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Abstract

Purpose The association between selenium supplementation and glycemic indices seems to be a controversial issue. This
systematic review and meta-analysis was conducted to evaluate the effect of selenium supplementation on glycemic indices.
Methods We systematically searched PubMed/MEDLINE, ISI/WOS, and Scopus (from their commencements up to Jan 2016)
for relevant studies examining the association between intake of selenium and glycemic indices. The data were extracted from
relevant qualified studies and estimated using the random-effect or pooled model and standardized mean difference (SMD) with
95% confidence interval (CI).

Results Twelve articles published between 2004 and 2016 were included. In all the studies, the participants were randomly
assigned to an intervention group (n =757) or a control group(n = 684). All the studies were double blind, placebo controlled
trials. Selenium supplementation resulted in a significant decrease in homeostasis model of assessment-estimated 3-cell function
(HOMA-B) (SMD: -0.63; 95%CI: —0.89 to —0.38) and a significant increase in quantitative insulin sensitivity check index
(QUICKI) (SMD: by 0.74; 95%CI: 0.49 to 0.1) as compared with the controls. There were no statistically significant improve-
ments in glycemic indices, such as fasting plasma glucose (FPG), insulin, homeostasis model of assessment-estimated insulin
resistance (HOMA-IR), Hemoglobin Alc (HbAlc) and adiponectin.

Conclusion This meta-analysis indicated that selenium supplementation significantly decreased HOMA-B and increased
QUICKI score. There was no statistically significant improvement in FPG, insulin, HOMA-IR, HbA 1¢ and adiponectin indices
following selenium supplementation.

Keywords Selenium - Glycemic indices - FPG - Insulin - HbAlc

Introduction

Selenium is a beneficial trace mineral [1] that has a crucial role in
maintaining immune-endocrine function, metabolism, cellular
homeostasis, proper thyroid hormone function, cardiovascular
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system, neurodegeneration, cancer prevention, and glucose he-
mostasis. These effects are delivered mainly by the selenoproteins
involved in processes, such as cellular proliferation, differentia-
tion, and activation of the cells [2-5]. The selenoproteins have
redox function and help the cells maintain membrane integrity,
protect the production of prostacyclin and decrease the oxidative
damage to lipids, lipoproteins, and DNA [6, 7].

A number of studies have reported that selenium plays a
role in the metabolism of carbohydrate, as it can regulate the
expression of genes responsible for the synthesis of enzymes
that control the metabolism of carbohydrates and inflamma-
tion [8, 9]. Moreover, experimental studies on diabetic db/db
mice suggested that selenium resulted in increased plasma
insulin levels [10], which might be a function of gene expres-
sion stimulation in pancreatic 3-cells and the enhancement of
islet function by selenium [11]. Several studies revealed that
selenium decreased the insulin resistance [12]; however,
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selenium is not clearly associated with blood sugar, insulin,
and diabetes, and studies do not yield consistent results. A
study found that the selenium supplement increased the risk
of diabetes in patients with higher levels of selenium before
therapy [13]. This finding was supported by another study,
which indicated that selenium supplementation increased the
risk of diabetes [14]. Moreover, studies on animals revealed
that selenium supplementation increased the risk of glucose
intolerance, hyperinsulinemia, and insulin resistance [15].

It seems that the correlation of selenium supplementation
with glycemic status is a controversial issue, due to the lack of
statistical power, small sample sizes, and the ethnic diversity
of the population. Meta-analysis is considered as a statistical
technique for combining the results of several studies.
Therefore, we performed this meta-analysis to evaluate of
the effect of selenium supplementation on glycemic indices,
including insulin, FPG, HOMA-IR, HOMA-B, QUICKI,
HbA 1c, and adiponectin.

Methods

According to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocol (PRISMA-P), this sys-
tematic review was conducted to evaluate the probable effects
of selenium supplementation on glycemic indices(such as
fasting plasma glucose (FPG), insulin, homeostasis model of
assessment-estimated insulin resistance (HOMA-IR), homeo-
stasis model of assessment-estimated (-cell function
(HOMA-B), quantitative insulin sensitivity check index
(QUICKI), Hemoglobin Alc (HbAlc), and adiponectin)
[16, 17]. The study protocol was published previously [18].

Search strategy

The most comprehensive international databases of PubMed/
MEDLINE, IS/WOS, and Scopus searched for targeted pa-
pers aiming of the access to all the available relevant evidence.
We entered search terms of “glycemic indices” and “Selenium
supplementation”, without restriction of ages of participants
and time of publication. For review papers, a list of references
was assessed to find the related data. Grey literature and key
journals were searched for additional data. Searches run on
1.1.2016.

Inclusion and exclusion criteria

Regarding the study design, randomized clinical trials (RCTs)
and crossover trails were included if their control group re-
ceived the placebo. There was no restriction for the study
population. We included studies which applied single therapy
or combination therapy of selenium. Duplicated publication
and non-relevant publications were excluded. Titles, abstracts
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and the full texts of all included studies were refined by two
independent investigators. Possible disagreements were re-
solved by third investigator.

Quality assessment and data extraction

The eligibility of studies was evaluated by two independent
investigators. Data were extracted by using a data extraction
form which included citation information, details of study
design, year of publication, dose of supplementation, interven-
tion group, control group, mean age of participant, outcome,
intervention duration, follow up information, measurements
and result and effect size.

Data synthesis and statistical analysis

The standardized mean difference (SMD)/Cohen’s d was used
to evaluate the effect of selenium supplementation on glyce-
mic indices. For the two groups (treatment and placebo), the
SMD was calculated using the mean differences (endpoint
from baseline) and standard deviations (SD) based on the
following formula:

SMD = mean difference for intervention group—mean difference for

placebo group/pooled SD

pooled SD = v {(SD in intervention group)” + (SD in placebo group)? /2]

If the median and range of glycemic indices were reported
by a study, we converted them to mean and SD by using the
Hozo formula [19]. A random-effect model was applied if the
level of significance of the Q-statistic for heterogeneity was
set at 0.1 [20]. In other cases, the fixed-effect model was used
[21]. The I2 statistic was used to quantify the degree of het-
erogeneity, estimating the total variation across studies be-
cause of heterogeneity [22]. I? values were considered as
25%, 50%, and 75% for low, medium, and high heterogeneity,
respectively. A random-effect meta-regression model was
used to explore possible sources of heterogeneity (such as
quality assessment score, duration of intervention, study sub-
jects, mean age of participants, dose of selenium supplemen-
tation and female ration). Egger’s test was used to estimate
publication bias which was deemed statistically significant at
0.1. All analyses were done using STATA version 10 [23]. P
value<0.05 was regarded as statistically significant.

Ethical considerations

The study protocol was approved by the ethical committee of
Alborz University of Medical Sciences. All of included stud-
ies would be cited in future relevant reports and publications.
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Results
Search results and characteristics of included studies

Figure 1 shows a flowchart of the study selection process.
In total, twelve articles were included according to the
study inclusion/exclusion criteria. Characteristics of includ-
ed articles are shown in Table 1.The meta-analysis includ-
ed twelve studies [24-35] published between 2004 and
2016. Randomized control trials (RCTs) were analyzed,
but quasi-experimental studies were excluded. In all the
studies, the participants were randomly assigned to an in-
tervention group (n =757) or a control group(n =684).
The age of the participants ranged from 10 years to
85 years. Seven RCTs recruited both men and women,
but only female subjects were enrolled in the other five
studies [24, 25, 30, 31, 35]. Nine trials used selenium
alone as an oral supplement, and three trials used selenium
combined with other vitamins or minerals [24, 32, 34].

Fig. 1 Flowchart of study
selection

Identification

Screening

Eligibility

Inclusion

The daily dose of selenium was different in various trials.
Seven RCTs used a dose of 200 pg of daily selenium
supplementation [24-28, 30, 35], one RCT used 100 ug
daily dose [25], one RCT used 50 pug dose per day [24],
and two studies used 60 and 90 pg daily doses, respec-
tively [29, 31, 32]. In one study, three different groups
were given three different doses (100,200,300 pg daily)
so that they were considered as separate studies [33]. All
the supplementations were administered orally; all the tri-
als were placebo-controlled double-blinded. The interven-
tion periods ranged from 42 days [25] to 180 days [33].
Women with gestational diabetes mellitus (GDM) [25],
subjects with type 2 diabetes (T2D) [27-29], women with
polycystic ovary syndrome [30, 35], patients with chronic
heart disease [28], people with at least two cardiovascular
risk factors [34], premenopausal women with central obe-
sity [24], obese children and adolescents [32], and patients
with diabetic nephropathy [26] were enrolled in the select-
ed studies.
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Meta-analysis

Nine studies with 535 participants in selenium or placebo
groups reported FPG and insulin as the outcomes at baseline
and follow-up. Seven studies with 407 participants reported
HOMA-IR, and four RCTs with 260 participants reported
HOMA-B and QUICKI. In addition to these factors, three
studies evaluated HbA 1c¢ levels as the outcome, and four stud-
ies with 871 participants reported adiponectin as the outcome
at baseline and follow-up. These results are shown in Table 2.

There were no statistically significant improvements in gly-
cemic indices, such as FPG [pooled standardized mean differ-
ence (SMD): -0.03, 95%CI: (—0.4,0.34)] with obvious hetero-
geneity (Q=37.10; P=0,0; 12% =78.4), insulin [(SMD): -
0.23,95%CI: (-0.6,0.14)] with obvious heterogeneity (Q =
34.22; P=0.0; 12% =76.6), HOMA-IR [(SMD): -0.3,
95%CI: (—0.82,0.22)] with obvious heterogeneity (Q =
39.54; P=0.0; 12% =84.8), HbAlc levels [(SMD):
0.1,95%CI: (—0.63,0.84)] with obvious heterogeneity (Q =
11.83; P=0.003; 12% =83.1) and adiponectin[(SMD):
0.04,95%CI: (—0.09,0.17)] with non-significant heterogeneity
(Q=04; P=0.94; 12% = 0) with selenium supplementation.

Meta-analyses showed that compared to placebo, the intake of
selenium significantly decreased HOMA-B levels [(SMD): -
0.63,95%CI: (—0.89,-0.38)] and increased QUICKI score
[(SMD): 0.74, 95%CT: (0.49,0.1)], and there was no significant
heterogeneity between HOMA-B and QUICKI (Q=1.23; P=
0.75; 2% =0) & (Q=0.53; P=0.91; 2% = 0). The forest plots
showing the effect of the selenium supplementation on glycemic
indices are shown in Figs. 2, 3,4, 5,6, 7, 8.

Quality assessment

The quality of the included studies is shown in Table 3. Six
studies were classified as high quality with CONSORT scores
higher than 30 [24-26, 28, 30, 33], five studies as medium
quality with CONSORT scores in the range of 25-30 [27, 31,
32, 34, 35], and one study as low quality with the CONSORT
score lower than 25 [29]. Randomization, as a prerequisite for
inclusion in this meta-analysis, was conducted in twelve stud-
ies. All the twelve RTCs were double-blind, but only two
studies were classified as blind [28, 30].

Meta-regression

The effect of influencing factors was analyzed using a
random-effect meta-regression model. There was no effect
of quality assessment score, duration of intervention, mean
age of participants, dose of intervention, study subjects, and
female ration on the heterogeneity of glycemic indices such as
FPG, insulin, HOMA-IR, and HbAlc (P> 0.05).

Publication bias

The results of Egger’s test did not support the existence of
publication bias through selenium supplementation on FPG
(coefficient=9.41, P=0.37), insulin (coefficient=5.12, P=

0.50), HOMA-IR (coefficient=4.7, P=0.67), HOMA-B (co-
efficient=-10.56, P=0.17), QUICKI (coefficient=3.71,
P=0.58), HbAlc (coefficient=12.05, P=0.7), and
adiponectin (coefficient=—22.67, P =0.3).

Table 2 Meta-analysis of effect

of selenium supplementation on Glycemic index  Group Number  Pooled SMD Model Heterogeneity assessment
glycemic index (Number)®  of Study  (95% CI)
2 Qtest P value
FPG 1=275 9 —0.03(-0.4,0.34) Random 784% 37.10  <0.001
P=260
Insulin =256 9 —0.23(=0.6,0.14) Random  76.6% 3422  <0.001
P=243
HOMA-IR =206 7 —0.3(-0.82,0.22) Random 848% 39.56 <0.001
P=201
HOMA-B 1=130 4 —0.63(—0.89,-0.38)*  Fixed 0% 1.23 0.75
P=130
QUIKI 1=130 4 0.74(0.49,0.1)* Fixed 0% 0.53 091
P=130
HbAlc =96 3 0.1(-0.63,0.84) Random 83.1% 11.85  0.003
P=82
Adiponectin I=465 4a 0.04 (—0.09,0.17) Fixed 0% 0.40 0.94
P=406

1 Intervention group, C Control group, FPG fasting plasma glucose, HOMA-IR homeostasis model of assessment-
estimated insulin resistance, HOMA-B homeostasis model of assessment-estimated b cell function, QUICKI
quantitative insulin sensitivity check index, HbAlc hemoglobin Alc

* In one study, three different doses of adiponectin were used and we considered it as three studies

*Statistically significant

@ Springer
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Study

Asemi et al. [25]

|

Shargorodsky et al. [34]

Murer et al. [32]

Jamilian et al. [30]

Faghihi et al. [27]

Faure et al. [29]

Farrokhian et al. [28, 40]

Mohammad Hosseinzadeh et al. [35]

Bahmani 2015

Overall (I-squared = 78.4%, p = 0.000)

NOTE: Weights are from random effects analysis

%

SMD (95% CI) Weight

-1.21(-1.72,-0.70) 11.22

-0.04 (-0.51,0.43) 1161

0.10(-0.49, 0.70) 10.47

-0.38 (-0.85, 0.09) 11.57

0.94 (0.40, 1.48) 10.99

0.06 (-0.51, 0.64) 10.67

0.11 (-0.40, 0.61) 11.26

0.29 (-0.25, 0.83) 10.94

-0.09 (-0.60, 0.41) 11.27

-0.03 (-0.40, 0.34) 100.00

-2 0

Fig. 2 Forest plot of randomized controlled trials to investigate the effect of Selenium supplementation on levels of fasting plasma glucose

Discussion

Our meta-analysis revealed that selenium supplementation result-
ed in a significant decrease in HOMA-B and a significant de-
crease in QUICKI in comparison with the placebo group. There
were no statistically significant improvements in glycemic indi-
ces, such as insulin, FPG, HOMA-IR, HbA ¢, and adiponectin.

Results from previous studies conducted on effect of sele-
nium supplementation on glycemic indices may seem to be
contradictory. Although Algotar et al.’s study showed that se-
lenium supplementation did not change serum glucose levels
[36], Shargorodsky et al.’s study indicated that selenium sup-
plementation combined with other vitamins significantly
lowered HbAlc levels in subjects with cardiovascular risk
factors [34]. The effect of long-term selenium supplementa-
tion on the incidence of T2D was first examined by Stranges
et al. (2007) and the results indicated that selenium supple-
mentation did not seem beneficial in the prevention of T2D,
and it might increase risk for the disease [37]. Moreover, the
results obtained from both non-experimental and experimental
studies demonstrated that selenium supplementation may lead
to increased risk of T2D. Pooled results from the non-
experimental studies revealed a direct relationship between
selenium exposure and risk of diabetes. Furthermore, a
dose-response meta-analysis of the studies with direct evalu-
ation of dietary selenium intake revealed a similar association

in the non-experimental studies [38]. Kohler et al. (2018) con-
ducted a systematic review and meta-analysis and the results
showed that a summary odds ratio (OR) for T2D risk in cases
consuming selenium was 2.03. However, RCTs of selenium
did not indicate a higher risk of T2D in individuals receiving
selenium as compared with placebo group. In this study, the
associations between selenium and risk of T2D were observed
in the observational studies which were not repeated in the
RCT studies [39].

Our result is consistent with the findings of Farrokhian
et al. who reported that selenium supplementation resulted in
a significant decrease in HOMA-B, and a significant increase
in QUICKI score. However, selenium supplementation did
not change FPG levels [40]. An animal study showed that
zin supplementation led to in a significant improvement in
insulin sensitivity indices as it increased insulin levels and
decreased HOMA-B values [41].

The results in our study were concordant with a recent
meta-analysis conducted by Tabrizi et al. who reported that
the selenium supplementation led to a significant increase in
QUICKI score, but it had no beneficial effects on FPG and
HOMA-IR [42]. Study population which selected to evaluate
effect of selenium supplementation on glycemic indices is
heterogeneous which may justify the heterogeneous findings.

It seems that effect of selenium supplementation on insulin
resistance is a controversial issue. Some studies reported that
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D SMD (95% CI) Weight
|
|
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1
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|
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1
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|
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1
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|
|
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|
1

Mohammad Hosseinzadeh et al. [35] : -— 0.48 (-0.07, 1.02) 11.12
|
|

Bahmani 2015 —_— -0.66 (-1.18,-0.14) 11.37
|

Overall (I-squared = 76.6%, p = 0.000) <>> -0.24 (-0.61,0.14) 100.00
|
1
1

NOTE: Weights are from random effects analysis :
A

T
R 0
Fig. 3 Forest plot of randomized controlled trials to investigate the effect of Selenium supplementation on levels of insulin

Study %

) SMD (95% Cl) Weight
'

Asemi et al. [25] —_— -0.88(-1.38, -0.39) 14.69
'

Alizadeh et al. [24] —_ - -0.51(-1.19,0.17) 13.07
|
|
|

Jamilian et al. [30] —_— -0.62 (-1.10, -0.14) 14.78
|
1
|

Faghihi et al. [27] ! —_— 0.81(0.28, 1.34) 14.38
'

Farrokhian et al. [28, 40] —0—: -0.83 (-1.36, -0.30) 14.39
|
|
|

Mohammad Hosseinzadeh et al. [35] | 0.58(0.03, 1.13) 14.21
\
|
|

Bahmani 2015 —‘—:— -0.64 (-1.16, -0.12) 14.47
|

Overall (I-squared = 84.8%, p = 0.000) <D -0.30(-0.82,0.22) 100.00

NOTE: Weights are from random effects analysis

Fig. 4 Forest plot of randomized controlled trials to investigate the effect of Selenium supplementation on levels of Homa-IR
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Fig. 5 Forest plot of randomized controlled trials to investigate the effect of Selenium supplementation on levels of HOMA-B

selenium supplementation is not capable of improving the
insulin resistance [42, 43], while other studies showed that
selenium reduces insulin resistance [12].

Study

Asemi et al. [25]

Jamilian et al. [30]

Farrokhian et al. [28, 40]

Bahmani 2015

Overall (I-squared = 0.0%, p = 0.912)

The biological plausibility of selenium justifying effect of
selenium supplementation on glycemic indices can be
attributed to antioxidant properties of selenium. Selenium

SMD (95% Cl)

0.80(0.32,1.29)

0.64(0.16, 1.12)

0.67(0.15,1.19)

0.87(0.34, 1.40)

0.74(0.49, 0.99)

Weight

26.65

27.41

23.40

22.54

100.00

Fig. 6 Forest plot of randomized controlled trials to investigate the effect of Selenium supplementation on levels of QUIKI
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Study %
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i
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i
'
i
I
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i
i
)
i
i
'

Overall(-squared = 83.1%, p = 0.003) <> 010(063,088) 10000

NOTE: Weights are from random effects analysis

Fig. 7 Forest plot of randomized controlled trials to investigate the effect of Selenium supplementation on levels of HBA1C

consists of selenoproteins as selenocysteine has antioxidant ~ Recently a meta-analysis conducted on the effect of selenium
properties. Selenoproteins with antioxidant functions contain ~ supplementation on antioxidant markers and the results
glutathione peroxidases, which decrease hydrogen peroxide, = showed that selenium supplementation could reduce oxidative
lipid, glucose and phospholipid hydroperoxides [28]. stress and had a positive effect on glycemic indices [44].

Study %
D SMD (95% CI) Weight
]
i
i
Mao 2015 : -0.03(-0.30, 0.24) 2428
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i
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Rayman et al. [33]

i
Overall (I-squared =0.0%, p = 0.941) < ! 0.04(-0.09,0.18) 100.00
i

0.09(-0.18,0.36) 2491

Fig. 8 Forest plot of randomized controlled trials to investigate the effect of Selenium supplementation on levels of Adiponectin
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The current meta-analysis was the first study that per-
formed a systematic and quantitative analysis of the relation-
ship between selenium supplementation and glycemic indices,
which is a strong point of our practice. Moreover, we recruited
only randomized clinical trials, which are the most powerful
clinical studies with reliable and valid outcomes. However,
some limitations of the power of this analysis should be con-
sidered. The number of studies was relatively small (twelve
studies); moreover, the duration of supplementation, study
population and dosage of supplementation were widely vari-
able in the included studies.

In conclusion, the results of this meta-analysis demonstrat-
ed that selenium supplementation led to a significant reduction
in HOMA-B and a significant increase in QUICKI score.
Moreover, the results of this meta-analysis showed that sele-
nium supplementation had no statistically significant effect on
FPG, insulin HOMA-IR, HbA ¢, and adiponectin.
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