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Abstract

Go to:

Background: Coenzyme Q10 (CoQ10; also called ubiquinone) is an antioxidant that has been postulated to
improve functional status in congestive heart failure (CHF). Several randomized controlled trials have examined
the effects of CoQ10 on CHF with inconclusive results.
Objective: The objective of this meta-analysis was to evaluate the impact of CoQ10 supplementation on the
ejection fraction (EF) and New York Heart Association (NYHA) functional classification in patients with CHF.
Design: A systematic review of the literature was conducted by using databases including MEDLINE, EMBASE,
the Cochrane Central Register of Controlled Trials, and manual examination of references from selected studies.
Studies included were randomized controlled trials of CoQ10 supplementation that reported the EF or NYHA
functional class as a primary outcome. Information on participant characteristics, trial design and duration,
treatment, dose, control, EF, and NYHA classification were extracted by using a standardized protocol.
Results: Supplementation with CoQ10 resulted in a pooled mean net change of 3.67% (95% CI: 1.60%, 5.74%)
in the EF and −0.30 (95% CI: −0.66, 0.06) in the NYHA functional class. Subgroup analyses showed significant
improvement in EF for crossover trials, trials with treatment duration ≤12 wk in length, studies published before
1994, and studies with a dose ≤100 mg CoQ10/d and in patients with less severe CHF. These subgroup analyses
should be interpreted cautiously because of the small number of studies and patients included in each subgroup.
Conclusions: Pooled analyses of available randomized controlled trials suggest that CoQ10 may improve the EF
in patients with CHF. Additional well-designed studies that include more diverse populations are needed.
See corresponding editorial on page 233.

INTRODUCTION
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Cardiovascular disease is the leading cause of morbidity and mortality in the United States and worldwide (1),
and congestive heart failure (CHF)4 is the third most common cause in this category. In the United States, CHF
has an estimated direct and indirect cost of $39.2 billion/y (2). Furthermore, 50% of patients with CHF will die
within 5 y (3, 4).
Coenzyme Q10 (CoQ10; also called ubiquinone) is an antioxidant, the main function of which is the production
of ATP through the electron transport chain. CoQ10 has been shown in all tissues and organs in the body, with
highest concentrations in the heart. The CoQ10 concentration has been inversely related to the severity of CHF
(5), and supplementation with CoQ10 has been postulated to improve CHF (6, 7).
Observational studies have reported that the plasma CoQ10 concentration was an independent predictor of
mortality in patients with CHF (8). The potential of CoQ10 as a therapeutic agent is of great interest because of
the extent of morbidity and mortality that is caused by CHF and has resulted in several clinical trials that
investigated the effect of CoQ10 supplementation in patients with CHF with conflicting results (9–11). Several
additional studies have been reported since the publication of the most recent meta-analysis (11–13). The
objective of this meta-analysis was to examine the association between CoQ10 treatment and CHF outcomes,
such as the New York Heart Association (NYHA) classification and left ventricular ejection fraction (EF), from
previously published randomized controlled trials.
METHODS
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Study selection

A systematic review of the literature was conducted by using electronic databases including MEDLINE (1950 to
week 2 of January 2012; http://www.ncbi.nlm.nih.gov/pubmed), EMBASE (http://www.embase.com/home), the
Cochrane Central Register of Controlled Trials (http://www.cochrane.org/handbook/6212-cochrane-centralregister-controlled-trials-central), and the Cochrane Database of Systematic Reviews
(http://www.thecochranelibrary.com/view/0/AboutTheCochraneLibrary.html). The following terms were used as
Medical Subject Headings and keywords: (“cardiovascular diseases” or “heart failure”) and (“coenzyme Q10” or
“ubiquinone” or “ubidecarenone”) and (“ejection fraction” or “New York Heart Association functional class” or
“NYHA functional class” or “hospitalization”). The search was limited to randomized controlled trials in adults
(≥19 y of age). The reference sections of all articles selected for inclusion, and previous meta-analyses were hand
searched for additional articles. No language restrictions were applied. In addition, 2 unpublished studies were
identified by subject-matter knowledge (LAB), and the principal investigator was contacted. However, these 2
studies were not included in this meta-analysis because the studies are still ongoing and not expected to conclude
until mid to late 2012.
Titles and abstracts of 120 potentially relevant articles were identified and reviewed independently by 2
investigators (ADF and AMT-P) to determine whether they met eligibility criteria for inclusion. Discrepancies
regarding study inclusion were resolved by consensus with the third investigator (LAB). Studies were eligible for
inclusion if CoQ10 supplementation was the only intervention, a placebo control was used, and the change in at
least one outcome of interest was reported or could be estimated from information provided. Primary outcomes
of interest included changes in EF, NYHA functional class, and hospitalizations for heart failure. Exclusion
criteria included studies in pregnant women, a measure of variance not reported, differences existing between
groups other than treatment with CoQ10, and outcomes of interest not reported. Details regarding the selection of
trials can be seen in Figure 1. Eleven studies reported changes in EF, and 3 studies reported changes in NYHA
functional class (12–24).

FIGURE 1.
Flow diagram of study-selection process. From a total of 120 potentially
relevant studies, 13 randomized controlled trials that fit predefined
inclusion and exclusion criteria were included in the meta-analysis. The
change in ejection fraction was reported ...

Data abstraction

Data were independently abstracted from each of the studies by 2 investigators (ADF and AMT-P) by using a
standardized data-abstraction form. Trial characteristics recorded included study design (ie, crossover or
parallel), blinding (single or double blind), duration of the intervention and entire trial, type of control,
description of inclusion and exclusion criteria, and demographic characteristics of study participants. Outcomes
recorded included changes in EF, NYHA classification, and blood CoQ10. Because there was variability between
articles used when referring to concentrations of CoQ10, plasma and serum were used only when specifically
mentioned as such, whereas blood was used when referring to multiple citations that used different terms or when
already used as such in the article. None of the studies reported on changes in the number or rate of
hospitalizations for heart failure; therefore, this outcome was omitted from the meta-analysis.
A total of 13 unique studies (12–24) were included; however, 2 of these studies (14, 16) did not aggregate the
results of 2 groups within the same trial. Because these are nonoverlapping groups of participants, data from each
group were included separately in the meta-analysis. Letters A and B were used to distinguish 2 groups reported
separately within one publication. Finally, the change in EF was estimated from figures for one study (16).
Quality assessment

The quality of studies was independently assessed by 2 investigators (ADF and AMT-P) by using an established
tool (25). Discrepancies were discussed, and a consensus was achieved for each study included. See Table 1
under “Supplemental data” in the online issue for the quality score for each study.
Statistical analysis

Net changes in EF and NYHA classification were used to estimate effect sizes. For crossover trials, the net
change was calculated as the difference between results after treatment with CoQ10 supplementation and after the
control condition. For parallel trials, the change within groups was calculated (follow-up minus baseline for each
condition), and net changes were calculated as the difference between CoQ10 treatment and the control condition.
Variances for the net change were calculated by using reported SDs, SEs, CIs, or P values. We calculated the
overall pooled-effect estimates by using inverse variance weighting to calculate both fixed-effects and
DerSimonian and Laird random-effects models. The Q test was used to assess the presence of heterogeneity, and
the I2 index was used to quantify the extent of heterogeneity (26, 27).
Results from the random-effects models are presented because of the heterogeneity identified in trials. A
sensitivity analysis was conducted to assess the influence of individual studies on the overall results. Outliers
were defined on the basis of the IQR and defined as a net change less than the first quartile minus 1.5 times the
IQR or greater than the third quartile plus 1.5 times the IQR (STATA, version 10; StataCorp LP). The presence of
publication bias was assessed by using a funnel plot in which the SE of each study was plotted against its
corresponding effect sizes. Begg's rank correlation test was used to examine the asymmetry of the funnel plot,
and Egger's linear regression test was used to examine the association between the mean effect estimate and its

variance (28, 29). A cumulative meta-analysis was performed to determine whether there had been a change in
the effect of CoQ10 on the EF with the addition of each subsequent trial.
Prespecified subgroup analyses were performed by study design (parallel compared with crossover), median
quality scores (≤6 compared with >6 points by using the Delphi List), median treatment duration (≤12 compared
with >12 wk), median year of publication (≤1993 compared with >1993), median daily dose of CoQ10 (≤100
compared with >100 mg/d), median age of study participants (≤60.6 compared with >60.6 y), and median
proportion of male participants (≤82.5% compared with >82.5%). Statistical significance for each subgroup was
tested by using ANOVA. A meta-regression analysis was performed to examine the association between the net
change in EF and year of publication, dose, treatment duration, mean age of study participants, and proportion of
male study participants as continuous variables. One post hoc subgroup analysis was performed to examine the
effect of CoQ10 on the change in EF by baseline EF (<30% compared with ≥30%).
P < 0.05 was considered significant, and all tests were 2 sided. All analyses were conducted with STATA
software (version 10; StataCorp LP). We adhered to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses for this report (30).
RESULTS
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From a total of 120 potentially relevant studies, 13 studies were included in the meta-analysis, of which the EF
and NYHA classification were included as outcomes in 11 and 3 studies, respectively (Figure 1) (12–24).
Baseline characteristics of studies included in the meta-analysis are described in Table 1. Studies were conducted
in 7 different countries, and reports were published between 1985 and 2005. There were a total of 7 crossover
and 6 parallel-arm studies, with 12 double-blinded studies and 1 single-blind study. Study duration ranged from 4
to 28 wk, and the daily dosage of CoQ10 supplement ranged from 60 to 300 mg. Compared with crossover
studies, most of the parallel trials were longer in duration and included a larger number of participants. As
expected, the clinical history of participants included in each trial differed slightly among trials, but all studies
included participants with diagnosed CHF (Table 1).
TABLE 1
Characteristics of 13 randomized controlled trials of CoQ10
1
supplementation included in the meta-analysis
Characteristics of study participants included in the trials are described in Table 2. In a total of 395 participants
included in the trials, 79% of all study participants were men, and the mean age ranged from 49.8 to 68.0 y. The
baseline blood CoQ10 concentration ranged from 0.61 to 1.01 µg/mL. The EF at baseline ranged from 22% to
46%. The baseline NYHA functional class ranged from 2.3 to 3.4. See Table 2 under “Supplemental data” in the
online issue for a summary of CoQ10 formulations, when included in trials, and funding sources.
TABLE 2
Baseline characteristics of the participants included in randomized
1
controlled trials of CoQ10 supplementation
Eight studies reported changes in blood CoQ10 concentration (13, 14, 17, 20, 21, 23, 24) after supplementation,
and as expected, all of these studies showed a net increase. The pooled mean net increase in blood CoQ10
concentration was 1.4 µg/mL (95% CI: 1.1, 1.7 µg/mL). CoQ10 supplementation also resulted in a pooled mean
net increase in EF of 3.67% (95% CI: 1.60%, 5.74%) (Figure 2). Study-specific changes in EF, comparing

CoQ10 supplementation to a placebo, ranged from −3.0% (95% CI: −10.7%, 4.7%) to 17.8% (95% CI: 7.2%,
28.4%). The pooled mean net change in NYHA classification was −0.30 (95% CI: −0.66, 0.06) (Figure 3), which
indicated a slight improvement in NYHA classification after treatment with CoQ10, although not significant.
Because of the small number of studies that included the NYHA heart failure classification as an outcome, these
results should be interpreted cautiously. The main side effect encountered was gastrointestinal upset.
FIGURE 2.
Net percentage change in ejection fraction. The Forest plot shows the
effect of CoQ10 supplementation on the ejection fraction. With the use of a
random-effects model, CoQ10 supplementation resulted in a pooled mean
net increase of 3.67% (95% CI: 1.60%, ...
FIGURE 3.
Net change in NYHA classification. With the use of a random-effects
model, CoQ10 supplementation resulted in a pooled mean net decrease of
−0.30 (95% CI: −0.66, 0.06) for the NYHA functional class, although this
change was not significant. ...
There was significant heterogeneity between studies for changes in outcomes, EF (I2 = 67.5%, P < 0.001; Q test)
and NYHA classification (I2 = 80.5%, P = 0.002; Q test). We showed no evidence of publication bias for either
outcome as indicated by Egger's linear regression test or Begg's rank correlation test. The exclusion of any single
study did not change the significance of pooled estimates for either outcome. The cumulative meta-analysis
showed that the pooled net effect of CoQ10 on the EF and variance declined with the addition of subsequent
studies from 9.56% (97% CI: −3.04%, 22.17%) to 3.48% (97% CI: 1.51%, 5.46%).
Analyses were conducted to evaluate the net change in EF in prespecified subgroups (Table 3). Quality scores
ranged from 4 to 7 of 9 possible points, but the net improvement in the EF was significant regardless of the
quality score. Similarly, the net improvement in the EF was significant in studies including both higher and lower
proportions of men and in studies with an older or younger mean age. The net change in EF for CoQ10
supplementation compared with a placebo was significant for crossover trials, interventions ≤12 wk in length,
and trials published before 1994 and at a daily dose ≤100 mg. The net change was not significant in parallel
trials, trials published after 1993, interventions >12 wk in length, or trials that used >100 mg CoQ10/d. Subgroup
analyses were not conducted for the outcome of NYHA classification because of the small number of studies
included in the outcome.
TABLE 3
Subgroup analyses of coenzyme Q10 supplementation on net change in
ejection fraction
A post hoc subgroup analysis was performed to examine the effect of CoQ10 on the change in EF by baseline EF
(<30% compared with ≥30%) and showed that the net improvement in the EF was significant for subjects with a
baseline EF ≥30% (net change: 4.82; 95% CI: 3.01, 6.59), but the change was not significant for subjects with a
baseline EF <30% (net change: 0.40; 95% CI: −0.91, 1.70).
DISCUSSION
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In this meta-analysis, we focused on the effects of CoQ10 supplementation on clinical outcomes that directly
reflected CHF, namely the EF and NYHA classification. We showed that there was a 3.7% improvement in the
EF for subjects who received CoQ10 supplementation compared with a control. In addition, we showed a
decrease in the NYHA functional class, although it did not reach significance, possibly because of the small
number of studies that reported the NYHA classification.
Our findings were consistent with those of previous studies, which reported a net increase in EF after
supplementation with CoQ10 (9–11). To our knowledge, of the meta-analyses performed to date (9–11), our
meta-analysis was the most comprehensive with 13 studies. However, we were unable to include one of the
largest studies that addressed CoQ10 supplementation and heart failure conducted in 1993 by Morisco et al (31),
which showed a significant decrease in hospitalizations, because a measure of variance was not reported. In
comparison, a 1997 meta-analysis included 6 studies and showed that CoQ10 supplementation resulted in an
increase of 1.37% (P < 0.0001) in EF (9). Soja et al (9) included far fewer studies of EF and may have
underestimated the effect of CoQ10 supplementation. In contrast, a meta-analysis from 2003 (10) with 7 studies
reported that supplementation with CoQ10 resulted in a nonsignificant mean net increase of 1.9% (95% CI:
−0.13%, 3.9%) in EF. In 2006, a meta-analysis that included 10 studies reported a mean net increase in EF of
3.68% (1.59%, 5.77%) after supplementation with CoQ10 (11).
To our knowledge, only one previous meta-analysis has examined the effect of CoQ10 supplementation on the
NYHA classification, and it reported a change of −0.09 (−0.037, 0.18) in the NYHA classification, which
correlated to an improvement (a decrease in severity) that was similar to our findings (10).
We showed differences in the effect of supplementation with CoQ10 by subgroups. Supplementation resulted in a
significant improvement in the EF in crossover trials, trials conducted before 1994, trials ≤12 wk in length, trials
that used doses ≤100 mg CoQ10/d, and trials that included participants with a baseline EF ≥30%. Although these
subgroup analyses indicated possible differential effects in these groups, the results should be interpreted with
caution because of the small number of studies included in each subgroup, the small number of participants in
each study, and the large number of statistical tests involved in subgroup analyses. In addition, there may be other
explanations for these subgroup findings. Concomitant medication usage was not reported in all studies and was
inconsistently reported in studies that included the information. The earlier studies also included patients with an
EF ≥30%, whereas the majority of later studies included patients with an EF <30%, which indicated that a sicker
patient population may have been examined in the later studies. One additional consideration was that we were
not able to examine the change in NYHA classification by subgroups.
Finally, most of the earlier studies relied on doses ≤100 mg CoQ10/d, whereas the daily dose of CoQ10 used in
more recent studies ranged from 60 to 300 mg/d The dose required to produce a significant improvement in the
EF is not known, and whether the dose required is dependent on the severity of CHF or baseline EF is also not
known. Higher doses of CoQ10 may be required to adjust for the increasing severity of metabolic dysfunction
and energy depletion that occurs at more severe levels of heart failure (5). It has been suggested that blood
CoQ10 concentrations should be >2 µg/mL to improve the EF in subjects with more severe heart failure (32). Of
the studies included in this meta-analysis, only 3 studied achieved this concentration of blood CoQ10 after the
intervention (13, 21, 24). Belardinelli et al (13) included patients with an EF ≥30% and showed a significant
improvement in the EF after 4 wk of supplementation. Munkholm et al (21) included patients with an EF <30%
and failed to find a significant improvement in the EF after 12 wk of supplementation. Keogh et al (24) did not
report the baseline EF in their patient population; however, they did report a significant improvement in the
NYHA classification after 12 wk of supplementation.
CoQ10 has 2 important roles as an integral component of the mitochondrial respiratory chain used for ATP

production (33–35) and the only lipid-soluble antioxidant that slows lipid peroxidation in the circulation (7, 36).
The biosynthesis of CoQ10 has several steps in common with the synthesis of cholesterol (35), and studies have
indicated that statin use has also been associated with decreased blood CoQ10 concentrations (37–41).
Furthermore, some studies have shown a correlation between blood and myocardial concentrations of CoQ10 (42,
43). Also, there is some evidence that has suggested that decreased myocardial function is associated with
decreased CoQ10 myocardial tissue concentrations (5, 17, 44).
Our meta-analysis had several strengths. We only selected randomized controlled trials that had both CoQ10 and
placebo control groups, which made our meta-analysis less subject to bias. In addition, all articles reported a
measure of variance, and CHF outcomes of interest were based on useful and clinically practical outcomes, such
as the change in EF and NYHA class.
Our study also had several limitations. First, there was limited information available on study participant
characteristics such as race, blood pressure, weight, comorbid conditions, or medication regimens. Furthermore,
women were markedly underrepresented and constituted ~15% of participants across studies. Included studies
spanned 2 decades, and over this time period, the standard of care for CHF has changed considerably. It is
difficult to determine the effect that changes in the standard of care may have had and the effect of CoQ10
supplementation. An additional limitation was the size of these trials, which ranged between 6 and 69
participants. Therefore, our meta-analysis may have been underpowered to detect a true effect. Finally, ≥6
different formulations of CoQ10 were used, which may have affected absorption.
Our meta-analysis suggested that CoQ10 supplementation may be beneficial for patients with CHF; however,
additional, well-designed studies that include more diverse populations are needed. Currently, there is a large
multicenter, randomized, controlled trial under way that is investigating the impact of CoQ10 on cardiovascular
morbidity and mortality over a 2-y period (45). To our knowledge, this study is the largest and longest study of
CoQ10 on cardiovascular disease, and its results will provide additional information.
In conclusion, CHF is a leading cause of morbidity and mortality in the United States and worldwide. The
findings of this meta-analysis suggest that supplementation with CoQ10 may be of benefit in patients. However,
our findings also suggest that the benefit may be limited to patients with less severe stages of CHF, such as
patients with an EF ≥30% or those with an NYHA class of II or III. Because of the small number of studies and
patients included in this meta-analysis, the results should be interpreted with caution. Although there is a possible
benefit of supplementation with CoQ10, additional larger studies are warranted and should examine whether
there is an effect when this supplementation is added to the current standard of therapy for CHF or whether there
is a dose-response effect between the stage of CHF at baseline and the dose of CoQ10 required for an
improvement to be seen.
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