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Abstract To our knowledge, data on the effects of selenium
supplementation on glycemic control and lipid concentrations
in patients with diabetic nephropathy (DN) are scarce. The
current study was done to determine the effects of selenium
supplementation on glycemic control and lipid concentrations
in patients with DN. This was a randomized double-blind
placebo-controlled clinical trial in which 60 patients with
DN were randomly allocated into two groups to receive either
200 pg of selenium supplements (n=30) or placebo (n=30)
daily for 12 weeks. Blood sampling was performed for the
quantification of glycemic indicators and lipid profiles at the
onset of the study and after 12 weeks of intervention.
Selenium supplementation for 12 weeks resulted in a signifi-
cant decrease in serum insulin levels (P=0.01), homeostasis
model of assessment-estimated insulin resistance (HOMA-IR)
(P=0.02), homeostasis model of assessment-estimated B cell
function (HOMA-B) (P=0.009) and a significant rise in plas-
ma glutathione peroxidase (GPx) (P=0.001) compared with
the placebo. Taking selenium supplements had no significant
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effects on fasting plasma glucose (FPG), quantitative insulin
sensitivity check index (QUICKI) and lipid profiles compared
with the placebo. Overall, our study demonstrated that seleni-
um supplementation for 12 weeks among patients with DN
had beneficial effects on plasma GPx, serum insulin levels,
HOMA-IR, and HOMA-B, while it did not affect FPG,
QUICKI, and lipid profiles.

Keywords Selenium - Supplementation - Diabetic
nephropathy - Metabolic status

Introduction

Diabetic nephropathy (DN) remains a main cause of morbid-
ity and mortality in the diabetic population and is the leading
cause of end-stage renal disease, hence kidney transplanta-
tions [1]. It affects approximately 2540 % of type 1 and type
2 diabetic patients [2]. Although type 2 diabetes mellitus
(T2DM) is clearly an insulin-resistant state, patients who de-
velop DN have been shown to be more insulin resistant than
those who do not [2]. Several studies demonstrated the impor-
tant role of hyperglycemia and insulin resistance in the path-
ogenesis of DN [3, 4].

In recent years, the use of selenium supplements has in-
creased in many countries due to the perception that selenium
may reduce the risk of chronic diseases and their complica-
tions. In addition, some studies have indicated that circulating
levels of selenium and glutathione peroxidase (GPx) were low
in diabetic patients with macroalbuminuria [5, 6]. Selenium
depletion may result in the development of vascular compli-
cations and microalbuminuria in diabetic patients through in-
creasing oxidative stress [7]. Dietary sources of selenium are
nuts, cereals, meat, mushrooms, fish, and eggs [8]. Selenium
is an important component of the enzymes that protect cells
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from the adverse effects of reactive oxygen species and free
radicals [9-11]. In addition, selenium is involved in the pro-
duction of thyroid hormones and has been shown to contain
anti-inflammatory effects [12]. Although the beneficial effects
of selenium supplementation on glycemic status and lipid
concentrations in patients with cervical intraepithelial neopla-
sia grade 1 (CIN1) [13], gestational diabetes [14] and poly-
cystic ovary syndrome (PCOS) [15-17] have been reported,
limited data are available examining such effects in patients
with DN. Some studies have reported the beneficial effects of
selenium intake on markers of insulin metabolism in animal
models [18, 19]. In a 6-week supplementation with 200 pg/
day of selenium, a significant decrease in serum insulin con-
centrations, homeostasis model of assessment-insulin resis-
tance (HOMA-IR), and triglyceride levels was observed in
women with central obesity; however, it did not affect other
lipid profiles [20]. Selenium intake with a dosage of 200 pg/
day among patients with T2DM for 3 months did not affect
circulating levels of insulin [21].

The use of selenium may improve glycemic status and lipid
profiles through regulating expression of genes responsible for
the synthesis of enzymes involved in the carbohydrate metabo-
lism [22] and the inhibition of inflammatory cytokines [23].
These mechanisms might suggest the importance of selenium
administration in DN patients. To our knowledge, no reports
are available evaluating the effects of selenium administration
on glycemic control and lipid concentrations in diabetic patients
with overt proteinuria. This clinical trial was done to investigate
the effects of selenium supplementation on glycemic control and
lipid concentrations in patients with DN.

Subjects and Methods
Participants

In this randomized double-blind placebo controlled clinical
trial, we included patients with DN, with a proteinuria level
of >0.3 g/24 h, aged 45-85 years old who were referred to
Akhavan Clinic in Kashan, Iran from March 2015 to
June 2015. We defined DN as diabetic renal disease with
proteinuria, with or without elevation of serum creatinine
levels [24]. The exclusion criteria were as follows: consuming
selenium supplements within 3 months before beginning of
the study, history of hospital admission within 3 months, bac-
teriuria, hematuria, urinary tract infection, malignancy, and/or
liver cirrhosis. To calculate sample size, we used the standard
formula suggested for clinical trials by considering type one
error (o) of 0.05 and type two error (3) 0f0.20 (power =S80 %).
Based on a previous study [25], we used 2.76 as SD and 2.20
as the difference in mean (d) of HOMA-IR as the key variable.
Based on this, we needed 25 subjects in each group.
Considering five dropouts in each group, the final sample size

was determined to be 30 patients per group. Written informed
consent was taken from all patients and the research protocol
was approved by the ethics committee on human experimen-
tation of Kashan University of Medical Sciences (KUMS).
This trial was registered in the Iranian website for registration
of clinical trials (http://www.irct.ir IRCT2015060622562N1).

Study Design

At the onset of the study and after stratification for sex, dose of
medications, duration of diabetes, type of diabetes, BMI, and
age, 60 patients with DN that met the inclusion criteria were
randomly allocated into two groups to receive either 200 pg/
day of selenium supplements [26] (=30, 15 males and 15
females) or placebo (n=30, 15 males and 15 females) per day
for 12 weeks. Selenium compounds commonly exist in the
oxidation states —2, +2, +4, and +6; in the current study, we
used selenium supplements as selenium yeast. Selenium sup-
plements and its placebos were manufactured by Nature Made
Co (California, USA) and Barij Essence Co (Kashan, Iran),
respectively. Randomization was done using a random num-
ber table by one of the investigators who had no clinical in-
volvement in the study. Patients were asked to maintain their
routine diet and physical activity during the intervention, and
not to receive any supplements that might influence their nu-
tritional status during the 12-week intervention. Compliance
to the consumption of selenium supplements and placebos
was evaluated through asking patients to return the medication
containers and receiving short messages on cell phones by
patients. The report of daily 3-day food records and three
physical activity records (one weekend day and two week-
days) was collected at study baseline, end-of-trial, and
throughout the trial (week 3, 6, and 9 of the intervention).
Daily macro- and micro-nutrient intake was analyzed by nu-
tritionist IV software (First Databank, San Bruno, CA).

Assessment of Anthropometric Measures

Body weight and height were quantified in a fasting status
using a digital scale (Seca, Hamburg, Germany) at the begin-
ning and end of the study. Body mass index (BMI) was deter-
mined by weight and height measurements (weight (kg)/
height (m?)).

Assessment of Outcomes

Primary outcome variables were markers of insulin metabolism
in the current study. In our study, secondary outcome variables
were fasting plasma glucose (FPG), serum triglycerides, choles-
terol-, VLDL-, LDL-, HDL-cholesterol, serum creatinine, and
blood urea nitrogen (BUN) concentrations. At pre- and post-
intervention, 10 mL blood samples were obtained from each
patient at Kashan reference laboratory in an early moring after
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an overnight fast. FPG and lipid profiles were measured on the
day of blood collection. Blood samples were immediately cen-
trifuged (Hettich D-78532, Tuttlingen, Germany) at 3500 rpm for
10 min to separate serum. Then, the samples were stored at =70
before analysis at the KUMS reference laboratory. Available
commercial kits were used to determine FPG, serum triglycer-
ides, cholesterol-, VLDL-, LDL-, HDIL-cholesterol, creatinine,
and BUN concentrations (Pars Azmun, Tehran, Iran). All inter-
and intra-assay coefficient of variations (CVs) for FPG, lipid
concentrations, creatinine, and BUN were less than 5 %.
Circulating levels of insulin were assessed by the use of available
ELISA kit (Monobind, California, USA) with intra- and inter-
assay CVs of 3.0 and 5.3 %, respectively. To determine the
HOMA-IR, estimated {3 cell function (HOMA-B), and the quan-
titative insulin sensitivity check index (QUICKI), we used sug-
gested formulas [26]. GPx activity was determined using ELISA
kit (Bioassay Technology, Shanghai, China) with intra- and inter-
assay CVs of 7.4 and 9.1 %, respectively.

Statistical Methods

Kolmogorov-Smirnov normality tests were done to evaluate the
normal distribution of variables. The analyses were conducted
based on intention-to-treat (ITT) principle. To detect differences
in anthropometric measures as well as in dietary intakes between
the two groups, we used independent sample Student’s # test. For
comparison of categorical variables, the Pearson chi-square test
was used. To determine the effects of selenium administration on
glycemic control and lipid concentrations, we used one-way re-
peated measures analysis of variance. To identify within-group
changes (before and after 12 weeks of intervention), we applied
paired-samples ¢ tests. Adjustment for differences in baseline
measures of biochemical indicators, age, and BMI were per-
formed by analysis of covariance (ANCOVA) using general lin-
ear models. A P value of <0.05 was considered statistically sig-
nificant. All statistical analyses were done by the use of the
Statistical Package for Social Science version 18 (SPSS Inc.,
Chicago, Illinois, USA).

Results

Among patients in the selenium group, 4 patients [withdrawn
due to personal reasons (n=4)] and in the placebo group, 4
persons [withdrawn due to personal reasons (n=4)] were ex-
cluded (Fig. 1). Finally, 52 participants [selenium (7 =26) and
placebo (n=26)] completed the trial. However, as the analysis
was done based on ITT principle, all 60 patients (30 in each
group) were included in the final analysis.

Mean age, baseline weight, and BMI of study participants,
duration of DM, and the consumption of antidiabetic and
antilipidemic drugs were not statistically different between
the two groups (Table 1). Baseline weight and BMI as well
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as their means after trial were not significantly different com-
paring the two groups.

Based on the 3-day dietary records obtained at study base-
line, end-of-trial, and throughout the study (week 3, 6, and 9
of the intervention), we found no significant difference in
dietary macro- and micro-nutrient intakes between the two
groups (Data not shown).

The use of selenium supplements for 12 weeks resulted in a
significant decrease in serum insulin levels (—3.1+4.6 vs. +
0.5+£6.2 plU/mL, P=0.01), HOMA-IR (-0.9+1.4 vs. +0.1
+1.7, P=0.02), HOMA-B (-11.3£16.3 vs. +2.3£22.0,
P=0.009) and a significant rise in a significant rise in GPx
(+2.3+21.7 vs. -27.74+35.2 U/mL, P=0.001) compared with
the placebo (Fig. 2).

Taking selenium supplements had no significant effects on
FPG, QUICKI, lipid profiles, creatinine, and BUN compared
with the placebo (Table 2). Within-group changes exhibited
significant reductions in serum insulin (P=0.001), HOMA-IR
(P=0.002), HOMA-B (P=0.001), BUN (P=0.03) and a sig-
nificant increase in QUICKI (P=0.003) in the selenium
group. In addition, within-group differences indicated a sig-
nificant decrease in GPx (P=0.001) and a significant increase
in serum triglycerides (P=0.04), VLDL-cholesterol
(P=0.04), and creatinine (P=0.006) in the placebo group.

Baseline levels of triglycerides, VLDL-cholesterol, and to-
tal-/HDL-cholesterol ratio were significantly different be-
tween the two groups. Therefore, we adjusted the analyses
for baseline values of these biochemical parameters, age,
and BMI (Data not shown). After this adjustment, no signifi-
cant changes in our findings occurred except for serum tri-
glycerides (P=0.04), VLDL- (P=0.04), and HDL-
cholesterol levels (P=0.03).

Discussion

In this clinical trial, we assessed the effects of selenium intake
on glycemic control and lipid profiles among patients with
DN. We found that selenium administration for 12 weeks
among patients with DN had beneficial effects on plasma
GPx, serum insulin levels, HOMA-IR, and HOMA-B, but it
did not affect FPG, QUICKI, and lipid profiles. To our knowl-
edge, the current randomized clinical trial is the first examin-
ing the effects of selenium intake on glycemic control and
lipid concentrations in patients with DN.

Patients with DN are susceptible to insulin resistance and
increased levels of lipid profiles [26]. The current study indi-
cated that patients who received selenium supplements for
12 weeks had a significant decrease in serum insulin concen-
trations, HOMA-IR, and HOMA-B compared with the place-
bo. We have previously shown the beneficial effects of sele-
nium supplementation on markers of insulin resistance with a
dose of 200 pg/day for 6 months among patients with CIN1
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Fig. 1 Summary of patient flow

diagram

Table 1 General characteristics

of study participants®

Enrollment

Assessed for eligibility (n=80)

Excluded (n=20)
»| - Not meeting inclusion criteria (7=20)

’ Randomized (n=60)

l

4

A4

’ Allocated to placebo (n=30) ‘ ’

Allocated to intervention (n=30) ‘

}

l

Lost to follow-up due to
personal reasons (n=4)

Lost to follow-up due to personal
reasons (n=4)

l

’ Analyzed (7=30) ‘ ’

|

[ Analysis ] [Follow-up] [Allocation]

Analyzed (#1=30) ‘

Placebo group (n=30) Selenium group (n=30) P

Gender (%)

Male 15 (50.0) 15 (50.0) 1.00F

Female 15 (50.0) 15 (50.0)
Type of diabetes (%)

Type 1 3 (10.0) 3 (10.0) 1.007

Type 2 27 (90.0) 27 (90.0)
Duration of DM (year) 15.8+£2.8 16.2+2.5 0.53
Age (y) 61.4+9.3 63.1+12.6 0.56
Height (cm) 160.1£10.1 160.4+9.0 0.18
Weight at study baseline (kg) 77.2+10.1 79.5+15.1 0.50
Weight at end-of-trial (kg) 77.3+10.2 79.6+15.0 0.51
Weight change (kg) 0.1+04 0.1+£04 0.65
BMI at study baseline (kg/m?) 30.4+4.9 29.8+5.8 0.69
BMI at end-of-trial (kg/m?) 304+4.9 29.8+5.8 0.68
BMI change (kg/m?) 0.03+0.1 0.01+0.2 0.62
Insulin therapy (%) 22 (73.3) 21 (70) 0.77+
Antidiabetic drugs (%)

Metformin 3 (10.0) 3(10.0)

Metformin + gliclazide 15 (50.0) 13 (43.3) 0.86F

Metformin + gliclazide + repaglinide 12 (40.0) 14 (46.7)
Antilipidemic drug (%)

Statins 18 (75.0) 16 (66.7)

Fibrates 2 (8.3) 3(12.5) 0.807

Statins and fibrates 4 (16.7) 5(20.8)

#Data are means + SDs
® Obtained from independent ¢ test

tObtained from the Pearson Chi-square test

DM diabetes mellitus
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Fig. 2 Changes in (means + standard deviation) of GPx and markers of
insulin resistance after 12 weeks of intervention. GPx, glutathione
peroxidase; HOMA-IR, homeostasis model of assessment-estimated

[13] and 200 pg/day for 8 weeks in patients with PCOS [15].
In another study by Alizadeh et al. [20], the use of 200 pg/day
of selenium supplements for 6 weeks also led to decreased
serum insulin concentrations and HOMA-IR among women
with central obesity. In addition, oral selenate supplementation
in diabetic db/db mice for 9 weeks resulted in a significant
increase in plasma insulin levels [19]. Campbell et al. [27]
showed that selenium stimulated pancreatic 3 cell gene ex-
pression and enhanced islet function in cell culture. Some
investigators did not observe such beneficial effects of seleni-
um supplementation on glucose homeostasis parameters. For
instance, a 3-month supplementation with 200 pg/day of se-
lenium among patients with T2DM did not influence circulat-
ing levels of insulin [21]. The discrepancies between our find-
ings and those of previous reports might be explained by the
dosage of selenium supplements used, the intervention time,
the study participants, the quality of the supplements, their
purity and bioavailability, as well as the time/period of admin-
istration. Impaired insulin metabolism appears to play a main
role in kidney dysfunction by inducing glomerular
hyperfiltration, endothelial dysfunction, and increased vascu-
lar permeability [28]. Previous studies have exhibited that
intensive glycemic control in patients with T2DM decreased
progression of DN and diabetic retinopathy [29]. Furthermore,
few studies in patients with T2DM indicated that hyperglyce-
mic control decreased expressions of inflammatory cytokines,
such as monocyte chemoattractant protein-1, intercellular ad-
hesion molecule-1, tumor necrosis factor-& (TNF-«), and in-
terleukin 6 (IL-6) [30, 31]. Selenium intake may improve
glycemic status through regulating the expression of genes
responsible for synthesis of enzymes involved in the carbohy-
drate metabolism, increased glycogen levels as well as
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decrease in activity of glucose-6-phoshatse and glycogen
phosphorylase [22] and the inhibition of inflammatory cyto-
kines including TNF-« and IL-1 [32].

We found that selenium supplementation among patients with
DN for 12 weeks did not affect lipid concentrations compared
with the placebo. Overall, few studies have evaluated the impacts
of selenium administration on lipid concentrations. In a Cochrane
systematic review, Rees et al. [33] observed that selenium sup-
plementation reduced total cholesterol but it did not reach statis-
tical significance. We previously showed that taking 200 pg/day
of selenium supplements for 8 weeks among PCOS women
decreased serum levels of triglycerides and VLDL-cholesterol,
without any impact on other lipid profiles [15]. With regard to the
effect of selenium administration on lipid concentrations, few
trials have assessed the effect of selenium intake in combination
with other micronutrients on blood lipids. For instance, in a ran-
domized trial by Zhang et al.[34] in a rural Chinese population
with a low dietary intake of selenium, it was observed that long-
term combined supplementation with selenium (37.5 ug), vita-
min C, and vitamin E led to a small but significant rise in total-
and LDL- cholesterol concentrations, although HDL-cholesterol
concentrations were not affected. Impaired insulin function and
T2DM are associated with a clustering of interrelated plasma
lipid and lipoprotein abnormalities including reduced HDL-
cholesterol and elevated triglyceride levels [35]. There is evi-
dence that abnormalities in each of these lipid profiles is associ-
ated with increased risk of coronary artery disease (CAD), the
leading cause of death in patients with T2DM [35].
Epidemiologic studies have reported that dyslipidemia in diabe-
tes is associated with higher CAD risk and mortality [36, 37].
The absence of a significant effect on lipid profiles in the current
study might be explained by the conditions of study participants,
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Table 2 Metabolic profiles at study baseline and after 3 months intervention in patients with DN that received either selenium supplements or placebo®

=30)

Selenium group (n

-30)

Placebo group (n

Time % Group

Group

Time

Change

End-of-trial

Change PP Baseline

End-of-trial

Baseline

0.71
0.08

0.

0.16
0.02

0.63

0.92

0.7+40.7

112.9+33.1
0.32+0.02

127.1+50.6 4.7+45.1 0.57 112.2+44.0
0.31+0.03

0.30+0.02

122.4+26.5
0.30+0.02

FPG (mg/dL)
QUICKI

0.005
0.03
0.03
0.47
0.95
0.28
0.12

0.003
0.43

0.009+0.01
4.0+27.4

0.42
0.04
0.04

0.

0.0003£0.01
18.2+48.0
3.7+9.6

16
16

0.004

134.1+47.2
26.8+9.4

130.1+51.2
26.0+10.2

194.7+87.4
39.0+£17.5

176.5+87.8
353+17.5

Triglycerides (mg/dL)

0.

0.004
0.19
0.65
0.20
0.01
0.71

0.43
0.19

0.8+5.5

VLDL-cholesterol (mg/dL)
Total cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)

0.17
0.06
0.09
0.93

0.11

4.8+20.0
3.6+154
04+4.1
0.1£04
0.1£0.2

154.5+32.5
80.5+23.2
472493

149.7+32.7
76.9+22.8
46.8+7.8

-1.5+15.1 59

162.3+36.8
79.9 +£30.2
434+7.6
3.8+£0.7
1.6+0.8

163.8+33.0
83.3+26.8
452+83

0.20

0.16

-3.4+129
—-1.8+5.5
0.1+04
0.1+£0.2

0.59
0.23
0.41

0.09
0.32

3.3+0.6
1.5+0.8

32+0.6
1.4+0.8

3.7+0.7
1.5+0.8

Total-/HDL-cholesterol ratio
Creatinine (mg/dL)

BUN (mg/dL)

0.009
0.21

0.006
0.

0.20

0.07

0.03

18.3+8.9 —2.6+5.8

20.9+10.9

26.7+18.8 0.05+8.9 97

26.7+17.9

#Data are means = SDs

® Obtained from paired-samples ¢ tests

¢ Obtained from repeated measures ANOVA test

BUN blood urea nitrogen, DN diabetic nephropathy, FPG fasting plasma glucose, QUICKI quantitative insulin sensitivity check index

dosages of selenium supplements as well as the baseline levels of
lipid profiles in study participants.

Our study had some limitations. Due to the budget limitation,
we did not evaluate the effects of selenium administration on
plasma or urine selenium and HbA1C. It must be kept in mind
that the biomarkers we measured in the current study are all
routine analyses and no significant molecular analyses were done
in this study due to limited funding for research projects in de-
veloping countries. Therefore, performance of molecular analy-
ses including measurement of malondialdehyde, superoxide dis-
mutase, and glutathione are warranted in future studies. In addi-
tion, we could not assess the effects of selenium administration of
other selenium-dependent antioxidant enzymes including
thioredoxin reductase and the signaling pathway involved in
DN. The GPx and other antioxidant/oxidant analyses should
have been performed in erythrocytes instead of plasma, be-
cause oxidation occurs in lipids, protein, and nucleic acids.
However, due to some limitations we couldn’t perform these
analyses. Therefore, our findings should be interpreted with
caution. The high standard deviations (SDs) of dependent var-
iables in some cases such as triglycerides and LDL-cholesterol
might make the interpretation of our findings difficult. Such
high SDs might be explained by the small number of partici-
pants in the study, which was a limitation.

Taken together, our study indicated that selenium supple-
mentation for 12 weeks among patients with DN had benefi-
cial effects on plasma GPx, serum insulin levels, HOMA-IR,
and HOMA-B; however, it did not affect FPG, QUICKI, and
lipid profiles.
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