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Abstract:

This review discusses the role of coenzyme Q10 (CoQ10) in cardiovascular
disease, hypertension, diabetes mellitus, and infertility. Deficiencies of CoQ10 have
been documented in patients with heart disease. Administration of CoQ10 has been
shown to prolong survival and improve quality of life in patients with cardiomyopathy. In
patients with congestive heart failure, CoQ10 ameliorated symptoms, reduced the num-
ber of hospitalizations and appeared to increase the survival rate. Treatment with CoQ10
may also reduce the number of anginal attacks in patients with stable angina pectoris.
CoQ10 has been shown to prevent adriamycin cardiotoxicity and to reduce the inci-
dence of postoperative cardiac dysfunction in patients undergoing heart surgery. Sev-
eral studies indicate that CoQ10 may also have a role in the treatment of essential
hypertension. This nutrient may be of value for patients with diabetes mellitus or male
infertility, but additional studies are needed in these areas. CoQ10 status may be ad-
versely affected by treatment with certain cholesterol-lowering drugs, beta blockers,
tricyclic antidepressants, and phenothiazines.

(Alt Med Rev 1996;1(3):168-175.)

Part | of thistwo-part article reviewed the relationship between coenzyme Q10 (CoQ10)
and immune function, periodontal disease, gastric ulceration, obesity, physical performance,
allergy, and muscular dystrophy. Part |1 discusses the effect of CoQ10 on cardiovascular dis-
ease, hypertension, diabetes mellitus, and infertility, aswell as reviewing drug interactions with
CoQ10.

Cardiovascular Disease - General Aspects

Enhancing myocardial function is an important, though frequently overlooked compo-
nent of the overall prevention and treatment of cardiovascular disease. CoQ10 plays akey role
in energy production, and is therefore essential for all energy-dependent processes, including
heart-muscle contraction. CoQ10 deficiency has been documented in patientswith varioustypes
of cardiovascular disease. It is not clear whether adeclinein CoQ10 levelsisaprimary cause or
a consequence of heart disease. However, given the fundamenta involvement of CoQ10 in
myocardial function, it is not unlikely that CoQ10 deficiency would exacerbate heart disease
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and that correction of such adeficiency would
have therapeutic value.

In addition, CoQ10 has been shown to
be a potent antioxidant. In one study,
ubiquinol-10, the reduced form of CoQ10,
protected human low density lipoproteins
(LDL) more efficiently against lipid
peroxidation than did vitamin E.1 Since oxi-
dation of LDL is believed to be an initiating
factor in the development of atherosclerosis,
CoQ10 appears to be a preventive factor.

CoQ10 Deficiency in Cardiac Disease

Circulating levels of CoQ10 were sig-
nificantly lower in patientswith ischemic heart
disease? and in those with dilated cardiomy-
opathy (mostly New York Heart Association
[NYHA] functional class Il or IV) than in
healthy controls.3 In another study, CoQ10
levels in myocardial tissue (estimated by en-
zymatic methods) were low in approximately
75% of patients undergoing cardiac surgery.
Concentrations of CoQ10 declined progres-
sively in both blood and myocardial tissuewith
increasing severity of heart disease.# Myocar-
dial deficiencies of CoQ10 wereaso foundin
the majority of patientswith aortic stenosisor
insufficiency, mitral stenosis or insufficiency,
diabetic cardiomyopathy, tetralogy of Falot,
atrial septal defects and ventricular septal de-
fects.S In patients with cardiomyopathy and
myocardial deficiency of CoQ10, oral admin-
istration of 100 mg/day of CoQ10 for 2-8
months resulted in an increase in myocardial
CoQ10 levels ranging from 20-85%.6 These
findings suggest that CoQ10 deficiency is
common in patients with various types of car-
diovascular disease, and that oral administra-
tion of CoQ10 canincreasetissuelevelsof this
nutrient.

Treatment of Cardiomyopathy
In one study, 126 patients with dilated
cardiomyopathy (98% of whom were in

NYHA functional classll or V) received 100
mg/day of CoQ10 for periods of up to 66
months. After 6 months of treatment, the mean
gjection fraction increased from 41% to 59%
(p < 0.001), and remained stable thereafter
with continued treatment. After 2 years, 84%
of the patientswere still aliveand at 5.5 years,
52% werealive.” These survival rates are con-
siderably better than the published survival
statistics of patients given conventional therapy
(i.e., 2-year survival rate of 50% for symptom-
atic cardiomyopathy and 1-year survival rate
of 50% for decompensated cardiomyopathy).

In another study, 88 patients with car-
diomyopathy received 100 mg/day of CoQ10
for periods of 1-24 months. Significant im-
provements in at least two of three cardiac
parameters (gjection fraction, cardiac output
and NY HA class) were seen in 75-85% of the
patients. Approximately 80% of the patients
improved to a lower (i.e., more favorable)
NYHA functional class.8

In a double-blind, crossover trial, 19
patientswith cardiomyopathy (NYHA classes
[11 and 1V) received 100 mg/day of CoQ10 or
aplacebo, each for 12 weeks. Compared with
placebo, CoQ10 treatment significantly in-
creased cardiac stroke volume and gjection
fraction. Eighteen patients reported subjective
improvement in tolerance for physical activ-
ity while taking CoQ10.°

Congestive Heart Failure

The potential of CoQ10 asatreatment
for congestive heart failure (CHF) was sug-
gested as early as 1967 by Japanese research-
ers.101n 1976, these same investigators admin-
istered 30 mg/day of CoQ10to 17 patientswith
CHF. All of the patientsimproved, and 9 (53%)
became asymptomatic after 4 weeks of treat-
ment.11

In an opentrial of 34 patients with re-
fractory NYHA class |V CHF, administration
of 100 mg/day of CoQ10 resulted in sustained
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improvement in cardiac function in 28 cases
(82%). The survival rate after two years was
62%, compared with an expected two-year
survival rate of less than 25% for similar pa-
tients.12

In another study, 12 patients with ad-
vanced CHF who had failed to respond ad-
equately to digitalisand diureticsreceived 100
mg/day of coenzyme Q10 for 7 months. Two-
thirds of the patients showed definite clinical
improvement after amean treatment period of
30 days. In these patients, dyspnea at rest dis-
appeared and energy level and tolerance for
activity increased. Objective improvements
included decreased hepatic congestion, reduc-
tionsin heart rate and heart volume, and a de-
cline in systolic time intervals (suggesting
improved myocardial performance). With-
drawal of coenzyme Q10 wasfollowed by se-
vereclinical relapse, with subsequent improve-
ment upon resumption of treatment.13

In a large multicenter trial of 1,113
CHF patients, 50-150 mg/day of CoQ10 was
given for 3 months (78% of the patients re-
ceived 100 mg/day). The proportion of patients
withimprovementsin clinical signsand symp-
tomswere as follows: sweating, 82.4%; jugu-
lar reflux, 81.5%; cyanosis, 81%; pulmonary
rales, 78.4%; edema, 76.9%; palpitations,
75.7%; vertigo, 73%; arrhythmia, 62%; in-
somnia, 60.2%; dyspnea, 54.2%; nocturia,
50.7%; and enlargement of the liver area,
49.3%.14

Theresults of these uncontrolled stud-
ieswere confirmed more recently in adouble-
blind trial. Some 641 patients with CHF
(NYHA classes 11l or 1V) were randomly as-
signed to receive placebo or CoQ10 (2 mg/kg/
day) for one year. Conventional therapy was
continued in both groups. The number of pa-
tientsrequiring hospitalization during the study
for worsening heart failure was 38% less in
the CoQ10 group than in the placebo group (p
< 0.001). Episodes of pulmonary edema were

reduced by about 60% in the CoQ10 group, com-
pared with the placebo group (p < 0.001).15

Angina

Twelve patientswith stable angina pec-
toris were randomly assigned to receive 150
mg/day of CoQ10 or a placebo, each for 4
weeks, in a double-blind crossover trial.
CoQ10 treatment significantly increased ex-
ercise tolerance on a treadmill (time before
onset of chest pain), and significantly in-
creased the time until ST-segment depression
occurred. Compared with placebo, there was
a 53% reduction in the frequency of anginal
episodes and a 54% reduction in the number
of nitroglycerin tablets needed during CoQ10
trestment; however, these differenceswere not
statistically significant.16

These results suggest that CoQ10isa
safe and effective treatment for angina pecto-
ris. Although the amelioration of angina at-
tackswasnot statistically significant, the mag-
nitude of the effect was large. It would there-
fore be worthwhileto perform asimilar study
with alarger number of patients.

Arrhythmias

Twenty-seven patients with ventricu-
lar premature beats (VPB’s) and no evidence
of organic heart disease received aplacebo for
3-4 weeks, followed by 60 mg/day of coen-
zyme Q10 for 4-5 weeks. The reduction in
VPB’s was significantly greater after CoQ10
than after placebo. The beneficial effect of
CoQ10 was seen primarily in diabetics, in
whom the mean reduction in VPB frequency
was 85.7%. A significant reduction in VPB’s
alsooccurredin 1 (11%) of 9 otherwise healthy
patients and in 4 (36%) of 11 patients with
hypertension.1”

Prevention of Adriamycin Toxicity
The clinical value of adriamycin as
anti-cancer agent is limited by its toxicity,
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which includes cardiomyopathy and irrevers-
ible heart failure. Adriamycin-induced
cardiotoxicity isbelieved to be caused, at least
in part, by areductionin CoQ10 levelsand by
inhibition of CoQ10-dependent enzymes. In
ratstreated with adriamycin, administration of
CoQ10 restored the levels of this nutrient to
normal and prevented adriamycin-induced
morphologic changesin the heart.18 Treatment
with CoQ10 also prevented adriamycin-in-
duced cardiotoxicity in rabbits.19

Cancer patients receiving adriamycin
had lower myocardial levelsof coenzyme Q10
than did controls. The magnitude of CoQ10
depletion was directly related to the severity
of cardiac impairment.20 To determine the ef-
fect of CoQ10 supplementation on adriamycin
cardiotoxicity, 7 patientsreceiving adriamycin
were also given 100 mg/day of CoQ10, be-
ginning 3-5 days before adriamycin was
started. Another 7 patients (control group) re-
ceived adriamycin without CoQ10. Cardiac
function deteriorated significantly in the con-
trol group, whereas patients given CoQ10 had
little or no cardiotoxicity, even though the cu-
mulative dose of adriamycin in the CoQ10
group was 50% greater than that in the con-
trol group.2! Despite the small number of pa-
tients in this study, the results are highly en-
couraging. Since administration of CoQ10
does not appear to affect the antitumor activ-
ity of adriamycin,22 CoQ10 prophylaxis seems
appropriate for all patients receiving
adriamycin.

Protection During Cardiac Surgery
Postoperative low cardiac output is a
major cause of early death following cardiac
surgery. Fifty patients undergoing cardiac sur-
gery for acquired valvular lesions were ran-
domly assigned to receive 30-60 mg/day of
CoQ10 for 6 days prior to surgery or to acon-
trol group that did not receive CoQ10. Post-
operatively, a state of severe |low-cardiac out-

put developed in 48% of the patients in the
control group, compared with only 12% of
those in the CoQ10 group. These results sug-
gest that preoperative administration of CoQ10
increasesthetol erance of the heart toischemia
during aortic cross-clamping.23

Mitral Valve Prolapse

Cardiac performance was evaluated
using an isometric hand grip test in 194 chil-
dren with symptomatic mitral valve prolapse.
Prior to treatment, al patients had an abnor-
mal hand-grip test. Sixteen children received
2 mg/kg/day of CoQ10 or a placebo for 6
weeks, in a single-blind trial. Hand grip
strength became normal in 7 children receiv-
ing CoQ10 and in none of the placebo-treated
patients.24

Note that the relevance of thisstudy to
thetreatment of mitral valve prolapsein adults
IS questionable, and hand grip may not be a
reliabletest of cardiac function. Furthermore,
impaired cardiac function is not typical of
mitral valve prolapse in adults and the symp-
toms associated with this condition do not ap-
pear to be caused by diminished cardiac func-
tion. While the symptoms associated with mi-
tral valve prolapse may respond to magnesium
supplementation,2> the role of CoQ10 in the
treatment of this disorder is unclear.

Hypertension

Enzymatic assaysreveaed adeficiency
of CoQ10in 39% of 59 patientswith essential
hypertension, compared with only 6% of
healthy controls. In animal models of hyper-
tension, including spontaneously hypertensive
rats, uninephrectomized rats treated with sa-
line and deoxycorticosterone, and experimen-
tally hypertensive dogs, orally administered
CoQ10 significantly lowered blood pres-
sure,26-29

Twenty-six patients with essential hy-
pertension received coenzyme Q10, 50 mg
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twiceaday. After 10 weeksof treatment, mean
systolic blood pressure decreased from 164.5
t0 146.7 mm Hg and mean diastolic blood pres-
sure decreased from 98.1t0 86.1 mm Hg (p <
0.001). Thefall in blood pressure was associ-
ated with asignificant reduction in peripheral
resistance, but therewere no changesin plasma
renin activity, serum and urinary sodium and
potassium, and urinary aldosterone. Thesere-
sults suggest that treatment with CoQ10 de-
creases blood pressure in patients with essen-
tial hypertension, possibly because of areduc-
tion in peripheral resistance.30

In another study, 109 patients with es-
sential hypertension received coenzyme Q10
(average dose, 225 mg/day) in addition to their
usual antihypertensive regimen. The dosage of
CoQ10 was adjusted according to clinical re-
sponse and blood CoQ10 levels (the aim was
to attain blood levelsgreater than 2.0 mcg/ml).
The need for antihypertensive medication de-
clined gradually and, after a mean treatment
period of 4.4 months, about half of the patients
were ableto discontinue between oneand three
drugs.31 Similar results have been reported by
others.32

It should be noted that the effect of
CoQ10 on blood pressurewas usually not seen
until after 4-12 weeks of therapy. That obser-
vation is consistent with the delayed increase
in enzyme activity that results from adminis-
tration of CoQ10. Thus, CoQ10 is not a typi-
cal antihypertensive drug; rather, it seems to
correct some metabolic abnormality that is
involved in the pathogenesis of hypertension.

Diabetes M dllitus

Diabetes mellitus is a multifactoria
disease that is associated with a number of
different metabolic abnormalities. The elec-
tron transport chain, of which CoQ10isacom-
ponent, plays a mgjor role in carbohydrate
metabolism. A deficiency of CoQ10 might
therefore have an adverse effect on glucose
tolerance.

Decreased levelsof CoQ10 (measured
astotal CoQ) were found in rats with experi-
mentally-induced diabetes. Administration of
CoQ7 (ananaog of CoQ10) partially corrected
abnormal glucose metabolism in alloxan-dia-
betic rats. (Before CoQ10 became commer-
cidly available, some therapeutic trials were
done with CoQ7. These two compounds are
considered to be nutritionally equivalent.)

Thirty-ninediabeticsreceived 120 mg/
day of CoQ7 for 2-18 weeks. Fasting blood
sugar levelsfell by at least 30% in 31% of the
patients and the concentration of ketone bod-
ies declined by at least 30% in 59% of the pa-
tients. One patient who was poorly controlled
on 60 units/day of insulin showed a marked
fall in fasting blood sugar and ketone bodies
after receiving CoQ7.33

Male Infertility

Because sperm production and func-
tion are highly energy-dependent processes,
CoQ10 deficiency could presumably beacon-
tributing factor to infertility in men. In one
study, administration of 10 mg/day of CoQ7
resulted in asignificant increasein sperm count
and motility in a group of infertile men.34
Additional research is needed to determine
whether CoQ10 therapy hasaroleinthetreat-
ment of infertility.

Drug Interactions

Cholesterol-lowering drugs such as
lovastatin and pravastatin inhibit the enzyme
3-hydroxy-3-methylglutaryl(HMG)-CoA re-
ductase, which isrequired for biosynthesis of
both cholesterol and CoQ10. Thus, adminis-
tration of these drugs might compromise
CoQ10 status by decreasing its synthesis.
Supplementation of the diet of rats with
lovastatin (400 mg/kg of diet) for 4 weeksre-
duced the concentration of CoQ10 inthe heart,
liver, and blood.35 In another study, adminis-
tration of lovastatin to 5 patients receiving
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CoQ10 for heart failure was followed by are-
duction in blood levels of CoQ10 and a sig-
nificant deterioration of clinical status. Some
of these patientsimproved after the dosage of
CoQ1l10wasincreased or thelovastatinwasdis-
continued.36

These results suggest that people who
have low CoQ10 levels and suboptimal car-
diac function might develop clinically signifi-
cant CoQ10 depletion after taking an HM G-
CoA reductase inhibitor. Although individu-
als with high CoQ10 levels and good cardiac
function can probably tolerate these drugs bet-
ter, a case can be made that all patients being
treated with HMG-CoA reductase inhibitors
should also receive CoQ10 prophylactically.

The beta blockers propranolol and
metaprolol have been showntoinhibit CoQ10-
dependent enzymes.37 The antihypertensive
effect of these drugs might therefore be com-
promised in the long run by the development
of CoQ10 deficiency. In one study, adminis-
tration of 60 mg/day of CoQ10 reduced the
incidence of drug-induced malaisein patients
receiving propranolol .38

A number of phenothiazines and tri-
cyclic antidepressants have also been shown
to inhibit CoQ10-dependent enzymes. It is
therefore possible that CoQ10 deficiency may
be a contributing factor to the cardiac side ef-
fectsthat arefrequently seen with thesedrugs.
In two clinical studies, supplementation with
CoQ10 improved electrocardiographic
changes in patients on psychotropic drugs.3®
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