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Abstract. Coenzyme Q10 in physical exercise. We identified eleven studies in which CoQ10 was tested for an effect on exercise
capacity, six showed a modest improvement in exercise capacity with CoQ10 supplementation but five showed no effect.

CoQ10 in hypertension. We identified eight published trials of CoQ10 in hypertension. Altogether in the eight studies the
mean decrease in systolic blood pressure was 16 mm Hg and in diastolic blood pressure, 10 mm Hg. Being devoid of significant
side effects CoQ10 may have a role as an adjunct or alternative to conventional agents in the treatment of hypertension.

CoQ10 in heart failure. We performed a randomised double blind placebo-controlled pilot trial of CoQ10 therapy in 35 patients
with heart failure. Over 3 months, in the CoQ10 patients but not in the placebo patients there were significant improvements in
symptom class and a trend towards improvements in exercise time.

Meta-analysis of randomised trials of coenzyme Q10 in heart failure. In nine randomised trials of CoQ10 in heart failure
published up to 2003 there were non-significant trends towards increased ejection fraction and reduced mortality. There were
insufficient numbers of patients for meaningful results. To make more definitive conclusions regarding the effect of CoQ10 in
cardiac failure we recommend a prospective, randomised trial with 200–300 patients per study group. Further trials of CoQ10

in physical exercise and in hypertension are recommended.
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1. Introduction

Coenzyme Q10 (CoQ10) is intimately involved in energy production and is a potent scavenger of
reactive oxygen species (ROS). Muscle tissues, especially skeletal and cardiac muscle have a high
requirement for energy. Furthermore, because of its high rate of aerobic metabolism, muscle is a potent
source of ROS. CoQ10 effects might therefore be expected in all forms of muscle ie. skeletal, smooth
and cardiac muscle. In this review we summarise the effects of CoQ10 on skeletal muscle in terms of
improving physical exercise capacity, in smooth muscle and endothelium in lowering blood pressure and
in cardiac muscle in ameliorating cardiac failure.
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Table 1
Coenzyme Q10 in exercise – six studies showing a positive effect

Author (Year) Source Subjects Numbers enrolled Oxygen consumption Exercise capacity
Wyss (1990) [1] C Untrained 18 +7% * +33% *
Zeppili (1991) [2] C Trained & untrained 19 +11% ** +10% **
Amadio (1991) [3] C Athletes 10 +18% ** −
Fiorella (1991) [4] C Athletes 22 − +13% *
Bonetti (2000) [5] R Cyclists 28 0 +5% *
Yilkoski (1997) [6] C Skiers 18 +3% * +5% **

C – Conference Report, R – Refereed Journal *P < 0.05; ** P < 0.01.

Table 2
Coenzyme Q10 in exercise – five studies showing no statistically significant benefit

Author (Year) Source Subjects Numbers Oxygen consumption Exercise capacity
enrolled

Braun (1991) [7] R Cyclists 10 +4% (NS) 0
Porter (1995) [8] R Untrained 15 0 −
Weston (1997) [9] R Cyclists & Triathletes 18 0 0
Snider (1992) [10] R Triathletes 11 − Time to exhaustion

+4% (P = 0.57)
Laaksonen (1995) [11] R Trained 19 0 −6% **

R – Refereed Journal **P < 0.01.

2. Coenzyme Q10 in physical exercise

We identified eleven studies in which CoQ10 was tested for an effect on exercise capacity, six were
positive and five showed no effect. Of the six positive trials (Table 1), four were in trained sports
persons, athletes, cyclists and skiers, and two involved untrained individuals. Subjects (n = 18 to 28
per study) were given CoQ10, 90 to 100 mg per day for 4 to 8 weeks. Benefits were observed in terms
of improved maximum oxygen consumption, averaging 8% (range 3% to 18%) and improved exercise
capacity, averaging 13% (range 5% to 33%). Five trials failed to show any statistically significant benefit
of CoQ10 (Table 2). Four of these were in trained sports persons and one in untrained individuals. Trials
included 10 to 19 subjects and the duration of treatment was four to eight weeks.

Dosage and duration of therapy were similar in the two groups of studies. It is worth noting that
whereas all the negative studies were published in peer-reviewed journals, only one of the six positive
studies were published in this way, the other five being published as conference proceedings, probably
not peer-reviewed and therefore carried less weight.

In conclusion it appears that a modest improvement in exercise capacity may be observed with CoQ10

supplementation but this is not a consistent finding. Inconsistencies in trial results may be due to small
numbers of subjects enrolled and to differences in experimental design. In view of the indication of
benefit in some studies, further larger randomised trials in this area are indicated.

3. Coenzyme Q10 in hypertension

CoQ10 has been shown in laboratory and clinical studies to have a mild hypotensive effect. This
finding encouraged researchers to conduct randomised clinical trials of CoQ10 in hypertension. We have
identified eight such studies in the literature, four of which were placebo controlled and four had no
placebo control. The four studies with placebo controls included between 20 and 83 patients (Table 3).
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Table 3
Four positive placebo-controlled studies of coenzyme Q10 in hypertension

Author (year) Number of Daily Duration Baseline BP fall
subjects dose (mg) (weeks) BP (mmHg) systolic/diastolic (mmHg)

Yamagami (1986) [12] 20 100 12 167/97 19/16
Singh (1999) [13] 59 120 8 167/106 15/9
Burke (2001) [14] 83 120 12 165/81 18/2
Hodgson (2002) [15] 74 200 12 − 6/3

Table 4
Four positive studies of co-enzyme Q10 in hypertension without a placebo control group

Author (Year) Number of Daily Duration Baseline BP fall
subjects dose (mg) (weeks) BP (mmHg) systolic/diastolic (mmHg)

Folkers (1981) [16] 16 60 8 166/98 21/11
Digiesi (1992) [17] 10 100 10 161/98 1/15
Digiesi (1994) [18] 26 100 10 164/98 17/12
Langsjoen (1994) [19] 109 225 – 159/94 1/9
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Fig. 1. Effect of CoQ10 treatment on NYHA class. Left side: NYHA class at base line and three months in placebo and CoQ10

group. Right side: Difference in improvement in NYHA class between the CoQ10 group and the placebo group.

Subjects were treated for between 8 and 12 weeks with 100 to 200 mg CoQ10 per day. Significant
decreases of 6 to 19 mmHg systolic and 2 to 16 mmHg diastolic blood pressure were seen. The four
studies without placebo controls compared the blood pressure before and after treatment (Table 4).
Decreases in systolic blood pressure ranged from 12 to 21 mmHg and in diastolic blood pressure from
9 to 15 mmHg. Altogether in the eight studies the mean decrease in systolic blood pressure was 16 mm
Hg and diastolic blood pressure 10 mm Hg.

One likely mechanism of action in lowering blood pressure is the preservation of nitric oxide within the
endothelium. Reactive oxygen species generated in the vasculature can reduce the available concentration
of nitric oxide. Nitric oxide combines with superoxide to produce peroxynitrite. CoQ10 can scavenge
reactive oxygen species thus protecting nitric oxide from attack by reactive oxygen species with a
consequent nitric oxide-induced vasodilation. Thus CoQ10 works by a different mechanism to other
anti-hypertensive agents. Being devoid of significant side effects, CoQ10 may have a potentially useful
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Table 5
Patient demographics and medications in Australian
pilot study. There were no significant differences in
any of these parameters between the two groups

Placebo CoQ10
n = 18 n = 17

Demographics
Mean age (years) 61± 9 62± 7
Age range (years) 47–79 48–75
Male:Female 15:3 12:5
Cardiac rhythm:

Atrial Fibrillation 5 2
Sinus Rhythm 11 15
Paced Rhythm 2 0

Medications
Angiotensin converting
enzyme inhibitors 18 (100%) 17 (100%)
Nitrates 9 (50%) 7 (41%)
Diuretics 18 (100%) 14 (82%)
Hydralazine 3 (17%) 3 (17%)
Digoxin 15 (83%) 10 (59%)

Table 6
Outcome variables in two treatment groups at baseline and after three months therapy in Australian pilot study. The two far
right columns show the statistical significance of the difference in response between the two groups over three months

Base line Three month value Difference
Placebo CoQ10 Placebo CoQ10 between CoQ10
(n = 18) (n = 17) p-value (n = 18) p-value vs (n = 17) p-value vs change and

baseline baseline placebo change
Absolute p-value
difference

NYHA 2.7 ± 0.2 2.9± 0.06p = 0.91 2.7± 0.17 p = 0.67 2.4± 0.12 p = 0.001 −0.5 p = 0.01
Canadian
SAS

2.6± 0.1 2.7± 0.14p = 0.47 2.4± 0.2 p = 0.38 2.3± 0.14 p = 0.004 −0.2 p = 0.29

Naughton
exercise
time (sec)

533± 59 504± 53 p = 0.89 500± 61 p = 0.22 557± 50 p = 0.14 +103.8 p = 0.56

6 min
walk
distance

345± 33 351± 25 p = 0.72 328± 31 p = 0.63 372± 23 p = 0.046 +37.7 p = 0.29

Fractional
shortening
(FS%)

14± 1.1 15± 0.9 p = 0.42 14± 1.1 p = 0.38 17± 1.5 p = 0.35 0.001 p = 0.90

Serum
CoQ10

level

0.7± 0.05 0.7± 0.03p = 0.67 0.67± 0.07 p = 0.34 2.13± 0.29 p = 0.0001 +1.5 p = 0.0001

Serum
creatinine

0.1± 0.006 0.1± 0.01p = 0.21 0.14± 0.001 p = 0.49 0.11± 0.01 p = 0.85 −0.01 p = 0.48

clinical role as an adjunct or alternative to conventional agents in the treatment of hypertension. In
support of this, in one study 50% of subjects treated with CoQ10 were able to cease at least one of their
other hypertensive medications [19].
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Table 7
Summary of nine trials of CoQ10 in heart failure

Author (Year) Number of Study design CoQ 10 daily Outcomes weighted
subjects dose & duration mean difference

Hofman-Bang (1995) [22] 69 Cross-over 100 mg – 3/12 EF rest:+14
EF exercise:−4.3%
Max Exercise capacity:+6%*
Life quality +6%*
Mortality: 0.74 (odds ratio)

Keogh (2003) [20] 35 Parallel 150 mg – 3/12 NYHA Class 13%*
Exercise duration: 18%
Mortality: 0

Khatta (2000) [23] 46 Parallel 200 mg – 6/12 EF rest: 0
Exercise duration: 0

Langsjoen (1985) [24] 19 Cross-over 100 mg – 12/52 EF rest: 19% **
Morisco (1993) [25] 563 Parallel 2 mg/kg – 12/12 Mortality:

0.75 (odds ratio)
Permanetter (1992) [26] 25 Cross-over 100 mg – 4/12 EF rest: 14%

EF exercise: 6.2%
Max. Exercise Capacity: 3%
NHYA Class: 6%

Munkholm (1999) [27] 22 Parallel 200 mg – 12/52 EF rest:−9%
Poggesi (1991) [28] 18 Cross-over 100 mg/kg – 2/12 EF rest: 14%**
Watson (1999) [29] 27 Cross-over 100 mg – 12/52 EF rest: 0

Mortality: 0.14 (odds ratio)

* P < 0.05, ** P < 0.001.

Table 8
Summary of results from nine studies of CoQ10 in heart failure

Parameter No. of Studies No. of Patients Weighted Mean Difference (95% CI)* Change (%)
CoQ10 in serum 5 139 1.4 (1.3 to 1.5) +161
EF rest 7 384 1.9 (−0.13 to 3.9) +5
EF exercise 2 188 −0.5 (−3.9 to 2.9) −5
Maximum ex. capacity 2 198 14.2 (−3.9 to 12.4) +5
NYHA class 2 85 −0.09 (−0.037 to 0.18) −5
Mortality 5 836 0.76 (0.43 to 1.37) (odds ratio) −5
Exercise duration 2 81 1.0 (−0.54 to 2.54) +5

* None of these differences are statistically significant.

4. Coenzyme Q10 in heart failure

4.1. Australian pilot study of Coenzyme Q10 in heart failure

CoQ10 treatment for heart failure has been claimed to ameliorate symptoms, improve quality of life and
to reduce rates of hospitalisation. Most trials have been open label and in some, only 50% of patients took
angiotensin converting enzyme inhibitors. We performed a randomised double blind placebo-controlled
pilot trial of CoQ10 therapy in patients with class II and class III systolic heart failure [20]. This trial
was designed in the pre-beta blocker era of heart failure therapy. The aim of the trial was to determine
the effect of CoQ10 in patients with heart failure due to ischaemic or dilated cardiomyopathy who were
on maximal non-beta blocker therapy.

The inclusion criteria were patients in NYHA class 2 or 3 heart failure with an ejection fraction less
than 40% and on maximal therapy including ACE inhibitors. Exclusion criteria were recent myocardial
infarction, angina, beta blocker therapy and antioxidant therapy. End points were a decrease in NYHA
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Fig. 2. CoQ10 Level: weighted mean difference (WMD), i.e., the overall mean difference across all trials. The contribution of
each trial to the overall mean is weighted according to the sample size in each trial. CI, confidence intervals.

or Specific Activities Scale (SAS) symptom class as well as increases in exercise capacity assessed by
treadmill exercise time and the six minute walk test. Patients were randomised double blind to 150 mg
of oral CoQ10 or placebo daily, then reviewed monthly with final assessment after three months.

Thirty-five patients completed the trial. There were no baseline differences between groups in demo-
graphics or medications (Table 5). There was a three fold increase in CoQ10 level in the treated group
(0.7± 0.4 to 2.1± 0.3µg/ml) but no change in the placebo group. After 3 months of therapy, NYHA
class in CoQ10 group (n = 17) showed a significant improvement of 0.5 class compared with placebo
(n = 18) (p = 0.01) (Fig. 1). SAS showed a significant (p = 0.004) improvement in the CoQ10 group,
but no change in the placebo group (Table 6). The 6 minute walk test distance showed a significant
(p = 0.047) increase in the CoQ10 group with no change in the placebo group (between-group difference
p = 0.024). For the Naughton Exercise Test, the difference in increase in exercise time approached
significance in favour of the CoQ10 group (p = 0.056). There was a correlation between increase in
exercise time and increase in serum CoQ10 level (r2 = 0.15 p = 0.024).

Despite relatively small numbers of patients enrolled due to the increasing use of beta blockers,
there were significant improvements in symptom class and a trend towards improvements in exercise
time in the CoQ10 patients but not in the placebo patients. Improved exercise duration correlated with
increases in serum levels of serum CoQ10. This study showed several benefits of CoQ10, but due to
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Fig. 3. Effect of CoQ10 on mortality: weighted mean difference.

small sample size it was not powered to detect important endpoints. However as a pilot study it lays
the groundwork for future trials of CoQ10 in the beta-blocker era of heart failure treatment. In the
meantime, in light of the encouraging findings of this trial and of the meta-analysis reported here and
a previous meta-analysis [21] it is not unreasonable to recommend to patients with symptomatic heart
failure despite conventional therapy or those who are experiencing side effects of conventional therapy,
to take 150–300 mg of CoQ10 daily.

5. Meta-analysis of randomised trials of coenzyme Q10 in heart failure

A previous meta-analysis of the effect of CoQ10 in heart failure was published in 1997 [21]. To assess
the effect of CoQ10 in heart failure in the current era, we conducted a meta-analysis of nine randomised
trials of CoQ10 in heart failure published up to 2003. Inclusion criteria for analysis were that the trials
were prospective, randomised, double blinded and placebo controlled. The analysis methodology used
was fixed effects modeling. This technique combines results of trials weighted according to the sample
size in each trial to produce a weighted mean difference. The Review Manager (“Revman” version 4.04)
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Fig. 4. Effect of CoQ10 on ejection fraction at rest: weighted mean difference.

and Metaview (version 4.0) software packages from the Cochrane collaboration were utilised for the
statistical analysis.

Nine trials identified by a Medline search were included in the meta-analysis. Parameters measured are
listed in Table 7. The only three parameters with adequate numbers of subjects for meaningful analysis
were CoQ10 levels (five trials), ejection fraction at rest (seven trials) and mortality (five trials). Other
parameters were measured in only two trials each. For CoQ10 levels (279 patients) the weighted mean
difference was 1.5, that is an increase of 161% (Fig. 2). For ejection fraction at rest (384 patients) the
weighted mean difference showed a trend in favour of CoQ10, of 1.9% (95% confidence limits−0.13 to
+3.9) (Fig. 3). For mortality (836 patients) the odds ratio for reduction in the CoQ10 group was 0.76
(95% confidence limits 0.43 to 1.37). The overall results of studies included in the meta-analysis are
summarised in Table 8. Several of the individual trials showed positive outcomes for some parameters
such as symptom class and exercise capacity. It is clear overall that there were insufficient numbers of
patients in the trials for meaningful results.

We carried out sample size calculations to determine the number of patients necessary in a trial to
detect significant differences in various parameters. In the current meta-analysis, for ejection fraction at
rest with 192 patients per group there was a trend in favour of CoQ10 (35% vs 31%) with a weighted mean
increase of 1.9%. We calculated that for a parallel (two group) study of ejection fraction at rest, to detect
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a 2% increase in ejection fraction with a power of 0.8 and a alpha of 0.05, 394 patients per group would
be required and to detect a 5% increase in ejection fraction, 64 patients per group would be required.
For mortality the current meta-analysis showed a slight reduction from 6.4% to 5.0% (1.4% absolute
risk reduction) with an odds ratio of 0.76. We calculated that to detect a 2% reduction in mortality 2,100
patients per group would be required.

We conclude that for ejection fraction measurements, all trials to date (except Hoffman Bang [22],)
had insufficient subjects to detect a clinically meaningful difference of 5%. The meta-analysis showed
a trend towards an improvement in ejection fraction. Furthermore, trials to detect a mortality difference
would need to be prohibitively large, requiring 2,000 or more patients per group. For the future, a
reasonable expectation would be to conduct a multinational prospective, randomised trial containing
300–400 patients per group to make a more definitive conclusion as to the effects of CoQ10 on cardiac
function and symptoms in cardiac failure.
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