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Original Article

Clinical Trial of the Effects of Coenzyme Q10 Supplementation
on Biomarkers of Inflammation and Oxidative Stress in Diabetic
Hemodialysis Patients
Abstract

Background: The aim of the study was to determine the effects of coenzyme Q10 (CoQ10)
supplementation on biomarkers of inflammation and oxidative stress among diabetic
hemodialysis (HD) patients. Methods: Sixty diabetic HD patients participated in the randomized,
double blind, placebo‑controlled clinical trial. They were randomly assigned into two groups
to intake either 60 mg CoQ10 supplements (n = 30) or placebo (n = 30) twice a day for
12 weeks. Results: After 12 weeks of intervention, CoQ10 supplementation significantly
increased total antioxidant (TAC) (54.921 ± 26.437 vs. −126.781 ± 26.437, P < 0.001) and
nitric oxide (NO) levels (4.121 ± 1.314 vs. −1.427 ± 1.314, P = 0.006) and decreased C‑reactive
protein (CRP) (−1.302 ± 0.583 vs. 0.345 ± 0.583, 0.042) levels compared with the placebo. We
did not observe any significant effect of CoQ10 supplementation on malondialdehyde (MDA) and
glutathione (GSH) levels compared with the placebo. Conclusions: Overall, our study showed that
CoQ10 supplementation to diabetic HD patients for 12 weeks was associated with increased levels
of TAC and NO levels and decreased level of high‑sensitivity CRP (hs‑CRP) levels, but did not have
any beneficial effects on MDA and GSH.
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Introduction
Diabetes
which
induces
diabetic
nephropathy has increased worldwide.[1]
Kidney disease is a common complication
of many chronic diseases. The prevalence
of kidney disease among people with type 2
diabetes mellitus is 43.5%.[2] Cardiovascular
disease (CVD) is strongly associated with
kidney disease.[3] Hemodialysis (HD)
correlates with endothelial dysfunction[4]
and decreased levels of nitric oxide (NO)
levels.[5] In addition, HD is correlated
with insulin resistance, which in turn is
associated with increased levels of oxidative
stress and inflammation[6-10] It was reported
that 51.1% of patients with kidney disease
suffer from hypertension.[11,12] Coenzyme
Q10 (CoQ10) is one kind of antioxidant
which synthesizes in the body[13] and
involves in the ATP production and electron
transfer chain.[14] It can protect lipids
against free radicals.[15]
Previous studies have demonstrated that
CoQ10 production decreases in HD patients
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due to β‑cells impairment,[14] hyperglycemia
which in turn induces oxidative stress[16]
and decreased conversion of ubiquinine
to an active form (ubiquinol).[17] Also,
circulating CoQ10 levels was significantly
lower in HD patients than in those of
controls.[18,19]
Previous
studies
have
demonstrated that CoQ10 supplementation
can improve inflammation and oxidative
stress in end‑stage renal disease (ESRD)
patients.[20,21] Several studies have reported
a significant association between Q10
intake and biomarkers of inflammation
and oxidative stress. In a study by Zahed
et al.,[10] CoQ10 supplementation at a dosage
of 100 mg/day for 3 months to HD patients
reduced C‑reactive protein (CRP) levels as
an inflammatory marker. In another study,
taking CoQ10 supplements for 4 months
by HD patients significantly decreased
F2‑isoprostanes
levels.[22]
Furthermore,
trolox equivalent antioxidant capacity,
oxygen radical antioxidant capacity, and
indicators of total antioxidant (TAC)
capacity significantly decreased following
the CoQ10 administration for 6 months
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in HD patients.[23] Also, a significant improvement in
biomarkers of oxidative stress and mitochondrial function
was seen after a short‑term CoQ10 supplementation among
HD patients.[24] These evidences suggest the importance of
CoQ10 supplementation in diabetic HD patients.
To our knowledge, data on the effects of
CoQ10 supplementation on biomarkers of inflammation
and oxidative stress in diabetic HD patients are scarce.
Therefore, the current study was conducted to determine
the effects of CoQ10 supplementation on biomarkers
of inflammation oxidative stress, including serum
high‑sensitivity CRP (hs‑CRP), plasma NO, TAC,
glutathione (GSH), and malondialdehyde (MDA) levels in
diabetic HD subjects.
Methods
Study design and participants
This randomized, double‑blinded, placebo‑controlled
clinical trial lasted for 12 weeks. It was registered with
the Iranian Registry of Clinical Trials (http://www.irct.
ir: IRCT2016081811763N30). Sixty diabetic HD patients
of the Akhavan Clinic in Kashan, Iran, aged 18–80 years,
enrolled in this trial from April 2017 to October 2017. The
study protocol was approved by the ethics committee of
the Isfahan University of Medical Sciences (IUMS) and
informed consent forms were signed by all participants
prior to the intervention. Pregnant women, medical illness,
acute cardiovascular events, taking antioxidant and/or
anti‑inflammatory supplements within 3 months prior to the
enrollment in the study, and patients who required changes
in medications during the study were not included in the
current study.
Study procedures
Sixty diabetic HD patients were randomly assigned into two
group to intake either 60 mg CoQ10 supplements (n = 30)
or placebo (n = 30) twice a day for 12 weeks. We used
120 mg/day CoQ10 based on the previous studies.[10,25-27]
Randomization assignment was carried out using the
computer‑generated random numbers. The randomized
allocation sequence, enrolling participants, and allocating
them to interventions were performed by a trained
nutritionist at the clinic. The CoQ10 supplements
and its placebos were manufactured by the Zahravi
Company (Tabriz, Iran) and Barij Essence Pharmaceutical
Company (Kashan, Iran), respectively. They were
completely identical in terms of their appearance. To
increase compliance rates, all participants received
short messages on their cell phones every day to remind
them about taking capsules. In addition, to evaluate the
compliance, we counted the remaining supplements.
Participants were requested to keep their habitual diet
and routine levels of physical activity and not to take
any medication which can affect the outcome throughout
the study period. All participants completed three dietary
2

records (two week days and one weekend). Nutritionist
IV software used to determine macro‑and micro‑nutrient
intakes[28] (First Databank, San Bruno, CA, USA) modified
for Iranian foods.
Assessment of outcomes
About 10 mL fasting blood samples were obtained from
each patient at the baseline and after the end of treatment
at the Akhavan Clinic Laboratory in Kashan, Iran. Serum
hs‑CRP levels were determined using a commercial
enzyme‑linked immunosorbent assay (ELISA) kit (LDN,
Northern, Germany) with intra‑ and inter‑assay coefficients
of variation (CVs) of <7%. The plasma NO concentrations
were determined using the Griess method.[29] The plasma
TAC concentrations were measured using the ferric
reducing antioxidant power developed by Benzie and
Strain,[30] GSH were measured by the method of Beutler and
Gelbart,[31] and MDA concentrations were measured by the
thiobarbituric acid‑reactive substances spectrophotometric
test.[32]
Statistical methods
The Kolmogorov‑Smirnov test is used to determine the
normality of the variables. An independent sample t‑test
was used to determine anthropometric measures as well
as macro‑ and micro‑nutrient dietary intakes between
the two groups. To determine the effects of CoQ10 on
biomarkers of inflammation and oxidative stress, we used
one‑way repeated measures analysis of variance. Analysis
of covariance (ANCOVA) was used to determine different
effects of CoQ10 supplementation on biomarkers of
inflammation and oxidative stress between two groups.
P values <0.05 were considered statistically significant.
All statistical analyses were conducted using the Statistical
Package for Social Science version 18 (SPSS Inc., Chicago,
Illinois, USA).

Results
Our clinical trial conducted by 60 diabetic HD
patients [CoQ10 (n = 30) and placebo (n = 30)] [Figure 1].
On an average, patient’s compliance to supplement
administration was good. No side effects following the
CoQ10 supplementation were reported in diabetic HD
patients throughout the intervention.
Mean age (64.8 ± 11.5 vs. 59.4 ± 12.2 years, P = 0.08),
height (167.2 ± 9.6 vs. 162.6 ± 10.8 cm; P = 0.09),
and baseline weight (75.2 ± 12.8 vs. 70.8 ± 13.9 kg;
P = 0.20) of the study participants were not
significantly different comparing CoQ10 supplements
and placebo groups (data not shown). In addition,
the use of antidiabetic or anti‑lipidemic drugs,
angiotensin‑converting enzymes inhibitors, aldosterone
receptor blockers, and phosphate binders were not
statistically different between the two groups at baseline
or at the end of the trial.
International Journal of Preventive Medicine 2019, 10: 12
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Figure 1: Summary of patient flow diagram

We observed no signiﬁcant difference in dietary macro‑ and
micro‑nutrient intakes between the two groups throughout
the trial (data not shown).
After 12 weeks of intervention, CoQ10 supplementation
significantly increased TAC (54.921 ± 26.437 vs.
−126.781 ± 26.437, P < 0.001) and NO
levels (4.121 ± 1.314 vs. −1.427 ± 1.314, P = 0.006) and
decreased hs‑CRP level (−1.302 ± 0.583 vs. 0.345 ± 0.583,
0.042) compared with the placebo. We did not observe any
significant effect of CoQ10 supplementation on MDA and
GSH levels compared with the placebo [Table 1]. Mean
HbA1c at baseline (7.2 ± 1.7 vs. 7.5 ± 1.7%; P = 0.75)
of the study participants were not significantly different
comparing CoQ10 supplements and placebo groups.

Discussion
Effect on oxidative stress
This study documented that CoQ10 supplementation
for 12 weeks significantly increased TAC levels in HD
patients, but did not influence MDA and GSH levels.
Few studies have reported that CoQ10 supplementation
had beneficial effects on antioxidant system in patients
without HD.[33-36] In addition, supplementing athletes
by 100 mg/day CoQ10 for 2 months significantly
increased TAC concentrations.[37] Daily intake of 100 mg
CoQ10 supplements among patients with metabolic
syndrome for 8 weeks had beneficial effect on TAC
levels.[38] Taking 150 mg/day CoQ10 supplements by
patients with coronary artery disease for 12 weeks
did not decrease MDA levels.[17] However, in a study
conducted by Gokbel et al.,[39] CoQ10 supplementation
at a dosage of 200 mg/day for 12 weeks by HD patients
did not influence markers of oxidative stress.[40] Abnormal
glucose status in all stage kidney disease increases radical
oxidative stress formation by activating stress-activated
protein kinase/c-Jun NH2-terminal kinase, functional
proteins glycosylation, and glucose autoxidation. CoQ10
International Journal of Preventive Medicine 2019, 10: 12

Table 1: Metabolic profiles at baseline and after the 12‑week intervention in patients with diabetic hemodialysis that received either CoQ10 supplements or placebo

Enrollment

Assessed for eligibility (n = 70)

Placebo group (n=30)
Q10 group (n=30)
P2
Baseline
End‑of‑trial
Mean±SD
P1
Baseline
End‑of‑trial
Mean±SD
P1
TAC
846.079±144.443
743.923±149.011
−126.781±26.437 0.002
650.470±87.829
680.765±108.302
54.921±26.437 0.260 <0.001
(mmol/L) 883.430 (514.50‑1182.03) 716.430 (513.20‑1156.54)
644.650 (528.24‑816.28) 659.570 (528.24‑893.88)
GSH
520.653±0.212
5.02±3.42
60.750±32.617
0.711
415.155±58.467
420.82±67.762
˗34.895±32.617 0.745 0.053
(µmol/L)
0.460 (0.27‑9.93)
3.96 (326.1118.03)
391.590 (362.12‑601.10) 393.220 (358.85‑597.82)
MDA
3.3277±1.195
4.048±2.817
0.547±0.265
0.084
15.39±6.34
2.900±0.260
−0.129±0.265 0.000 0.090
(µmol/L)
2.825 (1.87‑6.63)
2.465 (0.64‑10.23)
14.05 (3.40‑33)
2.885 (2.30‑3.44)
hs‑CRP
6.793±3.520
7.110±3.769
0.345±0.583
0.398
7.340±6.378
6.066±4.699
−1.302±0.583 0.070 0.042
(mg/L)
6.250 (0.90‑14.40)
6.150 (0.80‑18.70)
6.100 (1.00‑30.50)
34.050 (31.35‑45.14)
44.480±6.165
43.173±7.636
NO
−1.427±1.314
0.362
34.050 (31.35‑45.14)
38.085 (31.03‑48.00)
4.121±1.314
0.001 0.006
(µmol/L)
41.770 (36.00‑61.82)
41.140 (32.00‑64.50)
1
Data are means±SDs. 2Obtained from repeated measures ANOVA test, TAC=Total antioxidant capacity, GSH=Total glutathione, MDA=Malondialdehyde, hs‑CRP=High‑sensitivity
C‑reactive protein, NO=Nitric oxide, ANOVA=Analysis of variance
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intake may reduce oxidative damage through inhibiting
NF‑kB (nuclear factor‑kappaB) and protein kinases.[41] In
addition, CoQ10 reduces free radical by delivering them
to vitamin E in antioxidant cycle.[42]
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