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oenzyme Q10, or CoQ10, is a naturally occurring, lipid-soluble antioxidant and an essential
electron carrier involved in the
mitochondrial respiratory chain. In
mitochondria, CoQ10 functions as a
coenzyme that assists in the oxidative
phosphorylation of nutrients, leading
to production of cellular adenosine
triphosphate (ATP), or energy.[1–4]
It is endogenously synthesized by
mammals and plants and is found in
virtually all aerobic cells.[5]
The best food sources of CoQ10
are meat and poultry, and the typical US diet provides approximately
5 to 10 mg of CoQ10 per day. The
highest levels of dietary CoQ10 are
found in red meat products, particularly organ meats (liver and heart),
from which this compound was first isolated.[6] After absorption, CoQ10 is circulated to the liver and
incorporated into very-low-density lipoproteins.[2]
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In the body, more than 90% of CoQ10 is converted
to its active form, called CoQH2-10 or ubiquinol.
Ubiquinol has strong antioxidant properties. Although
humans are capable of producing adequate amounts
of CoQ10, certain medications, such as statins,
beta-blockers, antidepressants, and antipsychotics,
may decrease the body’s natural production of this
compound. Conditions that cause oxidative stress,
such as liver disease, have been noted to decrease
the ratio of ubiquinol to CoQ10, and tissue levels of
CoQ10 have also been found to decline with age.[4]
Serum concentrations of CoQ10 have been shown to
increase after consumption of supplemental CoQ10
and after meals containing CoQ10.
It is absorbed well, although rather
slowly; peak plasma levels occur 5 to
10 hours after ingestion.[2] Serum
levels of CoQ10 have been used to
determine the amount of ingested
CoQ10 needed to raise endogenous
levels of CoQ10. Research suggests
that a range of 150 to 300 mg of
dietary CoQ10 may be needed to
achieve physiologic effects.[7,8]
HOW IS COQ10
CURRENTLY USED?

While CoQ10 has been used for
several decades as a dietary supplement for general health maintenance,
the benefits of its administration have been most extensively evaluated in a variety of cardiovascular and
neurodegenerative conditions. In patients with congestive heart failure, CoQ10 supplementation in addition
to conventional medical therapy may improve quality
of life, New York Heart Association classification, and
congestive symptoms including dyspnea and edema.
[9–13] Similar benefits were seen in a study of patients
with hypertrophic cardiomyopathy.[14]
Rosenfeldt et al, in a meta-analysis of 12 published
clinical trials, reported that CoQ10 administration
decreases systolic and diastolic blood pressure.[15]
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These cardiovascular changes may be a result of effects of CoQ10 on vascular endothelium, including
improvements in the activity of superoxide dismutase,
an enzyme thought to protect the vasculature against
oxidant-induced damage.[16,17] Equivocal results
have been described following efforts to prevent myalgias and myopathy in patients receiving HMG-CoA
reductase inhibitors—the “statin” drugs—with CoQ10
supplementation.[18–21]
Some data suggest high-dose CoQ10 administration may slow functional decline in patients with early
Parkinson’s disease.[22] Unfortunately, 300 mg CoQ10
twice daily did not improve total functional capacity
in 347 patients with early Huntington’s disease.[23]
CoQ10 supplementation has been shown to be effective in the uncommon primary CoQ10 deficiency
syndromes associated with specific genetic defects in
the CoQ10 biosynthesis pathway.[24–26] Placebocontrolled, double-blind, randomized trials have demonstrated efficacy of CoQ10 in men with idiopathic
infertility.[27,28] Supplementation led to increased
seminal plasma and sperm motility, but it is not clear
if these changes lead to increased rates of pregnancy.
In light of its role in mitochondrial energy generation, CoQ10 supplementation has been evaluated in
a variety of patient populations with fatigue. It has
clearly been demonstrated to improve the symptoms of
weakness and fatigue in the rare patient with inherited
defects in CoQ10 biosynthesis.[24,25] As described,
CoQ10 may have beneficial effects on dyspnea and exercise tolerance—cardiac fatigue—in patients with congestive heart failure and/or cardiomyopathy.[11,29,30]
However, conflicting data exist regarding the effect of
CoQ10 on fatigue in a normal population. Cooke et
al described a trend towards an increased time to exhaustion following 2 weeks of CoQ10 intake.[31] A
number of other placebo-controlled studies have failed
to demonstrate an improvement in physical functioning
in similar trained and untrained populations.[32–36]
WHAT IS THE EVIDENCE RELATED TO
COQ10 AND CANCER?

During cancer treatment, many patients experience
flavor aversions, particularly to meat, and may not be
able to consume adequate amounts of dietary CoQ10.
In addition, antineoplastic therapy may have a direct
impact on CoQ10 synthesis.
Unfortunately, clinical and epidemiologic investiga-

tions of CoQ10 in cancer are limited and the few studies that have been reported have involved small numbers
of participants. Importantly, the incidence of CoQ10
deficiency has been found to be significantly higher
in cancer patients than in healthy controls.[8]CoQ10
deficiency has also been reported in women diagnosed
with breast cancer. In a study conducted in 200 women
hospitalized for breast cancer surgery, a CoQ10 deficiency was noted in patients with both malignant and
nonmalignant breast lesions.[37] In contrast, CoQ10
deficiency at baseline was not observed in a prospective,
placebo-controlled trial of CoQ10 administration in
women with breast cancer and self-reported fatigue who
were receiving adjuvant chemotherapy.[38] Additionally, Folkers et al reported reductions of total CoQ10
levels in patients with myeloma.[8] The importance
of potential CoQ10 deficiencies in these patients is
unclear, however.
Of some concern is the finding reported from the
largest epidemiologic evaluation of CoQ10, in which
investigators described a positive association between
higher prediagnostic levels of CoQ10 and breast cancer
risk in postmenopausal women.[39] In contrast, Rusciani et al reported an association between low CoQ10
levels and metastasis and progression of melanoma,
while Palan et al reported an inverse association between
cervical intraepithelial neoplasia and cervical cancer
with circulating levels of CoQ10.[40,41]
A number of trials have evaluated the ability of
CoQ10 supplementation to ameliorate or prevent
cardiotoxicity in patients receiving anthracycline chemotherapy. Iarussi et al reported a protective effect
for CoQ10 on left ventricular global function during
anthracycline therapy in a prospective, randomized,
controlled trial in 20 children.[42]
Okuma et al described no changes in QRS voltage or
QTc duration in a heterogeneous group of 39 patients
receiving CoQ10 along with doxorubicin-containing
chemotherapy, whereas decreased QRS voltage and
lengthened QTc duration was seen in a 41-patient
control group.[43]
Until recently, no published data existed on the
effects of CoQ10 on fatigue in patients with cancer.
As a result, we performed a prospective, randomized,
double-blind, placebo controlled study of Co-Q10 in
women with breast cancer and self-reported fatigue
while receiving adjuvant chemotherapy.[38] Between
2004 and 2009, a total of 236 women were enrolled.
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with 30 to 225 mg per day of
CoQ10 for up to 56 weeks
Online Information About CoQ10
failed to identify significant
drug-related toxicities.[15]
• International Coenzyme Q10 Association > A nonprofit group
The safety of escalated dosformed in 1997 to promote research and educational activities related
es of CoQ10 was evaluated in
to coenzyme Q10—http://www.icqa.org/ICQA/home.html
a randomized, double-blinded, placebo-controlled trial
• Linus Pauling Institute Micronutrient Information Center
in early Parkinson’s disease. A
> CoQ10—http://lpi.oregonstate.edu/infocenter/othernuts/coq10/
total of 80 patients received
• Mayo Clinic > monograph on CoQ10—http://www.mayoclinic.
300 to 1,200 mg per day of
com/health/coenzyme-q10/NS_patient-coenzymeq10/METHOD=print
CoQ10 for up to 16 months,
and there was no difference
• Memorial Sloan-Kettering Cancer Center > About Herbs,
Botanicals, and Other Products > CoQ10—http://www.mskcc.
in the incidence of adverse
org/mskcc/html/69186.cfm
events between the placebo
and treatment arms.[22]
• Drugs.com > CoQ10 information—http://www.drugs.com/mtm/
In a randomized, placebocoenzyme-q10.html
controlled trial of 300 mg of
• University of Maryland Medical Center > Coenzyme Q10
CoQ10 twice daily for 30
overview—http://www.umm.edu/altmed/articles/coenzymemonths in patients with early
q10-000295.htm
Huntington’s disease, CoQ10
was generally well tolerated; a
• Natural Medicines Comprehensive Database
> Coenzyme Q10—http://naturaldatabase.therapeuticresearch.com/
small increase in stomach upnd/Search.aspx?cs=&s=ND&pt=9&Product=coenzyme+q10&btnSearch.
set was observed in the treated
x=15&btnSearch.y=3
patients.[23] CoQ10 dosages
of up to 3,000 mg per day for
8 months have also been well
Treatment arms were well balanced with respect to
tolerated in small numbers of patients with Parkinson’s
age, performance status, ethnicity, and planned chedisease and amyotrophic lateral sclerosis.[46,47]
motherapy. At 24 weeks, there were no significant
Treated patients in all of these trials had a low incidifferences between the CoQ10 and placebo arms on
dence of primarily gastrointestinal symptoms including
the POMS-Fatigue, FACIT-Fatigue, or FACT-Breast
nausea, vomiting, diarrhea, and abdominal discomfort.
subscales despite sustained increases in serum CoQ10
These symptoms do not appear to be dose-related and
levels in treated patients. No serious adverse events were
occurred at identical frequencies in both groups of panoted. Therefore, these data provide no support for an
tients treated in placebo-controlled trials.[11,22,23,48]
effect of CoQ10 supplementation on fatigue in newly
In light of its demonstrated hypotensive effects,
diagnosed breast cancer patients.
CoQ10 could further decrease the blood pressure of
patients on antihypertensive medications. In the metaWHAT ARE THE POTENTIAL RISKS?
analysis previously described, CoQ10 supplementation
decreased systolic and diastolic pressures by 17 mmHg
Data from preclinical and clinical studies indicate
and 10 mmHg, respectively.[23]
that dietary supplementation with CoQ10 is safe, well
Limited anecdotal data suggest CoQ10 could reduce
tolerated, and free of any significant toxicities.[44] A
the anticoagulation effects of warfarin. It is hypothelarge number of patients with cardiovascular disorders,
sized that the structural similarity of CoQ10 to Vitamin
including hypertension, heart failure, and hyperlipidK might produce procoagulant effects.[49–51] Regular
emia have been treated with 100 to 300 mg per day
monitoring of the INR (International Normalized
of CoQ10 for up to 6 years without experiencing
Ratio) should be considered in patients taking CoQ10
significant adverse events.[11,45] A meta-analysis of
supplements while on warfarin anticoagulation therapy.
12 studies and 362 patients with hypertension treated
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WHAT’S THE BOTTOM-LINE MESSAGE?

Over the past three decades, the safety of CoQ10
has been convincingly demonstrated over a wide range
of doses and schedules and in patients with a variety of
medical conditions. There is evidence to support a role
for CoQ10 supplementation as an adjunct in patients
with congestive heart failure and hypertension, and
there are some data that suggest a benefit of high doses
in patients with Parkinson’s disease. The rare patient
with a genetic defect in CoQ10 biosynthesis will also
clearly benefit from exogenous CoQ10 administration.
There are minimal data to support a beneficial effect
of CoQ10 supplementation in patients with cancer,
except for limited observations in patients receiving
anthracycline-containing chemotherapy. n
References

1. Ernster L, Dallner G: Biochemical, physiological and medical aspects
of ubiquinone function. Biochim Biophys Acta 1271(1):195–204, 1995.
2. Crane FL: Biochemical functions of coenzyme Q10. J Am Coll Nutr
20(6):591–598, 2001.
3. Quinn PJ, Fabisiak JP, Kagan VE: Expansion of antioxidant function of vitamin E by coenzyme Q. Biofactors 9(2-4):149–154, 1999.
4. Turunen M, Olsson J, Dallner G: Metabolism and function of coenzyme Q. Biochim Biophys Acta 1660(1-2):171–199, 2004.
5. Tran MT, Mitchell TM, Kennedy DT, et al: Role of coenzyme Q10
in chronic heart failure, angina, and hypertension. Pharmacotherapy
21(7):797–806, 2001.
6. Mattila P, Kumpulainen J: Coenzymes Q9 and Q10: Contents in
foods and dietary intake. J Food Compos Anal 14(4):409–417, 2001.
7. Serizawa T, Oku J, Iizuka M, et al: Beneficial effects of coenzyme
Q10 on impaired left ventricular performance in streptozotocin diabetic
rats. Jpn Heart J 29(2):233–242, 1988.
8. Folkers K, Osterborg A, Nylander M, et al: Activities of vitamin
Q10 in animal models and a serious deficiency in patients with cancer.
Biochem Biophys Res Commun 234(2):296–299, 1997.
9. Morisco C, Trimarco B, Condorelli M: Effect of coenzyme Q10
therapy in patients with congestive heart failure: A long-term multicenter randomized study. Clin Investig 71(8 Suppl):S134–S136, 1993.
10. Hofman-Bang C, Rehnqvist N, Swedberg K, et al: Coenzyme Q10
as an adjunctive in the treatment of chronic congestive heart failure.
The Q10 Study Group. J Card Fail 1(2):101–107, 1995.
11. Baggio E, Gandini R, Plancher AC, et al: Italian multicenter study
on the safety and efficacy of coenzyme Q10 as adjunctive therapy in
heart failure. CoQ10 Drug Surveillance Investigators. Mol Aspects Med
15(Suppl):s287–s294, 1994.
12. Soja AM, Mortensen SA: Treatment of congestive heart failure
with coenzyme Q10 illuminated by meta-analyses of clinical trials.
Mol Aspects Med 18(Suppl):S159–S168, 1997.
13. Berman M, Erman A, Ben-Gal T, et al: Coenzyme Q10 in patients
with end-stage heart failure awaiting cardiac transplantation: A randomized, placebo-controlled study. Clin Cardiol 27(5):295–299, 2004.
14. Adarsh K, Kaur H, Mohan V: Coenzyme Q10 (CoQ10) in isolated
diastolic heart failure in hypertrophic cardiomyopathy (HCM). Biofac-

40

tors 32(1–4):145–149, 2008.
15. Rosenfeldt FL, Haas SJ, Krum H, et al: Coenzyme Q10 in the
treatment of hypertension: A meta-analysis of the clinical trials. J Hum
Hypertens 21(4):297–306, 2007.
16. Belardinelli R, Mucaj A, Lacalaprice F, et al: Coenzyme Q10 and
exercise training in chronic heart failure. Eur Heart J 27(22):2675–
2681, 2006.
17. Tiano L, Belardinelli R, Carnevali P, et al: Effect of coenzyme Q10
administration on endothelial function and extracellular superoxide
dismutase in patients with ischaemic heart disease: A double-blind,
randomized controlled study. Eur Heart J 28(18):2249–2255, 2007.
18. Young JM, Florkowski CM, Molyneux SL, et al: Effect of coenzyme
Q(10) supplementation on simvastatin-induced myalgia. Am J Cardiol
100(9):1400–1403, 2007.
19. Caso G, Kelly P, McNurlan MA, et al: Effect of coenzyme q10 on
myopathic symptoms in patients treated with statins. Am J Cardiol
99(10):1409–1412, 2007.
20. Thibault A, Samid D, Tompkins AC, et al: Phase I study of lovastatin, an inhibitor of the mevalonate pathway, in patients with cancer.
Clin Cancer Res 2(3):483–491, 1996.
21. Kim WS, Kim MM, Choi HJ, et al: Phase II study of high-dose
lovastatin in patients with advanced gastric adenocarcinoma. Invest
New Drugs 19(1):81–83, 2001.
22. Shults CW, Oakes D, Kieburtz K, et al: Effects of coenzyme Q10 in
early Parkinson disease: Evidence of slowing of the functional decline.
Arch Neurol 59(10):1541–1550, 2002.
23. Huntington Study Group: A randomized, placebo-controlled trial
of coenzyme Q10 and remacemide in Huntington’s disease. Neurology
57(3):397–404, 2001.
24. Quinzii CM, Lopez LC, Naini A, et al: Human CoQ10 deficiencies.
Biofactors 32(14):113–118, 2008.
25. Quinzii CM, Lopez LC, Von-Moltke J, et al: Respiratory chain
dysfunction and oxidative stress correlate with severity of primary
CoQ10 deficiency. FASEB J 22(6):1874–1885, 2008.
26. Mollet J, Giurgea I, Schlemmer D, et al: Prenyldiphosphate synthase, subunit 1 (PDSS1) and OH-benzoate polyprenyltransferase
(COQ2) mutations in ubiquinone deficiency and oxidative phosphorylation disorders. J Clin Invest 117(3):765–772, 2007.
27. Balercia G, Buldreghini E, Vignini A, et al: Coenzyme Q10
treatment in infertile men with idiopathic asthenozoospermia: A
placebo-controlled, double-blind randomized trial. Fertil Steril
91(5):1785–1792, 2009.
28. Safarinejad MR: Efficacy of coenzyme Q10 on semen parameters,
sperm function and reproductive hormones in infertile men. J Urol
2182(1):237–248, 2009.
29. Khatta M, Alexander BS, Krichten CM, et al: The effect of coenzyme Q10 in patients with congestive heart failure. Ann Intern Med
132(8):636–640, 2000.
30. Langsjoen PH, Folkers K, Lyson K, et al: Effective and safe
therapy with coenzyme Q10 for cardiomyopathy. Klin Wochenschr
66(13):583–590, 1988.
31. Cooke M, Iosia M, Buford T, et al: Effects of acute and 14-day coenzyme Q10 supplementation on exercise performance in both trained
and untrained individuals. J Int Soc Sports Nutr 5:8, 2008.
32. Laaksonen R, Fogelholm M, Himberg JJ, et al: Ubiquinone supplementation and exercise capacity in trained young and older men. Eur
J Appl Physiol Occup Physiol 72(1-2):95–100, 1995.
33. Malm C, Svensson M, Ekblom B, et al: Effects of ubiquinone-10

ONCOLOGY Nurse Edition • VOLUME 25 • NUMBER 10

INTEGRATIVE ONCOLOGY
supplementation and high intensity training on physical performance
in humans. Acta Physiol Scand 161(3):379–384, 1997.
34. Weston SB, Zhou S, Weatherby RP, et al: Does exogenous coenzyme
Q10 affect aerobic capacity in endurance athletes? Int J Sport Nutr
7(3):197–206, 1997.
35. Porter DA, Costill DL, Zachwieja JJ, et al: The effect of oral coenzyme Q10 on the exercise tolerance of middle-aged, untrained men.
Int J Sports Med 16(7):421–427, 1995.
36. Braun B, Clarkson PM, Freedson PS, et al: Effects of coenzyme
Q10 supplementation on exercise performance, VO2max, and lipid
peroxidation in trained cyclists. Int J Sport Nutr 1(4):353–365, 1991.
37. Jolliet P, Simon N, Barre J, et al: Plasma coenzyme Q10 concentrations in breast cancer: Prognosis and therapeutic consequences. Int J
Clin Pharmacol Ther 36(9):506–509, 1998.
38. Lesser GJ, Case LD, Stark N, et al: A randomized double-blind
placebo-controlled study of oral coenzyme Q10 to relieve self-reported
cancer-treatment-related fatigue in newly diagnosed breast cancer
patients. J Clin Oncol 28(15 Suppl):9006, 2010.
39. Chai W, Cooney RV, Franke AA, et al: Plasma coenzyme Q10 levels
and postmenopausal breast cancer risk: The multiethnic cohort study.
Cancer Epidemiol Biomarkers Prev 19(9):2351–2356, 2010.
40. Rusciani L, Proietti I, Rusciani A, et al: Low plasma coenzyme Q10
levels as an independent prognostic factor for melanoma progression.
J Am Acad Dermatol 54(2):234–241, 2006.
41. Palan PR, Mikhail MS, Shaban DW, et al: Plasma concentrations
of coenzyme Q10 and tocopherols in cervical intraepithelial neoplasia
and cervical cancer. Eur J Cancer Prev 12(4):321–326, 2003.
42. Iarussi D, Auricchio U, Agretto A, et al: Protective effect of coenzyme Q10 on anthracyclines cardiotoxicity: Control study in children
with acute lymphoblastic leukemia and non-Hodgkin lymphoma. Mol
Aspects Med 15(Suppl):s207–s212, 1994.
43. Okuma K, Furuta I, Ota K: [Protective effect of coenzyme Q10 in
cardiotoxicity induced by adriamycin]. Gan To Kagaku Ryoho [Japanese]
11(3):502–508, 1984.
44. Hidaka T, Fujii K, Funahashi I, et al: Safety assessment of coenzyme
Q10 (CoQ10). Biofactors 32(1–4):199–208, 2008.
45. Langsjoen PH, Langsjoen PH, Folkers K: A six-year clinical study
of therapy of cardiomyopathy with coenzyme Q10. Int J Tissue React
12(3):169–171, 1990.
46. Shults CW, Flint BM, Song D, et al: Pilot trial of high dosages
of coenzyme Q10 in patients with Parkinson’s disease. Exp Neurol
188(2):491–494, 2004.
47. Ferrante KL, Shefner J, Zhang H, et al: Tolerance of high-dose
(3,000 mg/day) coenzyme Q10 in ALS. Neurology 65(11):1834–1836,
2005.
48. Ikematsu H, Nakamura K, Harashima S, et al: Safety assessment
of coenzyme Q10 (Kaneka Q10) in healthy subjects: A doubleblind, randomized, placebo-controlled trial. Regul Toxicol Pharmacol
44(3):212–218, 2006.
49. Engelsen J, Nielsen JD, Winther K: Effect of coenzyme Q10 and
Ginkgo biloba on warfarin dosage in stable, long-term warfarin treated
outpatients. A randomised, double blind, placebo-crossover trial.
Thromb Haemost 87(6):1075–1076, 2002.
50. Spigset O: Reduced effect of warfarin caused by ubidecarenone.
Lancet 344(8933):1372–1373, 1994.
51. Heck AM, DeWitt BA, Lukes AL: Potential interactions between
alternative therapies and warfarin. Am J Health Syst Pharm 57(13):12211227, 2000.

Integrative Medicine
Conference Calendar
FALL 2011 – SPRING 2012
• 4th European Congress for Integrative
Medicine (EDIM) 2011: The Future of
Comprehensive Patient Care
> October 7–8, 2011, Berlin, Germany
> For more information, visit: http://www.ecimcongress.org/
• Consortium of Academic Health Centers
for Integrative Medicine: One-Day
Research Symposium in Integrative
Medicine and Health
> October 26, 2011, Los Angeles, California
> For more information, visit: http://www.imconsortium.org/researchday/index.htm
• Society for Integrative Oncology—8th
International Conference
Innovating Integrative Oncology: Honoring the Patient, Personalizing the Science
> November 10–12, 2011, Cleveland, Ohio
> For more information, visit: http://www.integrativeonc.org/8th-annual-sio-conference
• American Association for Cancer
Research (AACR) Annual Meeting
> March 31–April 4, 2012, Chicago, Illinois
> For more information, visit: http://www.aacr.
org/home/scientists/meetings--workshops/aacrannual-meeting-2012.aspx
• 9th Annual Health and Nutrition
Conference (presented by Arizona Center
for Integrative Medicine)
> April 15–18, 2012, Boston, Massachusetts
> For more information, visit: http://www.nutritionandhealthconf.org/
• 7th Annual Joint American Homeopathic
Conference 2012
> April 20–22, 2012, Reston, Virginia
> For more information, visit: http://www.homeopathic.org/content/conference-2012
• Integrative Medicine and Health—
International Research Conference
> May 15–18, 2012, Portland, Oregon
> For more information, visit: www.imconsortiumconference.org/
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