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Abstract
Purpose  Selenium (Se) is a trace element having significant effects on human metabolism. Recent studies suggest that Se 
supplementation have a pivotal effect on the inflammatory markers. Therefore, the aim of this study was to assess the effect 
of Se supplementation on plasma inflammatory markers including C-reactive protein (CRP) and high-sensitivity C-reactive 
protein (hs-CRP) and nitric oxide (NO) as a stress oxidative index, among patients with metabolic diseases.
Methods  To assess the effects of Se on the inflammatory markers, following the PRISMA-P guidelines, we systematically 
searched ISI/WOS, PubMed/MEDLINE, and Scopus for studies that assessed the effect of Se supplementation on the inflam-
matory markers. Data extraction was performed by two independent investigators. Using the random effects or fixed-effects 
model depending on the results of heterogeneity tests was used to estimate the pooled standardized mean difference (SMD). 
Heterogeneity between studies was assessed using Cochran’s Q test and I2 index.
Results  The initial search revealed 3,320 papers. After screening process and considering inclusion criteria, 7 publications 
were eligible for inclusion in the meta-analysis. The meta-analysis results showed that Se supplementation did not signifi-
cantly affect CRP and hs-CRP concentrations (mean difference (MD) = -0.15; 95% CI: -0.55- 0.23; P = 0.43). Subgroup 
analysis of CRP type showed that Se supplementation significantly decreased hs-CRP level (pooled SMD = -0.44; 95% CI: 
-0.67–0.21). Moreover, no significant change was observed in NO level by continuing to take Se supplementation, (pooled 
SMD: 0.003, 95%CI: -0.26, 0.26).
Conclusions  This study revealed that Se supplementation would have desirable effects on cardio-metabolic indicators through 
affecting the levels of inflammatory markers. Given the importance of concerns, more attention should be given to more 
prospective studies with longer follow-up.
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Background

The trace mineral selenium (Se) is an essential micronutrient 
and plays important biological roles in human body [1, 2]. 
This essential mineral must be obtained through nutritional 
diet. In this regard, evidence reveal that, low Se level may 
be related to increased risk of adverse health outcomes, such 
as cancer and cardiovascular disease (CVD) [3]. Evidence 

shows that Se is also essential for optimal functioning of the 
CVD system [4].

Selenium can affect the inflammatory processes; it is one 
of the most interesting research fields. Se also regulates the 
progression of many infectious diseases [4]. The antioxidant 
nature of some selenoproteins like glutathione peroxidase, is 
discussed as predisposing factors for many morbidities and 
mortalities such as carcinogenesis and heart diseases [5–7].

Previous studies have suggested that the Se supplementa-
tion through inhibiting the production of advanced glycation 
end products and decreasing the free radical production and 
lipid hydroperoxide could affect inflammatory mechanisms, 
glucose homeostasis, and oxidative stress [8]. In many cases, 
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increasing serum levels of Se and the correction of required 
prescribed doses might be accompanied by interested results 
in reducing the risk of many diseases [6, 9, 10]. Metabolic 
diseases, such as diabetes, metabolic syndrome, obesity, and 
cardiovascular diseases are associated with increased inflam-
mation in the body, leading to increasing inflammatory 
markers like C-reactive protein (CRP), nitric oxide (NO) and 
high-sensitivity C-reactive protein (hs-CRP). In this case, 
some evidence has shown that Se can reduce inflammation 
and decrease the rate of metabolic diseases [11–18].

Despite the importance of Se effects on related compli-
cations of metabolic disorders, such as the significant dis-
ability, increased dependency, reduced quality of life and 
increased economic burden of health care costs, there is still 
an evident gap among the related scientific literature, prac-
tical experiences and proposed plans [19–23]. Therefore, 
present paper provides the comprehensive systematic review 
on the probable effects of Se supplementation on inflam-
matory and stress oxidative markers among patients with 
metabolic diseases.

Methods

To assess the effect of Se on inflammatory markers, follow-
ing the PRISMA-P guide-lines, we developed a systematic 
review which aggregated and analyzed all related evidence. 
The details of the study protocol have previously been pub-
lished [16].

The review question

Considering the main question of the effect of Se on inflam-
matory and stress oxidative markers, this review investigated 
the effect of Se supplementation on the inflammatory and 
stress oxidative markers including CRP, NO, and hs-CRP.

PICOS: we considered adults and adolescents with 
metabolic diseases as population (P); Se supplementation 
as intervention (I); patients with metabolic diseases and tak-
ing placebo as comparator (C); plasma inflammatory mark-
ers including CRP and hs-CRP and NO as a stress oxidative 
index as outcome (O), and clinical trial as study design (S).

Inclusion and exclusion criteria

Studies that met the following criteria were included in 
the meta-analysis: [1] clinical trials in which control group 
received the placebo, [2] studies assessing the effect of se 
supplements or Se-enriched yeast on inflammatory mark-
ers in subjects with metabolic disorders; and [3] Se could 
be used as mono therapy or even in combination therapy. 
Duplicate publications and irrelevant papers considering 
other inflammatory markers or dietary Se instead of Se 

supplementation or studies conducted on other diseases were 
excluded from the study.

Search strategy and locate studies

We systematically searched the databases of PubMed, 
EMBASE, MEDLINE, Cochrane Library, ISI/WOS, and 
Scopus for relevant papers. The search terms developed 
based on the topics of research question. The search strat-
egy included: "inflammation"[Mesh] OR "inflammatory 
factors"[Title/Abstract] OR “C-reactive protein”[Title/
Abstract] OR CRP[Title/Abstract] OR “nitric oxide”[Title/
Abstract] OR NO[Title/Abstract] OR “high-sensitivity 
C-reactive protein” [Title/Abstract] OR hs-CRP[Title/
Abstract] combined with "Se"[Mesh] OR "se"[Title/
Abstract] OR selenium[Title/Abstract] combined with 
“metabolic syndrome”[Title/Abstract] OR “cardiovascu-
lar diseases”[Title/Abstract] OR diabetes[Title/Abstract] 
OR GDM[Title/Abstract] OR PCOS[Title/Abstract] OR 
obesity[Title/Abstract], restricted to "human subject". The 
same process followed in other databases.

All of the relevant review articles and meta-analysis were 
checked for their references. If there were more than one 
paper from a specific study, the one with more complete 
data was considered. There was no limitation for language. 
Searches were done on March 2021. As other resources, all 
publications’ references were checked.

Select studies

To establish the inter-rater reliability (IRR), a comprehen-
sive list of abstracts was retrieved and reviewed by two inde-
pendent investigators. Possible disagreements and contro-
versies were resolved by discussion and consensus or even 
third investigator. Relevant eligible papers obtained were 
reviewed in full.

Assess study quality

Using comprehensive recommended guidelines of the Con-
solidated Standards of Reporting Trials (CONSORT) 2010, 
25-items checklist [24], study quality was assessed by two 
independent research experts.

Data extraction

Using a data extraction form, according to the study groups, 
the information was extracted from each study for citation, 
type of study, study subjects, publication year, sample size, 
dose of supplementation, intervention group, control group, 
mean age of participant, outcome, intervention duration, fol-
low up duration, measurement interval, result, effect size.
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Statistical analysis

The mean change (endpoint from baseline) and standard 
deviation (SD) in inflammatory markers for both interven-
tion and placebo groups were used to calculate the standard-
ized mean difference (SMD) as effect size. We calculated 
the SMD using the means and SD of the two groups using a 
previously described method [18].

Meta-analysis was performed to estimate the pooled SMD 
with the 95% confidence interval (CI) of the effect of Se sup-
plementation on the inflammatory markers. The Cochran’s 
Q test and the I2 statistic were used to assess the heteroge-
neity between studies. The result of Q test was considered 
as statistically significant at 0.1. Either a fixed-effects or, in 

the presence of heterogeneity, a random-effect model was 
used to calculate pooled SMD [25]. The I2 statistic also was 
used to quantify the degree of heterogeneity between stud-
ies, which I2 values of 25%, 50%, and 75% were considered 
to correspond to low, medium, and high levels of heteroge-
neity, respectively [26]. Subgroup analysis was performed 
based on CRP types and dose of Se supplementation. We 
performed sensitivity analysis to evaluate the extent to which 
the pooled SMD depending on excluding studies with low 
quality score. Publication bias was estimated visually and 
statistically using Begg’s funnel plots and Egger’s test, 
respectively and results of Egger’s test was considered as 
statistically significant at 0.1 [27]. The statistical analysis 
was performed using STATA version 10.

Fig. 1   Flow chart of the articles 
selected for mete-analysis
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Results

Search result & characteristics of included studies

Figure 1 shows the detailed processes of the search and study 
selection. A total of 7 trials [6 randomized controlled trials 
and 1 crossover trial] were included in this study (Table 1). 
The initial search revealed 3,320 papers. After excluding the 
duplicate studies, 3105 publications were screened based 
on title and abstract. Totally, 30 publications were assessed 
for eligibility based on the study inclusion and exclusion 
criteria. Finally, 7 articles were included in the meta-analy-
sis. Other studies were excluded based on different types of 
population, outcome, and intervention (Fig. 1).

Overall, 193 participants were included in the Se sup-
plementation group and 189 participants in the placebo 
group. The age of the patients ranged from 10 to 85 years. 
Four trials recruited both men and women and in other 
three studies only female subjects were enrolled [10, 28, 
29]. Four trials used Se combined with other vitamins 
or minerals [3, 9, 10, 30] and 3 trials used Se alone as 
oral supplement. The daily dose of Se were 200 mg/day 
in four trials [10, 12, 28, 29], one trial used 300 mg/day 

[3], one RCT used 50 mg/day [12] and one study used 
100 mg/day [9]. Four trials were conducted in Iran and 3 
in Europe. All RCTs were placebo-controlled, and all were 
double-blinded. Duration of treatment ranged from 42 [28] 
to 168 days [9]. The effect of se supplementation on the 
inflammatory markers in included studies is presented in 
Table 2. The effect of Se supplementation on inflammatory 
markers was statistically significant in four studies.

Meta‑analysis and sub group analysis

Overall, five trials involving 298 participants in Se or pla-
cebo groups reported the effect of Se supplementation on 
hs-CRP level and 2 studies assessed the effect of Se sup-
plementation on the CRP. Four studies reported level of 
NO as an outcome at baseline and follow-up (Table 3).

The overall effect of Se supplementation on the level 
of inflammatory markers is shown in Table 3. The results 
of the random effect meta-analysis showed that Se sup-
plementation led to a significant reduction in hs-CRP 
levels [SMD = -0.44; 95% CI: (-0.67,-0.21); P < 0.001] 
in subjects with metabolic diseases with no obvious 

Overall  (I-squared = 12.6%, p = 0.334)

Zatollah Asemi , 2015

Study

ID

M.Razavi.2016

Marina Shargorodsky,2010

A.Farokhian.2016

Alizadeh  2012

-0.44 (-0.67, -0.21)

-0.53 (-1.01, -0.06)

SMD (95% CI)

-0.66 (-1.16, -0.15)

-0.37 (-0.84, 0.10)

-0.57 (-1.08, -0.05)

0.19 (-0.48, 0.87)

100.00

23.42

%

Weight

21.03

23.84

19.98

11.73

-0.44 (-0.67, -0.21)

-0.53 (-1.01, -0.06)

SM D (95% CI)

-0.66 (-1.16, -0.15)

-0.37 (-0.84, 0.10)

-0.57 (-1.08, -0.05)

0.19 (-0.48, 0.87)

100.00

23.42

%

We igh t

21.03

23.84

19.98

11.73

0-2 0 2

Fig. 2   Forest plot of randomized controlled trials to investigate the effect of Selenium supplementation on levels of hs-CRP
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heterogeneity between studies [I2:12.6%, Q test: 4.58; P: 
0.33] (Fig. 2). CRP level was significantly increased, but 
it should be considered that combining two effect size was 
not reliable [SMD = 0.6; 95% CI: (0.16, 1.04); P < 0.001] 
(Fig. 3).

The results of fixed effect meta-analysis showed that 
there were no significant improvement in NO levels [SMD: 
0.003, 95%CI: (-0.26, 0.26); P = 0.98] with no obvious 
heterogeneity between studies [I2:28.4%, Q test: 4.19; P: 
0.24] following Se supplementation (Fig. 4).

In subgroup analysis, according to dose of Se supple-
mentation (< 200 µg/d and > = 200 µg/d), the effect of Se 
supplementation on all inflammatory markers (CRP, hs-
CRP and NO) did not change significantly. Unfortunately, 
due to both the lack of studies in this field and a lack of 
the available data, it was not possible for us to perform 
subgroup analysis based on other effective factors.

Quality assessment

Table 4 shows the quality of included studies. Three stud-
ies were classified as high quality, with CONSORT score 
higher than 30 [10, 12, 28], 3 as medium quality, with 

CONSORT score in range of 25–29 [9, 29, 30], and 1 as low 
quality, with CONSORT score lower than 25 [3]. Randomi-
zation as a prerequisite for inclusion in this meta-analysis 
was conducted in 7 studies. All 6 RCTs were double-blind, 
but only two studies was described as blinding [12, 29].

Sensitivity analysis

Sensitivity analysis was performed according to the quality 
assessment score. Based on this analysis, the effect of Se 
supplementation on the level of inflammatory factors was 
evaluated by excluding low quality score studies including 
the Ravn-Haren et al. [3]. Results showed that the effect of 
Se supplementation on hs-CRP levels did not change signifi-
cantly without this study in metabolic diseases.

Publication bias

Publication bias was estimated by the Egger’s test. No evi-
dence of publication bias was observed in the inflamma-
tory markers after Se supplementation (coefficient = 4.9, 
P = 0.18). Figure 5 shows the funnel plot of the effect of 
Se supplementation on the level of inflammatory markers 
confirming that no publication bias exist between studies.

Overall  (I-squared = 73.2%, p = 0.054)

ID

Gi�e Ravn-Haren, 2007

Study

Murer 2014

0.60 (0.16, 1.04)

SMD (95% CI)

0.17 (-0.45, 0.79)

1.04 (0.41, 1.68)

100.00

Weight

50.90

%

49.10

0.60 (0.16, 1.04)

SM D (95% CI)

0.17 (-0.45, 0.79)

1.04 (0.41, 1.68)

100.00

We igh t

50.90

%

49.10

0-2 0 2

Fig. 3   Forest plot of randomized controlled trials to investigate the effect of Selenium supplementation on levels of CR

1056 Journal of Diabetes & Metabolic Disorders (2021) 20:1051–1062



1 3

Overall  (I-squared = 28.4%, p = 0.242)

ID

Zatollah Asemi , 2015

Alizadeh  2012

A.Farokhian.2016

M.Razavi.2016

Study

0.00 (-0.26, 0.26)

SMD (95% CI)

0.27 (-0.20, 0.74)

-0.25 (-0.92, 0.43)

0.20 (-0.31, 0.71)

-0.34 (-0.83, 0.15)

100.00

Weight

30.71

14.93

26.43

27.92

%

0.00 (-0.26, 0.26)

SM D (95% CI)

0.27 (-0.20, 0.74)

-0.25 (-0.92, 0.43)

0.20 (-0.31, 0.71)

-0.34 (-0.83, 0.15)

100.00

We igh t

30.71

14.93

26.43

27.92

%

0-2 0 2

Fig. 4   Forest plot of randomized controlled trials to investigate the effect of Selenium supplementation on levels of NO

Fig. 5   Funnel plot of ran-
domized controlled trials 
to investigate the effect of 
Selenium supplementation on 
inflammatory markers
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Discussion

Despite of studies conducted, the probable effects of Se sup-
plementation on inflammatory markers remained a question. 
This is the first systematic review to date to assess associa-
tion between Se supplementation and the inflammatory 
markers. Of total 3320 searched papers after screening, 7 
studies were eligible for final analysis. The findings provide 

evidence-based document for health practitioners and policy 
makers.

Based on the included data of Se supplementation, 
it is revealed that the Se supplementation significantly 
decreased the hs-CRP levels. On the other hand, there 
was no significant improvement in level of NO as an oxi-
dative stress marker with obvious heterogeneity by Se 
supplementation.

Table 2   Effect of selenium supplementation on inflammatory markers in included studies

I Intervention group, C Control group, hs-CRP, high-sensitivity C-reactive protein, CRP C-reactive protein, NO nitric oxide, SMD standardized 
mean difference

Author, year Outcome Results

Group Mean change ± SD significance SMD

1 Asemi, 2015 hs-CRP (ng/mL) I: -791.88 ± 2271.84
P: 500.55 ± 2563.34

Yes -0.53

NO (mmol/L) I: 20.91 ± 65.32
P: 5.03 ± 51.68

No 0.26

2 Shargorodsky, 2010 hs-CRP(mg/dl) I: -1.32 ± 2.8
P: -0.49 ± 1.4

No -0.37

Homocysteine(μmol/l) I: -0.05 ± 2.83
P: 0.36 ± 3.2

No -0.13

Ur cathacholamines (mg/24 h) I: 3.76 ± 20
P: 2.46 ± 18

No 0.07

3 Ravn-Haren, 2007 CRP I: 0.08 ± 1.15
P: -0.08 ± 0.65

No 0.17

4 Alizadeh, 2012 hs-CRP, mg/l I: 0 ± 1.45
P: -0.3 ± 1.64

No 0.19

NOx, _mol/l I: -8 ± 58.6
P: 3.7 ± 32.5

Yes -0.24

5 Murer, 2014 CRP,2 mg/L serum I: 5.52 ± 8.3
P: -1.9 ± 4.5

No 1.11

6 Razavi, 2016 hs-CRP (ng/ml) I: − 711.3 ± 1959.3
P: 193.5 ± 1117.4

Yes -0.56

NO (μmol/l) I: 3.85 ± 13.37
P: 0.07 ± 23.38

No 0.19

7 Farrokhian, 2016 hs-CRP (ng/ml) I: − 1 372.3 ± 2 318.8
P: − 99.8 ± 1 453.6

Yes -0.76

NO (μmol/l) I: − 8.9 ± 16.7
P: − 4.3 ± 9.3

No -0.34

Table 3   Meta-analysis of effect 
of selenium supplementation on 
inflammatory profile

I Intervention group, C Control group, hs-CRP, high-sensitivity C-reactive protein, NO, nitric oxide, I2 
I-square index, Q Cochran’s Q test
* Statistically significant

Inflammatory vari-
ables

Group 
(Number)a

Number 
of study

Pooled SMD ( 95% CI) Model Heterogeneity assess-
ment

I2 Q test P-value

NO I = 114
P = 114

4 0.003 (-0.26, 0.26) Fixed 28.4% 4.19 0.24

hs-CRP I = 150
P = 148

5 -0.44 (-0.67,-0.21)* Fixed 12.6% 4.58 0.33

CRP I = 43
P = 41

2 0.6(0.16, 1.04)* Random 73.2% 3.73  < 0.001
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Table 4   Quality assessment of included studies according to the CONSORT checklist

Zatollah 
Asemi, 2015

Marina 
Shargorodsky, 
2010

lizadeh 2012 Gitte Ravn-Haren, 2007 Murer 2014 M. Razavi, 
2016

A. Farrokhian, 
2016

1a Yes No Yes Not applicable Yes No Yes
1b Yes Yes Yes Yes No Yes Yes
2a Yes Yes Yes Yes Yes Yes Yes
2b Yes Yes Yes Yes Yes Yes Yes
3a Yes Yes Yes Yes Yes Yes Yes
3b No No No No No No No
4a Yes Yes Yes Yes Yes Yes Yes
4b Yes Yes Yes Yes Yes Yes Yes
5 Yes Yes Yes Yes Yes Yes Yes
6a Yes Yes Yes Yes Yes Yes Yes
6b No No No No No No No
7a Yes Yes Yes No Yes Yes Yes
7b Yes Yes Yes No Yes Yes Yes
8a Yes No Yes Not applicable Yes Yes Yes
8b No No Yes Not applicable Yes Yes Yes
9 Yes No Yes Not applicable Yes Yes Yes
10 Yes No No Not applicable No Yes Yes
11a No No No Not applicable No Yes Yes
11b No No No No No No No
12a Yes Yes Yes Yes Yes Yes Yes
12b Yes Yes Yes Yes Yes Yes Yes
13a Yes Yes Yes Yes Yes Yes Yes
13b Yes Yes Yes No Yes Yes Yes
14a Yes Yes Yes Yes Yes Yes Yes
14b No No No No No No No
15 Yes Yes Yes No Yes Yes Yes
16 Yes Yes Yes Yes Yes Yes Yes
17a Yes Yes Yes Yes Yes Yes Yes
17b Yes Yes Yes Yes Yes Yes Yes
18 Yes Yes Yes Yes Yes Yes Yes
19 Yes Yes Yes No Yes No Yes
20 Yes Yes Yes Yes Yes No Yes
21 Yes Yes Yes Yes Yes Yes Yes
22 Yes Yes Yes Yes Yes Yes Yes
23 Yes No Yes Not applicable Yes No Yes
24 No No No No No No No
25 Yes Yes Yes Yes Yes Yes Yes
Total 30 25 30 20 29 28 32
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Considering the related literature, another trial showed the 
effect of the Se supplementation on reproductive outcomes, 
biomarkers of inflammation, and oxidative stress among 
women with polycystic ovary syndrome (PCOS) [29].

In a study, supplementation of Se in daily dietary pro-
grams of pregnant women with Gestational Diabetes (GDM) 
resulted in better glucose homeostasis, reduced inflamma-
tion, and improved oxidative stress [28]. Considering the 
probable mechanisms, these beneficial effects on improve-
ment of glucose homeostasis may be rooted from its effect 
on the inhibition of inflammatory cytokines, such as tumor 
necrosis factor  (TNF)-α and  interleukin  (IL)-1 [31]. In 
patients with type 2 Diabetes mellitus (T2DM) and coro-
nary heart disease (CHD), effects of Se supplementation on 
metabolic status were evaluated through prescription of a 

200 μg/day Se supplementation. This approach resulted in a 
significant decrease in insulin, HOMA-IR, HOMA-B, serum 
hs-CRP, QUICKI score and TAC concentrations [12].

The findings of studies conducted provide desirable 
effects of Se supplementation on cardiovascular risk factors, 
such as oxidative stress and insulin resistance [10].

Researcher confirmed that, regular administration of anti-
oxidant supplements including vitamin C, vitamin E, coen-
zyme and Se could significantly increase the large and small 
artery elasticity in patients with multiple cardiovascular risk 
factors. Glucose and lipid metabolism and hypertension 
were also improved by these supplementations [9].

As a practical point for achieving the desired responses, 
the duration of intervention was discussed in many studies 
[3]. A group of researchers reported that according to their 

Table 4   (continued)

Zatollah 
Asemi, 2015

Marina 
Shargorodsky, 
2010

lizadeh 2012 Gitte Ravn-Haren, 2007 Murer 2014 M. Razavi, 
2016

A. Farrokhian, 
2016

(1a) Identification as a randomized trial in the title
(1b) Structured summary of trial design, methods, results, and conclusions
(2a) Scientific background and explanation of rationale
(2b) Specific objectives or hypotheses
(3a) Description of trial design (such as parallel, factorial) including allocation ratio
(3b) Important changes to methods after trial commencement (such as eligibility criteria), with reasons
(4a) Eligibility criteria for participants
(4b) Settings and locations where the data were collected
(5) The interventions for each group with sufficient details to allow replication, including how and when they were actually administered
(6a) Completely defined pre-specified primary and secondary outcome measures, including how and when they were assessed
(6b) Any changes to trial outcomes after the trial commenced, with reasons
(7a) How sample size was determined
(7b) When applicable, explanation of any interim analyses and stopping guidelines
(8a) Method used to generate the random allocation sequence
(8b) Type of randomization; details of any restriction (such as blocking and block size)
(9) Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), describing any steps taken to 

conceal the sequence until interventions were assigned
(10) Who generated the random allocation sequence, who enrolled participants, and who assigned participants to interventions
(11a) If done, who was blinded after assignment to interventions (for example, participants, care providers, those assessing outcomes) and how
(11b) If relevant, description of the similarity of interventions
(12a) Statistical methods used to compare groups for primary and secondary outcomes
(12b) Methods for additional analyses, such as subgroup analyses and adjusted analyses
(13a) For each group, the numbers of participants who were randomly assigned, received intended treatment, and were analyzed for the pri-

mary outcome
(13b) For each group, losses and exclusions after randomization, together with reasons
(14a) Dates defining the periods of recruitment and follow-up
(14b) Why the trial ended or was stopped
(15) A table showing baseline demographic and clinical characteristics for each group
(16) For each group, number of participants (denominator) included in each analysis and whether the analysis was by original assigned groups
17a) For each primary and secondary outcome, results for each group, and the estimated effect size and its precision (such as 95% confidence 

interval)
17b) For binary outcomes, presentation of both absolute and relative effect sizes is recommended
(18) Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-specified from exploratory
(19) All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)
(20) Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
(21) Generalizability (external validity, applicability) of the trial findings
(22) Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence
23) Registration number and name of trial registry
(24) Where the full trial protocol can be accessed, if available
(25) Sources of funding and other support (such as supply of drugs), role of funders
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studies, short-term Se supplementation could not seem to be 
effective in blood lipid markers. This uses also in expression 
and activity of selected enzymes and a transcription factor 
involved in processes of glutathione-mediated detoxifica-
tion and anti-oxidation [3]. In a practical trial, antioxidant 
supplementation with antioxidant and Se for four months 
significantly led to improvement of liver function tests as 
well as antioxidant-oxidant balance; however, it had no sig-
nificant effects on the systemic inflammatory markers [30].

As the main strength, the present study is the first com-
prehensive systematic review of the effects of Se supple-
mentation on the inflammatory markers. Using standard 
comprehensive systematic search approaches, we found 
and assessed all available related sources of data. The 
limitation of this study was the limited measured outcome 
variables conducted in scattered studies. Therefore, we 
faced with challenges for the appropriate comparison of 
available data. Also, it should be considered that different 
methodological designs (randomized controlled trials and 
cross over) of included studies can influence our findings.

Conclusions

The results of present study demonstrated that Se supple-
mentation significantly decreased hs-CRP levels, but there 
was no significant improvement in the level of NO. As a 
practical application in the field of policy-related research, 
further studies on different mechanisms, different patterns 
of Se supplementation and various biochemical outcomes 
are recommended.

Abbreviations  SMD: Standardized mean difference; CI: Confidence 
interval; Se: Mineral selenium; CRP: C-reactive protein; IL: Interleu-
kins; TNFα: Tumor necrosis factor-α; RCTs: Randomized control tri-
als; PCOS: Polycystic ovary syndrome; GDM: Gestational Diabetes; 
CHD: Coronary heart disease
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