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Abstract: A low selenium intake is found in European countries, and is associated with increased
cardiovascular mortality. There is an association between selenium level and the severity of kidney
disease. An association between inflammation and selenium intake is also reported. The coenzyme Q10
level is decreased in kidney disease. The aim of this study was to examine a possible association between
selenium and renal function in an elderly population low in selenium and coenzyme Q10, and the
impact of intervention with selenium and coenzyme Q10 on the renal function. The association between
selenium status and creatinine was studied in 589 elderly persons. In 215 of these (mean age 71 years)
a randomised double-blind placebo-controlled prospective trial with selenium yeast (200 µg/day)
and coenzyme Q10 (200 mg/day) (n = 117) or placebo (n = 98) was conducted. Renal function was
determined using measures of glomerular function at the start and after 48 months. The follow-up
time was 5.1 years. All individuals were low on selenium (mean 67 µg/L (SD 16.8)). The changes in
renal function were evaluated by measurement of creatinine, cystatin-C, and the use of the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) algorithm, and by the use of T-tests, repeated
measures of variance and ANCOVA analyses. An association between low selenium status and
impaired renal function was observed. Intervention causes a significantly lower serum creatinine, and
cystatin-C concentration in the active treatment group compared with those on placebo (p = 0.0002
and p = 0.001 resp.). The evaluation with CKD-EPI based on both creatinine and cystatin-C showed a
corresponding significant difference (p < 0.0001). All validations showed corresponding significant
differences. In individuals with a deficiency of selenium and coenzyme Q10, low selenium status
is related to impaired renal function, and thus supplementation with selenium and coenzyme Q10
results in significantly improved renal function as seen from creatinine and cystatin-C and through
the CKD-EPI algorithm. The explanation could be related to positive effects on inflammation and
oxidative stress as a result of the supplementation.
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1. Introduction

Renal function is of fundamental importance to the health of the body. In states with an impaired
renal function, the impacts can be seen in several organ systems. The cardiovascular system is one
where an impaired renal function will have important effects both in terms of prognosis, but also in the
choice of treatment in most heart diseases. Due to the intimate relationship between the two organ
systems, the concept of the cardiorenal syndrome has been developed [1]. As inflammation is one
of the major drivers for most heart diseases [2–4], it is interesting to note that most renal diseases
are also associated with inflammation [5–7]. Moreover, in early stages of renal dysfunction, when
the glomerular function is still intact, systemic and local inflammation leads to downregulation of
molecules that have renal protective effects [8].

Selenium is one of the essential trace elements needed to obtain normal cellular functions [9,10].
The cell needs selenium in many processes, for example in the defence against infections and selenium
also functions in the energy transfer. Due to low selenium content of the soil in Europe, and many other
parts of the world, there is a wide-spread low dietary selenium intake, which in some regions, results
in a selenium deficiency. The estimated selenium intake in Europe is <50 µg/day [11]. In order to reach
an optimal function of one of the most important selenoproteins, selenoprotein P, an intake of around
100 µg/day, or more is needed for an adult Caucasian [12]. A selenium deficiency has consequences
resulting in increased risk of cardiovascular disease [13], among many other effects. Also, in conditions
with increased oxidative stress and inflammation, the need for selenium is increased [14]. The kidneys,
together with the thyroid gland, have the highest concentration of selenium in the body [15]. It has
been shown that in chronic kidney disease, the concentration of selenium is lower compared with
healthy individuals [16–18]. In a mouse model, selenium deficiency caused renal injury through
increased oxidative stress, and impaired mitochondrial function [19].

Furthermore, it has been reported that there is a protective effect of selenium on ischaemic injuries
on the kidney in a rat model [20]. In situations with toxic damage to the renal function, caused by
severe nephrotoxic metals such as cadmium, lead, mercury and cisplatin [21], protective effects of
selenium have been reported [22,23]. Liu et al. also reported attenuation of oxidative damage and
inflammation caused by mycotoxin T-2 as an effect of selenium intervention in a rat model [24].

Coenzyme Q10 is also necessary for optimal cellular function. It is present in the mitochondrial
respiratory chain, and it is also one of the most powerful intracellular lipid soluble antioxidants.
As the endogenous production of coenzyme Q10 declines with increasing age, the resultant myocardial
production of coenzyme Q10 at the age of 80 years, is only half of that obtained at the age of 20 years [25].

The cytosolic selenoenzyme thioreductase1 plays an important part in the reduction of ubiquinone
to ubiquinol, which is the active form of coenzyme Q10. Therefore, there is an important interrelationship
between selenium and coenzyme Q10 that explains the need for an optimal level of both substances in
order to ensure a normal cellular function [26].

Positive effects of intervention with ubiquinol on the endothelial function in individuals with
dyslipidaemia have also been reported [27]. In septic rats, improved organ and vessel function have
been reported as a result of supplementation with coenzyme Q10 [28]. From scintigraphic evaluations
of renal ischaemic injuries, protective effects have been reported by the intervention with coenzyme
Q10 based mainly on the antioxidant effects of the substance [29]. Therefore, we hypothesise that the
two substances, selenium and coenzyme Q10, might have a positive effect on the renal function in
elderly individuals living in areas with a low selenium concentration in the soil and showing decreased
endogenous synthesis of coenzyme Q10.

There are several algorithms to estimate GFR in humans. We have chosen the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) algorithm, one of the most widely used
algorithms. We have applied both the algorithm using creatinine, and the algorithm using cystatin-C,
and also the algorithm using both variables in our evaluation. Generally, in the elderly population,
the creatinine-based algorithm provides acceptable sensitivity and specificity. However, in those with a
low GFR, or on treatment with specific medication, the creatinine-based algorithm is not recommended,
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why we have added the cystatin-C based algorithm. As mentioned in the literature, the combined
algorithm might give better precision, and we have also added this algorithm in our evaluations.

The aim of the present study was two-fold: First, to investigate whether selenium status is
associated with renal function in an elderly Swedish community-living population, and secondly, in a
sub-study to investigate a possible influence of supplementation over four years with selenium and
coenzyme Q10 on the renal function.

2. Materials and Methods

2.1. Subjects

All persons (n = 1320) living in a specific municipality, in the age stratum 69–88 years, were
invited in 1998 to participate in an epidemiological project. Out of these 876 decided to participate
in the main epidemiological project. In 2003, 675 individuals were still alive and were invited to
participate in an intervention project with selenium and coenzyme Q10 as a dietary supplement.
As some individuals regarded the transportation distance to the Health Center for inclusion in this
sub project too long, those who accepted participation were 589 individuals, 270 men and 319 women,
aged 69–87 years. All persons attended a clinical examination and delivered blood samples. Among
these individuals, we investigated whether plasma selenium was associated with serum creatinine as a
measure of renal function. Out of the 586 individuals, 443 community-living persons in the age range
of 70–88 years agreed to participate in the project, which involved supplementation with selenium and
coenzyme Q10, or placebo and a follow-up programme for four years, which included blood samples
every 6 months [30].The participants in the intervention study had a deficient pre-intervention serum
selenium concentration, mean 67 µg/L (SD 16.8) (equivalent to an estimated daily intake of 35 µg/day),
which is well below an adequate selenium concentration of ≥100 µg/L [31].

The subjects were given dietary supplementation of 200 mg/day of coenzyme Q10 capsules
(Bio-Quinon 100 mg B.I.D, Pharma Nord, Vejle, Denmark) and 200 µg/day of organic selenium yeast
tablets (SelenoPrecise 100 µg B.I.D, Pharma Nord, Vejle, Denmark) (n = 221), or a similar placebo
(n = 222) over 48 months, after which the intervention was finished. The given supplementation was
taken in addition to regular medication, if used. All study medications (active drug and placebo)
not consumed were returned and counted. The participants were all examined by one of three
experienced cardiologists. A clinical history was recorded at inclusion, and a clinical examination
was performed at inclusion and after the study period, including blood pressure, assessment of
New York Heart Association functional class (NYHA class) as well as an electrocardiogram (ECG) and
Doppler-echocardiography. Echocardiographic examinations were performed with the participant
in the left lateral position. The ejection fraction (EF) readings were categorised into four classes with
interclass limits placed at 30%, 40% and 50% [32,33]. Normal systolic function was defined as EF ≥ 50%,
while severely impaired systolic function was defined as EF < 30%. Only the systolic function was
evaluated. The inclusion started in January 2003 and finished in February 2010.

As the sub-analysis of the current study only included those who agreed to provide blood samples
during the whole intervention period, and who also survived for the total intervention period, the final
study population presented here consisted of 215 individuals of which 117 individuals received active
supplementation with selenium and coenzyme Q10 and 98 individuals received a placebo (Table 1).
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Table 1. Baseline characteristics of the study population receiving active treatment or placebo during
an intervention time of four years.

Active Treatment Group
n = 117

Placebo Group
n = 98 p-Value

Gender, Males/Females 58/59 44/54

Age years, mean (SD) 76.2 (3.1) 76.2 (3.1) 0.96

History

Smoking, n (%) 8 (6.8) 9 (9.2) 0.53

Hypertension, n (%) 81 (69.2) 71 (72.4) 0.61

IHD, n (%) 22 (18.8) 16 (16.3) 0.64

Diabetes, n (%) 20 (17.1) 17 (17.3) 0.96

NYHA class I, n (%) 72 (61.5) 57 (58.2) 0.61

NYHA class II, n (%) 28 (23.9) 30 (30.6) 0.27

NYHA class III, n (%) 17 (14.5) 10 (10.2) 0.34

Unclassified, n (%) 0 1 -

Medications

Beta blockers, n (%) 42 (35.9) 33 (33.7) 0.73

ACEI/ARB, n (%) 19 (16.2) 21 (21.4) 0.33

Digitalis, n (%) 5 (4.3) 1 (1.0) -

Diuretics, n (%) 37 (31.6) 33 (33.7) 0.75

Statins, n (%) 27 (23.1) 18 (18.4) 0.40

Examinations

EF < 40%, n (%) 7 (6.0) 4 (4.1) -

s-selenium pre-intervention µg/L,
mean (SD) 65.0 (17.5) 65.2 (17.1) 0.91

s-coenzyme Q10 pre-intervention
mg/L, mean (SD) 0.80 (0.30) 0.83 (0.34) 0.65

ACEI: ACE- inhibitors; ARB: Angiotension receptor blockers; EF: Ejection fraction; IHD: Ischemic heart disease;
NYHA: New York Heart Association functional class; SD: Standard Deviation. Values are means ± SDs or frequency
(percent). Student’s unpaired two-sided T-test was used for continuous variables and the chi-square test was used
for analysis of one discrete variable.

2.2. Ethical Approval

The study was approved by the Regional Ethical Committee (Forskningsetikkommmitten,
Hälsouniversitetet, SE-581 85 Linköping, Sweden; No. D03-176), and conforms to the ethical guidelines
of the 1975 Declaration of Helsinki. (The Medical Product Agency declined to review the study
protocol since the study was not considered a trial of a medication for a certain disease, but rather
one of food supplement commodities that are commercially available). This study was registered at
Clinicaltrials.gov, and has the identifier NCT01443780. Since it was not mandatory to register at the
time the study began, the study has been registered retrospectively. Written, informed consent was
obtained from all patients.

2.3. Blood Sampling

All blood samples were collected at inclusion in the study, and after 48 months. They were taken
while the participants were resting in a supine position. Pre-chilled, EDTA vials for plasma were used.
The vials were centrifuged at 3000× g, +4 ◦C, and were then frozen at −70 ◦C. No sample was thawed
more than once.

Clinicaltrials.gov
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2.4. Determination of Selenium

The serum selenium analyses were performed using ICP-MS methodology on an Agilent 700
platform at Kompetenzzentrum für komplementärmedizinische Diagnostik, Zweigniederlassung
der synlab MVZ Leinfelden GmbH (Leinfelden-Echterdingen, Germany). The accuracy of the
measurements was checked by analysing two external reference materials with certified values of
63 µg/L and 103 µg/L (control programme offered by the Society for Advancement of Quality Assurance
in Medical Laboratories, INSTAND e.V., Düsseldorf, Germany), showing values within 90–110%
of certified concentrations. A round-robin test with INSTAND e.V. was always passed adequately.
The precision of the method, checked by repetitive analyses of the same sera, showed an average
coefficient of variation of 5.7%.

2.5. Determination of Creatinine and Cystatin-C

Creatinine and cystatin-C were analysed on a Cobas c701 chemistry analyser (Roche Diagnostics,
Rotkreutz, Switzerland) with reagents from the same manufacturer. The creatinine method used was
enzymatic and isotope dilution mass spectrometry was calibrated. Cystatin-C was analysed with a
particle enhanced turbidimetric assay.

2.6. Determination of Renal Function

It is well-known that the serum concentration of creatinine is influenced by the total muscle mass
of the individual, which in this case could change in the elderly over the five years of intervention. It is
also influenced by gender and age. Therefore, cystatin-C could be a better measure of kidney function.
We have thus evaluated cystatin-C in the same population.

To adjust for gender and age and race, appropriate algorithms have been proposed. The CKD-EPI
is one of the most widely used [34]. Applying the obtained data to the algorithm we used both the
CKD-EPI based on creatinine, and on cystatin-C.

However, in an elderly population, e-GFR based on cystatin-C is generally seen as a better
alternative as compared to e-GFR based on creatinine alone [35,36]. Therefore, we performed
evaluations based on cystatin-C concentration when evaluating the e-GFR as well.

For an adult European population, the use of the combined CKD-EPI based on both creatinine
and cystatin-C has been recommended [37]. In all evaluations described above, the group on active
treatment demonstrated a better renal function after five years of follow-up, as compared to those
on placebo.

eGFRCreatinine was estimated in mL/min/1.73 m2 using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) creatinine equation from 2009 [38].
eGFRCystatin C in mL/min/1.73 m2 was calculated from cystatin-C using the CKD-EPI cystatin-C equation
for estimating GFR with standardised serum cystatin-C values [39].
eGFRCombined in mL/min/1.73 m2 was calculated using the CKD-EPI combined creatinine/cystatin-C
equation [40].

2.7. Statistical Methods

In the evaluation of a possible association between the concentration of selenium in serum and
the serum level of creatinine, Pearson product-moment correlation analysis was performed, in order
to evaluate a possible influence of other covariates a multiple regression applying creatinine as the
dependent variable was performed.

In the intervention sub-study, descriptive data were presented as percentages or mean ± standard
deviation (SD). A Student’s unpaired two-sided T-test was used for continuous variables and the
chi-square test was used for analysis of one discrete variable. Repeated measures of variance were used
in order to obtain better information on the individual changes in the concentration of the biomarker
analysed, compared to group mean values.
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In the analysis of covariance (ANCOVA) evaluation, both transformed and non-transformed data
were applied, with no significant difference in the results.

In the ANCOVA evaluation, the creatinine concentration, cystatin-C concentration, CKD-EPI
based on both creatinine and cystatin-C, CKD-EPI based on creatinine, and finally CKD-EPI based
on cystatin-C, after 48 months were used as dependent variables in the respective models. In each
model, adjustments were made for age, smoking, hypertension, diabetes, ischaemic heart disease
(IHD), New York Heart Association (NYHA) class III, Hb < 120 g/L and selenium concentration in
serum at inclusion.

p-values < 0.05 were considered significant, based on a two-sided evaluation. All data were
analysed using standard software (Statistica v. 13.2, Dell Inc., Tulsa, OK, USA).

3. Results

3.1. Association Between Serum Selenium and Renal Function

As a first step we wanted to establish if there was any relation between renal function and
selenium before any intervention. In an unadjusted regression analysis in the population of 589
individuals we observed a moderate negative correlation between selenium and renal function as
measured through creatinine (r = −0.52; F: 213.6; p < 0.000). The significant association was verified in a
Pearson product-moment correlation analysis (r = 0.52). To investigate further this apparent association
between the serum concentration of selenium and creatinine we adjusted for covariates well-known
to potentially influence the renal function, employing a multiple regression using creatinine as the
dependent variable (Table 2).

Table 2. Multiple regressions analysis using creatinine as dependent variable, adjusting for covariates
well-known to potentially influence the creatinine level.

Variable B-Coefficient Standard Error T-Value p-Value

Age 0.25 0.03 7.16 <0.0001

Male gender 0.25 0.03 7.30 <0.0001

Smoking 0.05 0.03 1.50 0.13

Diabetes 0.02 0.03 0.73 0.46

Hypertension −0.05 0.03 −1.49 0.14

Hb < 120 g/L 0.03 0.003 0.97 0.33

NYHA III −0.002 0.003 −0.05 0.96

IHD −0.04 0.04 −1.00 0.32

ACEI 0.05 0.03 1.59 0.11

Beta blockers 0.04 0.03 1.03 0.30

Selenium, incl. −0.47 0.03 14.2 <0.0001

ACEI: Angiotensin converting enzyme inhibitor; IHD: Ischemic heart disease; NYHA III: New York Heart Association
functional class III.

Also, in this latter analysis, we found a strong association between selenium concentration
and creatinine.

3.2. Intervention with Selenium and CoQ10, and Impact on Renal Function

The final study population presented here consisted of 215 individuals, of which 117 received active
supplementation with selenium and coenzyme Q10 and 98 received a placebo (Table 1). From Table 1 it
can be seen that 37 out of 215 (17.2%) had diabetes, 152 out of 215 (70.7%) had hypertension, 38 (17.7%)
had an IHD, and 11 (5.1%) had an impaired systolic heart function, here defined as an EF < 40%. It could
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therefore be seen that the investigated population represented an elderly community-living Western
population. There were no significant differences between those randomised to active substance,
when compared with those randomised to placebo; thus the two populations were balanced. Regarding
the mean pre-intervention concentration of both selenium and coenzyme Q10, they were low, but there
were no significant differences between the active treatment group and those on placebo.

The mean follow-up period of this sub-population was 5.1 years.

3.3. Evaluating the Effect of Intervention on Creatinine

At baseline there was no significant difference in the serum concentrations of creatinine between
the active treatment group and those receiving placebo (active: 92.3 µmol/L vs. placebo: 90.8 µmol/L;
p = 0.72). However, after 48 months of intervention, a significantly lower concentration of creatinine
could be noted in the active treatment group, whereas there was no difference in the placebo group
(active: 76.8 µmol/L vs. placebo: 90.5 µmol/L; T = 3.83; p = 0.0002).

As the sample size of the study population was limited, we performed a two-step validation.
First, as a validation, a repeated measures of variance analysis was performed (Figure 1A).

A clearly significant difference between the two groups could be noted (F(1, 204) = 14.2; p = 0.0002).
As a second validation of the obtained results, an ANCOVA analysis, was performed (Table 3).

Table 3. Analysis of covariance using s-creatinine after 48 months as dependent variable.

Effects Degrees of Freedom F p

Intercept 1 0.01 0.91

Age 1 0.61 0.43

Smoker 1 0.03 0.86

Hypertension 1 2.07 0.15

Diabetes 1 0.13 0.71

IHD 1 1.66 0.20

NYHA III 1 0.98 0.32

Hb < 120 g/L 1 1.01 0.32

s-selenium µg/L, incl 1 1.40 0.24

s-creatinine, micromol/L, incl 1 61.28 <0.0001

Active treatment 1 18.11 <0.0001

IHD: Ischemic heart disease; NYHA: New York Heart Association functional class III.

From this we could see that after adjustment for several covariates, the supplementation with
selenium and coenzyme Q10 still had a significant effect on the concentration of creatinine.
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Figure 1. (A) Serum concentration of creatinine at the start of the project and after 48 months
in the selenium and coenzyme Q10 treatment group compared to the placebo group in the study
population. Evaluation performed by use of repeated measures of variance methodology. Current
effect: F(1, 204) = 14.2; p = 0.0002. Vertical bars denote 0.95 confidence intervals. Blue curve: Placebo;
Red curve: Active treatment group. Bars indicate ±95% CI; (B) Serum concentration of cystatin-C
at the start of the project and after 48 months in the selenium and coenzyme Q10 treatment group
compared to the placebo group in the study population. Evaluation performed by use of repeated
measures of variance methodology. Current effect: F(1, 203) = 9.08; p = 0.003. Vertical bars denote 0.95
confidence intervals. Blue curve: Placebo; Red curve: Active treatment group. Bars indicate ±95%
CI. (C) Estimated glomerular filtration rate based on the CKD-EPI algorithm using both creatinine
and cystatin-C comparing values in the selenium and coenzyme Q10 treatment group compared to the
placebo group in the study population, at inclusion and after 48 months of intervention. Evaluation
performed by use of repeated measures of variance methodology. Current effect: F(1, 202) = 23.70;
p < 0.0001. Vertical bars denote 0.95 confidence intervals. Blue curve: Placebo; Red curve: Active
treatment group. Bars indicate ±95% CI. (D) Estimated glomerular filtration rate based on the CKD-EPI
algorithm using creatinine, comparing values in the selenium and coenzyme Q10 treatment group
compared to the placebo group in the study population, at inclusion and after 48 months of intervention.
Evaluation performed by use of repeated measures of variance methodology. Current effect: F(1, 204)
= 16.68; p < 0.0001. Vertical bars denote 0.95 confidence intervals. Blue curve: Placebo; Red curve:
Active treatment group. Bars indicate ±95% CI. CKD-EPI: Chronic Kidney Disease Epidemiology
Collaboration eGFR algorithm. Vertical bars denote 0.95 confidence intervals.

3.4. Evaluating the Effect of Intervention on Cystatin-C

As cystatin-C is increasingly used as a reliable biomarker for evaluating the renal function,
we chose to include this analysis in the study. At the start of the intervention, there was no significant
difference in the serum concentration of cystatin-C between the two groups (active: 1.23 mg/L vs.
placebo: 1.22 mg/L; p = 0.97). However, after the intervention, a significant reduction could be noted in
the active treatment group. Whereas, there was no significant change in the placebo group (active:
1.02 mg/L vs. placebo: 1.14 mg/L; T = 3.30; p = 0.001).
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As a validation of the obtained differences, a repeated measures of variance analysis was performed.
A significant difference could be demonstrated, with a lower concentration in the active treatment
group compared to the placebo group (F(1, 203 = 9.08; p = 0.003)) (Figure 1B).

In the second validation, the ANCOVA analysis adjustments were made for some covariates
well-known to influence renal function (Table 4).

Table 4. Analysis of covariance using s-cystatin-C after 48 months as dependent variable.

Effects Degrees of Freedom F p

Intercept 1 0.01 0.90

Age 1 1.12 0.29

Smoker 1 0.05 0.29

Hypertension 1 3.70 0.06

Diabetes 1 0.19 0.66

IHD 1 0.08 0.78

NYHA III 1 1.72 0.19

Hb < 120 g/L 1 4.33 0.04

s-selenium µg/L, incl 1 0.07 0.79

s-cystatin-C, mg/L, incl 1 66.65 <0.0001

Active treatment 1 12.92 0.0004

IHD: Ischemic heart disease; NYHA: New York Heart Association functional class III.

Here it was shown that active treatment did significantly influence the level of cystatin-C
(p = 0.0003), even in a multivariate model.

3.5. Evaluating the Effect of Intervention on CKD-EPI Based on Both Creatinine and Cystatin-C

The CKD-EPI equation is one of the most commonly used formulas to estimate the renal glomerular
function. We have applied the recorded basal data of the study population to obtain the estimated
glomerular filtration rate by using this formula.

At start of the intervention, there were no significant differences between those randomised
to active treatment, and those randomised to placebo (active: 61.4 mL/min/1.73 m2 versus placebo:
61.8 mL/min/1.73 m2; p = 0.88). However, after 48 months of intervention, a significant increase in
e-GFR could be seen in the active treatment group (48 months: 75.4 mL/min/1.73 m2 versus inclusion:
61.4 mL/min/1.73 m2; T = 4.50; p < 0.0001). No significant changes were noted in the placebo group
(48 months: 63.7 mL/min/1.73 m2 vs. inclusion: 61.8 mL/min/1.73 m2; p = 0.45).

To validate the obtained results, repeated measures of variance methodology was applied.
From this a significant difference between those on active treatment and those on placebo could be
demonstrated (F(1, 202) = 23.7; p < 0.0001) (Figure 1C).

As a second validation, ANCOVA evaluation was performed, including CKD-EPI based on both
creatine and cystatin-C (Table 5).
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Table 5. Analysis of covariance using CKD-EPI based on both creatinine and cystatin-C, after 48 months
as dependent variable.

Effects Degrees of Freedom F p

Intercept 1 9.64 0.002

Age 1 4.17 0.04

Smoker 1 0.05 0.83

Hypertension 1 6.97 0.009

Diabetes 1 0.01 0.92

IHD 1 0.95 0.33

NYHA III 1 0.98 0.32

Hb < 120 g/L 1 1.52 0.22

s-selenium µg/L, incl 1 0.001 0.97

CKD-EPI, mL/min/1.73 m2, incl 1 63.88 <0.0001

Active treatment 1 26.06 <0.0001

IHD: Ischemic heart disease; NYHA: New York Heart Association functional class III; CKD-EPI: Chronic Kidney
Disease Epidemiology Collaboration eGFR algorithm. In this evaluation the CKD-EPI algorithm was based on both
creatinine, and cystatin-C concentration in serum.

From that it could be noted that supplementation with selenium and coenzyme Q10 had a
significant effect on the change of e-GFR as observed through the CKD-EPI calculation (F = 25.56;
p < 0.0001).

3.6. Evaluating the Effect of Intervention on CKD-EPI Based on Creatinine

As the CDK-EPI formula can also be evaluated based on serum creatinine concentration alone,
without the cystatin-C levels, we have calculated these data as well.

At inclusion, there were no significant differences between the e-GFR given as CKD-EPI, based on
the creatinine concentration (active treatment: 64.5 mL/min/1.73 m2 vs. placebo: 65.1 mL/min/1.73 m2;
p = 0.82). However, after 48 months of intervention, a significant increase of the e-GFR could be
seen in the active treatment group (48 months: 75.4 mL/min/1.73 m2 vs. incl.: 64.5 mL/min/1.73 m2;
T = 4.92; P ≤ 0.0001). There was no significant change in the placebo group 64.9 mL/min/1.73 m2 vs.
65.1 mL/min/1.73 m2; p = 0.96).

By applying repeated measures of variance methodology, significant differences between the
active treatment group and the placebo group could be seen (F(1, 204) = 16.68; p < 0.0001) (Figure 1D).

Performing the second validation step, that is the ANCOVA analysis, it was found that active
treatment significantly influenced the CKD-EPI value, based on creatinine (F = 20.63; p < 0.0001)
(Table 6).

Table 6. Analysis of covariance using CKD-EPI based on creatinine after 48 months as dependent variable.

Effects Degrees of Freedom F p

Intercept 1 12.53 0.0005

Age 1 4.73 0.03

Smoker 1 0.02 0.89

Hypertension 1 4.45 0.04

Diabetes 1 0.54 0.46

IHD 1 2.61 0.11

NYHA III 1 0.65 0.42
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Table 6. Cont.

Effects Degrees of Freedom F p

Hb < 120 g/L 1 0.25 0.62

s-selenium µg/L, incl 1 1.40 0.24

CKD-EPI, mL/min/1.73 m2, incl 1 41.92 <0.0001

Active treatment 1 20.63 <0.0001

CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration eGFR algorithm; IHD: Ischemic heart disease;
NYHA: New York Heart Association functional class III.

3.7. Evaluating the Effect of Intervention on CKD-EPI Based on Cystatin-C

As the CKD-EPI value could also be based on the cystatin-C concentration alone, we also calculated
the latter.

At the start of the project, there was no significant difference between the active treatment
group, and the placebo group (active: 58.3 mL/min/1.73 m2 vs. placebo: 59.2 mL/min/1.73 m2;
p = 0.71). After 48 months, a significant increase in the CKD-EPI value could be noted (48 months:
72.6 mL/min/1.73 m2 vs. incl.: 58.3 mL/min/1.73 m2: T = 5.76; p < 0.0001). In the placebo group
we observed no significant change (48 months: 63.7 mL/min/1.73 m2 vs. incl.:59.2 mL/min/1.73 m2;
p = 0.11).

Applying repeated measures of variance methodology, a highly significant difference could be
seen (F(1, 204) = 14.3; p = 0.0002) (Figure 2), where those on active treatment exhibited higher e-GFR as
a result of the treatment.

By applying ANCOVA evaluation as a measure to adjust for several covariates that could influence
renal function, it could be noted that active treatment influenced the e-GFR even after adjustments for
several covariates (F = 13.9; p = 0.0002) (Table 7).

Table 7. Analysis of covariance using CKD-EPI based on cystatin-C after 48 months as dependent variable.

Effects Degrees of Freedom F p

Intercept 1 6.69 0.01

Age 1 2.99 0.09

Smoker 1 0.20 0.65

Hypertension 1 5.31 0.02

Diabetes 1 0.27 0.61

IHD 1 0.09 0.76

NYHA III 1 1.05 0.31

Hb < 120 g/L 1 4.44 0.04

s-selenium µg/L, incl 1 0.31 0.58

CKD-EPI, mL/min/1.73 m2, incl 1 76.43 <0.0001

Active treatment 1 12.88 0.0004

CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration eGFR algorithm; IHD: Ischemic heart disease;
NYHA: New York Heart Association functional class III.
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Figure 2. Estimated glomerular filtration rate based on the CKD-EPI algorithm using cystatin-C,
comparing values in the selenium and coenzyme Q10 treatment group compared to the placebo group
in the study population, at inclusion and after 48 months of intervention. Evaluation performed by use
of repeated measures of variance methodology. Current effect: F(1, 204) = 14.3; p = 0.0002. Vertical bars
denote 0.95 confidence intervals. Blue curve: Placebo; Red curve: Active treatment group. Bars indicate
±95% CI. CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration eGFR algorithm

3.8. Impact of Pre-Intervention Selenium Concentration on the Effect of Supplementation on the Renal Function

In an effort to evaluate whether the effect of the supplementation of selenium and coenzyme Q10
on renal function was dependent on the level of selenium before any supplementation, we compared
the improvement in renal function of those with a selenium level in the first quartile with that of those
in the fourth quartile. As a measure of renal function, we chose CKD-EPI creatinine. We observed
a significantly increased renal function in both groups by applying repeated measures of variance
methodology. F(1, 63) = 5.21; p = 0.026 and F(1, 50) = 4.46; p = 0.04, in the first and fourth quartiles,
respectively. We then used the difference in creatinine as a measure of renal improvement, and found
that the mean difference in creatinine in the group with the10% lowest pre-intervention selenium
concentration (<42.8µg/L) was 20.55 µmol/L as compared to 9.3 µmol/L among those with the
highest 10% of selenium concentration (>83.8 µg/L). Both groups consisted of 11 individuals and,
not surprisingly, the difference between the groups was not significant (p = 0.30). However, because
of the small number, we could not rule out that the impact of the intervention might nevertheless be
dependent on pre-inclusion selenium status.

3.9. Analysing the Effect of Supplementation Based on Pre-Intervention eGFR

In order to analyse whether the pre-intervention eGFR influenced the effect of the supplementation
with selenium and coenzyme Q10, repeated measure of variance analyses of the effect of the
supplementation were performed based on CKD-Epi creatinine algorithm (Supplemental Figure S1).
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From this it could be demonstrated that with no major difference in effect could be seen in the tertiles
of the eGFR.

4. Discussion

The two important findings in this elderly community-living population low in selenium and
coenzyme Q10 were the finding of an association between low selenium status and impaired renal
function and that dietary supplementation with selenium and coenzyme Q10 over four years significantly
improved the kidney function. There was no change in the kidney function of the placebo group.
The results of the intervention provide evidence of a causal relationship between selenium status and
renal function among elderly low in selenium and CoQ10.

As the intervention has made use of a relatively small sample size, a two-step validation was
performed in all of the evaluations. Also, in the validation steps a significantly better renal function
could be seen in the active treatment group, as compared to those on placebo.

The mechanism behind the demonstrated improvement in renal function in the supplemented
group is believed to be due partly to the reduced inflammation, as well as reduced oxidative stress,
which we have observed among this elderly group in previous studies [41–43].

The main study reported increased cardiac systolic function, reduced level of the cardiac peptide
NT-proBNP, and reduced cardiovascular mortality [30]. Therefore, some of the present observations
on improved renal function could be a result of the improved systolic cardiac function, resulting in a
better cardiac output, which improves the renal function.

Our group has also reported signs of less endothelial dysfunction otherwise accompanying ageing,
due to the intervention with selenium and coenzyme Q10, as seen from evaluation of the von Willebrand
factor, and the plasminogen activator inhibitor-1 [44] and the increase in IGF-1 [45]. Therefore, it seems
that in a population with deficiency, supplementation with selenium and coenzyme Q10 reduces the
inflammatory activity and oxidative stress, and improves endothelial function. These mechanisms
may, thus, be important for the observed improvement in kidney function.

Renal function is of fundamental importance in the health of the body, and also influences many
treatment decisions, for example in cardiovascular diseases. The literature provides evidence of an
intimate relationship between inflammation and mRNA expression of selenoproteins which influence
the synthesis of several inflammatory factors, for example IL-6, IL-8, IL-12 cyclooxygenase-2, IL-10,
and TGF-β [46,47], also resulting in effects on the renal function. Our results accord well with reports
in the literature demonstrating a relationship between selenium concentration and progression of
kidney disease [48].

Recently, Li et al. reported from a study on pigs that selenium deficiency resulted in inflammatory
injuries and renal tubular atrophies, leading to impaired kidney function, and as a result of the selenium
deficiency, downregulation of nine different selenoproteins [47]. The result described concurs with
our results.

Regarding coenzyme Q10, interesting data have been reported in the literature indicating that
coenzyme Q10 prevents the adverse effects of oxidative stress [49], and that oxidative stress has adverse
effects on renal function [50].

An interesting aspect of the relation between selenium concentration and renal health is the
importance of endothelial dysfunction in the progression of chronic kidney disease [51,52]. There is an
important and well-known association between kidney disease and cardiovascular risk [53–55], which
is in accordance with the present observations on renal protection, as selenium deficiency results in
increased cardiovascular risk [56]. Another interesting aspect might also be the findings that our group
previously reported from a metabolic profiling evaluation of the effects of the supplementation [57].
Here, a small, but significant, change in the metabolites reflecting the renal function could be seen,
indicating a positive effect of the supplementation also on the renal function.

In an effort to determine whether the basal selenium concentration influenced the effect on
the renal function due to the supplementation, those with the lowest selenium concentration were
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compared with those with the highest selenium concentration. We, then, observed that the most
selenium-deficient group achieved the greatest improvement in renal function. However, those in this
study population who had the highest selenium concentration also gained in renal function as a result
of the supplement. It should be noted, however, that those who had a selenium concentration in the
fourth quartile, were still low on selenium (mean level 74.9 µmol/L), which might explain the positive
effect of the supplementation also in this group.

Taken together, the findings demonstrate that the combined supplementation with selenium and
coenzyme Q10 in a region where there is a suboptimal intake of selenium could improve renal function.
However, the presented study is small, and should be regarded as hypothesis-generating, and therefore
more research is needed.

Limitations

As the investigated study population consists of a relatively narrow age stratum, it is not possible
to extrapolate the results to other age groups without uncertainty.

The study sample that is analysed in this report was of relatively small size, which increases the
uncertainty of the obtained results. However, we argue that the results are likely to be correct as they
were validated by the two-step validation analysis. Nevertheless, based on the small sample size we
consider the results as hypothesis-generating.

Also, the evaluated population consisted of Caucasians who were low in selenium. Therefore,
it is not necessarily true that the obtained results could be applied to another population.

5. Conclusions

Renal function is central maintaining health. Selenium and coenzyme Q10 are necessary to
maintain normal cellular functions. As there is a documented deficiency of both substances in the
elderly in many areas in the world, the effect of supplementation with selenium and coenzyme Q10 on
renal function was evaluated.

Significantly better renal function in the active treatment group, as seen by evaluation of both
creatinine and cystatin-C, could be reported. An estimation of glomerular filtration rated by use of
CKD-EPI verified the positive effects. All evaluations were validated with persisting differences.

The obtained positive results could possibly be explained by effects on inflammation and oxidative
stress by the intervention, but as the sample size was small, more research is needed.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/12/3780/s1,
Figure S1: Figure S1. (A) Estimated pre-intervention glomerular filtration rate based on the CKD-EPI algorithm
using creatinine in tertile 1 of the study population, comparing values in the selenium and coenzyme Q10 treatment
group with the placebo group, at inclusion and after 48 months of intervention. Evaluation performed by use of
repeated measures of variance methodology. Current effect: F(1, 65) = 8.5882, p = 0.00466. Vertical bars denote
0.95 confidence intervals. Blue curve: Placebo; Red curve: Active treatment group. Bars indicate ±95% CI;
(B) Estimated pre-intervention glomerular filtration rate based on the CKD-EPI algorithm using creatinine in tertile
2 of the study population, comparing values in the selenium and coenzyme Q10 treatment group with the placebo
group, at inclusion and after 48 months of intervention. Evaluation performed by use of repeated measures of
variance methodology. Current effect: F(1, 69) = 8.1391, p = 0.00571. Vertical bars denote 0.95 confidence intervals.
Blue curve: Placebo; Red curve: Active treatment group. Bars indicate ±95% CI; (C) Estimated pre-intervention
glomerular filtration rate based on the CKD-EPI algorithm using creatinine in tertile 3 of the study population,
comparing values in the selenium and coenzyme Q10 treatment group with the placebo group, at inclusion and
after 48 months of intervention. Evaluation performed by use of repeated measures of variance methodology.
Current effect: Current effect: F(1, 64) = 10.087, p = 0.00230. Vertical bars denote 0.95 confidence intervals.
Blue curve: Placebo; Red curve: Active treatment group. Bars indicate ±95% CI.

Author Contributions: Conceptualization, U.A. and A.L. and J.A. (Jan Aaseth) and J.A. (Jan Alexander) and K.B.;
methodology, U.A. and J.A. (Jan Aaseth) and J.A. (Jan Alexander); validation, U.A. and A.L. and J.A. (Jan Alexander)
and J.A. (Jan Aaseth); formal analysis, U.A. and A.L. and K.B.; investigation, U.A. and A.L.; resources, U.A. and
A.L. and K.B.; data curation, U.A.; Writing—original draft preparation, U.A. and A.L. and J.A. (Jan Alexander)
and J.A. (Jan Aaseth) and K.B.; supervision, U.A.; funding acquisition, U.A. and A.L. and K.B. All authors have
read and agreed to the published version of the manuscript.

http://www.mdpi.com/2072-6643/12/12/3780/s1


Nutrients 2020, 12, 3780 15 of 18

Funding: Part of the analysis cost was supported by grants from Pharma Nord Aps, Denmark, the County
Council of Östergötland, Linköping University. The funding organisations had no role in the design, management,
analysis, or interpretation of the data, nor in the preparation, review or approval of the manuscript. No economic
compensation was distributed.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

ACEI: ACE inhibitors; ANCOVA: Analysis of covariance; ARB; Angiotension receptor blockers; CKD-EPI:
Chronic Kidney Disease Epidemiology Collaboration algorithm; EF: Ejection fraction; ECG: Electrocardiogram;
GFR: Glomerular filtration rate; IHD: Ischaemic heart disease; NT-proBNP: N-terminal fragment of B-type
natriuretic peptide; NYHA class: New York Heart Association functional class; SD: Standard deviation.

References

1. Kousa, O.; Mullane, R.; Aboeata, A. Cardiorenal Syndrome; StatPearls: Treasure Island, FL, USA, 2020.
2. Ovchinnikov, A.G.; Arefieva, T.I.; Potekhina, A.V.; Filatova, A.Y.; Ageev, F.T.; Boytsov, S.A. The Molecular and

Cellular Mechanisms Associated with a Microvascular Inflammation in the Pathogenesis of Heart Failure
with Preserved Ejection Fraction. Acta Nat. 2020, 12, 40–51. [CrossRef]

3. Silvis, M.J.M.; Demkes, E.J.; Fiolet, A.T.L.; Dekker, M.; Bosch, L.; van Hout, G.P.J.; Timmers, L.; de Kleijn, D.P.V.
Immunomodulation of the NLRP3 Inflammasome in Atherosclerosis, Coronary Artery Disease, and Acute
Myocardial Infarction. J. Cardiovasc. Transl. Res. 2020. [CrossRef]

4. West, H.W.; Antoniades, C. Imaging and Targeting Coronary Artery Inflammation. Antioxid. Redox Signal
2020. [CrossRef]

5. Ruiz-Ortega, M.; Rayego-Mateos, S.; Lamas, S.; Ortiz, A.; Rodrigues-Diez, R.R. Targeting the progression of
chronic kidney disease. Nat. Rev. Nephrol. 2020, 16, 269–288. [CrossRef]

6. Lin, T.Y.; Hsu, Y.H. IL-20 in Acute Kidney Injury: Role in Pathogenesis and Potential as a Therapeutic Target.
Int. J. Mol. Sci. 2020, 21, 1009. [CrossRef]

7. Rapa, S.F.; Di Iorio, B.R.; Campiglia, P.; Heidland, A.; Marzocco, S. Inflammation and Oxidative Stress in
Chronic Kidney Disease-Potential Therapeutic Role of Minerals, Vitamins and Plant-Derived Metabolites.
Int. J. Mol. Sci. 2019, 21, 263. [CrossRef]

8. Ruiz-Andres, O.; Sanchez-Nino, M.D.; Moreno, J.A.; Ruiz-Ortega, M.; Ramos, A.M.; Sanz, A.B.; Ortiz, A.
Downregulation of kidney protective factors by inflammation: Role of transcription factors and epigenetic
mechanisms. Am. J. Physiol. Renal Physiol. 2016, 311, F1329–F1340. [CrossRef]

9. Fairweather-Tait, S.J.; Bao, Y.; Broadley, M.R.; Collings, R.; Ford, D.; Hesketh, J.E.; Hurst, R. Selenium in
human health and disease. Antioxid. Redox Signal. 2011, 14, 1337–1383. [CrossRef]

10. Selenius, M.; Rundlof, A.K.; Olm, E.; Fernandes, A.P.; Bjornstedt, M. Selenium and the selenoprotein
thioredoxin reductase in the prevention, treatment and diagnostics of cancer. Antioxid. Redox Signal. 2010,
12, 867–880. [CrossRef]

11. Rayman, M.P. Selenium and human health. Lancet 2012, 379, 1256–1268. [CrossRef]
12. Xia, Y.; Hill, K.E.; Li, P.; Xu, J.; Zhou, D.; Motley, A.K.; Wang, L.; Byrne, D.W.; Burk, R.F.

Optimization of selenoprotein P and other plasma selenium biomarkers for the assessment of the selenium
nutritional requirement: A placebo-controlled, double-blind study of selenomethionine supplementation in
selenium-deficient Chinese subjects. Am. J. Clin. Nutr. 2010, 92, 525–531. [CrossRef] [PubMed]

13. Bomer, N.; Grote Beverborg, N.; Hoes, M.F.; Streng, K.W.; Vermeer, M.; Dokter, M.M.; IJmker, J.; Anker, S.D.;
Cleland, J.G.F.; Hillege, H.L.; et al. Selenium and outcome in heart failure. Eur. J. Heart Fail 2019. [CrossRef]

14. Manzanares, W.; Biestro, A.; Galusso, F.; Torre, M.H.; Manay, N.; Pittini, G.; Facchin, G.; Hardy, G. Serum
selenium and glutathione peroxidase-3 activity: Biomarkers of systemic inflammation in the critically ill?
Intensive Care Med. 2009, 35, 882–889. [CrossRef] [PubMed]

15. Zachara, B.A.; Pawluk, H.; Bloch-Boguslawska, E.; Sliwka, K.M.; Korenkiewicz, J.; Skok, Z.; Ryc, K. Tissue
level, distribution, and total body selenium content in healthy and diseased humans in Poland. Arch. Environ.
Health 2001, 56, 461–466. [CrossRef]

16. Ceballos-Picot, I.; Witko-Sarsat, V.; Merad-Boudia, M.; Nguyen, A.T.; Thevenin, M.; Jaudon, M.C.; Zingraff, J.;
Verger, C.; Jungers, P.; Descamps-Latscha, B. Glutathione antioxidant system as a marker of oxidative stress
in chronic renal failure. Free Radic. Biol. Med. 1996, 21, 845–853. [CrossRef]

http://dx.doi.org/10.32607/actanaturae.10990
http://dx.doi.org/10.1007/s12265-020-10049-w
http://dx.doi.org/10.1089/ars.2020.8128
http://dx.doi.org/10.1038/s41581-019-0248-y
http://dx.doi.org/10.3390/ijms21031009
http://dx.doi.org/10.3390/ijms21010263
http://dx.doi.org/10.1152/ajprenal.00487.2016
http://dx.doi.org/10.1089/ars.2010.3275
http://dx.doi.org/10.1089/ars.2009.2884
http://dx.doi.org/10.1016/S0140-6736(11)61452-9
http://dx.doi.org/10.3945/ajcn.2010.29642
http://www.ncbi.nlm.nih.gov/pubmed/20573787
http://dx.doi.org/10.1002/ejhf.1644
http://dx.doi.org/10.1007/s00134-008-1356-5
http://www.ncbi.nlm.nih.gov/pubmed/19034425
http://dx.doi.org/10.1080/00039890109604483
http://dx.doi.org/10.1016/0891-5849(96)00233-x


Nutrients 2020, 12, 3780 16 of 18

17. Zachara, B.A.; Gromadzinska, J.; Wasowicz, W.; Zbrog, Z. Red blood cell and plasma glutathione peroxidase
activities and selenium concentration in patients with chronic kidney disease: A review. Acta Biochim. Pol.
2006, 53, 663–677.

18. Yoshimura, S.; Suemizu, H.; Nomoto, Y.; Sakai, H.; Katsuoka, Y.; Kawamura, N.; Moriuchi, T. Plasma
glutathione peroxidase deficiency caused by renal dysfunction. Nephron 1996, 73, 207–211. [CrossRef]

19. Lai, H.; Nie, T.; Zhang, Y.; Chen, Y.; Tao, J.; Lin, T.; Ge, T.; Li, F.; Li, H. Selenium Deficiency-Induced Damage
and Altered Expression of Mitochondrial Biogenesis Markers in the Kidneys of Mice. Biol. Trace Elem. Res.
2020. [CrossRef]

20. Hasanvand, A.; Abbaszadeh, A.; Darabi, S.; Nazari, A.; Gholami, M.; Kharazmkia, A. Evaluation of selenium
on kidney function following ischemic injury in rats; protective effects and antioxidant activity. J. Renal. Inj.
Prev. 2017, 6, 93–98. [CrossRef]

21. Alexander, J. Selenium, in Nordberg GF, Fowler BA and Nordberg M, eds. Handbook on the Toxicology of Metals;
Elsevier/AP: Amsterdam, The Netherlands, 2015; Volume II, Chapter 52; pp. 1176–1208.

22. Li, X.; Zhang, H.; Chan, L.; Liu, C.; Chen, T. Nutritionally Available Selenocysteine Derivative Antagonizes
Cisplatin-Induced Toxicity in Renal Epithelial Cells through Inhibition of Reactive Oxygen Species-Mediated
Signaling Pathways. J. Agric. Food Chem. 2018, 66, 5860–5870. [CrossRef]

23. Sengul, E.; Gelen, V.; Yildirim, S.; Tekin, S.; Dag, Y. The Effects of Selenium in Acrylamide-Induced
Nephrotoxicity in Rats: Roles of Oxidative Stress, Inflammation, Apoptosis, and DNA Damage. Biol. Trace
Elem. Res. 2020. [CrossRef] [PubMed]

24. Liu, Y.; Dong, R.; Yang, Y.; Xie, H.; Huang, Y.; Chen, X.; Wang, D.; Zhang, Z. Protective Effect of Organic
Selenium on Oxidative Damage and Inflammatory Reaction of Rabbit Kidney Induced by T-2 Toxin. Biol. Trace
Elem. Res. 2020. [CrossRef] [PubMed]

25. Sanoobar, M.; Eghtesadi, S.; Azimi, A.; Khalili, M.; Khodadadi, B.; Jazayeri, S.; Gohari, M.R.; Aryaeian, N.
Coenzyme Q10 supplementation ameliorates inflammatory markers in patients with multiple sclerosis:
A double blind, placebo, controlled randomized clinical trial. Nutr. Neurosci. 2014. [CrossRef] [PubMed]

26. Xia, L.; Nordman, T.; Olsson, J.M.; Damdimopoulos, A.; Bjorkhem-Bergman, L.; Nalvarte, I.; Eriksson, L.C.;
Arner, E.S.; Spyrou, G.; Bjornstedt, M. The mammalian cytosolic selenoenzyme thioredoxin reductase reduces
ubiquinone. A novel mechanism for defense against oxidative stress. J. Biol. Chem. 2003, 278, 2141–2146.
[CrossRef] [PubMed]

27. Sabbatinelli, J.; Orlando, P.; Galeazzi, R.; Silvestri, S.; Cirilli, I.; Marcheggiani, F.; Dludla, P.V.; Giuliani, A.;
Bonfigli, A.R.; Mazzanti, L.; et al. Ubiquinol Ameliorates Endothelial Dysfunction in Subjects with
Mild-to-Moderate Dyslipidemia: A Randomized Clinical Trial. Nutrients 2020, 12, 1098. [CrossRef]

28. Ozer, E.K.; Goktas, M.T.; Kilinc, I.; Pehlivan, S.; Bariskaner, H.; Ugurluoglu, C.; Iskit, A.B. Coenzyme Q10
improves the survival, mesenteric perfusion, organs and vessel functions in septic rats. Biomed. Pharmacother.
2017, 91, 912–919. [CrossRef] [PubMed]

29. Akbulut, A.; Keseroglu, B.B.; Koca, G.; Yuceturk, C.N.; Ozgur, B.C.; Surer, H.; Ogus, E.; Yumusak, N.;
Karakaya, J.; Korkmaz, M. Scintigraphic evaluation of renoprotective effects of coenzyme Q10 in a rat renal
ischemia-reperfusion injury. Nucl. Med. Commun. 2019, 40, 1011–1021. [CrossRef]

30. Alehagen, U.; Johansson, P.; Bjornstedt, M.; Rosen, A.; Dahlstrom, U. Cardiovascular mortality and
N-terminal-proBNP reduced after combined selenium and coenzyme Q10 supplementation: A 5-year
prospective randomized double-blind placebo-controlled trial among elderly Swedish citizens. Int. J. Cardiol.
2013, 167, 1860–1866. [CrossRef]

31. Alexander, J.; Alehagen, U.; Larsson, A.; Aaseth, J. Selenium in clinical medicine and medical biochemistry.
Klin. Biokem. I Nord. 2019, 31, 12–19.

32. Jensen-Urstad, K.; Bouvier, F.; Hojer, J.; Ruiz, H.; Hulting, J.; Samad, B.; Thorstrand, C.; Jensen-Urstad, M.
Comparison of different echocardiographic methods with radionuclide imaging for measuring left ventricular
ejection fraction during acute myocardial infarction treated by thrombolytic therapy. Am. J. Cardiol. 1998, 81,
538–544. [CrossRef]

33. van Royen, N.; Jaffe, C.C.; Krumholz, H.M.; Johnson, K.M.; Lynch, P.J.; Natale, D.; Atkinson, P.; Deman, P.;
Wackers, F.J. Comparison and reproducibility of visual echocardiographic and quantitative radionuclide left
ventricular ejection fractions. Am. J. Cardiol. 1996, 77, 843–850. [CrossRef]

http://dx.doi.org/10.1159/000189042
http://dx.doi.org/10.1007/s12011-020-02112-z
http://dx.doi.org/10.15171/jrip.2017.18
http://dx.doi.org/10.1021/acs.jafc.8b01876
http://dx.doi.org/10.1007/s12011-020-02111-0
http://www.ncbi.nlm.nih.gov/pubmed/32166561
http://dx.doi.org/10.1007/s12011-020-02279-5
http://www.ncbi.nlm.nih.gov/pubmed/32656676
http://dx.doi.org/10.1179/1476830513Y.0000000106
http://www.ncbi.nlm.nih.gov/pubmed/24621064
http://dx.doi.org/10.1074/jbc.M210456200
http://www.ncbi.nlm.nih.gov/pubmed/12435734
http://dx.doi.org/10.3390/nu12041098
http://dx.doi.org/10.1016/j.biopha.2017.05.017
http://www.ncbi.nlm.nih.gov/pubmed/28501779
http://dx.doi.org/10.1097/MNM.0000000000001070
http://dx.doi.org/10.1016/j.ijcard.2012.04.156
http://dx.doi.org/10.1016/S0002-9149(97)00964-8
http://dx.doi.org/10.1016/S0002-9149(97)89179-5


Nutrients 2020, 12, 3780 17 of 18

34. McFadden, E.C.; Hirst, J.A.; Verbakel, J.Y.; McLellan, J.H.; Hobbs, F.D.R.; Stevens, R.J.; O’Callaghan, C.A.;
Lasserson, D.S. Systematic Review and Metaanalysis Comparing the Bias and Accuracy of the Modification
of Diet in Renal Disease and Chronic Kidney Disease Epidemiology Collaboration Equations in
Community-Based Populations. Clin. Chem. 2018, 64, 475–485. [CrossRef] [PubMed]

35. Willey, J.Z.; Moon, Y.P.; Husain, S.A.; Elkind, M.S.V.; Sacco, R.L.; Wolf, M.; Cheung, K.; Wright, C.B.; Mohan, S.
Creatinine versus cystatin C for renal function-based mortality prediction in an elderly cohort: The Northern
Manhattan Study. PLoS ONE 2020, 15, e0226509. [CrossRef] [PubMed]

36. Opotowsky, A.R.; Carazo, M.; Singh, M.N.; Dimopoulos, K.; Cardona-Estrada, D.A.; Elantably, A.; Waikar, S.S.;
Mc Causland, F.R.; Veldtman, G.; Grewal, J.; et al. Creatinine versus cystatin C to estimate glomerular
filtration rate in adults with congenital heart disease: Results of the Boston Adult Congenital Heart Disease
Biobank. Am. Heart J. 2019, 214, 142–155. [CrossRef] [PubMed]

37. Levey, A.S.; Coresh, J.; Tighiouart, H.; Greene, T.; Inker, L.A. Measured and estimated glomerular filtration
rate: Current status and future directions. Nat. Rev. Nephrol. 2020, 16, 51–64. [CrossRef] [PubMed]

38. Levey, A.S.; Stevens, L.A.; Schmid, C.H.; Zhang, Y.L.; Castro, A.F., 3rd; Feldman, H.I.; Kusek, J.W.; Eggers, P.;
Van Lente, F.; Greene, T.; et al. A new equation to estimate glomerular filtration rate. Ann. Intern. Med. 2009,
150, 604–612. [CrossRef] [PubMed]

39. Inker, L.A.; Eckfeldt, J.; Levey, A.S.; Leiendecker-Foster, C.; Rynders, G.; Manzi, J.; Waheed, S.; Coresh, J.
Expressing the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) cystatin C equations for
estimating GFR with standardized serum cystatin C values. Am. J. Kidney Dis. 2011, 58, 682–684. [CrossRef]

40. Inker, L.A.; Schmid, C.H.; Tighiouart, H.; Eckfeldt, J.H.; Feldman, H.I.; Greene, T.; Kusek, J.W.; Manzi, J.; Van
Lente, F.; Zhang, Y.L.; et al. Estimating glomerular filtration rate from serum creatinine and cystatin C. N.
Engl. J. Med. 2012, 367, 20–29. [CrossRef]

41. Alehagen, U.; Lindahl, T.L.; Aaseth, J.; Svensson, E.; Johansson, P. Levels of sP-selectin and hs-CRP Decrease
with Dietary Intervention with Selenium and Coenzyme Q10 Combined: A Secondary Analysis of a
Randomized Clinical Trial. PLoS ONE 2015, 10, e0137680. [CrossRef]

42. Alehagen, U.; Alexander, J.; Aaseth, J.; Larsson, A. Decrease in inflammatory biomarker concentration by
intervention with selenium and coenzyme Q10: A subanalysis of osteopontin, osteoprotergerin, TNFr1,
TNFr2 and TWEAK. J. Inflamm. (Lond.) 2019, 16, 5. [CrossRef]

43. Alehagen, U.; Aaseth, J.; Johansson, P. Less increase of copeptin and MR-proADM due to intervention
with selenium and coenzyme Q10 combined: Results from a 4-year prospective randomized double-blind
placebo-controlled trial among elderly Swedish citizens. Biofactors 2015, 41, 443–452. [CrossRef] [PubMed]

44. Alehagen, U.; Alexander, J.; Aaseth, J.; Larsson, A.; Lindahl, T.L. Significant decrease of von Willebrand
factor and plasminogen activator inhibitor-1 by providing supplementation with selenium and coenzyme
Q10 to an elderly population with a low selenium status. Eur. J. Nutr. 2020. [CrossRef] [PubMed]

45. Alehagen, U.; Johansson, P.; Aaseth, J.; Alexander, J.; Brismar, K. Increase in insulin-like growth factor 1
(IGF-1) and insulin-like growth factor binding protein 1 after supplementation with selenium and coenzyme
Q10. A prospective randomized double-blind placebo-controlled trial among elderly Swedish citizens.
PLoS ONE 2017, 12, e0178614. [CrossRef]

46. Zhang, J.L.; Xu, B.; Huang, X.D.; Gao, Y.H.; Chen, Y.; Shan, A.S. Selenium Deficiency Affects the mRNA
Expression of Inflammatory Factors and Selenoprotein Genes in the Kidneys of Broiler Chicks. Biol. Trace
Elem. Res. 2016, 171, 201–207. [CrossRef] [PubMed]

47. Li, S.; Zhao, Q.; Zhang, K.; Sun, W.; Jia, X.; Yang, Y.; Yin, J.; Tang, C.; Zhang, J. Se deficiency induces renal
pathological changes by regulating selenoprotein expression, disrupting redox balance, and activating
inflammation. Metallomics 2020. [CrossRef]

48. Zachara, B.A.; Salak, A.; Koterska, D.; Manitius, J.; Wasowicz, W. Selenium and glutathione peroxidases in
blood of patients with different stages of chronic renal failure. J. Trace Elem. Med. Biol. 2004, 17, 291–299.
[CrossRef]

49. Turunen, M.; Wehlin, L.; Sjoberg, M.; Lundahl, J.; Dallner, G.; Brismar, K.; Sindelar, P.J. beta2-Integrin and
lipid modifications indicate a non-antioxidant mechanism for the anti-atherogenic effect of dietary coenzyme
Q10. Biochem. Biophys. Res. Commun. 2002, 296, 255–260. [CrossRef]

50. Persson, M.F.; Franzen, S.; Catrina, S.B.; Dallner, G.; Hansell, P.; Brismar, K.; Palm, F. Coenzyme Q10 prevents
GDP-sensitive mitochondrial uncoupling, glomerular hyperfiltration and proteinuria in kidneys from db/db
mice as a model of type 2 diabetes. Diabetologia 2012, 55, 1535–1543. [CrossRef]

http://dx.doi.org/10.1373/clinchem.2017.276683
http://www.ncbi.nlm.nih.gov/pubmed/29046330
http://dx.doi.org/10.1371/journal.pone.0226509
http://www.ncbi.nlm.nih.gov/pubmed/31940363
http://dx.doi.org/10.1016/j.ahj.2019.04.018
http://www.ncbi.nlm.nih.gov/pubmed/31203159
http://dx.doi.org/10.1038/s41581-019-0191-y
http://www.ncbi.nlm.nih.gov/pubmed/31527790
http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006
http://www.ncbi.nlm.nih.gov/pubmed/19414839
http://dx.doi.org/10.1053/j.ajkd.2011.05.019
http://dx.doi.org/10.1056/NEJMoa1114248
http://dx.doi.org/10.1371/journal.pone.0137680
http://dx.doi.org/10.1186/s12950-019-0210-6
http://dx.doi.org/10.1002/biof.1245
http://www.ncbi.nlm.nih.gov/pubmed/26662217
http://dx.doi.org/10.1007/s00394-020-02193-5
http://www.ncbi.nlm.nih.gov/pubmed/32078064
http://dx.doi.org/10.1371/journal.pone.0178614
http://dx.doi.org/10.1007/s12011-015-0512-3
http://www.ncbi.nlm.nih.gov/pubmed/26400650
http://dx.doi.org/10.1039/D0MT00165A
http://dx.doi.org/10.1016/S0946-672X(04)80031-2
http://dx.doi.org/10.1016/S0006-291X(02)00871-9
http://dx.doi.org/10.1007/s00125-012-2469-5


Nutrients 2020, 12, 3780 18 of 18

51. Fliser, D.; Wiecek, A.; Suleymanlar, G.; Ortiz, A.; Massy, Z.; Lindholm, B.; Martinez-Castelao, A.; Agarwal, R.;
Jager, K.J.; Dekker, F.W.; et al. The dysfunctional endothelium in CKD and in cardiovascular disease:
Mapping the origin(s) of cardiovascular problems in CKD and of kidney disease in cardiovascular conditions
for a research agenda. Kidney Int. Suppl. 2011, 1, 6–9. [CrossRef]

52. Kopel, T.; Kaufman, J.S.; Hamburg, N.; Sampalis, J.S.; Vita, J.A.; Dember, L.M. Endothelium-Dependent and
-Independent Vascular Function in Advanced Chronic Kidney Disease. Clin. J. Am. Soc. Nephrol. 2017, 12,
1588–1594. [CrossRef]

53. Murthy, V.L.; Naya, M.; Foster, C.R.; Hainer, J.; Gaber, M.; Dorbala, S.; Charytan, D.M.; Blankstein, R.; Di
Carli, M.F. Coronary vascular dysfunction and prognosis in patients with chronic kidney disease. JACC
Cardiovasc. Imaging 2012, 5, 1025–1034. [CrossRef]

54. Charytan, D.M.; Skali, H.; Shah, N.R.; Veeranna, V.; Cheezum, M.K.; Taqueti, V.R.; Kato, T.; Bibbo, C.R.;
Hainer, J.; Dorbala, S.; et al. Coronary flow reserve is predictive of the risk of cardiovascular death regardless
of chronic kidney disease stage. Kidney Int. 2018, 93, 501–509. [CrossRef] [PubMed]

55. Nakanishi, K.; Fukuda, S.; Shimada, K.; Miyazaki, C.; Otsuka, K.; Kawarabayashi, T.; Watanabe, H.;
Yoshikawa, J.; Yoshiyama, M. Prognostic value of coronary flow reserve on long-term cardiovascular
outcomes in patients with chronic kidney disease. Am. J. Cardiol. 2013, 112, 928–932. [CrossRef] [PubMed]

56. Schomburg, L.; Orho-Melander, M.; Struck, J.; Bergmann, A.; Melander, O. Selenoprotein-P Deficiency
Predicts Cardiovascular Disease and Death. Nutrients 2019, 11, 1852. [CrossRef] [PubMed]

57. Alehagen, U.; Johansson, P.; Aaseth, J.; Alexander, J.; Surowiec, I.; Lundstedt-Enkel, K.; Lundstedt, T.
Significant Changes in Metabolic Profiles after Intervention with Selenium and Coenzyme Q10 in an Elderly
Population. Biomolecules 2019, 9, 553. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1038/kisup.2011.6
http://dx.doi.org/10.2215/CJN.12811216
http://dx.doi.org/10.1016/j.jcmg.2012.06.007
http://dx.doi.org/10.1016/j.kint.2017.07.025
http://www.ncbi.nlm.nih.gov/pubmed/29032954
http://dx.doi.org/10.1016/j.amjcard.2013.05.025
http://www.ncbi.nlm.nih.gov/pubmed/23800551
http://dx.doi.org/10.3390/nu11081852
http://www.ncbi.nlm.nih.gov/pubmed/31404994
http://dx.doi.org/10.3390/biom9100553
http://www.ncbi.nlm.nih.gov/pubmed/31575091
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Subjects 
	Ethical Approval 
	Blood Sampling 
	Determination of Selenium 
	Determination of Creatinine and Cystatin-C 
	Determination of Renal Function 
	Statistical Methods 

	Results 
	Association Between Serum Selenium and Renal Function 
	Intervention with Selenium and CoQ10, and Impact on Renal Function 
	Evaluating the Effect of Intervention on Creatinine 
	Evaluating the Effect of Intervention on Cystatin-C 
	Evaluating the Effect of Intervention on CKD-EPI Based on Both Creatinine and Cystatin-C 
	Evaluating the Effect of Intervention on CKD-EPI Based on Creatinine 
	Evaluating the Effect of Intervention on CKD-EPI Based on Cystatin-C 
	Impact of Pre-Intervention Selenium Concentration on the Effect of Supplementation on the Renal Function 
	Analysing the Effect of Supplementation Based on Pre-Intervention eGFR 

	Discussion 
	Conclusions 
	References

