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Introduction: Renal failure is a stressful process that has several complications, including
neurological disorders such as cognitive disorder, which can lead to the incidence of psychological
disorders.

Objectives: Given the reduced coenzyme Q10 levels in patients with chronic renal failure and the
known role of this coenzyme in cognitive disorders, the present study was conducted to assess the
effect of CoQ10 supplementation in the treatment of cognitive disorder in hemodialysis patients in
Semnan, Iran.

Patients and Methods: The present double-blind, randomized, clinical trial was conducted on
patients with chronic renal failure undergoing hemodialysis at Kosar Hospital of Semnan. The
participants underwent a cognitive assessment using the Mini-Mental State Examination (MMSE).
They were then randomly divided into two groups; group one received CoQI0 supplement and
group two received placebo for 90 days, after which period they underwent another cognitive
assessment using the MMSE. The Kolmogorov-Smirnov test and Levene’s test were used to verify
the normal distribution of the data. Data were analyzed using the ¢ test and Mann-Whitney U test
at a significance level of P<0.05.

Results: There were no statistically significant differences between the two groups in terms of their
personal details. The mean (+ standard deviation) of the MMSEI score was 21.29 + 6.5 in the control
group and 21.09+5.4 in the case group. The mean (+ standard deviation) of the MMSE2 score was
20.62+6.5 in the control group and 23.29+5.8 in the case group. A significant difference between
the two groups in terms of their pre- and post-intervention MMSE scores was observed, suggesting
the positive effect of the medication (P<0.001).

Conclusion: The daily intake of CoQ10 100-mg led to a significant change in the cognitive status of
chronic hemodialysis patients compared to the group that received only the placebo. Conducting a
similar study but with the addition of a healthy control group is recommended in order to establish
a base measure for the healthy population and to thus enable the better interpretation of the effect
of this supplement.

Implication for health policy/practice/research/medical education:

Renal failure is a stressful process that has several complications, including neurological disorders such as cognitive disorder, which
can lead to the incidence of psychological disorders. Given the reduced coenzyme Q10 (CoQ10) levels in patients with chronic renal
failure and the known role of this coenzyme in cognitive disorders, the present study indicated that daily intake of CoQ10 100-mg led
to a significant change in the cognitive status of chronic hemodialysis patients compared to the group that received only the placebo.
Please cite this paper as: Tamadon MR, Mirmohammadkhani M, Rafaati S. The effect of coenzyme Q10 on cognitive status in chronic
hemodialysis patients; a double-blind, randomized, clinical trial. ] Nephropharmacol. 2018;7(2):149-155.

Introduction

considered the early stages of the disease and are usually

Chronic kidney disease (CKD) refers to reduced
glomerular filtration rate (GFR) or increased urinary
albumin excretion or both and is rising as a public health
issue (1). The global prevalence of this disease is estimated
at 8% to 16% (2). Traditionally, CKD is classified into five
stages depending on its severity. Stages one to three are

asymptomatic (3). Stages four and five are symptomatic,
and patients in stage five, called end-stage renal disease
(ESRD), need kidney replacement (4). According to a
report by the Center for Disease Prevention and Control,
one out of every ten Americans is affected by CKD to
some extent, and 22.4 million cases (11.1% of the US
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population) are in stages one to three of the disease and
more than 661 thousand have ESRD, 468000 of which
undergo hemodialysis and 193 000 have received a kidney
transplant (3,5,6).

CKD patients experience many complications, including
cognitive disorder as one of the most common (7-10). The
incidence of cognitive disorder has a direct relationship
with the severity of CKD and the rate of decline in kidney
function, so that the risk of cognitive disorder increases
in CKD patients with an eGFR <60 mL/min/1.73 m?
and for every 10 mL/min reduction in GFR, the risk of
cognitive disorder increases by 15% to 25% (11-15). The
prevalence of cognitive disorder in ESRD patients is three
times higher than that in the general population and
close to 80% of ESRD patients experience some degree of
cognitive disorder (16-18). The pathogenesis of cognitive
disorder in chronic hemodialysis patients is essentially
unknown (17). It is believed, however, that immunological
processes and lipoprotein peroxidation occur in the body
with uremia that cause degenerative neurological damage
(19-23). Atherosclerosis, another common disease among
hemodialysis patients, facilitates the process of nerve
damage (24,25). Many studies have therefore examined
the protective role of fat-soluble antioxidants against
degenerative neurological damage. Coenzyme Q10 is
one of these antioxidants (26,27). Plasma concentrations
of this antioxidant decline in patients with CKD and
chronic hemodialysis patients (28,29). Coenzyme Q10 or
ubiquinone is an electron transmitter in the mitochondrial
respiratory chain and its dietary supplement (CoQ10) is
used extensively in the treatment of mitochondrial and
neurodegenerative disorders (30,31).

Objectives

Considering that cognitive disorder is a common
complication in chronic hemodialysis patients, and given
the proof on declined CoQ10 levels in patients with chronic
renal failure and the role of this coenzyme in degenerative
diseases and cognitive disorder (32-34), the present study
was conducted to determine the supplemental dietary role
of this coenzyme in the treatment of cognitive disorder in
patients with CRF undergoing chronic hemodialysis.

Patients and Methods

Study population and research design

The present randomized double-blind placebo-controlled
trial was conducted on patients undergoing chronic
hemodialysis at Kosar hospital in Semnan, Iran, from
July to November 2015. The study subjects were selected
from all the eligible hemodialysis patients presenting to
the select hospital. The subjects were then randomly
divided into a case and a control group. The study was
approved by the ethics committee of Semnan University
of Medical Sciences and informed consent was obtained
from all the participating patients. In the case group, the
patients were asked to take 100 mg daily doses of CoQ10

at the same hour each day after their hemodialysis session
in conjunction with their other medications. The control
group received placebos under the same conditions.

The patients underwent cognitive assessment using the
Mini-Mental State Examination (MMSE); the validity
and reliability of the Persian version of this test have been
confirmed in previous studies (35). The MMSE is a brief
quantitative test for assessing cognitive status in adults that
was developed by Marshal Folstein in 1975 to screen for
cognitive disorder, measure the severity of the disorder,
follow-up on its progress and examine its response to
treatment in patients. This questionnaire consists of 20
items that are given a total score of 30, and scoring less
than 25 is indicative of cognitive disorder. Patients are
given 15 minutes to complete this questionnaire (35).

Before conducting the intervention, the patients
cognitive status was assessed using the MMSE; after 90
days, both groups took the MMSE once again and the
pre- test and post-test results were compared between the
groups and analyzed. Demographic data were collected
by surveying the patients and reviewing their medical
records.

Ethical issues

The research followed the tenets of the Declaration
of Helsinki. Informed consents were obtained from
all patients. The study was approved by the research
committee of Semnan University of Medical Sciences
(#695). Besides that, the study protocol was registered
in the Iranian Registry of Clinical Trials (identifier:
IRCT2014103019758N1;  https://en.irct.ir/trial/17594).

Statistical analysis

Data were analyzed in SPSS-20 using the Kolmogorov-
Smirnov test and Levene’s test to verify their normal
distribution, using the paired and student t-tests in the
case of normally distributed data, and using the Wilcoxon
testand Mann-Whitney U test in the case of non-normally
distributed data. The level of statistical significance was
set at P<0.05.

Results

A total of 80 patients were randomly divided into two
equal groups of 40. Six patients from the control group
(one died, three withdrew, one had a transplant and one
moved to another city) and six others from the case group
(one died, two withdrew, two had transplants and one
moved to another city) were excluded from the study.
Exclusions from both groups were rare and occurred for
similar reasons.

The mean age (+ standard deviation) was 63.08+13.9
years in the control group and 59.55+14.9 in the case
group, which indicates the lack of significant differences
between the two groups in terms of age (P=0.488). The
youngest and oldest patients were 30 and 86 years old in
the control group and 27 and 84 in the case group (Table 1).
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In the control group, 11 had low literacy, 12 had primary
school education, two had junior high school education,
six had a high school diploma and one had above high
school education. In the case group, ten had low literacy,
nine had primary school education, six had junior high
school education, eight had a high school diploma and
one had above high school education. The two groups
were not significantly different in terms of their level of
education (P=0.606).

The mean duration of the disease (+ standard deviation)
was 41.7+36.5 months in the control group, 45.55+30.8
months in the case group and 43.62+33.6 months in total.
After eliminating the excluded patients, this rate changed
to 42.32+38.9 months in the control group, 48.44+32.6
months in the case group and 45.38+35.8 months in total.
There were no significant differences between the two
groups regarding their duration of disease (P=0.612).
Table 2 presents the mean, standard deviation, maximum
and minimum duration of disease in the two groups.

The mean MMSEI score (+ standard deviation) was
21.29 £6.5 in the control group and 21.09+5.4 in the case
group. The mean MMSE2 score (+ standard deviation)
was 20.62+6.5 in the control group and 23.29+5.8 in
the case group. The Mann-Whitney’s U-test showed no
significant differences between the two groups regarding
their pre-intervention MMSE score, suggesting that
the two groups are comparable (P=0.597). After the
intervention, although the scores showed a considerable
difference between the two groups, this difference was
still not statistically significant (P=0.109). However, the
subtraction of the pre- and post-intervention scores was
significantly different between the two groups, which
suggests the positive effect of the administered medication
(P<0.0001; Figures 1 and 2).

Table 1. The mean and standard deviation and maximum and
minimum age of the study subjects after eliminating the excluded
patients

Mean N SD Min. Max.
Control 62.00 19 13.287 31 86
Male Case 59.92 13 17.937 27 78
Total 61.16 32 15.104 27 86
Control 66.73 15 15.281 30 85
Female Case 57.10 21 14.666 28 84
Total 61.11 36 15.477 28 85
Control 64.09 34 14.179 30 86
Total Case 58.18 34 15.789 27 84
Total 61.13 68 15.188 27 86

Quality of life in hemodialysis

The Wilcoxon signed-rank test showed a significant
difference between the pre-intervention and post-
intervention scores in each group (P=0.024 and P<0.001
respectively). However, the changes in scores were in
opposite directions in the two groups; that is, the score
reduced with time in the control group receiving placebos
(as per the study protocol) but increased significantly in
the case group receiving the medication.

Discussion

The present study was conducted in response to previous
conflicting results on the subject. The findings showed
an improved cognitive status in hemodialysis patients
in the case (supplement) group compared to the control
(placebo) group with the daily intake of CoQ10 100-
mg supplements (P<0.001). Previous studies have also
examined the effectiveness of CoQ10 supplements in
preventing the progress of renal disease and have reported
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Figure 1. The box plot of the MMSE scores.
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Figure 2. The box plot of the subtraction of the MMSE scores.

Table 2. The mean and standard deviation of the pre- and post-intervention MMSE scores in the two groups

Group N Mean SD Minimum Maximum Percentiles
25th 50th (Median) 75th
Control MMSE1 34 21.29 6.562 7 30 18.50 22.00 26.25
MMSE2 34 20.62 6.499 5 30 16.75 21.00 26.00
Case MMSE1 34 21.09 5.496 7 30 17.75 22.50 25.00
MMSE2 34 23.29 5.818 9 30 18.75 24.50 29.00
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positive effects for this supplement. Several studies
have also examined the cognitive status of hemodialysis
patients and have found a greater relative severity of
cognitive disorder in these patients. The effect of CoQ10
supplement on the cognitive status of hemodialysis
patients has not been previously examined and the present
study is the first attempt at the subject.

Bossola et al studied the cognitive status of chronic
hemodialysis patients using the MMSE and assessed
80 hemodialysis patients and 160 older patients using
the MMSE twice within an interval of one year. The
patients in their study were divided into three groups
based on their MMSE scores, including a normal
cognitive function group, a mild to moderate cognitive
disorder group and a severe cognitive disorder group.
The mean one-year reduction in the MMSE score was
higher in the hemodialysis group (from 24 to 21) than
in the group of older patients (from 26 to 25) (P=0.001).
Compared to the older patients, a higher percentage
of the hemodialysis patients progressed from a normal
cognitive function to a mild to moderate and severe
cognitive disorder (P<1.0001). They concluded that a
higher one-year reduction is observed in the MMSE score
in the hemodialysis patients compared to the group of
older patients and found no other factors that they could
link to this higher reduction in the hemodialysis patients;
however, reduced hemoglobin and cardiovascular
morbidities are likely to affect this reduction (36).

Dahbour et al conducted a prospective study of MMSE
before and after dialysis and compared 54 patients before
their dialysis and two to four weeks after and compared
them to their control group. Compared to the control
group, the hemodialysis patients had clearly lower scores
and hemodialysis thus had no effect on the scores obtained.
This finding can be indicative of the poor sensitivity of
this test in detecting cognitive disorder and distinguishing
it from normal cognitive functioning (37).

In India, Thimmaiah et al studied the effect of renal
fajlure on attention and memory before and 24 hours
after hemodialysis. They gave the MMSE and the Brief
Cognitive Rating Scale (BCRS) to 30 patients with renal
failure and 30 healthy controls who were matching in
terms of age, gender and socioeconomic status. Their
findings revealed a higher cognitive status before dialysis
in all the five different areas, i.e. attention, recent memory;,
past memory, orientation and self-care, compared to 24
hours after dialysis (at which point the subjects had the
lowest cognitive status), which suggests a significant
difference between the pre- and post-dialysis cognitive
status (P=0.001). Patients with renal failure can therefore
substantially recover from cognitive disorder after the end
of their hemodialysis sessions (38).

In the present study, the patients’ mean pre-intervention
MMSE score was 21.19. Other studies have also compared
the patients’ cognitive status with a control group using
the MMSE; in this study, however, since the aim was to

determine the effect of CoQ10 supplement on dialysis
patients’ cognitive status, the MMSE scores of the
supplement group were not compared with a non-dialysis
control group, rather, the changes in the cognitive status
of hemodialysis patients under the effect of CoQ10
supplement were compared with a hemodialysis group
that did not receive this supplement. Previous studies have
also addressed the effect of CoQ10 supplementation in
preventing the progress of renal disease and have reported
positive effects for this supplement (39-42).

Gazdivoka et al studied 50 patients and determined their
serum malondialdehyde (MDA) and select antioxidant
levels (CoQ10, alpha-Tocopherol and beta-Carotene)
in the conservative treatment of kidney patients and
divided them into three groups based on their creatinine
clearance. In their study, plasma concentrations of CoQ10
reduced with the supportive treatment of kidney patients
and MDA levels increased despite the slight reduction in
GFR. In the patients with advanced renal failure, beta-
carotene levels reduced. These changes affect the progress
of kidney disease and their correction can thus prevent the
progress of the disease (43).

Sakata et al studied the effect of the administration
of CoQ10 on plasma oxidant levels and the antioxidant
capacity in 36 hemodialysis patients over a six-month
period. Advanced oxidation protein products (AOPP)
and MDA and their percentage in the CoQl0 group
were higher compared to the healthy controls before the
administration of the coenzyme. Their study showed that
the administration of CoQ10 has a relative suppressive
effect on oxidative stress levels in hemodialysis patients
(44).

Siaki et al studied serum CoQ10, MDA, super oxide
dismutase (SOD) and antioxidant activity (AOA) levels
in 40 CKD patients (in stages three to five of the disease)
receiving supportive and non-dialysis treatments, 40
hemodialysis patients and 60 patients undergoing
continuous ambulatory peritoneal dialysis (CAPD). They
found no differences between the groups in terms of their
serum CoQ10 levels; however, the antioxidant system
(SOD and AOA) was substantially higher in the CAPD
group compared to the CKD group. No differences were
observed between the groups in their MDA levels either
(45).

Rawn et al examined the effect of CoQ10 and antioxidant
vitamin deficiency in the development of oxidative damage
in patients with CRF in a double-blinded study in which
they divided 21 dialysis and non-dialysis CRF patients (5
mg/dl serum creatinine and higher) into an intervention
(n=11) and a control group. Their intervention group
was treated with 60-mg doses of CoQ10 three times per
day and their control group was given 1 g of cellulose as
a placebo three times per day for a total of four weeks.
The results obtained showed a significant reduction
in serum creatinine and urea levels and a significant
increase in creatinine clearance and urinary output in the

152 Journal of Nephropharmacology, Volume 7, Number 2, July 2018

http://www.jnephropharmacology.com


http://www.jnephropharmacology.com

intervention group over the four weeks compared to the
control group. They thus found that the administration of
CoQ10 improves kidney function in patients with renal
failure and reduces their need for dialysis. Nevertheless,
long-term studies are required to confirm this finding
(46).

Mehmetoglu et al studied the effect of oxidative stress
on the balance between free radical products and their
antioxidant activities in terms of the effect of CoQ10 on
the normalization of the lipid level in 41 CAPD patients
(21 men and 20 women), 38 hemodialysis patients (20
men and 18 women) and 43 healthy people (23 men and
20 women). Their results showed an increase in oxidative
stress in the hemodialysis and CAPD groups compared to
in the healthy group (47).

Ishii et al studied the relationship between oxidative
stress biomarkers and clinical outcomes such as the overall
rate of mortality, hospitalization and cardiovascular events
in hemodialysis patients. The biomarkers tested included
CoQ10 and biological antioxidant potential (BAP). They
monitored 108 patients for a duration of 30 months and
found no relationships between CoQ10 levels and clinical
outcomes. They proposed a low BAP as an independent
risk factor for mortality irrespective of a history of
angiotensin inhibitor/receptor blocker intake (48).

Conclusion

The present study was conducted to determine the
effectiveness of the intake of CoQIO in improving
cognitive status in chronic hemodialysis patients. The
results obtained showed that the daily intake of 100 mg of
CoQ10 leads to a significant change in the cognitive status
of chronic hemodialysis patients compared to when a
placebo is administered. Since no similar studies have yet
been conducted in this area, and given previous findings
on the positive effect of CoQ10 supplementation in
preventing the progress of kidney disease, the researchers
recommend further studies to be conducted with larger
sample sizes and with a healthy control group in order to
establish a base measure for the healthy population and to
thus enable the better interpretation of the effect of this
supplement.

Study limitations

The study limitations include the failure to measure
the patients’ serum CoQ10 level before and after the
intervention and the short supplementation period of
only three months, which necessitate further studies with
longer supplementation periods. Another limitation is the
lack of a healthy control group for assessing the cognitive
status of the general healthy population with the MMSE.
The present study showed that the daily intake of 100
mg of CoQ10 for 12 weeks in conjunction with the usual
medications can significantly improve the cognitive status
of hemodialysis patients. Using CoQ10 as a supplement is
therefore recommended.

Quality of life in hemodialysis
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