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ABSTRACT

Coenzyme Q10 (CoQ10) plays an essential role in energy production as part of the mitochondrial
electron transfer chain. It also has antioxidant functions and is important for gene regulation,
especially of genes involved in cell signalling, metabolism, inflammation, transport and transcription
control. Whilst we can obtain small amounts from our diet, most CoQ10 is synthesised in our

bodies, which is why it is not considered to be a vitamin. Production declines with age and may

also be impaired through iliness and/or certain medications, making supplementation an interesting
intervention. Although clinical research has been mixed in some indications, CoQ10 supplementation
has been found to be a safe and effective intervention in a variety of conditions, including
cardiometabolic disorders, fibromyalgia syndrome, migraine and male infertility.
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INTRODUCTION

Coenzyme Q10 (CoQ10), also called ubiquinone,
is a fat-soluble, vitamin-like substance which,
as the name suggests, is ubiquitous to all
cellular membranes in our bodies. It plays an
essential role in mitochondrial function as part
of the electron transfer chain, which produces
adenosine triphosphate (ATP), the energy
currency of our cells. CoQ10 also has important
antioxidant functions, preventing oxidation

of lipids, proteins and DNA by recycling other
antioxidants, including vitamins C and E,
increasing production of antioxidant enzymes,
such as superoxide dismutase, and preserving
nitric oxide (NO). CoQ10 also plays a role in
regulating gene expression, in particular of
genes involved in cell signalling, metabolism,
inflammation, transport and transcription control.?

We can obtain CoQ10, although generally

in small amounts only, through our diet, in
particular from organ meats like heart and

liver, which contain in the range of 22-282 mg/
kg.? CoQ10 is also synthesised in our bodies

via the mevalonate pathway, which is also
involved in the synthesis of cholesterol,! and

is therefore not considered to be a vitamin.
Dietary supplements provide CoQ10 in either the
oxidised form (ubiquinone) or the reduced form
(ubiquinol); where publications have specified
which form was used, this is mentioned in the
section: ‘Clinical uses’. As CoQ10 switches
rapidly between these two forms, the choice

of supplement appears to be less important
than the lipid carrier or other excipients that

affect absorption and/or bioavailability.* There

also appears to be significant variation in terms

of absorption and bioavailability between
individuals.* Being fat-soluble, CoQ10 is best taken
with a meal, which increases absorption threefold.?

Endogenous CoQ10 levels depend on rates
of both production and consumption. Levels
of CoQ10 decline as we age, but can also
decrease through illness or use of certain
medications, for example, statins. Severe
deficiency can be due to genetic defects as,
for example, seen in cerebellar ataxia, Leigh
syndrome and infantile encephalopathy.?

CoQ10 can be measured in serum and plasma,
although it is unclear how well this correlates
with tissue concentrations.® Establishing CoQ10
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levels may help identify those who would benefit
most from supplementation, and regular testing
may also be useful to monitor the efficacy

of supplementation in view of both inter-
individual variability of absorption and variable
bioavailability of different formulations.®

In view of its important role in energy production,
gene regulation and as an antioxidant, CoQ10
supplements have become popular for a large
range of clinical uses. The aim of this paper is to
review the evidence from human clinical trials.

CLINICAL USES

Athletic performance

Due to its important role in energy metabolism
and as an antioxidant, CoQ10 has received
much attention in sports nutrition, both in
untrained and trained individuals, to boost
performance and reduce oxidative stress and
muscle damage.

In 2003, a review of 11 clinical trials
investigating CoQ10 for athletic performance
found mixed results, with six studies showing
benefits and five showing no benefits.? The
authors noted that those articles reporting

nil effects were more likely to be published in
peer-reviewed journals than those reporting
positive results, more of which were published
as conference proceedings only. The authors
of the review also pointed out that all studies
only included small numbers of participants
(maximum 28) and were of different designs,
making conclusions difficult. Since then, more
randomised-controlled trials (RCTs) have been
published but, again, most of them were small in size.

In elite athletes, the results from mostly small
double-blind, placebo-controlled trials are
largely positive, with CoQ10 supplementation
having positive effects on oxidative stress,
inflammatory markers and performance.”#910

In relation to muscle damage, two studies
showed inconsistent results — with one showing
benefits!! and one not.’> Most studies used 300
mg per day for 2—4 weeks.

In non-elite, trained and untrained people,
the evidence is mixed, with some studies
reporting benefits in terms of inflammation,*3
bone formation,'* oxidative stress/antioxidant



status,®1617.1 performance!®?° and muscle
damage,?* whilst others found no benefit for
performance,12223242526 myscle damage!®?227:28
and oxidative stress.?2232427.286 Qne small

study even found increased muscle damage
and poorer performance with CoQ10
supplementation.?*3°* Dosages used ranged
from 90 to 300 mg per day, and duration of
supplementation ranged from 8 days to 12
weeks. Nil results have been observed with low
as well as with higher dosages.

It should be noted that most of the trials were
small and results may therefore have failed to
reach statistical significance. Specific outcomes
studied in the trials varied widely, as did study
designs, making it difficult to compare trials
and explain the contradictory findings. Both
ubiquinone and ubiquinol have been used in
these trials, and results were inconsistent for
both compounds.

Based on the above studies, a dosage
recommendation would be 300 mg per day
for at least 4 weeks.

Bipolar disorder

Bipolar disorder (BPD) is a chronic and recurrent
mental health disorder characterised by extreme
changes in mood with episodes of mania and
major depression.3! Mitochondrial dysfunction,
oxidative stress and inflammation are thought
to play important roles in the development of
the condition.?? As CoQ10 can affect all three, a
couple of RCTs have investigated its potential
benefits alongside usual treatment regimes.

One open-label study in 32 older patients with
BPD used 400 mg per day for 2 weeks, and
then the dose was titrated up to 800 mg per day
for another 2 weeks. Significant improvements
were seen within 2 weeks. After 4 weeks, the
MADRS score (Montgomery Asberg Depression
Rating Scale, a scale of 0-60) had improved by
8 points.** A similar size effect on MADRS score
was seen in a double-blind, placebo-controlled
trial of 69 patients, using 200 mg CoQ10 per
day for 8 weeks, with a gradual improvement.3?
The latter study also observed a decrease in
oxidative stress and inflammatory markers,
suggesting that the antioxidant and anti-
inflammatory properties of CoQ10 may explain
the mechanism of its benefits in BPD.3

Nutritional Medicine Reviews

Although evidence is limited, it appears that
CoQ10 is of benefit alongside the usual
treatment in BPD, and a dose of 200 mg per
day for 8 weeks has been used successfully in
clinical trials.

Cardiovascular disease and risk factors

Cardiovascular disease (CVD) is a general
term for diseases that affect the heart and
blood vessels, and is collectively one of the
main causes of death in Western countries.
CVD usually develops over many years, and
risk factors include hypertension (high blood
pressure), abnormal blood lipids, smoking and
poor diet.

Few clinical trials on dietary supplements, like
CoQ10, run for long enough to ascertain their
potential benefits in reducing mortality and
morbidity from CVD. Most studies therefore
investigate risk factors as an outcome, and the
ones relevant to CoQ10 are discussed below.

Two longer-term, double-blind clinical trials that
reported on cardiac deaths and cardiovascular
events have shown significant benefits of
CoQ10, the largest and longest one being the
Q-SYMBIO trial. Both are discussed below.3>3¢

Because CoQ10 has also been shown to
improve a range of risk factors (even in the
face of some mixed/contradictory evidence, see
below), supplementation of 120-300 mg for at
least a year could be beneficial for people with
or at elevated risk of CVD.

Dyslipidaemia

Dyslipidaemia, abnormal levels of blood lipids
including triglycerides and total, low-density
lipoprotein (LDL) and high-density lipoprotein
(HDL) cholesterol, is considered to be an
important risk factor for CVD.

A meta-analysis of 21 RCTs, involving 1039
participants with metabolic disorders, found
that CoQ10 supplementation led to a significant
decrease in triglycerides, but did not affect
total, LDL or HDL cholesterol levels, with

higher dosages (200 mg) appearing to be more
beneficial than lower dosages.?” Another meta-
analysis,*® including eight RCTs with a total

of 526 patients with coronary artery disease
(CAD), found that in this patient population,
CoQ10 significantly lowered total cholesterol



and increased HDL cholesterol but had no
effect on triglycerides, whilst improvements

in LDL cholesterol and lipoprotein(a) failed to
reach statistical significance. Dosages in the
trials included in the meta-analyses ranged
from 100 to 300 mg per day for 4-12 weeks in
most studies, with two studies lasting 24 and 48
weeks, respectively.

Only one of the studies in the above meta-
analyses had more than 65 study subjects: a
double-blind study comparing CoQ10, 120 mg

per day, versus B vitamins for 48 weeks in 144
patients after myocardial infarction.® This study
showed that CoQ10 increased HDL cholesterol,
and total to HDL cholesterol ratio decreased more
than the control (B vitamins). Patients in the CoQ10
group also had significantly less cardiac events
and cardiac deaths than the control group. A more
recent double-blind, placebo-controlled study of
101 patients with dyslipidaemia showed that
CoQ10, 120 mg per day for 24 weeks, significantly
reduced triglycerides and LDL cholesterol.*

Whilst results are contradictory, the overall
evidence suggests that CoQ10 may be beneficial
in terms of improving blood lipids. The two
biggest RCTs saw beneficial effects at a dosage
of 120 mg per day for 24-48 weeks, suggesting
that (to see significant benefits) supplementation
should last at least 6 months.

Possible mechanisms include the beneficial
effect of CoQ10 on glucose/insulin metabolism
(see below), and its ability to reduce oxidative
stress and regulate expression of genes involved
in lipid metabolism.378

Endothelial dysfunction

The endothelium is the inner layer of blood
vessels, and it controls vascular relaxation

and contraction. In endothelial dysfunction
there is an imbalance between vasodilating
substances (which widen the blood vessels)
and vasoconstricting substances (which narrow
the blood vessels). NO plays an important role
in mediating this vasodilation and constriction.
Endothelial dysfunction is involved in the
development of atherosclerosis and, as such,

is a risk factor for CVD. High blood pressure,
smoking and diabetes are thought to contribute
to endothelial dysfunction.*°
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A 2012 meta-analysis of five studies, totalling
194 participants with endothelial dysfunction,
found that CoQ10 was significantly better

than placebo in improving endothelial function,
determined as flow-mediated dilation.** Dosages
used in the trials ranged from 150 to 300 mg per
day, and study durations from 4 to 12 weeks.
Since then, four double-blind, placebo-controlled
trials have confirmed the benefits of CoQ10 in
endothelial dysfunction,*2434445 of which three
reported to have used ubiquinol.#24445

Dosages between 150 mg and 400 mg for at
least 4 weeks have shown benefits, although
longer duration has led to greater improvements.

The mechanisms involved are thought
to be increased NO bioavailability, anti-
inflalmmatory activity and enhanced LDL
antioxidant protection.#42

Heart failure

Heart failure, also called congestive heart failure,
occurs when the heart muscle does not pump
blood as efficiently as it should because it is

too weak or stiff, resulting in symptoms such as
shortness of breath, fatigue, and swollen ankles
and legs. Common causes include high blood
pressure and narrowed arteries supplying the
heart muscle itself (CAD).

Heart failure can be divided into heart failure
with reduced (less than 40%) ejection fraction
(the percentage of the blood in the left ventricle
that is pumped out with each heartbeat) and
with preserved ejection fraction, where ejection
fraction is normal or at least above 40%, and it is
the relaxation, rather than the contraction, of the
left ventricle that is affected.*®

A 2017 meta-analysis of 14 RCTs with 2149
patients found that CoQ10 significantly reduced
mortality and increased exercise capacity
compared with placebo, whilst improvements
in left heart ejection fraction and New York
Heart Association (NYHA) cardiac function
classification failed to reach statistical
significance.*” A number of reviews on the topic
have also come to the conclusion that CoQ10 is
effective in reducing mortality and morbidity in
patients with heart failure, 48495051



By far the largest double-blind, placebo-controlled
trial of CoQ10 in heart failure is the Q-SYMBIO
trial,*® where 420 patients with moderate to severe
heart failure received either CoQ10, 100 mg three
times per day, or placebo for 2 years. Whilst

there were no significant differences in short-
term outcomes, only 15% of patients on CoQ10
had major cardiovascular events (the primary
end-point of the study) compared with 26% of
patients who received placebo. Both cardiac and
all-cause mortality were significantly lower in the
CoQ10 group, who also experienced a significant
improvement of NYHA class compared with
placebo. In this trial, the placebo group had more
adverse events than the CoQ10 group.

CoQ10 has also shown benefits in children with
dilated cardiomyopathy.525354 Dosages ranged
from 3 to 10 mg per kg of body weight (mg/kg) per
day, and duration of supplementation ranged from
24 weeks to 9 months. One of the studies reported
the use of ubiquinol (10 mg/kg for 24 weeks).>

Overall, it appears that higher dosages, for
example, 300 mg per day, and longer duration

of supplementation may be needed to get the full
benefits in terms of heart function.

The mechanisms by which CoQ10 exerts its
benefits in heart failure are probably multiple,
including an increased energy production in the
failing heart, reduced oxidative stress (which
tends to be high in these patients) and improved
endothelial function (see also above).

Hypertension

Hypertension is the largest known risk factor for
heart disease and, globally, hypertension is the
second biggest risk factor for overall mortality
and morbidity, after poor diet.>® In 2015, one in
four men and one in five women worldwide

had high blood pressure.>

A couple of early open-label studies showed
significant blood-pressure-lowering effects of
CoQ10 in patients with essential hypertension:
one showed a reduction from 164.5 to 146.7
mmHg for systolic and from 98.1 to 86.1 mmHg for
diastolic blood pressure;®” whilst in the other, more
than half of patients receiving CoQ10 were able

to stop their anti-hypertensive drugs, whilst only
3% had to add another drug after 1-6 months of
supplementation.®®
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A Cochrane review of three double-blind,
placebo-controlled trials in 2016 concluded
that the evidence suggests that CoQ10 does
not lower blood pressure; however, the meta-
analysis only included two of these studies with
a total of 50 participants, the third study was
excluded due to high risk of bias.*® Both studies
used 100 mg per day for 10 or 12 weeks.

In 2018, a review and meta-analysis of 17
RCTs, totalling 684 patients with hypertension
and metabolic disease, found that overall

there was a statistically significant reduction

in systolic blood pressure, whilst reduction in
diastolic blood pressure did not reach statistical
significance.®® Whilst seven of the individual
trials found benefits of CoQ10 on blood pressure,
the other 10 did not find any effect. Studies
using dosages between 100 and 150 mg

per day found better results than those using
more than 150 mg per day. One study using
900 mg per day found no effect, although this
was of shorter duration (4 weeks) than most
other studies (8-24 weeks). The authors do not
discuss a possible explanation for this finding,
other than that a limitation of many studies

is that dietary intakes and/or baseline CoQ10
levels are not always established.®°

Since then, another double-blind, placebo-
controlled trial with 101 dylipidaemic patients
not taking any hypoglycaemic or hypolipidaemic
drugs found that CoQ10, 120 mg per day for
24 weeks, reduced systolic and diastolic blood
pressure from 134 mmHg to 125 mmHg, and
from 85 mmHg to 78 mmHg, respectively,
compared with a reduction from 129 mmHg to
127 mmHg and from 82 mmHg to 80 mmHg,
respectively, with placebo. Beneficial effects
were seen at 12 weeks.**

CoQ10 has also been studied alongside and/
or against omega-3 fatty acids with conflicting
results. Two studies showed that CoQ10 (150
mg or 200 mg per day) significantly reduced
blood pressure alongside either omega-3 fatty
acids and/or hypolipidaemic drugs in patients
with hypertriglyceridaemia,®162 whilst another
study found no effects of CoQ10 either alone or
with omega-3 fatty acids on blood pressure in
patients with chronic kidney disease.®® Dosages
of polyunsaturated fatty acids (PUFAs) were
3000 mg PUFAs (not further described),®* 2520
mg omega-3 PUFAs [dose of eicosapentaenoic



acid (EPA) and docosahexaenoic acid (DHA) not
reported],®? and 1840 mg EPA and 1520 mg DHA
per day,®3 respectively.

The reasons for the contradictory results are
unclear. Overall, there appears to be a beneficial
effect of CoQ10 in hypertension, with dosages of
100-150 mg being effective.

Some authors have hypothesised that the
benefits may be due to improvements in
myocardial bioenergetics through CoQ10, which
would suggest that longer periods (more than

1 month) of supplementation may be required

to see effects.®® Other authors suggest that the
benefits are mediated by the antioxidant effects
of CoQ10, which may improve endothelial
function via the NO cycle.®®

Diabetes and dysglycaemia

People with type 2 diabetes mellitus (T2DM)
have lower CoQ10 levels than healthy people,
and supplementation has been shown to
increase levels.%

Three meta-analyses evaluated the potential
of CoQ10 on glycaemic control, and found
significant benefits in patients with diabetes,6¢
and patients with diabetes and/or other
cardiometabolic conditions.?” CoQ10 has also
been shown to improve other risk factors in
people with T2DM, such as biomarkers for
endothelial function, inflammation, antioxidant
status and lipid profiles, although not all studies
found improvements in all markers. 3945686970
Both the ubiquinone’® and the ubiquinol*®,%®
forms have shown benefits.

Dosages used were generally in the range of
100-300 mg per day, and studies lasted for
4-24 weeks.

The mechanism involved is thought to be
reductions in oxidative stress, leading to
better mitochondrial function, which may in
turn improve glycaemic control in patients
with T2DM.%®

Fatigue

Due to its importance in energy production
as part of the mitochondrial electron transfer
chain, it is intuitive to consider CoQ10 to
alleviate fatigue or enhance energy in both
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healthy people and those with conditions
associated with fatigue. However, the benefit
of CoQ10 for fatigue appears to differ across
patient populations, and thus its use may
benefit from personalisation.

Fatigue in healthy adults

Two studies looked at the effect of CoQ10 on
fatigue in response to cognitive or physical
tasks in healthy volunteers with or without mild
fatigue, and found significant reductions in
fatigue.?®’t Smaller effects were seen with 100
mg per day, and larger effects with 150 mg or
300 mg per day, suggesting that higher dosages
are more effective. Improvements with 300 mg
were seen after only 8 days of supplementation,
whilst the other study used 100 mg versus 150
mg for 12 weeks. Improvements were mirrored
by increases in serum CoQ10 levels.

A study using 200 mg CoQ10 for 12 weeks in
healthy but obese adults found an improvement
in fatigue, although this failed to reach statistical
significance when compared with placebo.”?

Two more studies that looked at the effect of
CoQ10 on exercise performance found benefits
in terms of exercise performance but not
fatigue.t®® Dosages used were 300 mg for 1
month and 100 mg for 8 weeks, respectively.

Only two articles specified whether the reduced
or oxidised form of CoQ10 was used: one study
using ubiquinol, 100 mg or 150 mg per day,
found significant improvements;”* whilst in

one study using ubiquinone, 200 mg per day,
improvements were not statistically significant.”?

Overall, the evidence for the use of CoQ10 to
reduce fatigue in generally healthy people is
contradictory. Dosages of 150-300 mg per

day may be needed to see an effect. Although
benefits of 300 mg per day for 8 days have been
seen, a longer duration may be necessary to
obtain significant results.

Chronic fatigue syndrome

Chronic fatigue syndrome (CFS) is a complex,
poorly understood disorder, with extreme fatigue
being the most common symptom. Mitochondrial
dysfunction is thought to play an important role
in CFS, and CoQ10 is therefore a likely candidate
for supplemental support.



However, only two clinical trials have assessed
the effectiveness of CoQ10 on its own in CFS.
One open-label study found no benefits in
terms of clinical outcomes (including fatigue)

or oxidative stress with CoQ10 (as ubiquinol),
150 mg per day for 8 weeks.”® A double-

blind, placebo-controlled trial by the same
investigators, using the same dosing regimen
but for 12 weeks, found small but statistically
significant improvements in arithmetic tasks,
awakening at night and autonomic nervous
function, but not fatigue or depression.”? In

both studies, patients had low plasma levels of
CoQ10 before the start of supplementation, and
CoQ10 supplementation increased blood levels.

Two further studies looked at CoQ10 alongside
nicotinamide adenine dinucleotide (NADH, another
important nutrient for cellular energy production).
One study, using 50 mg CoQ10 and 5 mg

NADH per day for 8 weeks, found no significant
improvements in terms of fatigue,”* whilst the
other, using 200 mg CoQ10 and 20 mg NADH per
day for 8 weeks, found significant improvements in
both fatigue and biochemical markers.”

The dosages used in all these trials are low
compared with those used in other studies,
for example, for fibromyalgia syndrome (FMS;
see below), which may be the reason for the
lack of efficacy in some of these trials. It is also
important to bear in mind that, being a complex
disorder, it would be unlikely for one nutrient
alone to lead to significant improvements in
CFS. The fact that a combination of CoQ10
and NADH, with CoQ10 at 200 mg per day,
offered some benefit despite the fairly low
dose is encouraging.

A dose of at least 200 mg CoQ10 for at least
8 weeks and ideally in combination with other
relevant nutrients to support mitochondrial
function could be suggested in CFS.

Fibromyalgia syndrome

FMS has a lot of overlap with CFS, with fatigue
being a prominent symptom alongside widespread
pain. As for CFS, the exact causes are unknown,
but mitochondrial dysfunction and oxidative stress
are thought to play important roles.”®

A number of clinical trials have shown evidence
for a significant benefit of CoQ10 (as ubiquinone)

Nutritional Medicine Reviews

in this patient population. The earliest evidence
comes from an open-label study of CoQ10, 200
mg per day, alongside Ginkgo biloba, which
showed a significant gradual improvement in
quality of life over the 12-week study period.””

Following a case series where impressive results
with CoQ10 supplementation in four patients
with FMS were found,”® Cordero et al. in Spain
conducted a number of controlled studies that
showed a significant benefit of CoQ10, 100 mg
three times per day, in patients with FMS, with a
halving of pain scores and significant reductions
in depression, headaches, tender points and
fatigue.”®#% A small double-blind, placebo-
controlled trial by these investigators evaluated
a host of biochemical and other disease markers to
elucidate possible mechanisms. They found that,
compared with healthy controls, FMS sufferers
had lower levels of CoQ10 and ATP, increased
oxidative stress, inflammation and mitochondrial
dysfunction, which were to some extent explained
by changes in gene expression.81#28 |n these
studies, supplementation with CoQ10, 100 mg
three times per day, improved inflammation,
oxidative stress and mitochondrial function,
leading to improvements in fatigue by 50%.
Serotonin levels were also increased, with a
reduction in depression.®

A more recent double-blind, placebo-controlled
study also found beneficial effects of CoQ10,
300 mg per day for 40 days, alongside
pregabalin (an anti-convulsant and anti-
anxiolytic drug that is also used for neuropathic
pain, FMS and other indications) in patients with
FMS, with greater reductions in pain, anxiety and
brain activity, mitochondrial oxidative stress and
inflammation than pregabalin alone.®

A Japanese study in children aged 8-18 years
with juvenile FMS found that patients had
significantly lower plasma levels of ubiquinol-10,
and an increased ratio of ubiquinone-10 to

total CoQ10 (%CoQ10), compared with healthy
controls, suggesting that FMS is associated

with CoQ10 deficiency and increased oxidative
stress.®® Supplementation with CoQ10 (as
ubiquinol), 100 mg per day, led to significant
improvements in biochemical markers as well as
fatigue, but not pain or quality of life. Beneficial
effects were seen as early as within 2 weeks.
The authors suggested that higher dosages



might give better benefits in this paediatric
patient population.

Overall, the evidence for the use of CoQ10 in FMS
is good, with a dose of 300 mg per day for at
least 3 months suggested. Based on the evidence
above, as with CFS, combining CoQ10 with other
nutrients or botanicals may give even better
results, although relevant studies are lacking.

There appear to be a number of mechanisms
involved in the beneficial effects of CoQ10,
including improved mitochondrial function,
reduced inflammation and oxidative stress,
and increased serotonin levels, which may be
due, at least in part, to modulation of gene
expression 818283

Fertility and pregnancy
Male subfertility

Sperm cells, in particular their membranes, are
susceptible to oxidative damage, and such
damage is thought to be responsible for 30-80%
of cases of male subfertility.2° The antioxidant
properties of CoQ10 could therefore be expected
to be beneficial to sperm health, and therefore
male fertility.

A 2020 meta-analysis of three double-blind,
placebo-controlled trials, totalling 296 patients
with reduced sperm motility only or reduced
sperm motility and count, found that CoQ10, at

dosages of 200-300 mg per day for 12-26 weeks,

significantly increased sperm counts, motility and
forward motility.2” Only one of the trials reported
pregnancy rates, which was 6/28 in the CoQ10
group and 3/27 in the placebo group.®®

Several studies, RCTs and uncontrolled studies
not included in the above meta-analysis have
also consistently shown improvements in sperm
counts and motility, and some, but not all, have
found improvements in sperm morphology
where it had also been abnormal.89:90.91.92.9394.95
Only one of these trials, an open-label,
prospective study, reported pregnancy as an
outcome and found a 34.1% pregnancy rate
within a mean of 8.4 months.%

The evidence is overwhelmingly in favour
of CoQ10 in male subfertility and the most
commonly used dose was 200 mg per day,
although one study compared a daily dose
of 200 mg with 400 mg and found better
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results with the higher dose.®* As it takes 3
months for sperm cells to mature, duration of
supplementation should be a minimum of 3
months. Study durations ranged from 3 to 12
months, with benefits seen after 3 months. Al
studies that specified the form of CoQ10 had
used the ubiquinol form 89.91.92.93.95

The mechanism of action is thought to be
the ability of CoQ10 to increase antioxidant
capacity, which has indeed been observed in
some of the above studies.899091.94

Female subfertility

A number of studies have also investigated
female subfertility, most of them focussing

on CoQ10 supplementation prior to assisted
fertilisation, with promising results in terms

of fertilisation rates, retrieved egg cells and
reduction in number of abnormal chromosome
counts, although improved pregnancy rates

on the whole failed to reach statistical
significance.””?8% Dosages in these studies were
600 mg per day for at least 1 month.

The use of CoQ10 for women whose subfertility
is due to polycystic ovarian syndrome (PCOS) is
discussed below.

Pre-eclampsia

Pre-eclampsia is a pregnancy-related condition,
characterised by hypertension, proteinuria
(protein in urine) and oedema, which is
potentially life-threatening to both mother and
baby. Mitochondrial dysfunction, leading to lack
of cellular energy and increased free radicals/
oxidative stress, has been considered to be an
underlying mechanism, and abnormal CoQ10
levels have been observed in pre-eclampsia,
suggesting CoQ10 supplementation may be
beneficial for prevention.%®

Only one double-blind, placebo-controlled trial
has investigated supplementation with CoQ10,
200 mg per day from week 20 of pregnancy until
delivery, in 197 women at increased risk of pre-
eclampsia:*?t 25.6% of women in the placebo
group and 14.4% of women in the CoQ10

group developed pre-eclampsia, a statistically
significant result.

Migraine
Whilst the causes of migraines are not
completely understood, vascular and neuronal



dysfunction are thought to play important roles,
and may be due to impaired oxygen metabolism,
oxidative stress and inflammation.'°? Being

able to positively affect all three, CoQ10 has
been considered as a prime candidate for
prevention of migraines. Positive influences of
CoQ10 on inflammatory markers in patients with
migraines have been observed in parallel with
symptomatic improvements.103

Two double-blind, placebo-controlled and

three open-label studies have evaluated the
efficacy of CoQ10 in the prevention of migraines
in adults, and all found significant benefits in
terms of reducing the number of attacks per
month,103.104.105106107 The severity and duration of
attacks also significantly decreased, although
this did not reach statistical significance in all
studies. Up to 80% of study participants had
improvements of more than 50% in frequency or
days with migraines.

Improvements have been seen at dosages as
low as 100 mg per day,® although dosages
of up to 600 mg per day have been used, and
benefits have been seen within 4 weeks with
further improvements over the following 2-3
months of supplementation.

CoQ10 has also been studied in combination
with other nutrients, namely curcumin,°®
L-carnitine,!®® feverfew and magnesium,1°
and beneficial effects of these combinations
were reported.

Two clinical trials evaluated the benefits

of CoQ10 in children and adolescents with
migraines. In a double-blind, placebo-controlled
crossover study, participants in both the

active CoQ10 (100 mg per day) as well as the
placebo group experienced very significant
improvements in frequency, duration and
severity of migraines. Within the first 4 weeks,
frequency of migraines reduced from 19 to 11
in the CoQ10 group, and from 21 to 14.5in the
placebo group. Further improvements were seen
over the following 3 months, but differences
between groups were only statistically
significant for frequency at 4 weeks.!!?

An open-label study assessed 1556 consecutive
3-22 year olds with migraines for their serum
CoQ10 level, and found that almost a third were
below the reference range. Two-hundred and
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fifty-two patients with low CoQ10 levels started
to supplement at a dose of 1-3 mg/kg per day.
After an average follow-up of just over 3 months,
CoQ10 levels had significantly increased in
these patients, migraine frequency reduced from
19.2 to 12.5, and 46.3% of patients reported

a reduction in migraines of more than 50%.*?
Due to lack of blinding and placebo control, it is
difficult to conclude whether these improvements
were due to supplementation or not, as a very
significant placebo effect has been demonstrated
in this population.tt!

The evidence supports the use of CoQ10 for
migraines in adults, with dosages of at least 100
mg per day for at least 4 weeks. For children
and adolescents, it is unclear whether benefits
observed are due to a placebo effect or the
active compound.

Non-alcoholic fatty liver disease

Non-alcoholic fatty liver disease (NAFLD) is
caused by a build-up of fat within liver cells,
and risk factors include obesity/overweight,
metabolic syndrome and T2DM.113

Two double-blind, placebo-controlled trials
investigated the use of CoQ10, 100 mg per
day, in patients with NAFLD. One trial, which
lasted 12 weeks, found improvements in liver
aminotransferases (a marker of liver function),
inflammatory markers and NAFLD grade.'4
The other trial also found improvements in one
aminotransferase and a marker for oxidative
stress, but other biochemical markers failed to
reach statistical significance, possibly due to the
short, 4-week duration of the trial.}t®

Although evidence is limited, CoQ10, at a dose

of at least 100 mg per day for at least 12 weeks,
appears to be a valuable option for people with
NAFLD, especially due to the fact that these
patients also commonly have other co-morbidities
and biochemical abnormalities for which CoQ10
has also been shown to be beneficial.

The mechanisms for the benefit of CoQ10 in
NAFLD are most likely its anti-inflammatory and
antioxidant effects.!14



Neurodegenerative diseases
Alzheimer’s disease

Oxidative stress and mitochondrial dysfunction
are thought to play a role in the development of
Alzheimer's disease, and preclinical studies have
shown CoQ10 to have neuroprotective effects.?
However, there is only one small double-blind,
placebo-controlled trial in humans that looked
at the effects of CoQ10, 400 mg three times
per day for 16 weeks, on biomarkers in the
cerebrospinal fluid, which found CoQ10 to be
of no benefit with regards to biomarkers or
cognitive function.!®

Multiple sclerosis

Multiple sclerosis (MS) is a chronic inflammatory
condition of the central nervous system, and
oxidative stress is thought to play an important
role in the development of MS lesions, making
CoQ10 a likely candidate for intervention.

One double-blind, placebo-controlled trial

of 45 patients with relapsing—-remitting MS
found significant improvements in fatigue

and depression with 500 mg CoQ10 per

day for 12 weeks.'” This study also found a
significant decrease in oxidative stress, an
increase in antioxidant capacity and a reduction
in inflammatory, but no change in anti-
inflammatory, markers.*8,119

An open-label study using CoQ10, 200 mg per
day for 12 weeks, found similar results, reduced
oxidative damage and a shift towards a more
anti-inflammatory milieu in the peripheral blood,
and small but significant clinical improvements in
depression, pain, disability score and fatigue.!°

These are promising results, although
unfortunately no data on longer-term
supplementation are available. A dose of
200-500 mg CoQ10 per day for at least 3
months could be suggested.

Parkinson’s disease

Mitochondrial dysfunction and oxidative stress
are thought to play a role in the development

of Parkinson’s disease (PD).*?! Patients with PD
have been shown to have higher rates of CoQ10
deficiency in peripheral blood mononuclear

cells (a marker of general CoQ10 deficiency)!??
and, more specifically, in cells of the cortex
region of the brain.??? It therefore seems
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logical that improving CoQ10 status through
supplementation may be of benefit in patients
with PD.

Indeed, a number of RCTs have been conducted
into the potential use of CoQ10 in PD. In 2011,
a Cochrane review and meta-analysis'? found
some benefits of high-dose CoQ10 in patients
with PD; however, this review was later
withdrawn due to a number of methodological
shortcomings.'?®

Since then, two more meta-analyses have

not found any benefit of CoQ10 on motor
function or progression of disease.*?'126 A small
double-blind, placebo-controlled pilot study
found some benefit of CoQ10 (as ubiquinol)

in patients experiencing ‘wearing off’ (where
levodopa treatment stops controlling symptoms
satisfactorily), but not in early PD patients not
yet treated with levodopa.t?’

An RCT combining CoQ10 (300 mg per day, as
ubiquinone) and carnitine (10 g per day) found
the combination to significantly slow cognitive
decline but not any other PD symptoms over
placebo.*?®

Overall, to date, the evidence to support the use
of CoQ10 to improve PD symptoms or
progression is weak.

Periodontal disease

Periodontal, or gum, disease is thought to

be caused by bacterial pathogens causing

an inflammatory response with increased
production of reactive oxygen species,
aggressive molecules that cause tissue damage,
leading to inflammation, receding gums and
potentially tooth loss. Antioxidants like CoQ10
are thought to reduce this damage.? Decreased
levels of CoQ10 have been observed in gingival
(gum) tissues in people with periodontal
disease compared with healthy controls.*?®
CoQ10 supplementation is therefore commonly
suggested for periodontal disease.

Most research in this area has focussed on
topical, gingival, application of CoQ10. Only

four small clinical studies with between eight
and 22 patients have been conducted with oral
CoQ10, all but one were open-label, uncontrolled
trials. 139131132 Al| studies found significant
improvements in some parameters (periodontal
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score, gingival index, pocket depth, inflammation
and bacterial composition of the pocket fluid), but
not plaque size/score. Where reported, dosages
were 90-100 mg per day for 1-6 months.

Whilst the evidence is not as strong as one
would hope, it is promising and, due to the fact
that CoQ10 is safe and has many other benefits,
supplementation with at least 100 mg per day
would be worth considering for this indication.

Polycystic ovarian syndrome

Whilst generally considered a gynaecological
condition, an important underlying cause of
PCOS is thought to be insulin resistance. Women
with PCOS have a higher risk of developing
T2DM than women without PCOS, and they may
also be at increased risk of CVD.133

A double-blind, placebo-controlled trial of 60
women with PCOS found that 100 mg CoQ10,
alongside standard treatment with metformin,
improved glycaemic control and total and LDL
cholesterol, but not other blood lipids.t3* In another
double-blind, placebo-controlled trial, CoQ10,

200 mg per day for 8 weeks, was also shown to
significantly improve biomarkers for inflammation
and endothelial function in women with PCOS.#3

Another double-blind, placebo-controlled study
found that CoQ10, 200 mg per day for 8 weeks,
improved glycaemic control and testosterone
levels.'® The same study showed more
improvements when CoQ10 was combined with
vitamin E, 400 IU per day, in terms of glycaemic
control, hormone levels and lipid profiles.?3>136

Infertility is a common issue in PCOS, and
CoQ10, 180 mg per day, has been shown to
be effective in improving fertility alongside the
fertility drug clomiphene in women with PCOS
who did not respond to clomiphene alone.t?’

Based on the above studies, CoQ10 at a dose of
200 mg per day for at least 8 weeks appears to
be promising in supporting women with PCOS.

Statin-induced myopathy

Statins are cholesterol-lowering drugs, and
have become a cornerstone of CVD prevention.
Statin-associated muscle disorders are a
common side-effect, affecting 7-29% of
patients on statins, and often necessitate drug
discontinuation.**® Statins reduce CoQ10 levels!3®
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as they block the mevalonate pathway through
which we produce CoQ10.14° As such, CoQ10
supplementation appears logical, especially
knowing its importance to the heart muscle.

Interestingly, therefore, the most recent meta-
analysis of seven double-blind studies of
CoQ10 in statin-induced muscle pain found

no benefit.?*® Another meta-analysis of 12

RCTs on the other hand found a significant
benefit of CoQ10 for muscle pain, weakness,
tiredness and cramps, although not plasma
creatine kinase (a marker of heart and/or skeletal
muscle damage).'*! Dosages used in the studies
included in the above meta-analyses ranged
from 100 to 600 mg per day for 1-3 months.
Overall, conclusions drawn from reviews are
contradictory, with some suggesting a benefit!4?
whilst others do not.140

An earlier small open-label, uncontrolled trial of
28 patients with statin-induced myopathy found
that CoQ10, 60 mg per day, significantly reduced
muscle pain (by 54%) and weakness (by 44%)
after 6 months of supplementation, although no
statistically significant improvement was seen at
3 months,'** raising the question as to the length
of treatment necessary to see results.

It should be stressed that research has focussed
on the treatment, rather than prevention, of
statin-induced myopathies and that there is no
evidence from adequate clinical trials whether
CoQ10 may be beneficial for prevention, as
theoretical considerations would suggest it is.

Due to the fact that patients on statins are
considered to be at risk of CVD and often also
have other cardiovascular risk factors and co-
morbidities for which CoQ10 has been shown to
be of benefit, supplementing CoQ10 alongside
statins appears to be prudent at a dose dependent
on individual risks and co-morbidities.

SAFETY

Oral CoQ10 supplements are generally well
tolerated and no serious adverse effects have
been reported in clinical trials. Gastrointestinal
side-effects, such as appetite suppression,
diarrhoea, epigastric discomfort, heartburn,
nausea and vomiting, have been reported in
less than 1% of patients.**4
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Dosages of up to 1200 mg per day in adults and
up to 10 mg/kg per day in children appear to be
safe, and higher dosages have been used for
some conditions.?

DRUG INTERACTIONS/CAUTIONS

No information on drug interactions has been
published. The following potential concerns are
of a theoretical nature.

Alkylating agents (types of cancer
chemotherapy)

These work by inducing oxidative stress;
theoretically, the antioxidant effect of CoQ10
could be counterproductive.'** Although the
clinical relevance of this is unclear, due to lack
of research in this area, supplementation during
cancer chemotherapy may be best avoided.!

Blood-pressure-lowering drugs

As CoQ10 appears to reduce blood pressure
(see above), theoretically there could be additive
effects with anti-hypertensive drugs, leading

to blood pressure dropping too low, although

in many of the above studies CoQ10 has been
used alongside anti-hypertensive drugs.

Warfarin (anticoagulant drug)

CoQ10 is chemically similar to vitamin K, which
has a pro-coagulant effect, and may theoretically
reduce the effect of warfarin. Cases where CoQ10
has reduced the effectiveness of warfarin have
been reported in the literature, 67 although

a double-blind, placebo-controlled crossover

trial of 21 patients on long-term stable warfarin
treatment did not show any effects of CoQ10, 100
mg per day for 4 weeks.!*® As a precautionary
measure, patients on warfarin should have their
warfarin dose monitored more closely if they
choose to supplement with CoQ10.

Pregnancy

There is insufficient clinical research to establish
the safety of CoQ10 during pregnancy.

One study used CoQ10 100 mg twice per day
from week 20 of pregnancy with no apparent
safety concerns.’?t However, until further research
confirms the safety of CoQ10 during pregnancy,

it should only be used on the advice of a suitably
qualified practitioner.
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Breastfeeding

CoQ10 is a normal constituent of human
breastmilk with concentrations varying by
country, possibly due to dietary or genetic
factors or differences in measurement
techniques; ranges reported have varied from
0.27 pg/l to 1.6 mg/l, and one study found no
correlation between maternal plasma levels and
levels in breastmilk.

No further information is available on the
potential effects of supplemental CoQ10 on
breastfed babies, or on lactation and breastmilk.

Age limits/minimum age

CoQ10 has been used safely and successfully in
children and adolescents from 3 years old in a
variety of conditions, including migraines, dilated
cardiomyopathy and juvenile fibromyalgia, as
discussed above. Dosages used have been in
the range of 1-10 mg/kg with durations of up to
9 months.1#4

CONCLUSION

Although there are some contradictory findings,
overall CoQ10 has been shown to be of benefit
in a wide range of disorders, with dosages of
100-300 mg, depending on clinical use. As
most publications do not specify whether the
ubiquinone or ubiquinol form was used, at
present there are insufficient data to conclude
whether one is superior to the other.
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