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22 Coenzyme Q10

Coenzyme Q10 is a member of the ubiquinone
family of compounds. All animals, including hu-
mans, can synthesize ubiquinones, hence coen-
zyme Q10 cannot be considered a vitamin.1 The
name ubiquinone refers to the ubiquitous pres-
ence of these compounds in living organisms and
their chemical structure, which contains a func-
tional group known as a benzoquinone. Ubiqui-
nones are fat-soluble molecules with anywhere
from one to 12 isoprene (5-carbon) units. The
ubiquinone found in humans, ubidecaquinone or
coenzyme Q10, has a “tail” of 10 isoprene units (a
total of 50 carbon atoms) attached to its benzo-
quinone “head” (Fig. 22.1).2

Function

Coenzyme Q10 is soluble in lipids (fats) and is
found in virtually all cell membranes, as well as
lipoprotein.2 The ability of the benzoquinone
head group of coenzyme Q10 to accept and do-
nate electrons is a critical feature in its biochemi-
cal functions. Coenzyme Q10 can exist in three
oxidation states (Fig. 22.1): (1) the fully reduced
ubiquinol form (CoQ10H2), (2) the radical semi-
quinone intermediate (CoQ10H·), and (3) the fully
oxidized ubiquinone form (CoQ10).

Mitochondrial ATP Synthesis

The conversion of energy from carbohydrates
and fats to adenosine triphosphate (ATP), the
form of energy used by cells, requires the pres-
ence of coenzyme Q10 in the inner mitochondrial
membrane. As part of the mitochondrial electron
transport chain, coenzyme Q10 accepts electrons
from reducing equivalents generated during fatty
acid and glucose metabolism and then transfers
them to electron acceptors. At the same time, co-
enzyme Q10 transfers protons outside the inner
mitochondrial membrane, creating a proton gra-
dient across that membrane. The energy released
when the protons flow back into the mitochon-
drial interior is used to form ATP.2

Lysosomal Function

Lysosomes are organelles within cells that are
specialized for the digestion of cellular debris.
The digestive enzymes within lysosomes func-
tion optimally at an acidic pH, meaning they re-
quire a permanent supply of protons. The lyso-
somal membranes that separate those digestive
enzymes from the rest of the cell contain rela-
tively high concentrations of coenzyme Q10. Re-
search suggests that coenzyme Q10 plays an im-
portant role in the transport of protons across
lysosomal membranes to maintain the optimal
pH.2,3

Antioxidant Functions

In its reduced form, CoQ10H2 is an effective fat-
soluble antioxidant. The presence of a significant
amount of CoQ10H2 in cell membranes, along
with enzymes that are capable of reducing oxi-
dized CoQ10 back to CoQ10H2, supports the idea
that CoQ10H2 is an important cellular antioxi-
dant.2 CoQ10H2 has been found to inhibit lipid
peroxidation when cell membranes and low-
density lipoproteins (LDL) are exposed to oxidiz-
ing conditions outside the body (ex vivo). When
LDL is oxidized ex vivo, CoQ10H2 is the first anti-
oxidant consumed. Moreover, the formation of
oxidized lipids and the consumption of
α-tocopherol (α-TOH, biologically the most ac-
tive form of vitamin E) are suppressed while Co-
Q10H2 is present.4 In isolated mitochondria, coen-
zyme Q10 can protect membrane proteins and
DNA from the oxidative damage that accompa-
nies lipid peroxidation.1 In addition to neutraliz-
ing free radicals directly, CoQ10H2 is capable of
regenerating α-TOH from its one-electron oxida-
tion product, α-tocopheroxyl radical (α-TO·).

Nutrient Interactions
Vitamin E
α-Tocopherol (vitamin E) and coenzyme Q10 are
the principal fat-soluble antioxidants in mem-
branes and lipoproteins. When α-TOH neutraliz-
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es a free radical, such as a lipid peroxyl radical
(LOO·), it becomes oxidized itself, forming α-TO·,
which can promote the oxidation of lipoprotein
lipids under certain conditions in the test tube.
When the reduced form of coenzyme Q10 (Co-
Q10H2) reacts with α-TO·, α-TOH is regenerated
and the semiquinone radical (CoQ10H·) is formed.
It is possible for CoQ10H· to react with oxygen
(O2) to produce superoxide anion radical (O2·–),
which is a much less oxidizing radical than LOO·.
However, CoQ10H· can also reduce α-TO· back to
α-TOH, resulting in the formation of fully oxi-
dized coenzyme Q10 (CoQ10), which does not re-
act with O2 to form O2·– (Fig. 22.2).4,5

Deficiency

Symptoms of coenzyme Q10 deficiency have not
been reported in the general population, so it is
generally assumed that normal biosynthesis and
a varied diet provide sufficient coenzyme Q10 for
healthy individuals.6 It has been estimated that
dietary consumption contributes approximately
25% of plasma coenzyme Q10, but there are cur-
rently no specific dietary intake recommenda-
tions for coenzyme Q10 from the Institute of
Medicine or other agencies.7 The extent to which

dietary consumption contributes to tissue coen-
zyme Q10 levels is not clear.

Primary coenzyme Q10 deficiency is a rare, au-
tosomal recessive disorder caused by genetic de-
fects in coenzyme Q10 biosynthesis. The resultant
low tissue levels of coenzyme Q10 severely com-
promise neuronal and muscular function. Oral
coenzyme Q10 supplementation has been shown
to improve neurological and muscular symptoms
in some patients with primary coenzyme Q10 de-
ficiency.8

Coenzyme Q10 levels have been found to de-
cline gradually with age in several different tis-
sues,1,9 but it is unclear whether this age-associ-
ated decline constitutes a deficiency (see the
Disease Prevention section below). Decreased
plasma levels of coenzyme Q10 have been ob-
served in individuals with diabetes, cancer, and
congestive heart failure (see the Disease Treat-
ment section below). Lipid-lowering medications
that inhibit the activity of 3-hydroxy-3-methyl-
glutaryl-coenzyme A (HMG-CoA) reductase, a
critical enzyme in both cholesterol and coen-
zyme Q10 biosynthesis, decrease plasma coen-
zyme Q10 levels (see the section on Drug Interac-
tions below), although it remains unclear wheth-
er this has clinical or symptomatic implications.
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Fig. 22.1 Chemical structure of coenzyme Q10. Coenzyme Q10 can exist in three oxidation states: the fully reduced
ubiquinol form (CoQH2), the radical semiquinone intermediate (CoQH·), and the fully oxidized ubiquinone form (CoQ).
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Disease Prevention
Aging
According to the free radical and mitochondrial
theories of aging, oxidative damage of cell struc-
tures by reactive oxygen species (ROS) plays an
important role in the functional declines that ac-
company aging.10 ROS are generated by mito-
chondria as a by-product of ATP production. If
not neutralized by antioxidants, ROS may dam-
age mitochondria over time, causing them to
function less efficiently and to generate more
damaging ROS in a self-perpetuating cycle. Coen-
zyme Q10 plays an important role in mitochon-
drial ATP synthesis and functions as an antioxi-
dant in mitochondrial membranes. Moreover,
tissue levels of coenzyme Q10 have been reported
to decline with age.9 One of the hallmarks of ag-
ing is a decline in energy metabolism in many
tissues, especially liver, heart, and skeletal mus-
cle. It has been proposed that age-associated de-
clines in tissue coenzyme Q10 levels may play a

role in this decline.11 In recent studies, lifelong
dietary supplementation with coenzyme Q10 in-
creased tissue concentrations of coenzyme Q10
but did not increase the lifespans of rats or
mice12,13; however, one study showed that coen-
zyme Q10 supplementation attenuates the age-
related increase in DNA damage.14 Presently,
there is no scientific evidence that coenzyme Q10
supplementation prolongs life or prevents age-
related functional decline in humans.

Cardiovascular Disease

Oxidative modification of LDL in arterial walls is
thought to represent an early event leading to the
development of atherosclerosis. Reduced coen-
zyme Q10 (CoQ10H2) inhibits the oxidation of LDL
in the test tube (in vitro) and works together with
α-TOH to inhibit LDL oxidation by reducing the
α-TO· back to α-TOH. In the absence of a co-anti-
oxidant, such as CoQ10H2 (or vitamin C), α-TOH
can, under certain conditions, promote the oxi-
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Fig. 22.2 Potential interactions between coenzyme Q10

and α-tocopherol. When α-tocopherol (α-TOH) neutraliz-
es a free radical, such as a lipid hydroperoxyl radical
(LOO·), it becomes oxidized itself, forming the
α-tocopheroxyl radical (α-TO·), which can promote the
oxidation of lipoproteins under certain conditions in the
test tube (Reaction 1). When the reduced form of coen-
zyme Q10 (CoQH2) reacts with α-TO·, α-TOH is regenerat-

ed and the semiquinone radical (CoQH·) is formed (Reac-
tion 2). It is possible for CoQH· to react with oxygen (O2)
to produce superoxide (O2·–), which is a much less-oxidiz-
ing radical than LOO· (Reaction 3a). However, CoQH· can
also reduce α-TO· back to α-TOH, resulting in the forma-
tion of fully oxidized coenzyme Q10 (CoQ), which does not
react with O2 to form O2·– (Reaction 3b).
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dation of LDL in vitro.4 Supplementation with
coenzyme Q10 increases the concentration of Co-
Q10H2 in human LDL.15 Studies in apolipoprotein-
E-deficient mice, an animal model of atheroscle-
rosis, found that coenzyme Q10 supplementation
with suprapharmacological amounts of coen-
zyme Q10 significantly inhibited the formation of
atherosclerotic lesions.16 Interestingly, co-sup-
plementation of these mice with α-TOH and co-
enzyme Q10 was more effective in inhibiting ath-
erosclerosis than supplementation with either
α-TOH or coenzyme Q10 alone.17 Another impor-
tant step in the development of atherosclerosis is
the recruitment of immune cells known as mono-
cytes into the blood vessel walls. This recruit-
ment is dependent in part on monocyte expres-
sion of cell adhesion molecules (integrins). Giv-
ing supplements of 200 mg/day of coenzyme Q10
to 10 healthy men and women for 10 weeks re-
sulted in significant decreases in monocyte ex-
pression of integrins, suggesting another poten-
tial mechanism for the inhibition of atheroscle-
rosis by coenzyme Q10.18 Although coenzyme Q10
supplementation shows promise as an inhibitor
of LDL oxidation and atherosclerosis, more re-
search is needed to determine whether coen-
zyme Q10 supplementation can inhibit the devel-
opment or progression of atherosclerosis in hu-
mans.

Disease Treatment
Mitochondrial Encephalomyopathies
Mitochondrial encephalomyopathies represent a
diverse group of genetic disorders resulting from
numerous inherited abnormalities in the func-
tion of the mitochondrial electron transport
chain. Coenzyme Q10 supplementation has re-
sulted in clinical and metabolic improvement in
some patients with various types of mitochon-
drial encephalomyopathies.19 Neuromuscular
and widespread tissue coenzyme Q10 deficiencies
have been found in a very small subpopulation of
individuals with mitochondrial encephalomyop-
athies.20,21 In those rare individuals with genetic
defects in coenzyme Q10 biosynthesis, coenzyme
Q10 supplementation has resulted in substantial
improvement.22,23 It is not clear whether coen-
zyme Q10 supplementation might have therapeu-
tic benefit in patients with other mitochondrial

disorders; a phase III clinical trial investigating
that question is currently under way.24

Cardiovascular Diseases
Congestive Heart Failure
Impairment of the heart’s ability to pump enough
blood for all of the body’s needs is known as con-
gestive heart failure. In coronary artery disease,
accumulation of atherosclerotic plaque in the
coronary arteries may prevent parts of the heart
muscle from getting adequate blood supply, ulti-
mately resulting in cardiac damage and impaired
pumping ability. Myocardial infarction (MI) may
also damage the heart muscle, leading to heart
failure. Because physical exercise increases the
demand on the weakened heart, measures of ex-
ercise tolerance are frequently used to monitor
the severity of heart failure. Echocardiography is
also used to determine the left ventricular ejec-
tion fraction, an objective measure of the heart’s
pumping ability.25 The finding that myocardial
coenzyme Q10 levels were lower in patients with
more severe versus milder heart failure led to
several clinical trials of coenzyme Q10 supple-
mentation in patients with heart failure.26 Sev-
eral small intervention trials that administered
supplemental coenzyme Q10 (100–300 mg/day of
coenzyme Q10 for 1–3 months) to patients with
congestive heart failure, in conjunction with con-
ventional medical therapy, have demonstrated
improvements in some cardiac function mea-
sures.27–29 However, other researchers have found
that supplementing the diet with 100–200 mg/
day of coenzyme Q10, along with conventional
medical therapy, did not significantly improve
left ventricular ejection fraction or exercise per-
formance in patients with heart failure.30,31 A
2006 meta-analysis of 10 randomized controlled
trials found that coenzyme Q10 supplementation
(99–200 mg/day for 1–6 months) in patients
with heart failure resulted in a significant, 3.7%
improvement in left ventricular ejection frac-
tion; the effect was stronger in patients not tak-
ing angiotensin-converting enzyme inhibitors.32

A slight increase in cardiac output (0.28 L/min)
was also found with coenzyme Q10 supplementa-
tion, but this analysis only included two trials
(60 mg/day for 1 month or 200 mg/day for
3 months).32 A recent study in 236 patients with
heart failure found that lower plasma coenzyme
Q10 levels were associated with a heightened risk
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of mortality;33 however, a larger study of 1191
patients with heart failure found that plasma co-
enzyme Q10 level was a biomarker of advanced
heart disease and not an independent predictor
of clinical outcomes in patients with heart fail-
ure.34 Although there is some evidence that coen-
zyme Q10 supplementation may be of benefit,
large well-designed intervention trials are need-
ed to determine whether coenzyme Q10 supple-
mentation has value as an adjunct to convention-
al medical therapy in the treatment of congestive
heart failure. One such large trial is presently be-
ing conducted.

Myocardial Infarction and Cardiac Surgery
The heart muscle may become oxygen deprived
(ischemic) as the result of MI or during cardiac
surgery. Increased generation of ROS when the
heart muscle’s oxygen supply is restored (reper-
fusion) is thought to be an important contributor
to myocardial damage occurring during isch-
emia–reperfusion. Pretreatment of animals with
coenzyme Q10 has been found to decrease myo-
cardial damage due to ischemia–reperfusion.35

Another potential source of ischemia–reperfu-
sion injury is aortic clamping during some types
of cardiac surgery, such as coronary artery by-
pass graft (CABG) surgery. Three out of four pla-
cebo-controlled trials found that coenzyme Q10
pretreatment (100–300 mg/day for 7–14 days
prior to surgery) provided some benefit in short-
term outcome measures after CABG surgery.36,37

In the placebo-controlled trial that did not find
preoperative coenzyme Q10 supplementation to
be of benefit, patients were treated with 600 mg
of coenzyme Q10 12 hours prior to surgery,38 sug-
gesting that preoperative coenzyme Q10 treat-
ment may need to commence at least 1 week
prior to CABG surgery to realize any benefit. Al-
though the results are promising, these trials
have included relatively few people and have
only examined outcomes shortly after CABG sur-
gery.

Angina Pectoris
Myocardial ischemia may also lead to chest pain
known as angina pectoris. People with angina
pectoris often experience symptoms when the
demand for oxygen exceeds the capacity of the
coronary circulation to deliver it to the heart
muscle, for example, during exercise. Five small
placebo-controlled studies have examined the

effects of oral coenzyme Q10 supplementation
(60–600 mg/day) in addition to conventional
medical therapy in patients with chronic stable
angina.28 In most of the studies, coenzyme Q10
supplementation improved exercise tolerance
and reduced or delayed electrocardiographic
changes associated with myocardial ischemia
compared with placebo. However, only two of
the studies found significant decreases in symp-
tom frequency and nitroglycerin consumption
with coenzyme Q10 supplementation. Presently,
there is only limited evidence suggesting that co-
enzyme Q10 supplementation would be a useful
adjunct to conventional angina therapy.

Hypertension
The results of several small, uncontrolled studies
in humans suggest that coenzyme Q10 supple-
mentation could be beneficial in the treatment of
hypertension.37 More recently, two short-term
placebo-controlled trials found that coenzyme
Q10 supplementation resulted in moderate de-
creases in blood pressure in hypertensive indi-
viduals. The addition of 120 mg/day of coenzyme
Q10 to conventional medical therapy for 8 weeks
in patients with hypertension and coronary ar-
tery disease decreased systolic blood pressure by
an average of 12 mmHg and diastolic blood pres-
sure by an average of 6 mmHg, in comparison to
a placebo containing B-complex vitamins.39 In
patients with isolated systolic hypertension, sup-
plementation with both coenzyme Q10 (120 mg/
day) and vitamin E (300 IU/day) for 12 weeks re-
sulted in an average decrease of 17 mmHg in sys-
tolic blood pressure compared with 300 IU/day of
vitamin E alone.40 A 2007 meta-analysis of 12
clinical trials, including 362 hypertensive pa-
tients, found that supplemental coenzyme Q10
reduces systolic blood pressure by 11–17 mmHg
and diastolic blood pressure by 8–10 mmHg.41

The four randomized controlled trials included in
this meta-analysis used doses of 100–120 mg/
day of coenzyme Q10.

Vascular Endothelial Function
(Blood Vessel Dilation)
Normal function of the inner lining of blood ves-
sels, known as the vascular endothelium, plays an
important role in preventing cardiovascular dis-
eases.42 Atherosclerosis is associated with im-
pairment of vascular endothelial function, there-
by compromising the ability of blood vessels to
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relax and permit normal blood flow. Endotheli-
um-dependent blood vessel relaxation (vasodila-
tion) is impaired in individuals with elevated se-
rum cholesterol levels as well as in patients with
coronary artery disease or diabetes. One placebo-
controlled trial found that coenzyme Q10 supple-
mentation (200 mg/day) for 12 weeks improved
endothelium-dependent vasodilation in patients
with diabetes and abnormal serum lipid profiles,
although it did not restore vasodilation to levels
seen in individuals who did not have diabetes.43

Another placebo-controlled study in 23 individu-
als with type 2 diabetes taking statins (HMG-CoA
reductase inhibitors) found that 200 mg/day of
coenzyme Q10 for 12 weeks improved flow-medi-
ated dilatation, but not nitrate-mediated dilata-
tion, of the brachial artery.44 However, a placebo-
controlled trial in 80 individuals with type 2 dia-
betes found that this supplementation protocol
did not improve endothelial function.45

In a study of 12 individuals with high serum
cholesterol levels and endothelial dysfunction
who were otherwise healthy, supplementation
with 150 mg/day of coenzyme Q10 did not affect
endothelium-dependent vasodilation.46 A pro-
spective, randomized crossover study of 25 men
with endothelial dysfunction found that coen-
zyme Q10 supplementation (150 mg/day) signifi-
cantly improved endothelial function, similar to
that of a lipid-lowering medication.47 Yet, it is
important to mention that this study was not
placebo-controlled and, importantly, the authors
reported that the subjects’ mean baseline for
flow-mediated vasodilation was below zero. A
randomized, double-blind, placebo-controlled
trial in 22 patients with coronary artery disease
found that 300 mg/day of coenzyme Q10 for
1 month improved endothelium-dependent va-
sodilation.48 Another randomized, double-blind,
placebo-controlled trial in 56 patients with isch-
emic left ventricular systolic dysfunction report-
ed that 300 mg/day of coenzyme Q10 for 8 weeks
significantly improved measures of endothelial
dysfunction.49 A 2011 meta-analysis examining
the results of five randomized controlled trials,
including 194 subjects, found that supplemental
coenzyme Q10 (150–300 mg/day for 4–12 weeks)
resulted in a clinically significant, 1.7% increase
in flow-dependent endothelial-mediated dilata-
tion.50 Large-scale studies are needed to further
elucidate the therapeutic role of coenzyme Q10 in
endothelial dysfunction.

Diabetes Mellitus

Diabetes mellitus is a condition of increased oxi-
dative stress and impaired energy metabolism.
Plasma levels of reduced coenzyme Q10 (CoQ10H2)
have been found to be lower in patients with dia-
betes than in healthy controls, when normalized
to plasma cholesterol levels.51,52 However, sup-
plementation with 100 mg/day of coenzyme Q10
for 3 months neither improved glycemic (blood
glucose) control nor decreased insulin require-
ments in patients with type 1 (insulin-depen-
dent) diabetes compared with placebo.53 Simi-
larly, 200 mg/day of coenzyme Q10 supplementa-
tion for 12 weeks or 6 months did not improve
glycemic control or serum lipid profiles in indi-
viduals with type 2 (noninsulin-dependent) dia-
betes.44,54 Because coenzyme Q10 supplementa-
tion did not influence glycemic control in either
study, the authors of both studies concluded that
coenzyme Q10 supplements could be used safely
in patients with diabetes as adjunct therapy for
cardiovascular diseases.

Maternally inherited diabetes mellitus and
deafness is the result of a mutation in mitochon-
drial DNA, which is inherited exclusively from
one's mother. Although mitochondrial diabetes
accounts for less than 1% of all diabetes, there is
some evidence that long-term supplementation
with coenzyme Q10 (150 mg/day) may improve
insulin secretion and prevent progressive hear-
ing loss in these patients.55,56

Neurodegenerative Diseases
Parkinson Disease
Parkinson disease is a degenerative neurological
disorder characterized by tremors, muscular ri-
gidity, and slow movements. It is estimated to af-
fect approximately 1% of Americans over the age
of 65 years. Although the causes of Parkinson dis-
ease are not all known, decreased activity of
complex I of the mitochondrial electron trans-
port chain and increased oxidative stress in a part
of the brain called the substantia nigra are
thought to play a role. Coenzyme Q10 is the elec-
tron acceptor for complex I as well as an antioxi-
dant, and decreased ratios of reduced to oxidized
coenzyme Q10 have been found in platelets of in-
dividuals with Parkinson disease.57,58 One study
also found higher concentrations of oxidized co-
enzyme Q10 in the cerebrospinal fluid of patients

aus:Higdon, An Evidence-based Approach to Phytochemicals and Other Dietary Factors (ISBN 9783131418425) © 2013 Georg Thieme Verlag KG



221Disease Treatment

with untreated Parkinson disease compared with
healthy controls.59 Additionally, a study of coen-
zyme Q10 levels in postmortem Parkinson disease
patients found lower levels of total coenzyme Q10
in the cortex region of the brain compared with
age-matched controls, but no differences were
seen in other brain areas, including the striatum,
substantia nigra, and cerebellum.60 A 16-month
randomized placebo-controlled trial evaluated
the safety and efficacy of 300, 600, or 1200 mg/
day of coenzyme Q10 in 80 people with early Par-
kinson disease.61 Coenzyme Q10 supplementa-
tion was well tolerated at all doses and was as-
sociated with slower deterioration of function in
patients with Parkinson disease compared with
placebo. However, the difference was statistically
significant only in the group taking 1200 mg/day.
A smaller placebo-controlled trial showed that
oral administration of 360 mg/day of coenzyme
Q10 for 4 weeks moderately benefited patients
with Parkinson disease.62 More recently, a ran-
domized, double-blind, placebo-controlled trial
in 106 patients with midstage Parkinson disease
reported that 300 mg/day of nanoparticular co-
enzyme Q10 for 3 months had no therapeutic
benefit.63 Another trial found that 2400 mg/day
of coenzyme Q10 for 12 months was not effective
in early Parkinson disease.64 A phase III clinical
trial of coenzyme Q10 (1200–2400 mg/day) and
vitamin E (1200 IU/day) supplementation in pa-
tients with Parkinson disease was recently ter-
minated because it was unlikely that such a treat-
ment was effective in treating Parkinson dis-
ease.65

Huntington Disease
Huntington disease is an inherited neurodegen-
erative disorder characterized by selective de-
generation of nerve cells known as striatal spiny
neurons. Symptoms, such as movement disorders
and impaired cognitive function, typically devel-
op in the fourth decade of life and progressively
deteriorate over time. Animal models indicate
that impaired mitochondrial function and gluta-
mate-mediated neurotoxicity may play roles in
the pathology of Huntington disease. Coenzyme
Q10 supplementation has been found to decrease
brain lesion size in animal models of Huntington
disease and to decrease brain lactate levels in pa-
tients with Huntington disease.66,67 Feeding a
combination of coenzyme Q10 (0.2% of diet) and
remacemide (0.007% of diet) to transgenic mice

that express the Huntington disease protein (HD-
N171-82Q mice) resulted in improved motor
performance and/or survival.68,69 Remacemide is
an antagonist of the neuronal receptor that is ac-
tivated by glutamate.

It was recently shown that the R6/2 mouse
model of Huntington disease exhibits a progres-
sive decline in behavioral and neurological symp-
toms similar to that of the human condition.70

Thus, R6/2 mice may be an ideal model to inves-
tigate potential therapies for Huntington disease.
Some, but not all, studies employing these mice
have shown that dietary supplementation with
coenzyme Q10 (0.2% of diet) improves motor per-
formance and overall survival and helps prevent
loss of body weight; coenzyme Q10 supplementa-
tion has also been associated with reductions in
the various hallmarks of Huntington disease (i.e.,
brain atrophy, ventricular enlargement, and stri-
atal neuronal atrophy).68,71 Interestingly, co-ad-
ministration of coenzyme Q10 with remacemide,
the antibiotic minocycline, or creatine has been
shown to result in even greater improvements in
most measured parameters.68,71,72

To date, only one clinical trial has examined
whether coenzyme Q10 might be efficacious in
human patients with Huntington disease. A
30-month, randomized, placebo-controlled trial
of coenzyme Q10 (600 mg/day), remacemide, or
both in 347 patients with early Huntington dis-
ease found that neither coenzyme Q10 nor rema-
cemide significantly altered the decline in total
functional capacity, although coenzyme Q10 sup-
plementation (with or without remacemide) re-
sulted in a nonsignificant 13% decrease in the
decline.73 A recent 20-week pilot trial examined
the safety and tolerability of increasing dosages
of coenzyme Q10 (1200 mg/day, 2400 mg/day, and
3600 mg/day) in eight healthy subjects and in 20
patients with Huntington disease; 22 of the sub-
jects completed the study.74 All dosages were
generally well tolerated, with gastrointestinal
symptoms being the most frequently reported
adverse effect. Blood levels of coenzyme Q10 at
the end of the study were not higher than the lev-
els resulting from the intermediate dose, suggest-
ing that the 2400 mg/day dose effectively maxi-
mizes blood coenzyme Q10 levels and potentially
avoids any side effects with higher dosages.74 A
phase III clinical trial administering 2400 mg/day
of coenzyme Q10 or placebo for 5 years is cur-
rently recruiting participants with Huntington
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disease.75 At present, there is insufficient evi-
dence to recommend coenzyme Q10 supplements
to patients with Huntington disease.

Friedreich Ataxia
Friedreich ataxia (FRDA) is an inherited, autoso-
mal recessive neurodegenerative disease caused
by mutations in the gene that encodes frataxin, a
protein of unknown function that is primarily lo-
cated in the mitochondria. Decreased expression
of frataxin is associated with accumulation of
iron within the mitochondria, thereby resulting
in increased oxidative stress; imbalances in iron–
sulfur proteins, including mitochondrial aconi-
tase; and reduced activities of the mitochondrial
respiratory chain.76 Clinically, FRDA is a progres-
sive disease characterized by limb ataxia and ab-
normalities of the central nervous system that
result from sensory nerve degeneration.77,78 In
addition, FRDA patients experience symptoms of
hypertrophic cardiomyopathy and diabetes.79 A
pilot study administering coenzyme Q10 (200 mg/
day) and vitamin E (2100 IU/day) to 10 FDRA pa-
tients found that energy metabolism of cardiac
and skeletal muscle was improved after only
3 months of therapy.80 Follow-up assessments at
47 months indicated that cardiac and skeletal
muscle improvements were maintained and that
patients with FRDA showed significant increases
in fractional shortening, a measure of cardiac
function. Moreover, the therapy was effective at
preventing the progressive decline of neurologi-
cal function.81 A recent study reported that defi-
ciencies of both coenzyme Q10 and vitamin E are
quite common among FRDA patients and that co-
supplementation with both compounds, at doses
as low as 30 mg/day of coenzyme Q10 and 4 IU/
day of vitamin E, may improve disease symp-
toms.82 Large-scale, randomized clinical trials are
necessary to determine whether coenzyme Q10,
in conjunction with vitamin E, has therapeutic
benefit in FRDA.

Cancer

Interest in coenzyme Q10 as a potential therapeu-
tic agent in cancer was stimulated by an observa-
tional study that found that individuals with
lung, pancreas, and especially breast cancer were
more likely to have low plasma coenzyme Q10
levels than healthy controls.83 Although a few
case reports and an uncontrolled trial suggest

that coenzyme Q10 supplementation may be ben-
eficial as an adjunct to conventional therapy for
breast cancer,84 the lack of controlled clinical tri-
als makes it impossible to determine the effects,
if any, of coenzyme Q10 supplementation in pa-
tients with cancer.

Performance
Athletic Performance
Although coenzyme Q10 supplementation has
improved exercise tolerance in some individuals
with mitochondrial encephalomyopathies (see
the Deficiency section above),19 there is little evi-
dence that it improves athletic performance in
healthy individuals. At least seven placebo-con-
trolled trials have examined the effects of 100–
150 mg/day of coenzyme Q10 supplementation
for 3–8 weeks on physical performance in trained
and untrained men. Most found no significant
differences between groups taking coenzyme Q10
and groups taking placebos with respect to mea-
sures of aerobic exercise performance, such as
maximal oxygen consumption and exercise time
to exhaustion.85–89 One study found the maximal
cycling workload to be slightly (4%) increased af-
ter 8 weeks of coenzyme Q10 supplementation
compared with placebo, although measures of
aerobic power were not increased.90 Two studies
actually found significantly greater improvement
in measures of anaerobic86 and aerobic85 exercise
performance after supplementation with a pla-
cebo compared with coenzyme Q10. Studies on
the effect of supplementation on physical perfor-
mance in women are lacking, but there is little
reason to suspect a sex difference in the response
to coenzyme Q10 supplementation.

Sources
Biosynthesis
Coenzyme Q10 is synthesized in most human tis-
sues. The biosynthesis of coenzyme Q10 involves
three major steps: (1) synthesis of the benzoqui-
none structure from either tyrosine or phenylal-
anine, two amino acids; (2) synthesis of the iso-
prene side chain from acetyl-coenzyme A (CoA)
via the mevalonate pathway; and (3) the joining
or condensation of these two structures. The en-
zyme HMG-CoA reductase plays a critical role in
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the regulation of coenzyme Q10 synthesis, as well
as the regulation of cholesterol synthesis.1,6

The first step in benzoquinone biosynthesis
(the conversion of tyrosine to 4-hydroxyphenyl-
pyruvic acid) requires vitamin B6 in the form of
pyridoxal 5′-phosphate. Thus, adequate vitamin
B6 nutrition is essential for coenzyme Q10 biosyn-
thesis. A pilot study in 29 patients and healthy
volunteers found significant positive correlations
between blood levels of coenzyme Q10 and mea-
sures of vitamin B6 nutritional status.91 However,
further research is required to determine the
clinical significance of this association.

Food Sources

Based on food frequency studies, the average di-
etary intake of coenzyme Q10 in Denmark was
estimated to be 3–5 mg/day.6,7 Most people prob-
ably have a dietary intake of less than 10 mg/day
of coenzyme Q10. Rich sources of dietary coen-
zyme Q10 include mainly meat, poultry, and fish.
Other relatively rich sources include soybean and
canola oils, and nuts. Fruits, vegetables, eggs, and
dairy products are moderate sources of coen-
zyme Q10. Approximately 14%–32% of coenzyme
Q10 was lost during frying of vegetables and eggs,
but the coenzyme Q10 content of these foods did
not change when they were boiled. Some rela-
tively rich dietary sources and their coenzyme
Q10 content in milligrams are listed in Table
22.1.92–94

Supplements
Coenzyme Q10 is available without a prescription
as a dietary supplement in the United States.
Supplemental doses for adults range from 30–
100 mg/day, which is considerably higher than
normal dietary coenzyme Q10 intake. Therapeu-
tic doses for adults generally range from 100–
300 mg/day, although doses as high as 3000 mg/
day have been used to treat early Parkinson dis-
ease under medical supervision.95 Absorption of
coenzyme Q10 decreases with increasing supple-
mental dose; total intestinal absorption is likely
less than 10% in humans. Coenzyme Q10 is fat
soluble and best absorbed with fat in a meal. Dos-
es higher than 100 mg/day are generally divided
into two or three doses throughout the day.7,96

Does Oral Coenzyme Q10 Supplementation
Increase Tissue Levels?

Oral supplementation with coenzyme Q10 is
known to increase blood and lipoprotein concen-
trations of coenzyme Q10 in humans.2,12,15 How-
ever, it is not clear whether oral supplementation
increases coenzyme Q10 concentrations in other
tissues of individuals with normal endogenous
coenzyme Q10 biosynthesis. Oral coenzyme Q10
supplementation of young healthy animals has
not generally resulted in increased tissue con-
centrations, other than in the liver, spleen, and
blood vessels.97,98 Giving supplements of 120 mg/
day for 3 weeks to healthy men did not increase
skeletal muscle concentrations of coenzyme
Q10.99 However, supplementation may increase
coenzyme Q10 levels in tissues that are deficient.
For example, oral supplementation of aged rats
increased brain coenzyme Q10 concentrations,100

and a study of 24 older adults given supplements
of 300 mg/day of coenzyme Q10 or placebo for at
least 7 days prior to cardiac surgery found that
the coenzyme Q10 content of atrial tissue was sig-
nificantly increased in those taking coenzyme
Q10, especially in those aged over 70 years.36 Ad-

Table 22.1 Coenzyme Q10 content of selected
foods92–94

Food Serving Coenzyme
Q10 (mg)

Beef, fried 3 oza 2.6

Herring, marinated 3 oz 2.3

Chicken, fried 3 oz 1.4

Soybean oil 1 tbsp 1.3

Canola oil 1 tbsp 1.0

Rainbow trout,
steamed

3 oz 0.9

Peanuts, roasted 1 oz 0.8

Sesame seeds, roasted 1 oz 0.7

Pistachio nuts, roasted 1 oz 0.6

Broccoli, boiled ½ cup,
chopped

0.5

Cauliflower, boiled ½ cup,
chopped

0.4

Orange 1 medium 0.3

Strawberries ½ cup 0.1

Egg, boiled 1 medium 0.1

a A 3-oz serving of meat or fish is about the size of a deck
of cards.
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