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Context: Overexposure to the essential trace element selenium has been associ
ated with adverse metabolic and cardiovascular outcomes, hypertension, and dia
betes. However, dose–response meta-analyses analyzing the effects of selenium 
administration on the lipid profile in experimental human studies are lacking.
Objective: Through a restricted cubic spline regression meta-analysis, the dose– 
response relation between the dose of selenium administered or blood selenium 
concentrations at the end of the trials and changes over time in blood lipids, ie, 
total, high-density lipoprotein (HDL) and low-density lipoprotein (LDL) cholesterol, 
and triglycerides was assessed.
Data Sources: Searches were performed on PubMed, Web of Science, Embase, 
and the Cochrane Library from inception up to January 11, 2025 to identify 
randomized controlled trials (RCTs) investigating the impact of selenium supple
mentation on blood lipid profiles among adults.
Data Extraction: A total of 27 eligible RCTs that enrolled healthy individuals, 
pregnant individuals, and participants with specific health conditions were identi
fied and the relevant data was extracted.
Data Analysis: Dose–response analysis indicated that selenium administration at 
and above 200 µg/day decreased HDL and LDL cholesterol and increased triglycer
ide levels. Blood selenium concentrations at the end of the trial above approxi
mately 150 µg/L were positively associated with triglyceride and LDL cholesterol 
concentrations, and inversely associated with HDL cholesterol. Inorganic selenium 
supplementation showed stronger associations than organic selenium. At the low
est levels of baseline intake, selenium supplementation appeared instead to have 
beneficial effects on the lipid profile, with an overall indication of U-shaped curves, 
apart from HDL-cholesterol. The adverse effects of selenium were stronger in stud
ies involving healthy participants as compared with unhealthy participants and 
pregnant females, in those having a longer duration of the intervention, particu
larly more than 3 months, and in European populations at selenium intake levels 
of above 300 µg/day.
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Conclusions: In this dose–response meta-analysis of experimental human studies, 
an adverse effect of selenium administration on blood lipids at levels around or 
above the current upper level of intake was observed.
Systematic Review Registration: PROSPERO registration No. CRD42022380432.
Key words: blood lipids, cholesterol, meta-analysis, selenium, systematic review, triglycerides. 

INTRODUCTION

Selenium is a trace element with nutritional and toxico

logical properties, depending on its dose and chemical 

species.1–3 The main source of selenium in humans is 

diet, largely determined by the amount of this element 

in the soil.4 Seafood and fish, meats, cereals, mush

rooms, and Brazilian nuts are foods rich in selenium.5,6

The recommended dietary intake of selenium ranges 

from 34 to 70 µg/day, depending on the criteria used for 

such an assessment.7,8 The physiological functions of 

selenium are mediated by selenoproteins such as seleno

protein P (SEPP1) and glutathione peroxidase (GPx), 

with transport and antioxidant properties.9 Conversely, 

toxic properties are ascribed to selenoproteins them

selves, to various inorganic and organic selenium spe

cies, and to selenocompounds, at high levels of 

exposure.8,10

Some investigators suggested during the 1970s that 

selenium may contribute to the prevention of cancer, 

cardiovascular diseases, and other chronic diseases, at 

both nutritional and supranutritional exposure levels, on 

the basis of some observational evidence, biological plau

sibility, and the first randomized controlled trial (RCT) 

carried out with selenium.7,11–18 However, large and 

methodologically stronger RCTs have recently failed to 

confirm any beneficial effect of selenium for cancer and 

cardiovascular diseases.19,20 These experimental human 

studies also raised concerns about selenium toxicity, 

including an increased risk of metabolic and high-grade 

prostate cancer.20 Such effects add to the symptoms and 

signs of acute and chronic selenium intoxication, such as 

vomiting, diarrhea, pain, nausea, a garlic-like odor on 

the breath, nail abnormalities, alopecia, and dermati

tis.4,21 Adverse metabolic effects of chronic low-dose 

selenium overexposure may contribute to obesity, hyper

tension, dyslipidemia, non-alcoholic fatty liver disease, 

and type 2 diabetes in particular, as supported by some 

experimental and nonexperimental studies among 

humans.21–29 However, the extent to which these adverse 

effects are mediated or accompanied by an adverse effect 

on lipids is not well defined. Selenium, in fact, is known 

to regulate progenitor cell proliferation, adipocyte differ

entiation and maturation, as well as lipolysis.22 Previous 

animal experiments have reported increased activity of 

LDL-receptor, the expression of mRNA, and lipid 

accumulation after selenium supplementation.30 A recent 

meta-analysis showed that selenium increases levels of 

low-density lipoprotein (LDL) cholesterol and systolic 

blood pressure.31 However, to our knowledge, no dose– 

response meta-analysis has been carried out to assess the 

pattern of association between the entire range of 

selenium exposure and lipid profile, with particular 

reference to the possibility of nonlinear relations.

Within the context of active investigation into the 

effects of selenium on the lipid profile in the human, a 

meta-analysis aiming to assess the dose–response effect 

of selenium administration on lipid profiles in RCTs 

was conducted. To do that, a newly developed statistical 

methodology was used, ie, the one-stage approach32

based on restricted cubic spline models, which enables 

the use of results from all studies when at least 2 levels 

of exposure are available.33

METHODS

This systematic review was conducted following the 

PRISMA recommendations.34 The protocol for this 

study has been registered on PROSPERO (No. 

CRD42022380432). The GRADE approach with 5 

domains (imprecision, inconsistency, indirectness, risk 

of bias, and publication bias) was used to rate the cer

tainty of the evidence.35

Literature Search

Searches for the relevant literature in PubMed, Web of 

Science, Embase, and the Cochrane Library, with no 

language restrictions, from inception up to January 11, 

2025 were performed. The search terms “selenium”, 

“lipid profile”, “LDL”, “very-low-density lipoprotein 

cholesterol (VLDL)”, “high-density lipoprotein (HDL) 

cholesterol”, “cholesterol”, “triglycerides”, and 

“randomized clinical trials” were used, by setting the 

research question according to the PICOS statement 

(Population, Intervention, Comparator(s), Outcomes, 

and Study design) (Table 1). Detailed search strategies 

are provided in Figure 1. The gray literature was also 

retrieved, according to the EUnetHTA guidelines.36 In 

this review, only experimental studies with randomized 

and controlled designs in adults were considered, 

encompassing oral or parenteral administration of 
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selenium through dietary supplements, and whenever 

possible including the evaluation of internal exposure 

using blood biomarkers, ie, serum or plasma levels.37

The end point of interest was the lipid profile: 

Cholesterol, HDL, LDL, and triglycerides.

Retrieved articles were imported into the Rayyan 

QCRI online application and duplicates were removed. 

Two authors (T.U. and G.F.) independently screened 

publication titles and abstracts and evaluated full-text 

publications for inclusion in the review. Full-text 

articles were included when both reviewers agreed that 

the inclusion criteria were met. Agreement between the 

authors who screened the articles was higher than 90% 

(Kohen’s κ> 0.90). In cases of disagreement, both 

authors performed a second review of the full text to 

determine eligibility for inclusion through a consensus- 

based discussion. If the 2 authors still disagreed, a third 

author (T.F.) was sought to resolve the disagreement. 

Table S1 provides a fully detailed list of the full-text 

articles excluded, with related reasons for exclusion.

Data Extraction

Two authors (T.U. and G.F.), with the help of a third 

author (T.F.), extracted the following data from each eli

gible study: (1) first author name; (2) publication year; 

(3) country; (4) dose and duration of selenium supple

ments, selenium concentrations before and after the 

intervention (when these data were available), and the 

difference between the intervention and control groups 

at the end of the intervention; (5) type of population; 

(6) outcome of interest (levels of cholesterol, HDL, 

LDL, triglycerides) before and after the intervention; (7) 

number of participants; (8) duration of the study; (9) 

blood levels of selenium before and after intervention; 

and (10) sample type (serum or plasma). For 1 study,38

the dose of selenium supplementation was converted 

to the effective dose of Na-selenite administered per 

day (100 μg selenium : 333 μg Na � selenite¼ 500 μg 

selenium : x). For 5 studies,38–42 cholesterol and trigly

ceride levels were converted from mmol/L to mg/dL, 

using as conversion factors 38.67 and 88.57, respec

tively.43 Two studies44,45 provided conversion factors. 

Mean or median values along with standard deviation 

(SD), standard error (SE), or interquartile range (IQR) 

were extracted. For data conversion from SD to IQR, 

the formula proposed by Cochrane was used, ie, IQR/ 

1.35.46 If not already reported, the mean difference of 

the change in selenium plasma levels was calculated as 

Mt—Mc, were Mt is the mean in the selenium treat

ment group and Mc is the mean in the control/placebo 

group. To impute the SD of the change from baseline 

for the experimental intervention, the following formula 

according to Cochrane methodology47 was used: 

SDchange ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
SD2

baseline þ SD2
final � ð2× 0:5× SDbaseline × SDfinalÞ

q

Risk of Bias

Two authors (T.F. and T.U.) independently assessed the 

risk of bias of the included studies using the specific 

tool for randomized trials, RoB 2.0 (Table S2).48

Disagreement was resolved with the help of a third 

author (M.V.). Five domains, with each of them rated as 

having a low, moderate, or high risk of bias, were ana

lyzed, as follows: (1) “bias arising from the randomiza

tion process”, assessing both allocation concealment 

and random allocation; (2) “bias due to deviations from 

intended interventions”, assessing blinding of partici

pants and personnel, and reporting of selenium levels 

before and after the intervention; (3) “bias due to miss

ing outcome data”, assessing whether authors did not 

report the results anticipated in the trial protocol or 

methods; (4) “bias in the measurement of outcome”, 

assessing the modality of the lipid profile evaluation; 

and (5) “bias in selection of reported results”, based on 

information on the trial registration to avoid selection 

of the results produced. If 2 domains were considered 

to have some concerns, the overall judgment resulted in 

“some concerns.” Otherwise, the studies were consid

ered to be at low risk of bias.

Data Analysis

In our meta-analysis, a first comparison of the blood 

lipids in the intervention groups, ie, the selenium- 

supplemented participants, with the blood lipids of par

ticipants receiving the placebo (or the lowest amount of 

selenium, if a placebo was not available). Forest plots 

were used via a random-effects model in order to con

sider possible heterogeneity of the results of the 

included studies.47 A dose–response meta-analysis was 

then performed, by assessing changes in blood lipids 

during the follow-up, according to the dose of selenium 

administered or to the circulating selenium 

Table 1. PICOS Criteria for Inclusion of Studies
Parameter Criteria

Participant Adults (≥18 years), any condition
Intervention Selenium supplementation
Comparison Control groups not supplemented with 

selenium
Outcome Total cholesterol, HDL cholesterol, LDL 

cholesterol, and triglycerides
Study design Randomized controlled trials

Nutrition ReviewsVR Vol. 00(00):1–20                                                                                                                                                                          3 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuaf049/8115387 by Biblioteca universitaria m
edica user on 09 M

ay 2025

https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuaf049#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuaf049#supplementary-data


Figure 1. Flow Chart for Study Identification in Online Databases of 27 Randomized Controlled Trials (RCTs) Included in the Dose–Response 
Meta-Analysis.
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concentration achieved at the end of the intervention. 

The weighted mean difference (MD) and 95% confi

dence interval (CI) of 4 categories of blood lipids was 

estimated, due to homogeneity in the units of measure

ments of the outcomes. Meta-analysis was performed 

when at least 2 studies were available for each end point. 

For the dose–response meta-analysis, a restricted cubic 

spline model based on the 1-stage methodology (an 

approach for dose–response meta-analysis based on a 

weighted mixed-effects model that enables use of the 

results from all studies when at least 2 levels of exposure 

are available) was used.49–52 The estimation method was 

based on the restricted maximum-likelihood random- 

effects model.32,53 The restricted cubic spline model was 

generated using 3 knots at fixed percentiles (10th, 50th, 

and 90th) of blood selenium concentrations. For each 

analysis, different reference doses were used. For sele

nium supplementation, the reference value was set to 

0 µg/day, since the control group did not receive any 

selenium supplementation. For modeling the relation

ship between circulating selenium concentrations at the 

end of the trial and lipid end points, a reference point of 

105 µg/L of blood selenium was used, corresponding to 

an intake of approximately 70 µg/day.54 Whenever pos

sible, stratified analyses according to population charac

teristics (ie, sex and health status), country region 

(Europe vs Asia), type of selenium compounds 

(“organic” vs “inorganic”), and study duration 

(≤12 weeks vs >12 weeks) were performed. The dose– 

response meta-analysis was only computed when 3 or 

more studies were available. Meta regression analyses 

using the trial duration as an independent variable were 

also performed. For all data analyses, the results were 

reported and interpreted based on an evaluation of the 

magnitude, direction, and precision of the effect esti

mates, rather than binary significance testing.55–57

Egger‘s test to assess potential publication bias via 

contour-enhanced funnel plot asymmetry were used.58

The presence of heterogeneity between the effect sizes 

was assessed using I2 and τ2 tests,59 and sensitivity anal

yses were performed assessing study-specific curves.35

Leave-one-out sensitivity analyses were then performed 

to quantify the impact of potential study outliers on the 

estimation of the overall effect size.

All analyses were carried out using the “drmeta,” 

“meta,” “mkspline” routines of Stata software (StataMP 

18.0, StataCorp LLC, College Station, TX, 2023).

Certainty of the Evidence

The overall certainty of the evidence was assessed using 

the GRADE approach.60 Taking into account the 

PICOS question, the certainty was assessed for changes 

in MDs in lipid profile levels due to selenium 

supplementation yielded by the dose–response analysis 

in all studies. The GRADEPro GDT (https://gradepro. 

org) was used to present the certainty assessment and to 

summarize the findings in tabular form.

RESULTS

In Figure 1, the flow chart presents the stages of study 

retrieval and the assessment of eligibility. After the 

removal of 528 duplicate publications, 654 potentially 

eligible publications were identified from the literature 

search, from which 607 publications were further 

excluded based on title/abstract screening. After full- 

text evaluation, 47 studies were evaluated for inclusion 

in the final analysis. Of these, 20 studies were excluded 

for the following reasons: Wrong supplementation if the 

study used other drugs/supplements in addition to sele

nium; wrong outcome, if not evaluating blood lipid pro

file or not evaluating their levels both before and after 

treatment; and if not a RCT. The numbers of publica

tions excluded after the full-text evaluations, with rea

sons for the exclusions, are reported in Table S1.

The main characteristics of the 27 studies included 

in the meta-analysis are presented in Table 2. Most trials 

(N¼ 21) were carried out in Iran,40,42,61–79 while the 

remaining 6 trials were carried out in Europe, namely 2 

in Denmark,39,41 and 1 each in Finland,44 Germany,80

the United Kingdom,45 and the Czech Republic.38

Overall, the trials included 2958 participants (1830 in 

the selenium treatment groups and 1128 in the control 

groups). Nine studies recruited only female 

participants,40,61,62,68,71,72,74,78,79 and 1 included only 

male healthy subjects.41 The other 16 studies enrolled 

male and female participants, but none performed sex- 

stratified analysis. The duration of the trials ranged 

from 2 to 24 weeks (median¼ 12 weeks). Selenium sup

plementation occurred in the inorganic form using 

sodium selenite in 4 trials, while organic selenium was 

administered in the form of selenium-enriched yeast in 

20 studies. In 3 trials, selenium was administered in 

both inorganic and organic forms.41,69

For intervention with the inorganic selenium, the 

most common supplemented dose was 200 µg/day, 

ranging from 96 µg/day44 to 480 µg/day.41 For 

selenized-yeast, the administered dose ranged from 100 

to 300 µg/day. One study did not specify the dose 

administered.73 Blood selenium concentrations 

(reported as either plasma or serum concentrations) at 

the beginning and end of the trial were available in 10 

studies, showing an increase in selenium concentrations 

after the intervention in every 

trial.38,39,41,44,45,64,66,73,78,80

Four studies were conducted on generally healthy 

populations,39,41,44,45 and 3 trials among pregnant 
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females,62,72,78 whereas the majority of trials (N¼ 19) 

were carried out in patients with chronic diseases. 

Three trials recruited participants diagnosed with poly

cystic ovary syndrome,40,74,79 5 trials enrolled hemodial

ysis patients,63,64,73,75,76 5 articles engaged patients 

affected by cardiovascular disease,42,67,69,70,80 2 studies 

involved women with central obesity,61,68 1 study was 

conducted on patients affected by Systemic 

Inflammatory Response Syndrome (SIRS)/sepsis,38 2 

studies involved diabetic patients,65,66 1 study focused 

on patients with cervical intraepithelial neoplasia,71 and 

1 trial was conducted in patients with Alzheimer’s 

dementia.77 Regarding the end points, the majority of 

studies reported blood concentrations of total choles

terol (N¼ 25), HDL cholesterol (N¼ 24), LDL choles

terol (N¼ 21), and triglycerides (N¼ 23). Two trials 

reported blood concentrations of non-HDL 

cholesterol.39,45

Almost all studies were deemed to be at low risk of 

bias; 5 were considered to have moderate risk of 

bias,38,44,74,78,80 while none were considered at high risk 

of bias (Table S2). Bias in the domain “Effect of assign

ment to intervention” was the most common, generally 

due to a missing measurement/reporting of blood sele

nium concentrations before and after supplementation, 

in both the placebo and treatment groups.

In the forest plot, comprising the 27 studies and 

comparing the highest vs lowest exposure category in 

each study, selenium supplementation was associated 

with an overall reduction in total cholesterol (MD: 

−2.06; 95% CI −4.71, 0.58). A smaller but very imprecise 

decrease was observed for triglycerides (MD: −0.96; 95% 

CI −5.96, 4.04). No substantial effect was observed for 

LDL (MD: −0.52; 95% CI −3.23, 2.18) and HDL choles

terol (MD: 0.26; 95% CI −0.86, 1.37) (Figures S1-S4).

Figure 2 shows the dose–response meta-analysis 

evaluating the effects of selenium supplementation on 

lipid profiles. Selenium supplementation above 200 µg/ 

day was associated with increased levels of total choles

terol (N¼ 25) and triglycerides (N¼ 23) and decreased 

levels of LDL (N¼ 21) and HDL (N¼ 24) cholesterol. 

Specifically, for total cholesterol, there was a U-shaped 

association, with lower total cholesterol levels observed 

for selenium concentrations between 100 and 200 µg/ 

day, after which their levels slightly and linearly 

increased. Conversely, selenium supplementation 

showed an almost linear inverse association with LDL 

cholesterol above 100 µg/day of intervention. The associ

ation with HDL cholesterol was slightly inversely 

U-shaped, with higher HDL levels at selenium supple

mentation of approximately 100 µg/day (Figure 2).

When evaluating blood selenium concentrations 

achieved by the end of the study in the 10 trials reporting 

this measure, there was a positive association with total 

(N¼ 10) and LDL cholesterol (N¼ 9) and triglyceride 

(N¼ 8) levels, although with different patterns of associa

tion. For total and LDL cholesterol, the association was U- 

shaped, with an inflection point of the curve at approxi

mately 125 µg/L. For triglycerides, the association was J- 

shaped, the inflection point being located at approximately 

100 µg/L. HDL cholesterol was slightly linearly inversely 

associated with selenium levels (N¼ 9) (Figure 3).

In analyses stratified according to participant char

acteristics, negative effects and increased MDs of total 

cholesterol (MD: 3.14; 95% CI −8.56, 14.85), LDL (MD: 

2.89; 95% CI −6.96, 12.73), and triglycerides (MD: 9.89; 

95% CI −8.70, 28.49) were observed only among preg

nant females compared with healthy/unhealthy subjects. 

Among unhealthy subjects and pregnant females, sele

nium supplementation was associated with increased 

HDL cholesterol levels, while detrimental effects were 

observed in the healthy subject category (MD: −2.13; 

95% CI −3.72, −0.54) (Figures S5-S8). With regards to 

sex, evidence for a detrimental effect of selenium admin

istration was observed on total cholesterol (MD: 0.45; 

95% CI −5.97, 6.87) and LDL cholesterol (MD: 1.63; 

95% CI −4.01, 7.27) among females, and on HDL choles

terol (MD: −3.11; 95% CI −8.18, 1.96) among males. No 

sex differences were noted on triglyceride concentrations 

(Figures S9-S12). When analyses were stratified by type 

of selenium supplementation (organic vs inorganic), 

inorganic selenium generally showed the most detrimen

tal effects on total (MD: 21.39; 95% CI −22.00, 64.79) 

and LDL cholesterol levels (MD: −2.32; 95% CI −2.34, 

6.98), though the number of studies based on inorganic 

forms (N¼ 4) was much lower than the number of trials 

administering organic selenium species (N¼ 20) 

(Figures S13-S16). When stratifying by geographic 

region, some differences emerged between studies con

ducted in Asia and Europe (Figures S17-S20). Opposite 

and slightly adverse effects were observed for HDL and 

LDL cholesterol levels in European (MD: −1.80; 95% CI 

−3.24, −0.36 and MD: 1.55; 95% CI −3.00, 6.11, respec

tively) compared with Asian populations (MD: 1.42; 95% 

CI 0.12, 2.72 and MD: −1.37; 95% CI −4.58, 1.85, respec

tively). Trial duration also seemed to affect the end point, 

since less favorable effects emerged in particular for LDL 

(MD: 3.01; 95% CI −10.20, 16.22) and HDL cholesterol 

(MD: −0.50; 95% CI −2.68, 1.67) and triglyceride con

centrations (MD: 0.53; 95% CI −28.85, 29.90) with a lon

ger period of intervention, ie, more than 3 months of 

selenium supplementation (Figures S21-S24). Further 

assessment of the role of trial duration using meta- 

regression analysis confirmed such an association 

(Figure S25).

When feasible, dose–response meta-analyses strati

fied by population characteristics (healthy/unhealthy/ 

pregnancy status and sex), type of selenium 
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administration (supplementation with organic or inor

ganic selenium), and country were also performed. 

Summary estimates were generally imprecise. Among 

healthy subjects, selenium supplementation showed a 

similar effect on total cholesterol compared with the 

overall population, while the impact on HDL cholesterol 

levels seemed to be detrimental and inverse. In unheal

thy subjects, the association with total and HDL choles

terol were flat compared with the overall population, 

showing no substantial effects, while it had an inverted 

U-shape for LDL cholesterol with decreasing concentra

tions above 200 µg/day, and an inverse relation for tri

glycerides. The associations appeared almost null for 

pregnant females (Figure S26).

The highest dosages of selenium supplementation 

had slightly detrimental effects on total and HDL cho

lesterol and triglyceride in studies including both males 

and females, while demonstrating no adverse effects on 

LDL cholesterol levels. Studies including only females 

showed inverted U-shaped relations with all examined 

lipid measures (Figure S27).

Dose–response meta-analysis according to the spe

cific selenium form administered was feasible only for 

studies using organic supplementation (N¼ 22). 

Exclusion of studies using only inorganic supplementa

tion (N¼ 4) showed a pattern of U-shaped association 

for total cholesterol and an inverse U-shaped associa

tion for triglycerides and LDL cholesterol. Conversely, 

HDL cholesterol showed a slight increase due to supple

mentation with organic selenium (Figure S28).

Finally, stratified analysis by region showed a mar

ginal effect of selenium supplementation in Asian popu

lations (N¼ 20) and detrimental effects at >300 µg/day 

in European populations (N¼ 5), when considering 

Figure 2. Dose–Response Meta-Analysis of Changes in Total (N¼ 23), High-Density Lipoprotein (HDL) (N¼ 24), Low-Density Lipoprotein 
(LDL) Cholesterol (N¼ 20), and Triglyceride (N¼ 23) Levels According to the Dose of Selenium Administered (μg/day), All Studies and 
Length of Follow-Up. The solid black line represents the effect with a variation of weighted mean difference (MD) (y-axis) according to the 
plasma selenium levels (x-axis). The gray area represents the 95% confidence interval (CI). The short-dashed line represents the null effect, 
MD¼ 0. Selenium supplementation above 200 µg/day was positively associated with total cholesterol and triglycerides. It was also associ
ated with decreased levels of LDL and HDL cholesterol. Specifically, for total cholesterol, there was a U-shaped association. The association 
for HDL cholesterol was substantially null and, if anything, slightly inversely U-shaped.
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total cholesterol and triglycerides as an outcome, 

although the maximum intake in Asia was lower than in 

Europe. A slight positive association was observed with 

HDL cholesterol, while an inverted U-shaped associa

tion was observed with LDL cholesterol (Figure S29).

Sensitivity analysis assessing study-specific curves 

for selenium supplementation showed very high varia

tion for HDL cholesterol (Figures S30-S31). Leave-one- 

out analysis showed substantial homogeneity of the 

results, with some exceptions, including a lower MD for 

LDL cholesterol and triglycerides when excluding 1 

group for Schnabel et al (2008)80 and Tara et al 

(2010),78 respectively (Figures S32-S35). Similarly, 

exclusion of the single study not administering selenium 

through the oral route38 did not affect the overall esti

mate (Figure S32).

Counter-enhanced funnel plots for publication bias 

are shown in Figures S36-S39, indicating some evidence 

of asymmetric distribution for LDL cholesterol, suggest

ing possible occurrence of some publication bias for this 

end point.

Finally, GRADE assessment showed generally a low 

certainty of the evidence (since not all studies were car

ried out in the general population) and very serious 

imprecision, although the presence of dose–response 

increased the level of certainty (Table S3).

DISCUSSION

This dose–response meta-analysis, the first so far car

ried out to the best of our knowledge, gave an indication 

that selenium supplementation can adversely affect lipid 

profiles, particularly HDL cholesterol and triglycerides, 

and partially LDL cholesterol. These results agree with 

those of some observational studies, in which circulat

ing selenium concentrations were positively associated 

Figure 3. Changes in Total (N¼ 10), High-Density Lipoprotein (HDL) (N¼ 9), Low-Density Lipoprotein (LDL) Cholesterol (N¼ 9), and 
Triglyceride (N¼ 8) Levels during the Follow-Up According to Blood Selenium Concentrations (μg/L) at the End of the Trial, All Studies. The 
solid black line represents the effect with a variation of weighted mean difference (MD) (y-axis) according to the plasma selenium levels (x- 
axis). The gray area represents the 95% confidence interval (CI). The short-dashed line represents the null effect, MD¼ 0. Blood selenium 
concentrations achieved at the end of the study were positively and nonlinearly associated with total and LDL cholesterol and triglyceride 
levels. HDL cholesterol was slightly and almost linearly inversely associated with selenium levels.
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with cholesterol (total and LDL) and triglycerides con

centrations, and with the risk of dyslipidemia.28,30,81

The results of this meta-analysis suggested a threshold 

for a detrimental effect of selenium on total and HDL 

cholesterol and triglycerides at approximately 200 µg/ 

day, while opposite and inconsistent results emerged for 

LDL cholesterol. It is noteworthy that, for this end 

point, trials with the longest duration of intervention 

indicated an adverse effect of selenium supplementa

tion. In addition, no such inconsistency was noted 

when blood selenium concentrations were used to 

assess actual exposure status in the trial participants, 

since all the investigated end points consistently indi

cated adverse effects of circulating selenium levels at 

approximately 100 µg/L and above, corresponding to 

approximately 70 µg of daily selenium intake.54 For 

HDL cholesterol, adverse effects occurred starting at 

50 µg/Se/L. This would imply that the upper level of 

selenium, lowered in 2023 to 255 µg/day by the 

European Food Safety Authority,21 may still be inad

equate to protect against the adverse effects of selenium 

administration. Conversely, these results are consistent 

with the WHO recommended dietary intake of 26 and 

34 µg/selenium/day among females and males, 

respectively.82

In general, the results obtained based on achieved 

blood selenium concentrations at the end of the trial 

appear to be more reliable than those based on doses of 

selenium administered in these trials. In fact, the former 

results took into account compliance with the assigned 

treatment (selenium supplementation), and individual 

differences in absorption, excretion, and metabolism of 

the metalloid. However, when examining differences 

between achieved blood selenium concentrations and 

selenium supplementation, we found similar patterns of 

associations with blood lipid MDs. The only exception 

was the relationship with LDL cholesterol, for which an 

opposite effect was observed when considering supple

mentation doses. Some differences emerged across geo

graphic region, though most of the studies were 

conducted in Iran, thus limiting the generalizability of 

our results.

Dose–response analysis based on blood selenium 

concentrations suggested for 3 lipid end points, though 

not for HDL cholesterol, a potential increase at very low 

exposure levels (approximately 50–80 µg/L, ie, 30–50 µg/ 

selenium/day of intake), suggesting there could also be 

a deleterious effect of selenium deficiency on lipid pro

file. For HDL cholesterol, however, no such relationship 

emerged, since the inverse relationship between sele

nium status and this end point emerged at blood con

centrations as low as 50 µg/L.

Observational studies, particularly cross-sectional 

studies, appear to support the results of our meta- 

analysis of the experimental data. In fact, positive asso

ciations between selenium and metabolic syndrome, 

higher triglycerides, and LDL cholesterol, as well as 

with lower HDL cholesterol have previously been 

reported in the National Health and Nutrition 

Examination Surveys (NHANES) and other stud

ies.28,83–90 However, increased serum selenium levels 

were inversely associated with the average changes in 

total and LDL cholesterol in a few studies.91 Similarly, 

selenium levels demonstrated modestly beneficial effects 

on blood lipid levels in populations with relatively low 

selenium status, where low selenium concentrations 

showed adverse effects, especially on the HDL 

profile.92,93

These results are also consistent with the findings 

from several experimental and nonexperimental human 

studies indicating adverse metabolic effects of selenium 

exposure. RCTs have consistently shown that selenium 

administration is associated with an increased risk of 

type 2 diabetes mellitus.21,24,26,94 There is also evidence 

from observational studies of a detrimental effect of 

selenium on non-alcoholic fatty acid liver disease,27 on 

the risk of obesity,22 and on both diastolic and systolic 

blood pressure levels.25,31

There is some biological plausibility for an adverse 

effect of selenium on the lipid profile. High doses of 

selenium may alter lipid metabolism in laboratory ani

mals by modifying hepatic fatty acid metabolism, pro

tein synthesis, and energy metabolism, and causing 

increases in body mass.95–97 In such studies, nutritional 

levels of selenium also increased triglyceride and total 

cholesterol levels, with transcriptomic analyses revealing 

that lipid metabolism was the main pathway altered by 

dietary selenium treatment. These observations suggest 

that nutritionally adequate levels of selenium may 

increase liver lipid contents by activating fatty acid bio

synthesis and elongation and unsaturated fatty acid bio

synthesis pathways.95,98 Alteration of redox homeostasis 

and pro-oxidant features of selenium and selected sele

nium compounds might represent other pathways 

involved in such processes.12,95,99–101 Finally, too high 

levels of selenoprotein P, whose excess and adverse 

effects on glucose metabolism have been involved in the 

etiology of type 2 diabetes, could also be detrimental to 

the lipid profile.29,102

Recent studies indicate that selenium supplementa

tion among individuals with adequate selenium intake 

could lead to altered energy regulation and cause liver 

and cardiovascular dysfunction.95,103 It is feasible that 

U-shaped associations characterize the relationship 

between a nutrient such as selenium and the lipid pro

file, similarly to what has been observed for other out

comes25,27,104–108 and in the current meta-analysis. 

Therefore, selenium deficiency might be linked to 
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inadequate selenoprotein synthesis, potentially leading 

to disturbances in the redox balance, changes in protein 

function, and abnormalities in crucial cardiovascular 

lipid signaling pathways. However, elevated blood sele

nium concentrations could also be associated with sele

noprotein upregulation as a compensatory reaction 

against the pro-oxidant effects of selenium, thereby hav

ing unfavorable effects on certain lipid signaling 

pathways.3,8,12,102

RCTs are experimental studies representing the 

gold standard and can provide the highest quality evi

dence in scientific research, mainly due to avoidance of 

confounding via randomization, better exposure assess

ment, and clarification of temporality. However, most 

trials conducted so far recruited participants with heter

ogeneous health status and background selenium con

centrations, and administered different amounts of 

daily selenium supplements. This indicates potential for 

bias of meta-analyses based on forest plots comparing 

the highest vs lowest amounts of exposure, given the 

possibility of U-shaped and J-shaped relationships and 

the different population characteristics, thus undermin

ing the reliability of both the individual and summary 

estimates, as shown for other outcomes.109,110

Therefore, only a dose–response meta-analysis of 

results, like the one presented in this study, across the 

entire range of exposure from all trials allows for a com

prehensive analysis of the effects of selenium adminis

tration on lipid profiles. These aspects should also be 

taken into account when comparing the results obtained 

in European populations with those in Asian popula

tions, which could be attributed to underlying differen

ces in selenium status or a specific selenium species. On 

the other hand, RCTs carried out in Asian populations 

used a narrower range of selenium supplementation 

compared with those carried out in European popula

tions, thus limiting their comparability. It is also possi

ble that different confounders, effect mediators, may 

explain the differences we observed between studies car

ried out in Asian populations compared with Western 

populations.

Some limitations of our study must be acknowl

edged. First, some stratified analyses (eg, by age group) 

could not be performed, since the trials included did 

not report MDs according to subgroups, and those that 

we could carry out yielded imprecise estimates, due to 

small numbers of studies or study heterogeneity. In 

addition, none of the studies performed speciation anal

yses to address the effects on different blood selenium 

compound concentrations, and few documented the 

exact chemical forms used for the intervention. 

Therefore, the extent to which effects differed according 

to specific selenium species, with reference both to 

added selenium and to the background status could not 

be assessed. Sample overlapping (double-counting) for 

studies combining more than 2 groups is another 

potential source of bias, but only in forest plots. Finally, 

many of the included studies were performed among 

participants with chronic disease and Asian popula

tions, as well as among pregnant females, thus also lim

iting the generalizability of our results to other 

populations, though giving on the other hand more reli

able evidence for the populations investigated.

CONCLUSIONS

The results of this first dose–response meta-analysis on 

the association between selenium and lipid profile sug

gest that selenium levels are associated with adverse 

effects on lipid profiles, with a nonlinear, generally U- 

shaped, association, as expected for a substance with 

both nutritional and toxicological properties. 

Specifically, selenium doses exceeding 200 µg/day or 

blood selenium concentrations exceeding 150 µg/L seem 

to induce adverse effects on the different lipid end 

points, suggesting that current upper levels of the ele

ment may still not be cautious enough, despite their 

recent updates.3,21,111 A too-low selenium intake could 

also be detrimental to lipid metabolism and should be 

avoided. Overall, these results should be taken into 

account when considering selenium supplementation 

for individuals already meeting the nutritional require

ments for this element.

Acknowledgments

Author Contributions. T.U.: Data curation, Formal 

analysis, Investigation, Writing—original draft, and 

Writing—reviewing and editing. G.F.: Data curation, 

Formal analysis, Writing—original draft, and Writing— 

reviewing and editing. L.A.W.: Supervision, Writing— 

original draft, and Writing—reviewing and editing. M. 

V.: Conceptualization, Supervision, Writing—original 

draft, and Writing—reviewing and editing. T.F.: 

Conceptualization, Methodology, Software, Supervision, 

Validation, Writing—original draft, and Writing— 

reviewing and editing. All authors have read and 

approved the final manuscript.

Supplementary Material

Supplementary Material is available at Nutrition Reviews 

online.

Funding. This study was supported by grant 

“UNIMORE FAR 2023” funded by the University of 

Nutrition ReviewsVR Vol. 00(00):1–20                                                                                                                                                                        17 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuaf049/8115387 by Biblioteca universitaria m
edica user on 09 M

ay 2025

https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuaf049#supplementary-data


Modena and Reggio Emilia. M.V. was supported by the 

“Fondazione Pietro Manodori” of Reggio Emilia and by 

funding from the Local Health Authority of Reggio 

Emilia.

Conflicts of Interest

L.A.W. receives in-kind donations from Kindara.com 

(fertility apps) and Swiss Precision Diagnostics (home 

pregnancy tests). She also serves as a consultant for the 

Gates Foundation and AbbVie, Inc. All of these rela

tionships are for work unrelated to this manuscript. The 

remaining authors have no relevant interests to declare.

Data Availability

Data described in the manuscript, code book, and ana

lytic code will be made available upon reasonable 

request, pending application to and approval by the cor

responding author.

REFERENCES

001. Gammelgaard B, Jackson MI, Gabel-Jensen C. Surveying selenium speciation 
from soil to cell—forms and transformations. Anal Bioanal Chem. 
2011;399:1743-1763. https://doi.org/10.1007/s00216-010-4212-8

002. Minich WB. Selenium metabolism and biosynthesis of selenoproteins in the 
human body. Biochemistry (Mosc). 2022;87:S168-S102. https://doi.org/10.1134/ 
S0006297922140139

003. Vinceti M, Filippini T, Wise LA. Environmental selenium and human health: an 
update. Curr Environ Health Rep. 2018;5:464-485. https://doi.org/10.1007/ 
s40572-018-0213-0

004. Vinceti M, Filippini T, Biswas A, Michalke B, Dhillon KS, Naidu R. Chapter 17 – 
Selenium: a global contaminant of significant concern to environment and 
human health. In: Naidu R, ed. Inorganic Contaminants and Radionuclides. 
2024;427-480. https://doi.org/10.1016/B978-0-323-90400-1.00018-5

005. Fairweather-Tait SJ, Collings R, Hurst R. Selenium bioavailability: current knowl
edge and future research requirements. Am J Clin Nutr. 2010;91:1484S-1491S. 
https://doi.org/10.3945/ajcn.2010.28674J

006. Fairweather-Tait SJ, Bao Y, Broadley MR, et al. Selenium in human health and 
disease. Antioxid Redox Signal. 2011;14:1337-1383. https://doi.org/10.1089/ars. 
2010.3275

007. Vinceti M, Filippini T, Cilloni S, et al. Health risk assessment of environmental 
selenium: emerging evidence and challenges (Review). Mol Med Rep. 
2017;15:3323-3335. https://doi.org/10.3892/mmr.2017.6377

008. Vinceti M, Filippini T, Jablonska E, Saito Y, Wise LA. Safety of selenium exposure 
and limitations of selenoprotein maximization: molecular and epidemiologic 
perspectives. Environ Res. 2022;211:113092. https://doi.org/10.1016/j.envres. 
2022.113092

009. Huang J, Xie L, Song A, Zhang C. Selenium status and its antioxidant role in met
abolic diseases. Oxid Med Cell Longev. 2022;2022:7009863. https://doi.org/10. 
1155/2022/7009863

010. Filippini T, Urbano T, Grill P, et al. Human serum albumin-bound selenium (Se- 
HSA) in serum and its correlation with other selenium species. J Trace Elem Med 
Biol. 2023;79:127266. https://doi.org/10.1016/j.jtemb.2023.127266

011. Combs GF Jr, Clark LC. Can dietary selenium modify cancer risk? Nutr Rev. 
1985;43:325-331. https://doi.org/10.1111/j.1753-4887.1985.tb02392.x

012. Jablonska E, Vinceti M. Selenium and human health: witnessing a Copernican 
revolution? J Environ Sci Health C. 2015;33:328-368. https://doi.org/10.1080/ 
10590501.2015.1055163

013. Naderi M, Puar P, Zonouzi-Marand M, Chivers DP, Niyogi S, Kwong RWM. A com
prehensive review on the neuropathophysiology of selenium. Sci Total Environ. 
2021;767:144329. https://doi.org/10.1016/j.scitotenv.2020.144329

014. Schrauzer GN. Selenium and cancer: a review. Bioinorg Chem. 1976;5:275-281. 
https://doi.org/10.1016/s0006-3061(00)82026-8

015. Shamberger RJ, Frost DV. Possible protective effect of selenium against human 
cancer. Can Med Assoc J. 1969;100:682.

016. Vinceti M, Crespi CM, Malagoli C, Del Giovane C, Krogh V. Friend or foe? The cur
rent epidemiologic evidence on selenium and human cancer risk. J Environ Sci 

Health C Environ Carcinog Ecotoxicol Rev. 2013;31:305-341. https://doi.org/10. 
1080/10590501.2013.844757

017. Vinceti M, Dennert G, Crespi CM, et al. Selenium for preventing cancer. Cochrane 
Database Syst Rev. 2014;2014:CD005195. https://doi.org/10.1002/14651858. 
CD005195.pub3

018. Willett WC, Stampfer MJ. Selenium and cancer. BMJ. 1988;297:573-574. https:// 
doi.org/10.1136/bmj.297.6648.573

019. Lippman SM, Klein EA, Goodman PJ, et al. Effect of selenium and vitamin E on 
risk of prostate cancer and other cancers: the Selenium and Vitamin E Cancer 
Prevention Trial (SELECT). JAMA. 2009;301:39-51. https://doi.org/10.1001/jama. 
2008.864

020. Vinceti M, Filippini T, Del Giovane C, et al. Selenium for preventing cancer. 
Cochrane Database Syst Rev. 2018;1:CD005195. https://doi.org/10.1002/ 
14651858.CD005195.pub4

021. Turck D, Bohn T, Castenmiller J, et al. EFSA scientific opinion on the tolerable 
upper intake level for selenium. EFSA J. 2023;21:e07704. https://doi.org/10. 
2903/j.efsa.2023.7704

022. Tinkov AA, Ajsuvakova OP, Filippini T, et al. Selenium and selenoproteins in adi
pose tissue physiology and obesity. Biomolecules. 2020;10:658. https://doi.org/ 
10.3390/biom10040658

023. Tinkov AA, Skalnaya MG, Ajsuvakova OP, et al. Selenium, zinc, chromium, and 
vanadium levels in serum, hair, and urine samples of obese adults assessed by 
inductively coupled plasma mass spectrometry. Biol Trace Elem Res. 
2021;199:490-499. https://doi.org/10.1007/s12011-020-02177-w

024. Vinceti M, Filippini T, Rothman KJ. Selenium exposure and the risk of type 2 dia
betes: a systematic review and meta-analysis. Eur J Epidemiol. 2018;33:789-810. 
https://doi.org/10.1007/s10654-018-0422-8

025. Vinceti M, Chawla R, Filippini T, et al. Blood pressure levels and hypertension 
prevalence in a high selenium environment: results from a cross-sectional study. 
Nutr Metab Cardiovasc Dis. 2019;29:398-408. https://doi.org/10.1016/j.numecd. 
2019.01.004

026. Vinceti M, Filippini T, Wise LA, Rothman KJ. A systematic review and dose– 
response meta-analysis of exposure to environmental selenium and the risk of 
type 2 diabetes in nonexperimental studies. Environ Res. 2021;197:111210. 
https://doi.org/10.1016/j.envres.2021.111210

027. Wang X, Seo YA, Park SK. Serum selenium and non-alcoholic fatty liver disease 
(NAFLD) in U.S. adults: National Health and Nutrition Examination Survey 
(NHANES) 2011–2016. Env Res. 2021;197:111190. https://doi.org/10.1016/j. 
envres.2021.111190

028. Yim G, Margetaki K, Romano ME, et al. Metal mixture exposures and serum lipid 
levels in childhood: the Rhea mother–child cohort in Greece. J Expo Sci Environ 
Epidemiol. 2024;34:688-698. https://doi.org/10.1038/s41370-024-00674-x

029. Yu R, Wang Z, Ma M, et al. Associations between circulating SELENOP level and 
disorders of glucose and lipid metabolism: a meta-analysis. Antioxidants (Basel). 
2022;11:1263. https://doi.org/10.3390/antiox11071263

030. Ju W, Ji M, Li X, et al. Relationship between higher serum selenium level and 
adverse blood lipid profile. Clin Nutr. 2018;37:1512-1517. https://doi.org/10. 
1016/j.clnu.2017.08.025

031. Kelishadi MR, Ashtary-Larky D, Davoodi SH, Clark CCT, Asbaghi O. The effects of 
selenium supplementation on blood lipids and blood pressure in adults: a sys
tematic review and dose–response meta-analysis of randomized control trials. J 
Trace Elem Med Biol. 2022;74:127046. https://doi.org/10.1016/j.jtemb.2022. 
127046

032. Crippa A, Discacciati A, Bottai M, Spiegelman D, Orsini N. One-stage dose– 
response meta-analysis for aggregated data. Stat Methods Med Res. 
2019;28:1579-1596. https://doi.org/10.1177/0962280218773122

033. Vinceti M, Filippini T, Malavolti M, et al. Dose–response relationships in health 
risk assessment of nutritional and toxicological factors in foods: development 
and application of novel biostatistical methods. EFSA Supp Pub. 2020;17:1899E. 
https://doi.org/10.2903/sp.efsa.2020.EN-1899

034. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ. 2021;372:n71. https:// 
doi.org/10.1136/bmj.n71

035. Murad MH, Verbeek J, Schwingshackl L, et al.; GRADE Working Group. GRADE 
GUIDANCE 38: updated guidance for rating up certainty of evidence due to a 
dose–response gradient. J Clin Epidemiol. 2023;164:45-53. https://doi.org/10. 
1016/j.jclinepi.2023.09.011

036. EUnetHTA. Process of information retrieval for systematic reviews and health 
technology assessments on clinical effectiveness. Methodological Guidelines. 
2019. Accessed January 10, 2025. https://www.eunethta.eu/

037. Ashton K, Hooper L, Harvey LJ, Hurst R, Casgrain A, Fairweather-Tait SJ. Methods 
of assessment of selenium status in humans: a systematic review. Am J Clin Nutr. 
2009;89:2025S-2039S. https://doi.org/10.3945/ajcn.2009.27230F

038. Valenta J, Brodska H, Drabek T, Hendl J, Kazda A. High-dose selenium substitu
tion in sepsis: a prospective randomized clinical trial. Intensive Care Med. 
2011;37:808-815. https://doi.org/10.1007/s00134-011-2153-0

039. Cold F, Winther KH, Pastor-Barriuso R, et al. Randomised controlled trial of the 
effect of long-term selenium supplementation on plasma cholesterol in an 

18                                                                                                                                                                        Nutrition ReviewsVR Vol. 00(00):1–20 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuaf049/8115387 by Biblioteca universitaria m
edica user on 09 M

ay 2025

https://doi.org/10.1007/s00216-010-4212-8
https://doi.org/10.1134/S0006297922140139
https://doi.org/10.1134/S0006297922140139
https://doi.org/10.1007/s40572-018-0213-0
https://doi.org/10.1007/s40572-018-0213-0
https://doi.org/10.1016/B978-0-323-90400-1.00018-5
https://doi.org/10.3945/ajcn.2010.28674J
https://doi.org/10.1089/ars.2010.3275
https://doi.org/10.1089/ars.2010.3275
https://doi.org/10.3892/mmr.2017.6377
https://doi.org/10.1016/j.envres.2022.113092
https://doi.org/10.1016/j.envres.2022.113092
https://doi.org/10.1155/2022/7009863
https://doi.org/10.1155/2022/7009863
https://doi.org/10.1016/j.jtemb.2023.127266
https://doi.org/10.1111/j.1753-4887.1985.tb02392.x
https://doi.org/10.1080/10590501.2015.1055163
https://doi.org/10.1080/10590501.2015.1055163
https://doi.org/10.1016/j.scitotenv.2020.144329
https://doi.org/10.1016/s0006-3061(00)82026-8
https://doi.org/10.1080/10590501.2013.844757
https://doi.org/10.1080/10590501.2013.844757
https://doi.org/10.1002/14651858.CD005195.pub3
https://doi.org/10.1002/14651858.CD005195.pub3
https://doi.org/10.1136/bmj.297.6648.573
https://doi.org/10.1136/bmj.297.6648.573
https://doi.org/10.1001/jama.2008.864
https://doi.org/10.1001/jama.2008.864
https://doi.org/10.1002/14651858.CD005195.pub4
https://doi.org/10.1002/14651858.CD005195.pub4
https://doi.org/10.2903/j.efsa.2023.7704
https://doi.org/10.2903/j.efsa.2023.7704
https://doi.org/10.3390/biom10040658
https://doi.org/10.3390/biom10040658
https://doi.org/10.1007/s12011-020-02177-w
https://doi.org/10.1007/s10654-018-0422-8
https://doi.org/10.1016/j.numecd.2019.01.004
https://doi.org/10.1016/j.numecd.2019.01.004
https://doi.org/10.1016/j.envres.2021.111210
https://doi.org/10.1016/j.envres.2021.111190
https://doi.org/10.1016/j.envres.2021.111190
https://doi.org/10.1038/s41370-024-00674-x
https://doi.org/10.3390/antiox11071263
https://doi.org/10.1016/j.clnu.2017.08.025
https://doi.org/10.1016/j.clnu.2017.08.025
https://doi.org/10.1016/j.jtemb.2022.127046
https://doi.org/10.1016/j.jtemb.2022.127046
https://doi.org/10.1177/0962280218773122
https://doi.org/10.2903/sp.efsa.2020.EN-1899
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.jclinepi.2023.09.011
https://doi.org/10.1016/j.jclinepi.2023.09.011
https://www.eunethta.eu/
https://doi.org/10.3945/ajcn.2009.27230F
https://doi.org/10.1007/s00134-011-2153-0


elderly Danish population. Br J Nutr. 2015;114:1807-1818. https://doi.org/10. 
1017/S0007114515003499

040. Jamilian M, Razavi M, Fakhrie Kashan Z, Ghandi Y, Bagherian T, Asemi Z. 
Metabolic response to selenium supplementation in women with polycystic 
ovary syndrome: a randomized, double-blind, placebo-controlled trial. Clin 
Endocrinol (Oxf). 2015;82:885-891. https://doi.org/10.1111/cen.12699

041. Ravn-Haren G, Bugel S, Krath BN, et al. A short-term intervention trial with selen
ate, selenium-enriched yeast and selenium-enriched milk: effects on oxidative 
defence regulation. Br J Nutr. 2008;99:883-892. https://doi.org/10.1017/ 
S0007114507825153

042. Raygan F, Behnejad M, Ostadmohammadi V, et al. Selenium supplementation 
lowers insulin resistance and markers of cardio-metabolic risk in patients with 
congestive heart failure: a randomised, double-blind, placebo-controlled trial. Br 
J Nutr. 2018;120:33-40. https://doi.org/10.1017/S0007114518001253

043. AMA Manual of Style Committee. AMA Manual of Style: A Guide for Authors and 
Editors. Oxford University Press; 2020.

044. Luoma PV, Korpela H, Sotaniemi EA, Kumpulainen J. Serum selenium, gluta
thione peroxidase, lipids, and human liver microsomal enzyme activity: a 
double-blind controlled trial of selenium supplementation. Biol Trace Elem Res. 
1985;8:113-121. https://doi.org/10.1007/BF02917465

045. Rayman MP, Stranges S, Griffin BA, Pastor-Barriuso R, Guallar E. Effect of supple
mentation with high-selenium yeast on plasma lipids: a randomized trial. Ann 
Intern Med. 2011;154:656-665. https://doi.org/10.7326/0003-4819-154-10- 
201105170-00005

046. Deeks J, Higgins J, Altman DG. Chapter 10: Analysing data and undertaking 
meta-analyses. In: Higgins JPT, Thomas J, Chandler J, et al., eds. Cochrane 
Handbook for Systematic Reviews of Interventions. 6.4th ed. Cochrane; 2023.

047. Higgins J, Li T, Deeks J. Chapter 6: Choosing effect measures and computing 
estimates of effect. In: Higgins JPT, Thomas J, Chandler J, et al. eds. Cochrane 
Handbook for Systematic Reviews of Interventions. 6.4th ed. Cochrane; 2023.

048. Sterne JAC, Savovic J, Page MJ, et al. RoB 2: A revised tool for assessing risk of 
bias in randomised trials. BMJ. 2019;366:L4898. https://doi.org/10.1136/bmj. 
l4898

049. Iamandii I, De Pasquale L, Giannone ME, et al. Does fluoride exposure affect thy
roid function? A systematic review and dose–response meta-analysis. Environ 
Res. 2024;242:117759. https://doi.org/10.1016/j.envres.2023.117759

050. Urbano T, Vinceti M, Wise LA, Filippini T. Light at night and risk of breast cancer: 
a systematic review and dose–response meta-analysis. Int J Health Geogr. 
2021;20:44. https://doi.org/10.1186/s12942-021-00297-7

051. Veneri F, Iamandii I, Vinceti M, et al. Fluoride exposure and skeletal fluorosis: a 
systematic review and dose–response meta-analysis. Curr Environ Health Rep. 
2023;10:417-441. https://doi.org/10.1007/s40572-023-00412-9

052. Verzelloni P, Urbano T, Wise LA, Vinceti M, Filippini T. Cadmium exposure and 
cardiovascular disease risk: a systematic review and dose–response meta-analy
sis. Environ Pollut. 2024;345:123462. https://doi.org/10.1016/j.envpol.2024. 
123462

053. Orsini N. Weighted mixed-effects dose–response models for tables of correlated 
contrasts. Stata J. 2021;21:320-347. https://doi.org/10.1177/ 
1536867x211025798

054. Haldimann M, Venner T, Zimmerli B. Determination of selenium in the serum of 
healthy Swiss adults and correlation to dietary intake. J Trace Elem Med Biol. 
1996;10:31-45.

055. Filippini T, Vinceti SR. The role of statistical significance testing in public law and 
health risk assessment. J Prev Med Hyg. 2022;63:E161-E165. https://doi.org/10. 
15167/2421-4248/jpmh2022.63.1.2394

056. Savitz DA, Wise LA, Bond JC, et al. Responding to reviewers and editors about 
statistical significance testing. Ann Intern Med. 2024;177:385-386. https://doi. 
org/10.7326/M23-2430

057. Wasserstein RL, Lazar NA. The ASA statement on P-values: context, process, and 
purpose. Am Stat. 2016;70:129-133. https://doi.org/10.1080/00031305.2016. 
1154108

058. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected 
by a simple, graphical test. BMJ. 1997;315:629-634. https://doi.org/10.1136/bmj. 
315.7109.629

059. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in 
meta-analyses. BMJ. 2003;327:557-560. https://doi.org/10.1136/bmj.327.7414. 
557

060. Atkins D, Best D, Briss PA, et al. GRADE Working Group. Grading quality of evi
dence and strength of recommendations. BMJ. 2004;328:1490. https://doi.org/ 
10.1136/bmj.328.7454.1490

061. Alizadeh M, Safaeiyan A, Ostadrahimi A, et al. Effect of L-arginine and selenium 
added to a hypocaloric diet enriched with legumes on cardiovascular disease 
risk factors in women with central obesity: a randomized, double-blind, pla
cebo-controlled trial. Ann Nutr Metab. 2012;60:157-168. https://doi.org/10.1159/ 
000335470

062. Asemi Z, Jamilian M, Mesdaghinia E, Esmaillzadeh A. Effects of selenium supple
mentation on glucose homeostasis, inflammation, and oxidative stress in gesta
tional diabetes: randomized, double-blind, placebo-controlled trial. Nutrition. 
2015;31:1235-1242. https://doi.org/10.1016/j.nut.2015.04.014

063. Assarzadeh S, Vahdat S, Seirafian S, Pourfarzam M, Badri S. Effect of selenium 
supplementation on lipid profile, anemia, and inflammation indices in hemo
dialysis patients. J Res Pharm Pract. 2022;11:103-108. https://doi.org/10.4103/ 
jrpp.jrpp_68_22

064. Atapour A, Vahdat S, Hosseini M, Mohamadian H. Effect of selenium on triglycer
ide and total cholesterol, weight gain, and physical activity on hemodialysis 
patients: a randomized double-blinded controlled trial. Int J Prev Med. 
2022;13:63. https://doi.org/10.4103/ijpvm.IJPVM_378_20

065. Bahmani F, Kia M, Soleimani A, Asemi Z, Esmaillzadeh A. Effect of selenium sup
plementation on glycemic control and lipid profiles in patients with diabetic 
nephropathy. Biol Trace Elem Res. 2016;172:282-289. https://doi.org/10.1007/ 
s12011-015-0600-4

066. Faghihi T, Radfar M, Barmal M, et al. A randomized, placebo-controlled trial of 
selenium supplementation in patients with type 2 diabetes: effects on glucose 
homeostasis, oxidative stress, and lipid profile. Am J Ther. 2014;21:491-495. 
https://doi.org/10.1097/MJT.0b013e318269175f

067. Farrokhian A, Bahmani F, Taghizadeh M, et al. Selenium supplementation affects 
insulin resistance and serum hs-CRP in patients with type 2 diabetes and coro
nary heart disease. Horm Metab Res. 2016;48:263-268. https://doi.org/10.1055/s- 
0035-1569276

068. Gargari B, Alizadeh M, Safaeiyan A, Zarrin R. Effect of L-arginine and selenium 
on metabolic features, insulin resistance and hepatic function tests in obese 
women. Curr Nutr Food Sci. 2015;11:93-98. https://doi.org/10.2174/ 
1573401311666150429225236

069. Ghazi MKK, Ghaffari S, Naemi M, et al. Effects of sodium selenite and selenium- 
enriched yeast on cardiometabolic indices of patients with atherosclerosis: a 
double-blind randomized clinical trial study. J Cardiovasc Thorac Res. 
2021;13:314-319. https://doi.org/10.34172/jcvtr.2021.51

070. Kamali A, Amirani E, Asemi Z. Effects of selenium supplementation on metabolic 
status in patients undergoing for Coronary Artery Bypass Grafting (CABG) sur
gery: a randomized, double-blind, placebo-controlled trial. Biol Trace Elem Res. 
2019;191:331-337. https://doi.org/10.1007/s12011-019-1636-7

071. Karamali M, Nourgostar S, Zamani A, Vahedpoor Z, Asemi Z. The favourable 
effects of long-term selenium supplementation on regression of cervical tissues 
and metabolic profiles of patients with cervical intraepithelial neoplasia: a rand
omised, double-blind, placebo-controlled trial. Br J Nutr. 2015;114:2039-2045. 
https://doi.org/10.1017/S0007114515003852

072. Mesdaghinia E, Rahavi A, Bahmani F, Sharifi N, Asemi Z. Clinical and metabolic 
response to selenium supplementation in pregnant women at risk for intrauter
ine growth restriction: randomized, double-blind, placebo-controlled trial. Biol 
Trace Elem Res. 2017;178:14-21. https://doi.org/10.1007/s12011-016-0911-0

073. Omrani H, Golmohamadi S, Pasdar Y, Jasemi K, Almasi A. Effect of selenium sup
plementation on lipid profile in hemodialysis patients. J Renal Inj Prev. 
2016;5:179-182. https://doi.org/10.15171/jrip.2016.38

074. Rashidi BH, Mohammad Hosseinzadeh F, Alipoor E, Asghari S, Yekaninejad MS, 
Hosseinzadeh-Attar MJ. Effects of selenium supplementation on asymmetric 
dimethylarginine and cardiometabolic risk factors in patients with Polycystic 
Ovary Syndrome. Biol Trace Elem Res. 2020;196:430-437. https://doi.org/10. 
1007/s12011-019-01954-6

075. Salehi M, Sohrabi Z, Ekramzadeh M, et al. Selenium supplementation improves 
the nutritional status of hemodialysis patients: a randomized, double-blind, pla
cebo-controlled trial. Nephrol Dial Transplant. 2013;28:716-723. https://doi.org/ 
10.1093/ndt/gfs170

076. Salimian M, Soleimani A, Bahmani F, Tabatabaei SMH, Asemi Z, Talari HR. The 
effects of selenium administration on carotid intima-media thickness and meta
bolic status in diabetic hemodialysis patients: a randomized, double-blind, pla
cebo-controlled trial. Clin Nutr ESPEN. 2022;47:58-62. https://doi.org/10.1016/j. 
clnesp.2021.11.022

077. Tamtaji OR, Heidari-Soureshjani R, Mirhosseini N, et al. Probiotic and selenium 
co-supplementation, and the effects on clinical, metabolic and genetic status in 
Alzheimer’s disease: a randomized, double-blind, controlled trial. Clin Nutr. 
2019;38:2569-2575. https://doi.org/10.1016/j.clnu.2018.11.034

078. Tara F, Maamouri G, Rayman MP, et al. Selenium supplementation and the inci
dence of preeclampsia in pregnant Iranian women: a randomized, double-blind, 
placebo-controlled pilot trial. Taiwan J Obstet Gynecol. 2010;49:181-187. https:// 
doi.org/10.1016/S1028-4559(10)60038-1

079. Zadeh Modarres S, Asemi Z, Heidar Z. The effects of selenium supplementation 
on glycemic control, serum lipoproteins and biomarkers of oxidative stress in 
infertile women diagnosed with polycystic ovary syndrome undergoing in vitro 
fertilization: a randomized, double-blind, placebo-controlled trial. Clin Nutr 
ESPEN. 2022;51:92-96. https://doi.org/10.1016/j.clnesp.2022.07.017

080. Schnabel R, Lubos E, Messow CM, et al. Selenium supplementation improves 
antioxidant capacity in vitro and in vivo in patients with coronary artery disease: 
The SElenium Therapy in Coronary Artery disease Patients (SETCAP) Study. Am 
Heart J. 2008;156:1201.e1-1201.11. https://doi.org/10.1016/j.ahj.2008.09.004

081. Li Z, Lai J, Wen L, et al. Higher levels of blood selenium are associated with 
higher levels of serum lipid profile in US adults with CKD: results from NHANES 
2013–2018. Biol Trace Elem Res. 2023;201:5501-5511. https://doi.org/10.1007/ 
s12011-023-03608-0

Nutrition ReviewsVR Vol. 00(00):1–20                                                                                                                                                                        19 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuaf049/8115387 by Biblioteca universitaria m
edica user on 09 M

ay 2025

https://doi.org/10.1017/S0007114515003499
https://doi.org/10.1017/S0007114515003499
https://doi.org/10.1111/cen.12699
https://doi.org/10.1017/S0007114507825153
https://doi.org/10.1017/S0007114507825153
https://doi.org/10.1017/S0007114518001253
https://doi.org/10.1007/BF02917465
https://doi.org/10.7326/0003-4819-154-10-201105170-00005
https://doi.org/10.7326/0003-4819-154-10-201105170-00005
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1016/j.envres.2023.117759
https://doi.org/10.1186/s12942-021-00297-7
https://doi.org/10.1007/s40572-023-00412-9
https://doi.org/10.1016/j.envpol.2024.123462
https://doi.org/10.1016/j.envpol.2024.123462
https://doi.org/10.1177/1536867x211025798
https://doi.org/10.1177/1536867x211025798
https://doi.org/10.15167/2421-4248/jpmh2022.63.1.2394
https://doi.org/10.15167/2421-4248/jpmh2022.63.1.2394
https://doi.org/10.7326/M23-2430
https://doi.org/10.7326/M23-2430
https://doi.org/10.1080/00031305.2016.1154108
https://doi.org/10.1080/00031305.2016.1154108
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1159/000335470
https://doi.org/10.1159/000335470
https://doi.org/10.1016/j.nut.2015.04.014
https://doi.org/10.4103/jrpp.jrpp_68_22
https://doi.org/10.4103/jrpp.jrpp_68_22
https://doi.org/10.4103/ijpvm.IJPVM_378_20
https://doi.org/10.1007/s12011-015-0600-4
https://doi.org/10.1007/s12011-015-0600-4
https://doi.org/10.1097/MJT.0b013e318269175f
https://doi.org/10.1055/s-0035-1569276
https://doi.org/10.1055/s-0035-1569276
https://doi.org/10.2174/1573401311666150429225236
https://doi.org/10.2174/1573401311666150429225236
https://doi.org/10.34172/jcvtr.2021.51
https://doi.org/10.1007/s12011-019-1636-7
https://doi.org/10.1017/S0007114515003852
https://doi.org/10.1007/s12011-016-0911-0
https://doi.org/10.15171/jrip.2016.38
https://doi.org/10.1007/s12011-019-01954-6
https://doi.org/10.1007/s12011-019-01954-6
https://doi.org/10.1093/ndt/gfs170
https://doi.org/10.1093/ndt/gfs170
https://doi.org/10.1016/j.clnesp.2021.11.022
https://doi.org/10.1016/j.clnesp.2021.11.022
https://doi.org/10.1016/j.clnu.2018.11.034
https://doi.org/10.1016/S1028-4559(10)60038-1
https://doi.org/10.1016/S1028-4559(10)60038-1
https://doi.org/10.1016/j.clnesp.2022.07.017
https://doi.org/10.1016/j.ahj.2008.09.004
https://doi.org/10.1007/s12011-023-03608-0
https://doi.org/10.1007/s12011-023-03608-0


082. WHO/FAO. Vitamin and Mineral Requirements in Human Nutrition. 2nd ed. World 
Health Organization. Food and Agriculture Organization; 2004.

083. Barragan R, Sanchez-Gonzalez C, Aranda P, et al. Single and combined associa
tions of plasma and urine essential trace elements (Zn, Cu, Se, and Mn) with car
diovascular risk factors in a Mediterranean population. Antioxidants (Basel). 
2022;11:1991. https://doi.org/10.3390/antiox11101991

084. Bulka CM, Persky VW, Daviglus ML, Durazo-Arvizu RA, Argos M. Multiple metal 
exposures and metabolic syndrome: a cross-sectional analysis of the National 
Health and Nutrition Examination Survey 2011–2014. Env Res. 
2019;168:397-405. https://doi.org/10.1016/j.envres.2018.10.022

085. Christensen K, Werner M, Malecki K. Serum selenium and lipid levels: associa
tions observed in the National Health and Nutrition Examination Survey 
(NHANES) 2011–2012. Env Res. 2015;140:76-84. https://doi.org/10.1016/j.envres. 
2015.03.020

086. Fang H, He X, Wu Y, et al. Association between selenium level in blood and gly
colipid metabolism in residents of Enshi prefecture, China. Biol Trace Elem Res. 
2021;199:2456-2466. https://doi.org/10.1007/s12011-020-02372-9

087. Huang Y-q, Shen G, Lo K, et al. Association of circulating selenium concentration 
with dyslipidemia: results from the NHANES. J Trace Elem Med Biol. 
2020;58:126438. https://doi.org/10.1016/j.jtemb.2019.126438

088. Liu A, Xu P, Gong C, et al. High serum concentration of selenium, but not cal
cium, cobalt, copper, iron, and magnesium, increased the risk of both hypergly
cemia and dyslipidemia in adults: a health examination center based cross- 
sectional study. J Trace Elem Med Biol. 2020;59:126470. https://doi.org/10.1016/j. 
jtemb.2020.126470

089. Urbano T, Filippini T, Lasagni D, et al. Associations between urinary and dietary 
selenium and blood metabolic parameters in a healthy Northern Italy popula
tion. Antioxidants (Basel). 2021;10:1193. https://doi.org/10.3390/antiox10081193

090. Zhao K, Zhang Y, Sui W. The circulating selenium concentration is positively 
related to the lipid accumulation product: a population-based cross-sectional 
study. Nutrients. 2024;16:933. https://doi.org/10.3390/nu16070933

091. Stranges S, Tabak AG, Guallar E, et al. Selenium status and blood lipids: the car
diovascular risk in Young Finns study. J Intern Med. 2011;270:469-477. https:// 
doi.org/10.1111/j.1365-2796.2011.02398.x

092. Chen C, Jin Y, Unverzagt FW, et al. The association between selenium and lipid 
levels: a longitudinal study in rural elderly Chinese. Arch Gerontol Geriatr. 
2015;60:147-152. https://doi.org/10.1016/j.archger.2014.09.005

093. Lee O, Moon J, Chung Y. The relationship between serum selenium levels and 
lipid profiles in adult women. J Nutr Sci Vitaminol (Tokyo). 2003;49:397-404. 
https://doi.org/10.3177/jnsv.49.397

094. Vinceti M, Bonaccio M, Filippini T, et al.; Moli-Sani Study Investigators. Dietary 
selenium intake and risk of hospitalization for type 2 diabetes in the Moli-sani 
study cohort. Nutr Metab Cardiovasc Dis. 2021;31:1738-1746. https://doi.org/10. 
1016/j.numecd.2021.02.016

095. Hu X, Chandler JD, Orr ML, et al. Selenium supplementation alters hepatic 
energy and fatty acid metabolism in mice. J Nutr. 2018;148:675-684. https://doi. 
org/10.1093/jn/nxy036

096. Steinbrenner H. Interference of selenium and selenoproteins with the insulin- 
regulated carbohydrate and lipid metabolism. Free Radic Biol Med. 
2013;65:1538-1547. https://doi.org/10.1016/j.freeradbiomed.2013.07.016

097. Zhao Z, Barcus M, Kim J, Lum KL, Mills C, Lei XG. High dietary selenium intake 
alters lipid metabolism and protein synthesis in liver and muscle of pigs. J Nutr. 
2016;146:1625-1633. https://doi.org/10.3945/jn.116.229955

098. Chen F, Wang L, Zhang D, Li S, Zhang X. Effect of an established nutritional level 
of selenium on energy metabolism and gene expression in the liver of rainbow 
trout. Biol Trace Elem Res. 2022;200:3829-3840. https://doi.org/10.1007/s12011- 
021-02953-2

099. Dauplais M, Romero S, Lazard M. Exposure to selenomethionine and selenocys
tine induces redox-mediated ER stress in normal breast epithelial MCF-10A cells. 
Biol Trace Elem Res. 2025;203:1453-1464. https://doi.org/10.1007/s12011-024- 
04244-y

100. Lazard M, Dauplais M, Blanquet S, Plateau P. Recent advances in the mechanism 
of selenoamino acids toxicity in eukaryotic cells. Biomol Concepts. 
2017;8:93-104. https://doi.org/10.1515/bmc-2017-0007

101. Urbano T, Filippini T, Wise LA, et al. Selenium exposure and urinary 8-oxo-7,8- 
dihydro-2’-deoxyguanosine: major effects of chemical species and sex. Sci Total 
Environ. 2023;870:161584. https://doi.org/10.1016/j.scitotenv.2023.161584

102. Saito Y. Selenoprotein P as an in vivo redox regulator: disorders related to its 
deficiency and excess. J Clin Biochem Nutr. 2020;66:1-7. https://doi.org/10.3164/ 
jcbn.19-31

103. Jablonska E, Reszka E, Gromadzinska J, et al. The effect of selenium sup
plementation on glucose homeostasis and the expression of genes related 
to glucose metabolism. Nutrients. 2016;8:772-772. https://doi.org/10.3390/ 
nu8120772

104. Arias-Borrego A, Callej�on-Leblic B, Collado MC, Abril N, Garc�ıa-Barrera T. Omics 
insights into the responses to dietary selenium. Proteomics. 2023;23:e2300052. 
https://doi.org/10.1002/pmic.202300052

105. Barchielli G, Capperucci A, Tanini D. The role of selenium in pathologies: an 
updated review. Antioxidants (Basel). 2022;11:251. https://doi.org/10.3390/ 
antiox11020251

106. Filippini T, Fairweather-Tait S, Vinceti M. Selenium and immune function: a sys
tematic review and meta-analysis of experimental human studies. Am J Clin 
Nutr. 2023;117:93-110. https://doi.org/10.1016/j.ajcnut.2022.11.007

107. Urbano T, Filippini T, Lasagni D, et al. Association of urinary and dietary sele
nium and of serum selenium species with serum alanine aminotransferase in a 
healthy Italian population. Antioxidants (Basel). 2021;10:1516. https://doi.org/10. 
3390/antiox10101516

108. Urbano T, Filippini T, Malavolti M, et al. Adherence to the Mediterranean-DASH 
Intervention for Neurodegenerative Delay (MIND) diet and exposure to sele
nium species: a cross-sectional study. Nutr Res. 2024;122:44-54. https://doi.org/ 
10.1016/j.nutres.2023.12.002

109. Filippini T, Naska A, Kasdagli MI, et al. Potassium intake and blood pressure: a 
dose–response meta-analysis of randomized controlled trials. J Am Heart Assoc. 
2020;9:e015719. https://doi.org/10.1161/JAHA.119.015719

110. Vinceti M, Filippini T, Crippa A, de Sesmaisons A, Wise LA, Orsini N. Meta-analysis 
of potassium intake and the risk of stroke. J Am Heart Assoc. 2016;5:e004210. 
https://doi.org/10.1161/JAHA.116.004210

111. SINU. Dietary Reference Values for Nutrients and Energy for Italian Population—V 
Revision. Biomedia Editore; 2024.

© The Author(s) 2025. Published by Oxford University Press on behalf of the International Life Sciences Institute.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits 

unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Nutrition Reviews, 2025, 00, 1–20

https://doi.org/10.1093/nutrit/nuaf049

Meta-Analysis

20                                                                                                                                                                        Nutrition ReviewsVR Vol. 00(00):1–20 

D
ow

nloaded from
 https://academ

ic.oup.com
/nutritionreview

s/advance-article/doi/10.1093/nutrit/nuaf049/8115387 by Biblioteca universitaria m
edica user on 09 M

ay 2025

https://doi.org/10.3390/antiox11101991
https://doi.org/10.1016/j.envres.2018.10.022
https://doi.org/10.1016/j.envres.2015.03.020
https://doi.org/10.1016/j.envres.2015.03.020
https://doi.org/10.1007/s12011-020-02372-9
https://doi.org/10.1016/j.jtemb.2019.126438
https://doi.org/10.1016/j.jtemb.2020.126470
https://doi.org/10.1016/j.jtemb.2020.126470
https://doi.org/10.3390/antiox10081193
https://doi.org/10.3390/nu16070933
https://doi.org/10.1111/j.1365-2796.2011.02398.x
https://doi.org/10.1111/j.1365-2796.2011.02398.x
https://doi.org/10.1016/j.archger.2014.09.005
https://doi.org/10.3177/jnsv.49.397
https://doi.org/10.1016/j.numecd.2021.02.016
https://doi.org/10.1016/j.numecd.2021.02.016
https://doi.org/10.1093/jn/nxy036
https://doi.org/10.1093/jn/nxy036
https://doi.org/10.1016/j.freeradbiomed.2013.07.016
https://doi.org/10.3945/jn.116.229955
https://doi.org/10.1007/s12011-021-02953-2
https://doi.org/10.1007/s12011-021-02953-2
https://doi.org/10.1007/s12011-024-04244-y
https://doi.org/10.1007/s12011-024-04244-y
https://doi.org/10.1515/bmc-2017-0007
https://doi.org/10.1016/j.scitotenv.2023.161584
https://doi.org/10.3164/jcbn.19-31
https://doi.org/10.3164/jcbn.19-31
https://doi.org/10.3390/nu8120772
https://doi.org/10.3390/nu8120772
https://doi.org/10.1002/pmic.202300052
https://doi.org/10.3390/antiox11020251
https://doi.org/10.3390/antiox11020251
https://doi.org/10.1016/j.ajcnut.2022.11.007
https://doi.org/10.3390/antiox10101516
https://doi.org/10.3390/antiox10101516
https://doi.org/10.1016/j.nutres.2023.12.002
https://doi.org/10.1016/j.nutres.2023.12.002
https://doi.org/10.1161/JAHA.119.015719
https://doi.org/10.1161/JAHA.116.004210

	Active Content List
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	Acknowledgments
	REFERENCES


