
G2: −5.9 � 1.7
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Reftcruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes
assessed

Results(b)

Baseline End of trial

Se intake: NR G1: 2.8 � 1.0
G2: 3.3 � 1.4
HOMA-B
G1: 48.1 � 18.2
G2: 48.9 � 14.0

p = 0.01
Fasting insulin
(μIU/mL)
G1: 1.9 � 1.1
G2: −4.5 � 1.1
p < 0.001
HOMA-IR
G1: 0.3 � 0.2
G2: −1.2 � 0.2
p < 0.001
HOMA-B
G1: 9.7 � 4.9
G2: −14.7 � 4.9
p = 0.001

Hosseinzadeh et al.
(2016)
Iran

RCT
G1, placebo: 30/27
G2, 200 μg Se/d: 30/26
Duration: 12 wk
Aged 18–42 yr, with PCOS; non-
smokers; no congenital adrenal
hyperplasia, Cushing’s syndrome,
androgen-secreting tumours and
hyperprolactinemia; no diabetes,
hypo- or hyperthyroidism, renal
dysfunction, liver disease or
cardiovascular disease; no use of
medications affecting metabolic and
hormonal profile; no use of Se
supplement in past 3 mo.

Sex: F
Age (yr,
mean � SE)
G1: 28.90 � 1.17
G2: 29.23 � 0.96
BMI (kg/m2,
mean � SE)
G1: 28.39 � 0.72
G2: 27.4 � 0.88
Ethnicity: NR
Serum/plasma
Se: NR
Se intake (μg/d,
mean � SE) (6-d
24-h recall)
G1: 36.4 � 2.5
G2: 28.3 � 3.1

Selenised yeast (200 μg
Se/d) vs placebo
Adherence, pills count
(%): > 90%

Fasting serum
glucose, fasting
insulin, HOMA-IR at
baseline and 12 wk

Fasting serum
glucose (mg/
dL,
mean � SE)
G1:
87.11 � 1.90
G2:
87.34 � 2.45
Fasting insulin
(mU/L,
mean � SE)
G1:
10.04 � 1.07
G2: 7.81 � 0.91
HOMA-IR
(mean � SE)
G1: 2.20 � 0.26
G2: 1.74 � 0.25

Change from
baseline (adjusted
for baseline value
and BMI)
Fasting serum
glucose (mg/dL,
mean � SE)
G1: 1.53 � 2.11
G2: 5.38 � 3.02
p = 0.14
Fasting insulin
(mU/L,
mean � SE)
G1: −1.5 � 0.83
G2: 0.74 � 0.99
p = 0.056
HOMA-IR
(mean � SE)
G1: −0.37 � 0.20
G2: 0.30 � 0.25
p = 0.017
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Reftcruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes
assessed

Results(b)

Baseline End of trial

Raygan et al. (2018)
Iran

RCT
G1, placebo: 30/27
G2, 200 μg Se/d: 30/26
Duration: 12 wk
Aged 45–85 yr; with CHF; no use of
Se supplements within the past 3 mo;
no acute myocardial infarction or
cardiac surgery within the past 3 mo;
no renal or hepatic failure

Sex (% F): 69.81
Age (yr)
G1: 68.5 � 7.7
G2: 70.7 � 10.3
BMI (kg/m2)
G1: 26.2 � 4.3
G2: 25.7 � 4.1
Ethnicity: NR
Serum/plasma
Se: NR
Se intake (μg/d)
(through 3-d dietary
records at week 1,
5, 9 and 12)
G1: 56.3 � 7.6
G2: 55.6 � 10.1

Selenised yeast (200 μg
Se/d) vs placebo
Adherence, pills count
(%): > 90%

Fasting plasma
glucose, fasting
insulin, HOMA-IR at
baseline and 12 wk

Fasting plasma
glucose
(mmol/L)
G1: 6.85 � 1.92
G2: 6.18 � 1.55
Fasting insulin
(pmol/L)
G1:
69.88 � 38.49
G2:
79.33 � 58.94
HOMA-IR
G1: 3.66 � 2.67
G2: 4.05 � 3.92

Change from
baseline (adjusted
for baseline value,
age and BMI)
Fasting plasma
glucose
(mmol/L)
G1: 0.07 � 1.07
G2: −0.42 � 1.01
p = 0.05
Fasting insulin
(pmol/L)
G1: 13.73 � 23.63
G2:
−18.41 � 27.53
p < 0.001
HOMA-IR
G1: 0.55 � 1.20
G2: −1.01 � 1.61
p < 0.001

Tamtaji et al. (2019)
Iran

RCT
G1, placebo: 30/26
G2, 200 Se μg/d: 30/26
Duration: 12 wk
Aged 55–100 yr, with
AD; no metabolic syndrome, diabetes,
cardiovascular disease, chronic
infections; no use of Se supplements

Sex: M and F
Age (yr)
G1: 78.5 � 8.0
G2: 78.8 � 10.2
BMI (kg/m2)
G1: 21.5 � 2.4
G2: 21.2 � 1.2
Ethnicity: NR
Serum/plasma
Se: NR
Se intake: NR

Selenised yeast (200 μg
Se/d) vs placebo
Adherence (checklist filled
by a trained staff who was
responsible to give the
patients their supplements
every day): 100%

Fasting plasma
glucose, fasting
insulin, HOMA-IR at
baseline and 12 wk

Fasting plasma
glucose (mg/
dL)
G1: 88.7 � 9.8
G2: 86.3 � 13.7
Fasting insulin
(μIU/mL)
G1: 11.4 � 2.1
G2: 11.3 � 2.2
HOMA-IR
G1: 2.5 � 0.6
G2: 2.4 � 0.5

Change from
baseline
Fasting plasma
glucose (mg/
dL)
G1: 1.1 � 10.8
G2: 1.5 � 10.0
Fasting insulin
(μIU/mL)
G1: 0.7 � 2.0
G2: −1.0 � 1.3
HOMA-IR
G1: 0.1 � 0.4
G2: −0.2 � 0.3
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AD: Alzheimer’s disease; BMI: body mass index; CHF: congestive heart failure; d: day; F: females; Gx: group x; HOMA-IR: Homeostatic model assessment of insulin resistance; HOMA-B:
Homeostatic model assessment of β-cell function; HTN: hypertension; IUGR: intrauterine growth restriction; M: males; mo: month; NR: not reported; PCOS: polycystic ovary syndrome; PSA:
prostate specific antigen; RCT: randomised controlled trial; SD: standard deviation; SE: standard error; Se: selenium; SeMet: selenomethionine; SY: selenised yeast; USA: United States of America;
UTI: urinary tract infection; wk: week; yr: year.
(a): Duration = duration of the treatment phase, unless specified otherwise.
(b): Mean � SD, unless specified otherwise.

b. Modified oral glucose tolerance test

Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject characteristics
at baseline(b) Intervention(b) Outcomes assessed Results

Jacobs et al.
(2019)
Sel/Cel
(mOGTT sub-
study)
USA

RCT
G1, placebo: 914/96*
G2, 200 μg Se/day: 910/
79*
Duration (mean): 2.9 yr
Aged 40–80 yr; ≥ 1 colorectal
adenomas of
diameter ≥ 3 mm; complete
removal of all colorectal
adenomas within the 6 mo
before registration
*All participants who
remained on the trial near the
end and accepted to take
part in the mOGTT substudy

Sex (% F): 33.1
Age (yr)
G1: 60.9 � 8.5
G2: 62.3 � 8.9
BMI (kg/m2)
G1: 29.8 � 5.4
G2: 28.5 � 5.0
Ethnicity (white, %)
G1: 95.8
G2: 98.7
Plasma Se (μg/L)
G1: 139.7 � 23.8
G2: 136.8 � 22.8
Diabetes at baseline
(yes, %)
G1: 2.1 (N = 2)
G2: 1.3 (N = 1)

Selenised yeast (200 μg Se/d)
vs placebo
Adherence, pill count (%):
> 95% in main trial (Thompson
et al. 2016).

mOGTT at end of trial; the
test was commenced
after an overnight fast with
75 g oral dose of glucose,
followed by intravenous
blood draws at 0, 10, 20, 30,
60, 90, 120 and 180 min.

Glucose (mg/dL, mean � SD
[median (Q1, Q3)])
Fasting
G1: 96.6 � 14.6 [94.0 (87.0,
102.5)]
G2: 92.3 � 12.0 [91.0 (85.0,
101.0)]
p = 0.04
at 120 min
G1: 132.2 � 49.8 [122.0 (95.0,
168.0)]
G2: 129.4 � 41.4 [119.0 (98.0,
161.0)]
p = 0.70

BMI: body mass index; d: day; F: females; Gx: group x; mOGTT: modified oral glucose tolerance test; N: number; Qx: quartile x; RCT: randomised controlled trial; SD: standard deviation; Se:
selenium; Sel/Cel: Selenium and Celecoxib trial; USA: United states of America; yr: year.
(a): Duration = duration of the treatment phase, unless specified otherwise.
(b): Mean � SD, unless specified otherwise.
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c. Glycated haemoglobin

Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject
characteristics at
baseline(b)

Intervention(b) Outcomes assessed Results(b)

Stranges
et al. (2019)
DK PRECISE
Denmark

RCT
G1, placebo: 126/108*/99#

G2, 100 μg Se/d: 124/
113*/90#

G3, 200 μg Se/d: 122/
110*/86#

G4, 300 μg Se/d: 119/
104*/94#

Duration: 5 yr
SWOG performance-status
score ≤ 1; no active liver or
kidney disease; no previous
diagnosis of cancer
(excluding NMSC); no
diagnosed HIV infection; no
immunosuppressive therapy;
no use of Se supplements
≥ 50 μg/d in the previous 6
mo.
*6-mo HbA1c measurement
available #2-yr HbA1c
measurement
available

Sex (% F): 48.1
Age (yr)
G1: 65.4 � 3.8
G2: 66.4 � 4.2
G3: 66.3 � 4.4
G4: 66.5 � 4.1
BMI (kg/m2)
G1: 26.5 � 4
G2: 27.1 � 4
G3: 27.2 � 4.3
G4: 26.5 � 4
Ethnicity: NR
Plasma Se (ng/g)
G1: 86.0 � 15.2
G2: 87.5 � 16.4
G3: 88.3 � 16.2
G4: 83.9 � 17.1
Se intake: NR
Diabetes at
baseline (%): 1.2

Selenised yeast (100 or 200
or 300 μg Se/d) vs placebo
Adherence
NR
Plasma Se (ng/g) at 6 mo
G1: 85.3 � 14.2
G2: 152.4 � 23.7
G3: 209.1 � 41.5
G4: 253.7 � 54.1

HbA1c measured in red
blood cells collected at
baseline, 6 mo and 2 yr
Number of incident cases of
T2DM at 2 years based on
use of diabetes medications
(insulin or hypoglycaemic
drugs)(c)

HbA1c (mmol/mol)
Baseline
G1: 35.7 � 5.7
G2: 37.4 � 7.4
G3: 36.6 � 7.9
G4: 36.7 � 7.0

HbA1c
(mmol/mol)
6 mo
G1: 36.4 � 5.2
G2: 37.1 � 8.3
(p = 0.02)
G3: 36.9 � 7.3
(p = 0.32)
G4: 36.5 � 4.8
(p = 0.30)
2 yr
G1: 34.0 � 7.2
G2: 34.8 � 7.2
(p = 0.35)
G3: 34.9 � 7.7
(p = 0.88)
G4: 33.8 � 7.8
(p = 0.80)
The exclusion of
visits after
participants
received diabetes
medications did
not materially alter
the results at
2 years
N incident cases
of T2DM at 2 yr,
after exclusion
of prevalent
cases at
baseline(c)

G1: 1 l G2: 5 l G3:
3 l G4: 0

Tolerable upper intake level for selenium

www.efsa.europa.eu/efsajournal 174 EFSA Journal 2023;21(1):7704

 18314732, 2023, 1, D
ow

nloaded from
 https://efsa.onlinelibrary.w

iley.com
/doi/10.2903/j.efsa.2023.7704 by U

niversity O
f A

berdeen, W
iley O

nline L
ibrary on [08/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



BMI: body mass index; d: day; DK PRECISE: The Denmark PREvention of Cancer by Intervention with SElenium pilot trial; F: females; Gx: group x; HbA1c: glycated haemoglobin; mo: month; N:
number; NMSC: non-melanoma skin cancer; NR: not reported; RCT: randomised controlled trial; Se: selenium; SWOG: Southwest Oncology Group; T2DM: type 2 diabetes mellitus; USA: United
states of America; yr: year.
(a): Duration = duration of the treatment phase, unless specified otherwise.
(b): Mean � SD, unless specified otherwise.
(c): Data provided by the authors. The authors also provided data regarding the UK PRECISE trial: after exclusion of prevalent cases at baseline (identified based on self-reported use of diabetes

medications), the number of cases of T2DM at 6 months were 0/107, 0/117, 0/120 and 1/112 in the control group and the groups receiving 100, 200 and 300 ug Se/day, respectively.

D.9.3. Observational studies on incidence of T2DM

Study name
Country
Reference
Follow-up
Study design
Funding

Original cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n/person-years
Incident
cases

Model covariates Results

Hortega Study
Spain
Galan-Chilet
et al. (2017)
13.2 yr
(median)
Prospective
cohort
Public

N = 1,502
Population sampled: adults
in the catchment area of the
Rio Hortega University
Hospital
Excluded: missing Se data,
smoking or covariate
variables; prevalent diabetes;
loss to follow up.
n = 1,234
Sex (% F): 51
Ethnicity: Caucasian
Age (yr): 15–85

Incident cases of T2DM
identified based on review of
health records (including
primary care, hospitalisation
and mortality records) when:
diagnosed with T2DM by a
physician; using diabetes
medications; with fasting
plasma glucose > 126 mg/dl;
or with HbA1c > 6.5%

N per tertile of
plasma Se (μg/L)
T1 < 76.3: 431
T2 76.3–94.2: 376
T3 ≥ 94.2: 397

n, per
tertile: T1:
19
T2: 30
T3: 26

Model 1: unadjusted
Model 2: Age, gender and
education
Model 3: Age, gender,
education, urine cotinine
levels, smoking status and
alcohol intake

HR (95% CI) for
T2DM
Model 1
T1: 1
T2: 1.78 (0.98, 3.26)
T3: 1.78 (0.97, 3.28)
p lineal: 0.16
Model 2
T1: 1
T2: 1.83 (1.00, 3.35)
T3: 1.86 (1.01, 3.41)
p lineal: 0.13
Model 3
T1: 1
T2: 1.76 (0.96, 3.22)
T3: 1.80 (0.98, 3.31)
p lineal: 0.15

ULSAM
Sweden
Gao
et al. (2014)
10–27 yr
Prospective
cohort

N = 2,322
Population sampled:
general male population,
aged 50 yr
Excluded: missing Se,
smoking or covariate

Incident cases of T2DM
defined as elevated fasting
glucose levels and/or use of
anti-diabetic medicine at
follow up visits. Elevated
glucose levels defined as FPG
≥ 6.1 mmol/l at 60 yr and

N per tertile of
plasma Se (μg/L),
at baseline/60 yr/
70 yr/77 yr
T1 61.4 � 6.8: 670/
516/326/206

n, per
tertile at
60 yr/
70 yr/
77 yr
T1: 15/24/27
T2: 15/33/34

Age at baseline, BMI,
cigarette smoking, leisure
time physical activity and
education level

OR (95% CI) for
T2DM
At 60 yr
T1: 1
T2: 0.91 (0.43, 1.95)
T3: 1.28 (0.64, 2.61)
p for trend: 0.437
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Study name
Country
Reference
Follow-up
Study design
Funding

Original cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n/person-years
Incident
cases

Model covariates Results

Mixed variables; prevalent diabetes;
loss to follow up.
n = 1,925
(n = 1,539 at 60 yr;
n = 1,024 at 70 yr;
n = 656 at 77 yr)
Sex: M
Ethnicity: Caucasian
Age (yr): 49.1–50.2

FPG ≥ 7.0 mmol/l at 70 yr
and 77 yr

T2 75.1 � 3.1: 620/
504/347/216
T3 91.1 � 10.2: 635/
519/351/234

T3: 23/31/30 At 70 yr
T1: 1
T2: 1.31 (0.73, 2.36)
T3: 1.25 (0.68, 2.27)
ptrend: 0.497
At 77 yr
T1: 1
T2: 1.16 (0.65, 2.08)
T3: 0.97 (0.54, 1.75)
ptrend: 0.880

NHS & HPFS
USA
Park
et al. (2012)
NHS 26 yr
HPFS 22 yr
Prospective
cohort
Public

NHS N = 121,700
HPFS N = 51,529
Population
sampled: registered nurses
(NHS) and male health
professionals (HPFS)
Excluded: no toenail Se
data; missing covariate
information; free of prevalent
T2DM or heart disease at
baseline (defined as date of
toenail sampling)
NHS n = 3,630
HPFS n = 3,535
NHS Sex: F
HPFS Sex: M
Ethnicity: Majority Caucasian
Age (yr):
NHS: 30–55
HPFS: 40–75

Self-reported incident cases of
T2DM identified via biennial
questionnaires; confirmed by
a validated supplementary
questionnaire. Cases before
1998 defined by National
Diabetes Data Group
criteria(b) and cases after
1998 defined by American
Diabetes Association criteria
(1997).

N per quintile of
toenail Se (μg/g)
NHS
Q1 0.62 � 0.04: 730
Q2 0.70 � 0.02: 727
Q3 0.75 � 0.02: 729
Q4 0.82 � 0.02: 714
Q5 0.96 � 0.10: 730
HPFS
Q1 0.66 � 0.05: 699
Q2: 0.76 � 0.02: 700
Q3: 0.82 � 0.02: 726
Q4: 0.90 � 0.03: 706
Q5: 1.07 � 0.12: 704

780 (NHS &
HPFS)
N cases per
quintile NR

Model 1:
age, sex, future case–control
status.
Model 2:
Model 1 + geographic region,
smoking, alcohol intake,
physical activity, BMI, Se
supplement use, and
multivitamin use.
Model 3:
Model 2 + consumption of
total energy, the ratio of
polyunsaturated to saturated
fats, trans fat, whole grains,
and coffee.

HR (95% CI) for
T2DM
NHS
Model 1
Q1: 1
Q2: 0.88 (0.65, 1.18)
Q3: 0.92 (0.69, 1.23)
Q4: 0.85 (0.63, 1.14)
Q5: 0.96 (0.72, 1.28)
ptrend: 0.8
Model 2
Q1: 1
Q2: 0.82 (0.61, 1.11)
Q3: 0.81 (0.60, 1.09)
Q4: 0.70 (0.51, 0.95)
Q5: 0.80 (0.59, 1.07)
ptrend: 0.1
HPFS
Model 1
Q1: 1
Q2: 1.07 (0.78, 1.48)
Q3: 0.78 (0.52, 1.06)
Q4: 0.74 (0.54, 1.13)
Q5: 0.70 (0.49, 1.00)
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Study name
Country
Reference
Follow-up
Study design
Funding

Original cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n/person-years
Incident
cases

Model covariates Results

ptrend: 0.01
Model 2
Q1: 1
Q2: 1.08 (0.78, 1.50)
Q3: 0.78 (0.54, 1.13)
Q4: 0.78 (0.54, 1.13)
Q5: 0.75 (0.51, 1.10)
ptrend: 0.047
Results for Model 3
were similar

ORDET
Italy
Stranges
et al. (2010)
16 y (median)
Prospective
cohort
Mixed

N = 10,786
Population sampled:
general population
Excluded: T2DM at baseline;
missing data; ratio of total
energy intake to basal
metabolic rate at either
extreme of the distribution
(cut-offs 0.5 and 99.5
percentiles); death during
follow-up from causes other
than T2DM; loss to follow-up.
n = 7,182
Sex: F
Ethnicity: Caucasian
Age (yr): 34–70

Incident cases self-reported
via telephone interviews
(diagnosis of T2DM from a
physician or taking
medications for treatment of
diabetes) or identified via
prescription for insulin or oral
hypoglycaemic medication (by
linkage with regional
prescription drug database)
or identified via hospital
discharge record (by linkage
with medical discharge
records)

N per quintile of Se
intake* (by SFFQ)
(μg/day, mean)
Q1 41.7: 1,437
Q2 50.2: 1,436
Q3 55.7: 1,437
Q4 62.0: 1,436
Q5 75.1: 1,436
*Adjusted for total
energy intake

n, per
quintile
Q1: 32
Q2: 42
Q3: 45
Q4: 55
Q5: 79

Model 1:
age, education, menopausal
status
Model 2:
age, education, menopausal
status, BMI, smoking, alcohol
intake, energy intake,
saturated/polyunsaturated
fatty acids ratio, animal
proteins, total carbohydrates,
and weight change between
baseline and follow-up
examinations

OR (95% CI) for
T2DM
Model 1
Q1: 1
Q2: 1.31 (0.82, 2.09)
Q3: 1.38 (0.87, 2.19)
Q4: 1.74 (1.12, 2.72)
Q5: 2.64 (1.73, 4.01)
ptrend: < 0.001
Model 2
Q1: 1
Q2: 1.42 (0.87, 2.34)
Q3: 1.43 (0.86, 2.38)
Q4: 1.65 (0.98, 2.78)
Q5: 2.39 (1.32, 4.32)
ptrend: 0.005
OR (95% CI), per
10 μg/day increase
in Se
Model 1: 1.29 (1.17,
1.41)
Model 2: 1.29 (1.10,
1.52)
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Study name
Country
Reference
Follow-up
Study design
Funding

Original cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n/person-years
Incident
cases

Model covariates Results

The linearity of the
relationship
between selenium
intake and risk of
diabetes confirmed in
spline regression
models (not shown)

ORDET
Italy
Vinceti
et al. (2015b)
16 y (median)
Nested case–
control
Mixed

N = 10,786
Population sampled:
general population
Excluded:
history of cancer, bilateral
ovariectomy, chronic or acute
liver disease or who had
received hormone therapy in
the 3 mo before recruitment;
baseline T2DM; loss to follow
up; death during follow-up
from causes other than T2DM
n = 621
cases: 226
controls: 395 (matched for
age)
Sex: F
Ethnicity: Caucasian
Age (yr): 35–70

Incident cases self-reported
via telephone interviews
(diagnosis of T2DM from a
physician or taking
medications for treatment of
diabetes) or identified via
prescription for insulin or oral
hypoglycemic maedication (by
linkage with regional
prescription drug database)
or identified via hospital
discharge record (by linkage
with medical discharge
records).

N per category of
toenail Se (μg/g)
Q1 < 0.54: 190
Q2 ≥ 0.54–< 0.59:
150
Q3 ≥ 0.59–< 0.66:
147
Q4 ≥ 0.66: 134

n, per
category
Q1: 83
Q2: 58
Q3: 47
Q4: 38

Model 1: BMI
Model 2:
BMI, education, smoking,
coffee and alcohol
consumption

OR (95% CI) for
T2DM
Model 1
Q1: 1
Q2: 1.04 (0.59, 1.84)
Q3: 0.67 (0.36, 1.24)
Q4: 1.08 (0.45, 2.58)
ptrend: 0.275
Model 2
Q1: 1
Q2: 1.09 (0.61, 1.96)
Q3: 0.71 (0.38, 1.34)
Q4: 1.14 (0.46, 2.80)
ptrend: 0.362

Moli-sani
cohort
Italy
Vinceti et al.
(2021)
8.2 yr (median)

N = 24,325
Population sampled:
general population
Excluded: previous diagnosis
of T2DM and/or treated with
hypoglycaemic drugs; missing
data; implausible energy

Hospitalisation for T2DM,
ascertained through direct
linkage with the regional
hospital discharge registry

Intake Se estimate
(by SFFQ) (μg/day,
median (SD))
F/M
Q1: 38.8 (6.5)/43.6
(6.6)

n, per
quartile
Q1: 33
Q2: 29
Q3: 30
Q4: 43

Model 1:
age and sex
Model 2:
Age, sex, and energy intake.
Model 3:
Model 2 + education,
housing, place of residence,

HR (95% CI) for
T2DM
Model 1
Q1: 1
Q2: 0.94 (0.57, 1.55)
Q3: 0.99 (0.60, 1.63)
Q4: 1.44 (0.91, 2.29)
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Study name
Country
Reference
Follow-up
Study design
Funding

Original cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n/person-years
Incident
cases

Model covariates Results

Prospective
cohort
Mixed

intakes (4,000 kcal/day in
men and > 3,500 kcal/day in
women); unreliable dietary or
medical questionnaires; lost
to follow-up
n = 21,335
Sex (% F): 53
Ethnicity: Caucasian
Age (yr): ≥35

Q2: 51.2 (3.0)/55.9
(3.0)
Q3: 61.7 (3.5)/67.1
(3.7)
Q4: 78.6 (13.8)/87.8
(14.5)
n/person-years,
sex combined:
Q1: 5,333/42,481
Q2: 5,332/43,359
Q3: 5,334/43,757
Q4: 5,336/44,826

smoking status, and physical
activity.
Model 4:
Model 3+ Mediterranean diet
score
Model 5:
Model 4 + BMI

Model 2
Q1: 1
Q2: 1.06 (0.63, 1.77)
Q3: 1.21 (0.71, 2.08)
Q4: 1.96 (1.12, 3.44)
Model 3
Q1: 1
Q2: 1.07 (0.64, 1.79)
Q3: 1.23 (0.71, 2.10)
Q4: 1.99 (1.14, 3.49)
Model 4
Q1: 1
Q2: 1.05 (0.63, 1.77)
Q3: 1.20 (0.69, 2.07)
Q4: 1.92 (1.09, 3.40)
Model 5
Q1: 1
Q2: 1.01 (0.60, 1.70)
Q3: 1.13 (0.66, 1.96)
Q4: 1.75 (0.99, 3.10)

DFTJ cohort
China
Yuan
et al. (2018)
4.6 yr
Nested case–
control
Private

N = 27,009
Population sampled:
retired employees of the
Dongfeng Motor Corporation
Excluded: baseline
cardiovascular disease or
cancer; insufficient blood
samples; diabetes at baseline
n = 2,078
Cases: 1,039
Controls: 1,039 (matched by
age)
Sex (% F): 55
Ethnicity: Asian

Incident T2DM identified if
FPG ≥ 7.0 mmoL/L; or
haemoglobin A1c
(HbA1c) ≥ 6.5%; or self-
reported physician diagnosis
of diabetes or use of anti-
diabetic medication during the
follow-up visits

N per category of
plasma Se (μg/L)
Q1 < 54.10: 470
Q2: 54.10–61.71: 488
Q3: 61.71–72.16: 587
Q4: > 72.16: 533

n, per
category
Q1: 210
Q2: 229
Q3: 326
Q4: 274

BMI, smoking status, drinking
status, education, physical
activity, hypertension,
hyperlipidemia, family history
of diabetes, and eGFR
For subgroups analyses: age,
sex, BMI, smoking status,
alcohol intake status,
education, physical activity,
hypertension, hyperlipidemia,
family history of diabetes, and
eGFR

OR (95% CI) for
T2DM
Q1: 1
Q2: 1.08 (0.80, 1.46)
Q3: 1.45 (1.09, 1.93)
Q4: 1.27 (0.93, 1.74)
ptrend: 0.05
< 65 yr
Q1: 1
Q2: 1.06 (0.74, 1.53)
Q3: 2.00 (1.42, 2.83)
Q4: 1.36 (0.95, 1.94)
ptrend: 0.02
≥ 65 yr
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Study name
Country
Reference
Follow-up
Study design
Funding

Original cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n/person-years
Incident
cases

Model covariates Results

Age (yr, mean): 63 Q1: 1
Q2: 1.15 (0.73, 1.80)
Q3: 1.40 (0.90, 2.18)
Q4: 1.44 (0.92, 2.24)
ptrend: 0.08
Males
Q1: 1
Q2: 1.03 (0.69, 1.55)
Q3: 1.34 (0.90, 2.00)
Q4: 1.39 (0.93, 2.07)
p for trend: 0.06
Females
Q1: 1
Q2: 1.14 (0.77, 1.68)
Q3: 1.64 (1.13, 2.39)
Q4: 1.52 (1.03, 2.23)
ptrend: 0.02

EPIC –
Potsdam
Study
Germany
Cabral
et al. (2021)
6.6 yr
Nested-case
cohort
Public

N = 27,548
Population sampled:
general population, aged
35–64 yr
Excluded: insufficient/no
serum; unclear disease
status; prevalent T2DM,
cancer, myocardial infarction
or stroke at baseline;
incomplete follow-up
information
n = 2,741
Cases: 705
Random sub-cohort: 2,090
(overlap: 54)
Sex (% F): 62.55
Ethnicity: Caucasian
Age (yr, median): 49

Self-reported incident cases
(diabetes diagnosis, diabetes-
relevant medication, or
dietary treatment due to
diabetes) every 2 years;
confirmed by questionnaires
to the diagnosing physician

Serum Se (μg/L,
median (IQR))
80.0 (19.1)

705 cases Model 1: age, sex,
educational attainment, BMI,
WC, smoking status, physical
activity, alcohol intake,
vitamin and mineral
preparations, hypertension,
lipid-lowering medication, and
Mediterranean diet score.
Model 2: model 1 + serum
trace elements Manganese,
Iron, Copper, Zinc, and Iodine

HR (95%) for
T2DM, per SD
increase in serum
Se
Model 1: 1.26 (1.12,
1.41)
Model 2: 1.19 (1.06,
1.34)
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Study name
Country
Reference
Follow-up
Study design
Funding

Original cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n/person-years
Incident
cases

Model covariates Results

CSPPT
Zhang
et al. (2019)
China
4.5 yr
Prospective
Cohort
(sub-sample of
a trial)
Public

N = 20,702
Population sampled:
Hypertensive patients, aged
45–75 yr
Excluded: history of CVD;
diabetic at baseline
n = 2,367 (sub-sample from
CSPPT trial)
Sex (% F): 53
Ethnicity: Asian
Age (yr): 61.4 � 7.6

Physician-diagnosed diabetes
or use of glucose-lowering
drugs, or new onset (FPG
≥ 126.0 mg/dL) at the exit
visit.

Plasma Se (μg/L)
84.8 (21.1)
n per quartile of
plasma Se
Q1 < 71.0: 592
Q2 71.0–< 82.3: 591
Q3 82.3-< 94.8: 592
Q4 ≥ 94.8: 592

n cases,
per
quartile
Q1 (Ref): 63
Q2: 63
Q3: 58
Q4: 86

Model 1: Unadjusted
Model 2: age, sex, study
center, study treatment
group, BMI, MTHFR C677 T
genotype, smoking, alcohol
drinking, family history of
diabetes, SBP, fasting glucose,
total cholesterol, HDL,
triglycerides, creatinine, folate
at baseline, and time-
averaged SBP during
treatment period.

OR (95% CI) for
T2DM
Model 1
Q1 (Ref): 1
Q2: 1.00 (0.69, 1.45),
p = 0.992
Q3: 0.91 (0.63, 1.33),
p = 0.632
Q4: 1.43 (1.01, 2.02),
p = 0.045
Model 2
Q1 (Ref): 1
Q2: 0.99 (0.67, 1.47),
p = 0.968
Q3: 0.87 (0.59, 1.30),
i = 0.509
Q4: 1.29 (0.89, 1.89),
p = 0.184

Jinchang
Cheng
et al. (2022)
China
5.8 yr
Nested case–
control
Public

N = 48,001
Population sampled:
employees of the Jinchuan
Nonferrous Metals
Corporation
Excluded: diabetes and pre-
diabetes patients at baseline
n = 1,244
Cases: 622
Controls: 622 (matched
according to age, sex and
follow-up time)
Sex (% F) = 26
Ethnicity = Asian

Self-reported T2DM, or FPG
> 7.0 mmol/L, or glucose
tolerance test > 11.0 mmol/L,
or with explicit inpatient
medical history, or diabetes
pharmacotherapy history at
any follow up biannual
examination

n per quartile of
Serum Se (μg/L)
Q1 < 85.45: 278
Q2 85.45–92.51: 282
Q3 92.52–103.43: 331
Q4 ≥ 103.44: 353

n cases,
per
quartile
Q1 (Ref.):
123
Q2: 126
Q3: 176
Q4: 197

Model 1: unadjusted
Model 2: age at diagnosis,
family history of diabetes,
physical exercise, smoking
index, lifetime total alcohol
intake, triglyceride, high-
density lipoprotein, low-
density lipoprotein, and
hypertension status.
Model 3: Model 2 + y serum
Nickel, Cobalt, Copper, Zinc,
Cadmium, Mercury,
Chromium, Arsenic, and
Magnesium

OR (95% CI) for
T2DM
Model 1
Q1 (Ref): 1
Q2: 1.05 (0.75, 1.47)
Q3: 1.42 (1.03, 1.96)
Q4: 1.70 (1.01, 2.02)
ptrend = < 0.01
Model 2
Q1 (Ref): 1
Q2: 1.26 (0.86, 1.85)
Q3: 1.62 (1.17, 2.35)
Q4: 1.79 (1.21, 2.64)
ptrend = 0.12
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Study name
Country
Reference
Follow-up
Study design
Funding

Original cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of outcome
Exposure groups(a)

n/person-years
Incident
cases

Model covariates Results

Age (yr): 47.2 � 13.9 Model 3
Q1 (Ref): 1
Q2: 1.29 (0.82, 2.03)
Q3: 1.62 (1.05, 2.51)
Q4: 1.64 (1.02, 2.65)
ptrend = 0.20

BMI: body mass index; CI: confidence interval; CSPPT: China Stroke Primary Prevention Trial; CVD: cardiovascular disease; DFTJ: Dongfeng-Tongji cohort; eGFR: estimated glomerular filtration rate;
EPIC: European Prospective Investigation into Cancer and Nutrition; F: females; FFQ: Food Frequency Questionnaire; FPG: fasting blood glucose; HbA1c: glycated haemoglobin; HDL: high-density
lipoprotein; HPFS: Health Professional Study; HR: hazard ratio; ICP-MS: Inductively coupled plasma mass spectrometry; IQR: interquartile range; M: males; MTHFR: Methylenetetrahydrofolate
reductase; NHS: Nurses’ Health study; OR: odds ratio; ORDET: HORmones and Diet in the ETioliogy of Breast Cancer study; Qx, quartile/quintile; SBP: systolic blood pressure; SD: standard
deviation; Se: selenium; SFFQ: semi-0quantitative food frequency questionnaire; T2DM: type 2 diabetes mellitus; ULSAM: The Uppsala Longitudinal Study of Adult Men; yr: year.
(a): Mean � SD (range), unless specified otherwise.
(b): National Diabetes Data Group. Classification and diagnosis of diabetes mellitus and other categories of glucose intolerance. Diabetes 1979;28:1039–57.

D.9.4. Observational studies on measures of blood glucose tolerance

A. Fasting glucose

Study name
Country
Reference
Follow-up
Study design
Funding

Original cohort (N total)
Exclusion criteria
Study population (n, sex and age at
baseline(a))

Outcome assessed
Exposure groups(a)

n
Model covariates Results

Japan
Oo et al. (2018)
4 yr
Prospective
cohort
Public

N = 76
Population sampled: general population going to
Ishikawa Matto Central Hospital for a complete
physical examination
Excluded: having T2DM, pregnant
n = 76
Sex (% F): 45
Ethnicity: Asian
Age (yr): 51.9 � 10.5

Fasting plasma glucose at
4 yr follow up visit

Plasma selenoprotein
P (μg/mL)
2.51 (0.52)

age, Insulinogenic index,
BMI, HbA1c

β-coefficient
0.237
p = 0.033
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BMI: body mass index; F: females; HbA1c: glycated haemoglobin: yr, year.
(a): Mean � SD (range), unless specified otherwise.

B. Glycated haemoglobin

Study name
Country
Reference
Follow-up
Study design
Funding

Original cohort (N total)
Exclusion criteria
Study population (n, sex and age at
baseline(a))

Outcome assessed
Exposure groups(a)

n
Model covariates Results

PROGRESS
Mexico
Kupsco
et al. (2019)
4–6 yr
Prospective
cohort
Public

N = 609 mother–child pairs
Population sampled: pregnant women
(recruited before 20 wk gestation) and their
child
Excluded: < 18 yr old, heart or kidney
disease, no telephone, use steroids or anti-
epilepsy drugs, and consume alcohol on a daily
basis; not attending 4–6 yr follow up visit
n = 466 mother–child pairs
Sex (% F): 49
Ethnicity: Hispanic
Mothers’ age (yr): 28 � 5.6 (18–44)

Children fasting blood
sampled at 4–6 yr visit
(4.8 � 0.55) and HbA1c
analysed

Maternal blood Se at
2nd trimester (μg/dL)
25 � 4.5 (12.4, 65.2)

birth weight, gestational
age, maternal age, pre-
pregnancy BMI,
education, socioeconomic
status, parity,
environmental tobacco
smoke, date of the
follow-up visit

HbA1c, β-coefficient
(95% CI)
−0.17, (−0.68, 0.34);
p = 0.51

MONICA S3/
KORA F3
Germany
Schwab
et al. (2015)
10 yr
Prospective
cohort
Public

N = 3,006
Population sampled: general population
resident in Augsburg, aged 25–74 yr
Excluded: diabetic individuals at baseline
n = 2,774
Sex (% F): 52
Ethnicity: Caucasian
Age (yr): 25–74

Fasting blood sampled at
baseline and 10-yr follow
up visit and HbA1c
analysed

Se-supplement intake
assessed through
personal interview
(μg/d)
No intake: ref
T1: < 50
T2: 50 to < 75
T3: ≥ 75

Model 1: sex and age
Model 2: Model 1+ BMI,
waist–hip ratio, physical
activity, smoking, alcohol
intake, healthy diet, total/
HDL cholesterol,
hypertension, diabetes of
the father, diabetes of the
mother, intake of HbA1c
increasing medication.

β-coefficient (95%
CI), difference in
change in HbA1c
compared with the
reference group “no
intake”
Model 1
T1: 0.02 (−0.19, 0.23)
T2: −0.02 (−0.33, 0.30)
T3: 0.09 (−0.18, 0.37)
Model 2
T1: −0.03 (−0.20, 0.15)
T2: −0.06 (−0.36, 0.25)
T3: 0.09 (−0.21, 0.39)

CI: confidence interval; F: females; HbA1c: glycated haemoglobin; KORA: Cooperative Health Research in the Region of Augsburg F3 survey; MONICA: Monitoring of Trends and Determinants in
Cardiovascular Diseases S3 survey; PROGRESS: Programming Research in Obesity, Growth Environment and Social Stress birth study; Tx: tertile x; yr: year.
(a): Mean � SD (range), unless specified otherwise.
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D.10. All-cause mortality

D.10.1. Intervention studies on all-cause mortality

Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject characteristics at
baseline(b) Intervention(b) Outcomes assessed Results

Rayman et al.
(2018)
DK PRECISE
Denmark

RCT
G1, placebo: 126
G2, 100 Se μg/d: 124
G3, 200 Se μg/d: 122
G4, 300 Se μg/d: 119
Duration: 5 yr (+ follow-up for
another 11 yr)
Aged 60–74 yr; taking > 80% pills
in the run-in phase; SWOG
performance-status score ≤ 1; no
active liver or kidney disease; no
previous diagnosis of cancer
(excluding NMSC); no diagnosed
HIV infection; no
immunosuppressive therapy; no
use of Se supplements ≥ 50 μg/d
in the previous 6 mo.

Sex (% F): 48.1
Age (yr): 66.1 � 4.1
Ethnicity: Caucasians
Plasma Se (ng/g, median
(IQR))
G1: 86 (15.2)
G2: 87.5 (16.4)
G3: 88.3 (16.2)
G4: 83.9 (17.1)
Se intake: NR

Se-enriched yeast (100 Se μg/d,
200 Se μg/d or 300 Se μg/d) vs
placebo
Adherence: NR
Serum selenium at 5 yr, μg/L
(median (IQR)) (from Winther
et al., 2015)
G1: 85 (16)
G2: 157 (33)
G3: 217 (46)
G4: 271 (106)

Vital status and date of
death obtained from the
Danish Civil Registration
System

N deaths; cumulative
mortality (%) (95%
CI); HR (95% CI)
At end of 5-yr
intervention period
G1: 8; 5.7 (3.0, 10.7); 1
(ref)
G2: 6; 3.8 (1.7, 8.3); 0.75
(0.26, 2.16)
G3: 5; 3.5 (1.5, 8.0);
0.64 (0.21, 1.94)
G4: 12; 10.1 (6.2, 16.3);
1.62 (0.66, 3.96)
After 16 yr (including
11 yr of follow up)
G1: 35; 26.2 (19.6, 34.6);
1 (ref)
G2: 41; 26.5 (20.1, 34.4);
1.15 (0.73, 1.80)
G3: 35; 24.8 (18.4, 32.9);
0.99 (0.62, 1.59)
G4: 47; 37.6 (29.8, 46.7);
1.59 (1.02, 2.46)

Lippman et al.
(2009)
Klein et al.
(2011)
SELECT
USA, Canada,
Puerto Rico

RCT
G1, placebo: 8,696 G2, 200 μg
Se/d: 8,752
Duration (median (min-max)):
5.46 (4.17–7.33) yr (+ additional
3 yr of follow up)
Aged ≥ 50 yr (African American
men) or 55 yr or older (all other

Sex: M
Age (yr, median (IQR))
G1: 63 (58–67)
G2: 63
(58–68)
Ethnicity (Caucasian, %):
79

L-selenomethionine (200 μg Se/d)
vs placebo
Adherence, pill counts (%)
G1: 85% at yr 1; 69% at yr 5
G2: 84% at yr 1; 69% at yr 5
Serum Se at 4 yr, μg/L (median
(IQR))
G1: 140.1 (124.3–150.8)

Death ascertained
through a search in Social
Security Death Index for
participants who had a
last contact date ≥ 18 mo
before the search.

N deaths; HR (99%
CI)
End of intervention period
G1: 382 l G2: 378; 0.99
(0.82, 1.19)
After follow up period
(including 3 yr of follow
up)
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject characteristics at
baseline(b) Intervention(b) Outcomes assessed Results

men); serum PSA ≤4 ng/mL; DRE
not suspicious for prostate cancer

Plasma Se (μg/L, median
(IQR))
G1: 137.6 (124.7–151.8)
G2: 135.0 (123.4–145.9)
Se intake: NR

G2: 251.6 (218.7–275.0) G1: 564 l G2: 551; 0.98
(0.84, 1.14)

Marshall et al.
(2011)
USA

RCT
G1, placebo: 211
G2, 200 μg Se/d: 212
Duration: 3 yr
Aged ≥ 40 yr; biopsy- confirmed
diagnosis of High-grade prostatic
intraepithelial neoplasia with no
evidence of cancer; PSA < 10 ng/
mL; AUA symptom score < 20;
ambulatory and able to carry out
work of a light or sedentary
nature.

Sex: M
Age (yr): ≥ 40
BMI < 25|> 30 kg/m2 (%)
G1: 26.1|27.5
G2: 21.7|26.4
Ethnicity (White, %)
G1: 76.8
G2: 83.5
Plasma Se, μg/L (median
(IQR))
G1 (n = 51): 135.2 (113.3,
166.8) G2 (n = 46): 138.1
(104.7, 166.4)
Se intake NR

Selenomethionine (200 μg Se/d)
vs placebo
Adherence, pills count (%), at
1 yr; 3 yr
G1: 90.8; 81.3
G2: 90.5; 78.9
Plasma Se (median, μg/L), at 1 yr;
3 yr
G1 (n = 51): 145.7; 152.1
G2 (n = 46): 240.4; 261.2

Mortality; ascertainment
method NR

N deaths
G1: 6 l G2: 4

Algotar et al.
(2013b)
NBT
USA and New
Zealand

RCT
G1, placebo: 232/0 G2, 200 μg
Se/d: 234/0 G2, 400 μg Se/d:
233/0
Duration (median): 35 mo
High risk of prostate cancer, as
evidenced by prostate specific
antigen (PSA) > 4 ng/mL and/or
suspicious digital rectal
examination and/or PSA velocity
(rate of PSA change over time)
> 0.75 ng/mL per year; undergone
a prostate biopsy negative for
cancer within 12 mo of enrolment.

Sex: M
Age (yr)
G1: 65.5 � 7.4
G2: 65.2 � 8.0
G3: 65.5 � 7.7
Ethnicity (Caucasians, %)
G1: 84.2 G2: 83.7 G3: 82.6
Plasma Se (μg/L)
G1: 124.5 � 24.7
G2: 126.6 � 26.9
G3: 127.2 � 24.8
Se intake: NR

Selenised yeast (200 μg Se/d or
400 μg Se/d or) vs placebo
Adherence, pill counts (%)
G1: 92.1
G2: 93.2
G3: 91.2

Mortality; ascertainment
method NR

N deaths
G1: 5 l G2: 3 l G3: 2;
p = 0.45
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Reference
Study
Country

Design
N randomised/completed
Duration(a)

Recruitment criteria

Subject characteristics at
baseline(b) Intervention(b) Outcomes assessed Results

Clark et al.
(1996)
NPC
USA

RCT
G1, placebo: 659
G2, 200 μg Se/d: 653
Duration (mean, max): 4.5 yr,
10.3 yr
Confirmed histories of NMSC within
the year before randomisation;
estimated 5-yr life-expectancy; no
cancer within the previous 5 yr.

Sex (% F):
G1: 24.4
G2: 26.2
Age (yr) G1: 63.0 � 10.0
G2: 63.4 � 10.2
Ethnicity: NR
Plasma Se (μg/L)
G1: 114.0 � 21.2
G2: 114.4 � 22.5
Se intake: NR

Selenised yeast (200 μg Se/d) vs
placebo
Adherence (% self-reporting
missing taking a pill less than
twice a month): 82
Increase in plasma Se at 9-mo
G1: no change
G2: +67%

Death ascertainment via
medical records from
death certificates.
National Death Index
searched each year for
patients for whom vital
status could not be
ascertained.

N deaths; HR (95%
CI) (adjusted for age,
sex and smoking status)
G1: 129 l G2: 108; G2:
0.79 (0.61, 1.02)

AUA: American Urological Association; BMI: body mass index; CI: confidence interval; d: day; DK: Denmark; DRE: digital rectal examination; F: females; Gx: group x; HIV: human immunodeficiency
virus; HR: hazard ratio; IQR: interquartile range; M: males; mo: month; NBT: Negative Biopsy Trial; NMSC: non-melanoma skin cancer; NPC: Nutritional Prevention of Cancer Trial; NR: not reported;
PRECISE: PREvention of Cancer by Intervention with Selenium; PSA: prostate specific antigen; RCT: randomised controlled trial; Se: selenium; SELECT: Selenium and Vitamin E Cancer Prevention
Trial; SWOG: Southwest Oncology Group; USA: United States of America; yr: year.
(a): Duration = duration of the treatment phase, unless specified otherwise.
(b): Mean � SD, unless specified otherwise.

D.10.2. Observational studies on selenium intake and incidence of all-cause mortality

Study name
Country
Reference
Follow-up
Study design
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of
outcome

Exposure
groups(a)

n/person-years
N deaths Model covariates Results

MPP
Sweden
Schomburg
et al. (2019)
9.3 yr (median)
Prospective cohort
Mixed

N = 33,346
Population sampled: General
population
Excluded: CVD event prior to
baseline
n = 4,366
Sex (% F): 31
Ethnicity: Caucasian
Age (yr): 70

Death ascertained through
record linkage with the
Swedish Hospital Discharge
Register, the Swedish Cause
of Death Register, the
Stroke in Malmö Register,
and the Swedish Coronary
Angiography and
Angioplasty Registry.

N per quintile of
plasma Sepp1
(mg/L, median
(range))
Q1 3.7 (0.4–4.3):
873
Q2: 4.7 (4.3–5.1):
873
Q3: 5.5 (5.1–5.9):
874

N, per quintile
Q1(ref): 314
Q2: 214
Q3: 193
Q4: 175
Q5: 215

Age, gender, current
smoking, systolic blood
pressure, use of
antihypertensive medication,
diabetes mellitus,
LDL-cholesterol, HDL-
cholesterol, and body mass
index

HR (95% CI)
Q1(ref): 1
Q2: 0.73 (0.61,
0.87)
Q3: 0.66 (0.55,
0.79)
Q4: 0.57 (0.48,
0.69)
Q5: 0.69 (0.58,
0.82)
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Study name
Country
Reference
Follow-up
Study design
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of
outcome

Exposure
groups(a)

n/person-years
N deaths Model covariates Results

Q4: 6.3 (5.9–6.9):
873
Q5: 7.7 (6.9–20):
873

ilSIRENTE
Italy
Giovannini
et al. (2018)
10 yr
Prospective cohort
Public

N = 364
Population sampled: General
population
Excluded: insufficient blood
sample
n = 347
Sex (% F): 67
Ethnicity: Caucasian
Age (yr): 85

Survival status was obtained
from general practitioners
and confirmed by the
National Death Registry.

N above/below
median serum
Se (μg/L)
Low Se ≤ 105.3:
175
High Se > 105.3:
172

N, per group
Low Se: 135
High Se: 113

Model 1: crude
Model 2: age, gender, IADL
scale score, BMI, Cancer
Model 3: age, gender, IADL
scale score, BMI, Cancer,
HDL-cholesterol, IL-6, CRP

HR (95% CI),
high Se vs low
Se
Model 1: 0.66
(0.51, 0.85)
Model 2: 0.69
(0.53, 0.89)
Model 3: 0.71
(0.54, 0.92)

Rivalta + Reggio
Emilia
Italy
Vinceti et al. (2016a)
27 yr
Prospective cohort
Mixed

N = 97,780
Population sampled: subjects
continuously residing in Rivalta
from 1974 to 1985, exposed to
high-Se-contaminated tap water
(n = 2,065) and unexposed
municipal population as controls
(n = 95,715)
n = 97,780
Sex (% F):
Exposed: 51
Unexposed: 53
Ethnicity: Caucasian
Age (yr): 5–95+

Death ascertained using
Reggio Emilia mortality
register

person-years,
per group of Se
in tap water
(inorganic Se)
(μg/L)
Exposed 8–10:
46,268
Unexposed < 1:
2,067,862

N, per group
Exposed: 663
Unexposed:
34,598

age and calendar year HR (95% CI),
exposed vs
unexposed
0.99 (0.91, 1.05)

SWHS/SMHS
China
Sun et al. (2016)
13.9 yr (F)/8.37 y r
(M) (mean)
Prospective cohort

N = 136,421
Population Sampled: General
population, without history of
cancer, resident in Shanghai
Excluded: immediately lost to
follow-up after study enrolment,

Annual record linkage with
the Shanghai Vital Statistics
Registry. All possible
matches identified through
the linkage were verified by
home visits

Energy-
adjusted
quintile of Se
intake(b)

(μg/1,000 kcal
per d, median)

N, per quintile
F/M
Q1(ref): 1,863/
1,136
Q2: 1,285/885
Q3: 1,033/819

age, birth cohort, education,
income, marital status,
occupation, BMI, physical
activity, total energy intake,
dietary fat intake,
supplement use, smoking

HR (95% CI)
Females
Q1(ref): 1
Q2: 0.96 (0.89,
1.03)
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Study name
Country
Reference
Follow-up
Study design
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of
outcome

Exposure
groups(a)

n/person-years
N deaths Model covariates Results

Public missing data, extreme energy
intake
n = 133,957 (F 73,854/M
60,103)
Ethnicity: Asian
Age (yr): 40–70

assessed
through SFFQ
F/M
Q1 16: 14,771/
12,021
Q2 21: 14,771/
12,022
Q3 25: 14,769/
12,022
Q4 30: 14,771/
12,016
Q5 42: 14,772/
12,022

Q4: 892/745
Q5: 676/632

status, drinking status,
history of hypertension,
diabetes, CHD or stroke and
family history of cancer

Q3: 0.92 (0.84,
1.00)
Q4: 0.90 (0.82,
0.99)
Q5: 0.79 (0.71,
0.88)
Males
Q1(ref): 1
Q2: 0.91 (0.83,
0.99)
Q3: 0.86 (0.78,
0.95)
Q4: 0.82 (0.73,
0.91)
Q5: 0.79 (0.70,
0.89)

PREDIMED
Spain
Henŕıquez-Sánchez
et al. (2016)
4.3 yr (median)
Prospective cohort
Public

N = 7,447
Population sampled:
Participants of the PREDIMED
RCT, without CVD at enrolment
and with either T2DM or ≥3 risk
factors (smoking, hypertension,
dyslipidemia, overweight or
obesity, or family history of
premature CVD)
Excluded: no follow-up; total
energy intake < 800 or
> 4,000 kcal/d
n = 7,015
Sex (% F): 58
Ethnicity: Caucasian
Age (yr): 55–80

Survival status obtained
from the continuous contact
with participants and their
families (during trial phase),
contact with family
physicians, yearly
comprehensive review of all
medical records and yearly
consultation of the National
Death Index

Quintile of Se
intake assessed
through SFFQ
NR
Person-years
Q1: 6,070
Q2: 6,190
Q3: 6,210
Q4: 6,333
Q5: 6,273

N, per quintile
Q1(ref): 73
Q2: 73
Q3: 62
Q4: 53
Q5: 58

Recruitment center,
intervention group, age,
sex, education, marital
status, BMI, smoking habit,
alcohol consumption, total
energy intake, energy-
adjusted intake of saturated
fatty acids, polyunsaturated
fatty acids,
monounsaturated fatty acids
and glycaemic index and
medical history of
hypertension, diabetes,
dyslipidemia and cancer

HR (95% CI)
Q1(ref): 1
Q2: 0.75 (0.53,
1.05)
Q3: 0.88 (0.62,
1.25)
Q4: 0.72 (0.49,
1.06)
Q5: 0.74 (0.49,
1.10)
ptrend 0.212
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Study name
Country
Reference
Follow-up
Study design
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of
outcome

Exposure
groups(a)

n/person-years
N deaths Model covariates Results

SES
Sweden
Alehagen et al. (2016)
6.8 yr
Prospective cohort
Mixed

N = 449
Population sampled: General
population from a rural
municipality
n = 449
Sex (% F): 52
Ethnicity: Caucasian
Age (yr): 70–80

The mortality information
was obtained from
the National Board of Health
and Welfare in Sweden,
which registers all deaths of
Swedish citizens.

N, per quartile of
serum Se (μg/L)
Q1 < 57.2: 107
Q2 57.2–67.1: NR
Q3 67.1–76.1: NR
Q4 > 76.1: 111

N, per quartile
Q1: 41
Q2-4: 81

Model 1: crude
Model 2: male gender,
smoking, ischemic heart
disease, diabetes, chronic
obstructive pulmonary
disease and ejection fraction
< 40% (echocardiography)

HR (95% CI),
Q1 vs Q2-4
(ref)
Model 1: 1.67
(1.15, 2.44)
Model 2: 1.43
(1.02, 2.00)

NHANES III
(1988–1994)
USA
Eaton et al. (2010)
13.4 yr
Prospective cohort
Public

N = 10,531
Population Sampled: General
population, ≥ 35 yr
Excluded: missing serum Se
and serum creatinine; renal
insufficiency
n = 9,304
Sex (% F):
Low Se: 64
Normal Se: 52
Ethnicity: 78% non-Hispanic,
white
Age (yr):
Low Se: 56.4 � 1.3
Normal Se: 52.1 � 0.4

Survival status obtained
through the National Death
Index

N above/below
median serum
Se (μg/L)
Low Se (≤ 98 ng/
mL): 418
Normal Se
(> 98 ng/mL):
8,886

Age-
standardised
death rate per
100,000
person-years
Low Se (≤ 98 ng/
mL): 3,509
Normal Se
(> 98 ng/mL):
2,305

Model 1: age-adjusted
Model 2: age, gender, race,
geography, smoking, BMI,
systolic BP, diabetes, total-
to-HDL cholesterol ratio,
physical activity, lifetime
alcohol use, history of CHD
or stroke, and family history
of CHD

HR (95% CI),
low vs normal
Se
Model 1: 1.67
(1.4, 1.91)
Model 2: 1.65
(1.41, 1.93)

NHANES
(1996–2006)
USA
Li et al. (2020b)
10.2 yr (median)
Prospective cohort
Public

N = 41,474
Population sampled: General
population
Excluded: missing Se data,
aged < 18 yr
n = 2,903
Sex (% F): 51
Ethnicity: 56% White, 44%
Non-White
Age (yr): 61.94 � 13.73

Mortality data extracted
from the 1999–2006
NHANES public-use linked
mortality files

n, per quartile
of serum Se
(μg/L)
Q1 ≤ 124.0: 696
Q2 125.0–135.0:
746
Q3 136.0–147.0:
721
Q4 ≥ 148.0: 740

N, per quartile
Q1: 244
Q2: 208
Q3: 197
Q4: 209

Model 1: age, gender and
BMI
Model 2: Model
1 + systolic blood pressure,
total cholesterol, C-reactive
protein, alcohol
consumption, smoking, race,
history of hypertension,
cardiovascular disease,
diabetes, estimated
glomerular filtration rate,

HR (95% CI)
Model 2
Q1(ref): 1
Q2: 0.69 (0.57,
0.84)
Q3: 0.63 (0.52,
0.77)
Q4: 0.64 (0.53,
0.77)
p for
trend < 0.01
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Study name
Country
Reference
Follow-up
Study design
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of
outcome

Exposure
groups(a)

n/person-years
N deaths Model covariates Results

use of lipid-lowering and
antiplatelet drugs.

Model 3
Q1(ref): 1
Q2: 0.62 (0.47,
0.81)
Q3: 0.57 (0.42,
0.75)
Q4: 0.60 (0.45,
0.78)
p for
trend < 0.01

NDNS
UK
Bates et al. (2011)
14 yr
Prospective cohort
Public

N = 1,054
Population Sampled: General
population aged ≥ 65 years;
community living participants
Excluded: missing plasma Se;
lost to follow up
n = 826
Sex (% F): 48
Ethnicity: Caucasians
Age (yr): 76.6 � 7.4

Death registries. All
participants agreed to be
flagged to the National
Register of Births and
Deaths, and whose status
(i.e. as still alive or
registered as having died)
was known in September
2008.

Plasma Se
(μmol/L)
Males
950 � 218
(375–2,376)
Females
924 � 211
(461–1,786)

NR Model 1: Age and sex
Model 2: Model 1 + other
significantly predictive
nutrient variables
Model 3: Model 2+
inclusion of a1-
antichymotrypsin, plasma
creatinine, total and HDL-
cholesterol and albumin
concentrations, BMI, systolic
blood pressure, current
smoking index, number of
prescribed drugs being
taken, self-reported health
score, physical activity score
and index of poverty

HR (95% CI),
per SD plasma
Se
Model 1: 0.76
(0.69, 0.84)
Model 2: 0.82
(0.73, 0.91)
Model 3: 0.83
(0.73, 0.94)

InCHIANTI
Italy
Lauretani et al. (2008)
6 yr
Prospective cohort
Public

N = 1,155
Population sampled: General
population, aged ≥ 65 yr
Excluded: missing blood
sample or incomplete data
n = 1,042
Sex (% F): 57

Mortality data collected
from the General Mortality
Registry of the Tuscany
Region and death
certificates deposited at the
municipality of residence.

Quartiles of
plasma Se
(μmol/L)
Q1: < 0.839
Q2: 0.839–0.934
Q3: 0.935–1.037
Q4: > 1.037

N, per quartile
Q1: 98
Q2: 64
Q3: 43
Q4: 32

Model 1: age and sex
Model 2: age, sex,
education, BMI,
congestive heart failure,
peripheral artery disease,
stroke, Parkinson’s

HR (95% CI)
Model 1
Q1: 1.82 (1.20,
2.75)
Q2: 1.48 (0.96,
2.29)
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Study name
Country
Reference
Follow-up
Study design
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of
outcome

Exposure
groups(a)

n/person-years
N deaths Model covariates Results

Ethnicity: Caucasians
Age (yr): 75.6 � 7.4

n per quartile
NR

disease and chronic
obstructive pulmonary
disease

Q3: 1.14 (0.72,
1.81)
Q4 (ref): 1
Model 2
Q1: 1.62 (1.06,
2.43)
Q2: 1.42 (0.94,
2.18)
Q3: 1.09 (0.68,
1.74)
Q4 (ref): 1

WHAS I and II
USA
Ray et al. (2006)
5 yr
Prospective cohort
Public

N WHAS I = 1,002
N WHAS II = 436
Population sampled:
Community living women with
and without physical disabilities
Excluded: missing serum Se,
aged < 70 or > 79 yr
n = 632
Sex: females
Ethnicity: NR
Age (yr):
Died 75
Lived 73.9

Vital status determined
through follow-up
interviews with proxies,
obituaries, and matching
with the National
Death Index

Serum Se
(μmol/L
geometric mean
(95% CI))
1.52
Died: 1.43
(1.38–1.49)
Lived: 1.54
(1.52–1.57)

Total = 89 Model 1: age and
education
Model 2: age, education,
current smoking, alcohol
use, BMI, fair-to-poor
appetite, diabetes mellitus,
cardiovascular disease, and
renal disease

HR (95% CI),
per 1 SD of
Loge Se
Model 1: 0.68
(0.55, 0.83)
Model 2: 0.71
(0.56, 0.9)

Asturias
Spain
González et al. (2007)
6 yr (mean 4.3 yr)
Prospective cohort
Mixed

N = 304
Population sampled: Elderly
living in institutions
Excluded: previous history of
cancer, mental impairment or
CVD, in a wheelchair, with
terminal disease, missing
biochemical parameters, use of
vitamin and/or mineral

Vital status obtained from
the institutions the
participants were residing at
every year

N, per quintile
of serum Se
(μmol/L, range)
Q1 ≤ 0.92: 47
Q2 0.93–1.04: 37
Q3 1.05–1.14: 45
Q4 1.15–1.25: 43
Q5 > 1.26: 43

N, per quintile
Q1: 17
Q2: 14
Q3: 10
Q4: 11
Q5: 8

Age, sex, smoking habit,
BMI and cognitive score

RR (95% CI)
Q1(ref): 1
Q2: 1.13 (0.54,
2.39)
Q3: 0.69 (0.29,
1.60)
Q4: 0.81 (0.36,
1.82)
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Study name
Country
Reference
Follow-up
Study design
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of
outcome

Exposure
groups(a)

n/person-years
N deaths Model covariates Results

supplements or following a
special diet
n = 215
Sex (% F): 59
Ethnicity: Caucasians
Age: ≥ 60 y

Q5: 0.56 (0.23,
1.40)
p for trend
= 0.158

EVA
France
Akbaraly et al. (2005)
9 yr
Prospective cohort
Mixed

N = 1,389
Population sampled: General
population, residents in Nantes,
aged 59–71 y
Excluded: NA
n = 1,389
Sex (% F): 59
Ethnicity: Caucasians
Age (yr):
Died 65.4 � 3.0
Lived 65.0 � 3.0

Vital status collected from
town hall civil registries

N, per quartile
of plasma Se
(μmol/L,
median
(range))
Q1: 0.87
(0.18–0.95): 337
Q2: 1.03
(0.96–1.09): 350
Q3: 1.15
(1.10–1.21): 286
Q4: 1.32
(1.22–1.97): 361

Total = 101
N per quartile
NR

Age, sex, smoking,
alcohol consumption,
medication, obesity,
diabetes, dyslipidaemia and
vascular disease

RR (95% CI)
Q1: 3.34 (1.71,
6.53)
Q2: 2.49 (1.25,
4.94)
Q3: 1.67 (0.78,
3.56)
Q4 (ref): 1

General Population
Trial
China
Wei et al. (2004)
15 yr
Prospective cohort
Public

N = 29,584
Population sampled: healthy
individuals aged 40–69 yr from
4 Linxian communes,
participants of the General
Population Trial
Excluded: NR
n = 1,103 (sub-sample from
the trial)
Sex (% F): 45
Ethnicity: Asian
Age (yr): 56.6 � 8.0

Village doctors ascertained
mortality among
participants through
monthly follow-up

Quartiles of
serum Se
(μmol/L)
Q1: ≤ 0.77
Q2: > 0.77–0.91
Q3: > 0.91–1.06
Q4: > 1.06
n per quartile of
Se
NR

Total = 516
N per quartile
of Se NR

Sex, age, cholesterol,
smoking, drinking, and BMI

Assignment to treatment
during trial period not
included as did not affect
estimates

RR (95% CI)
Q1(ref): 1
Q2: 1.01 (0.79,
1.30)
Q3: 0.96 (0.75,
1.23) Q4: 0.93
(0.72, 1.19)
p for trend
= 0.57
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Study name
Country
Reference
Follow-up
Study design
Funding

Original Cohort (N total)
Exclusion criteria
Study population (n, sex
and age at baseline(a))

Ascertainment of
outcome

Exposure
groups(a)

n/person-years
N deaths Model covariates Results

Uppsala
Sweden
Kilander et al. (2001)
25.7 yr
Prospective cohort
Public

N = 2,322
Population sampled: men
aged 50 yr resident in Uppsala
Excluded: died within 2 yr of
baseline
n = 2,285
Sex: M
Ethnicity: Caucasians
Age (yr): 48.6–51.1 y

Ascertainment of deaths
from the Swedish death
register

Serum Se (μg/
L), by education
level
Low: 73.3
Medium: 77.7
High: 83.0

Total = 630 age RR (95% CI),
per 1 SD of
serum Se
increase
0.87 (0.80, 0.95)

Finnish Rural
Finland
Virtamo et al. (1985)
5 yr
Prospective cohort
Public

N = 1,710
Population sampled: men
from rural areas of eastern and
western Finland
Excluded: serum Se ≥ 45 μg/L
n = 328
East 84
West 244
Sex: males
Ethnicity: Caucasians
Age: 55–74 y

Data on deaths obtained
from the National Death
Certificate Register

Serum Se < 45
μg/L

NR Model 1: age and area
Model 2: Model
1 + smoking, serum
cholesterol, diastolic blood
pressure, previous CHD,
blood haemoglobin,
FEV0.7 S, alcohol
consumption

RR (95% CI)
Model 1 1.5
(1.1–2.0)
Model 2 1.4
(1.0–2.0)
Among men
initially free of
CHD
Model 1: 1.4
(0.9, 2.4)
Model 2: 1.5
(0.9, 2.4)

BMI: body mass index; BP: blood pressure; CI: confidence interval; CRP: c-reactive protein; CVD: cardiovascular disease; CHD: coronary heart disease; EVA: Etude du Vieillissement Arte’riel study;
F: females; FEV: forced expiratory volume; HDL: high density lipoprotein; HR: hazard ratio; IADL: Instrumental Activities of Daily Living; ilSIRENTE: Invecchiamento e Longevità nel Sirente;
InCHIANTI: Invecchiare in Chianti; LDL: low density lipoprotein; M: males; MPP: The Malmö Preventive Project; NDNS: National Diet and Nutrition Survey; NHANES: National Health and Nutrition
Examination Survey; NR: not reported; PREDIMED: Prevención con Dieta Mediterránea (Prevention with Mediterranean Diet); PY: person-years; Qx: quartile/quintile x; RCT: randomised controlled
trial; RR: relative risk; SD: standard deviation; Se: selenium; SES: South-East Sweden cohort; SFFQ: semi-quantitative food frequency questionnaire; SMHS: Shanghai Men’s Health Study; SWHS:
Shanghai Women’s Health Study; UK: United Kingdom; USA: United States of America; WHAS: Women’s Health and Aging Study; yr: year.
(a): Mean � SD (range), unless specified otherwise.
(b): Dietary intakes were adjusted for energy intake using the nutrient density method and expressed as per μg/4184 kJ (1,000 kcal) per day (Willett al., 1997).
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List of annexes

These Annexes can be found in the online version of this output, under the section ‘Supporting
Information’, at https://doi.org/10.2903/j.efsa.2023.7704

Annex A. Protocol for the Scientific opinion on the tolerable upper intake level for selenium
Annex B. Statistical analysis of evidence from studies identified in the published scientific literature

as preparatory work for the setting of a Tolerable Upper Intake Level for selenium
Annex C. EFSA’s intake assessment of selenium
Annex D. Intake data from Competent Authorities in European Member States
Annex E. References excluded at the stages of full-text screening and data extraction
Annex F. Public consultation outcome
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