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ABSTRACT
Objective: The purpose of this study was to review meta-analyses on the effectiveness of coenzyme Q10
supplementation in reducing inflammation through changes in the inflammatory biomarkers C-reactive protein,
interleukin 6 (IL-6), and tumor necrosis factor alpha (TNF-a).
Methods: An umbrella review of all published meta-analyses was performed. A PubMed search from January 1,
1980, to December 31, 2021, was conducted using the following search strategy: “(coenzyme q10 OR CoQ10 OR
ubiquinone OR ubiquinol) AND (meta-analysis OR systematic review)”. Only English language publications that
provided quantitative statistical analysis on coenzyme Q10 supplementation and markers of inflammation were
retrieved.
Results: Seven meta-analyses were retrieved for inclusion in this umbrella review, and for all 3 inflammatory
biomarker marker groups, the median intake of supplemental coenzyme Q10 was 200 mg/d for a median duration of
12 weeks. For C-reactive protein, only 3 of the 7 meta-analyses presented with statistically significant reductions,
while statistically significant reductions in IL-6 and TNF-a for were observed in 4 of the 5 meta-analyses and 3 of the 4
meta-analyses, respectively. However, statistically significant heterogeneity was observed in the majority of these
meta-analyses.
Conclusion: The majority of included meta-analyses showed that coenzyme Q10 supplementation significantly
decreased the proinflammatory cytokines IL-6 and TNF-a. However, heterogeneity was observed in the majority of
these meta-analyses, and therefore the results should be interpreted with caution. (J Chiropr Med 2023;22;131-137)
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TAGGEDH1INTRODUCTION TAGGEDEND

TaggedPIn the United States, more than 525 000 people annually
will have a new myocardial infarction, and more than
15 million are estimated to be living with coronary heart
disease.1 A systematic review of systematic reviews con-
cluded that coenzyme Q10 supplementation might be bene-
ficial for patients with heart failure,2 and a separate meta-
analysis on patients with heart disease supplemented with
coenzyme Q10 has shown a statistically significant
decrease in mortality.3 Furthermore, a statistically signifi-
cant increase in cardiac ejection fraction,4,5 as well as
improved endothelial function as measured using flow-
mediated dilation.6 TaggedEnd

TaggedPThe mechanisms explaining coenzyme Q10 supplemen-
tation benefits are typically cited as being due to increased
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cellular energy generation and reduced oxidative stress.2

However, heart disease is a disease of inflammation,7 and
since coenzyme Q10 has been shown to have anti-inflam-
matory properties via nuclear factor kappa B (NFkB) antag-
onism,8 then it may be hypothesized that the benefits of
coenzyme Q10 supplementation on heart disease is due to
its anti-inflammatory actions. TaggedEnd

TaggedPThis umbrella review gathered meta-analyses to deter-
mine if the cardiac benefits advocated in the literature with
coenzyme Q10 supplementation are due in part to the anti-
inflammatory properties of these supplements and the effect
of coenzyme Q10 supplementation on the inflammatory
biomarkers C-reactive protein (CRP), interleukin 6 (IL-6),
and tumor necrosis factor alpha (TNF-a).TaggedEnd
TAGGEDH1METHODSTAGGEDEND

TaggedPAn umbrella review summarizes existing published
meta-analyses and systematic reviews and determines
whether authors addressing similar review questions inde-
pendently observe similar results and arrive at similar
conclusions.9 TaggedEnd

TaggedPSince the first published meta-analyses started appearing
in 1980, a systematic literature search of PubMed, Cochrane
Library, and Cumulative Index to Nursing and Allied
Health Literature from January 1, 1980, to December 31,
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2021, was conducted using the following search strategy:
“(coenzyme q10 OR CoQ10 OR ubiquinone OR ubiquinol)
AND (meta-analysis OR systematic review)”. Only English
language full-text articles were retrieved, which provided
quantitative statistical analysis of pooled treatment effects
on changes in CRP, IL-6, and TNFa. Only meta-analyses
conducted on clinical trials, which included randomized,
double-blind, placebo-controlled trials with human partici-
pants receiving coenzyme Q10 supplementation alone,
were included. Meta-analyses or systematic reviews that did
not present study-specific summary data using a minimum
of 3 randomized controlled trials were excluded.TaggedEnd

TaggedPFor the published papers that were accepted into this
review, the following information was extracted and
entered into an Excel (Microsoft) spreadsheet: number of
publications included in the meta-analysis, number of total
participants, median coenzyme Q10 dose, and pooled treat-
ment effects on CRP, IL-6, and TNF-a. Papers were also
assessed for their disclosure of quality assessment (using
either the Cochrane Collaboration Risk of Bias Tool or the
Jadad scale), statistical heterogeneity (Cochrane’s Q test
and I2 statistic), and publication bias (visual inspection of
funnel plots and Egger or Begg regression test). Because
this is a descriptive summary review of meta-analyses, no
statistical analyses were performed. TaggedEnd
TAGGEDH1RESULTS TAGGEDEND

TaggedPThe initial search strategy identified 97 articles, and after
review, 10 meta-analyses were retrieved for inclusion.
However, 3 of the 10 meta-analyses were excluded because
they fell outside the selection criteria, as they utilized only
TaggedEnd TaggedFigure
Fig 1. Flowchart of meta-analysis selection. TaggedEnd
2 trials in their analysis.10-12 A flow chart of the meta-anal-
ysis selection process is summarized in Figure 1, and
Tables 1-3 provide the detailed analysis of the 7 meta-anal-
yses entered into this umbrella review.13-19TaggedEnd

TaggedPThe results of 7 meta-analyses in Table 1 show that
median intakes of 200 mg/d of coenzyme Q10 for a median
duration of 12 weeks provided statistically significant
reductions in CRP for only 3 of the 7 meta-analyses. Statis-
tically significant heterogeneity was only observed in 3 of
the 7 meta-analyses, and no publication bias was observed
in any of the 7 meta-analyses that used Egger or Begg
regression tests. TaggedEnd

TaggedPThe results of 5 meta-analyses in Table 2 show that median
intakes of 200 mg/d of coenzyme Q10 for a median duration
of 12 weeks provided statistically significant reductions in IL-
6 for 4 of the 5 meta-analyses. However, statistically signifi-
cant heterogeneity was observed in 3 of the 5 meta-analyses,
but no publication bias was observed in any of the 5 meta-
analyses that used Egger or Begg regression tests.TaggedEnd

TaggedPThe results of 4 meta-analyses in Table 3 show that
median intakes of 200 mg/d of coenzyme Q10 for a median
duration of 12 weeks provided statistically significant
reductions in TNF-a for 3 of the 4 meta-analyses. How-
ever, statistically significant heterogeneity was observed in
3 of the 4 meta-analyses, but no publication bias was
observed in any of the 4 meta-analyses that used Egger or
Begg regression tests. TaggedEnd
TAGGEDH1DISCUSSION TAGGEDEND

TaggedPHeart failure and coronary heart disease are correlated
with decreases in coenzyme Q10 myocardial tissue concen-
trations,20 and though coenzyme Q10 has been lauded as an
antioxidant, it is possible that the reduction in heart injury
may be due to the anti-inflammatory actions of coenzyme
Q10. The modest decreases in IL-6 and TNF-a demonstrate
that coenzyme Q10 supplementation has a potential anti-
inflammatory effect. TaggedEnd

TaggedPNuclear factor kappa B is an inducible transcription factor
that up-regulates a large array of proinflammatory cytokines
that include the gene expression of IL-6 and TNF-a.21 Con-
cerning the mechanism of action of coenzyme Q10, it has
been determined that coenzyme Q10 is a ligand for peroxi-
some proliferator-activated receptor gamma (PPAR-g), and
when coenzyme Q10 is bound to this nuclear receptor pro-
tein, PPAR-g inhibits NFkB activation.7,22,23 Therefore,
coenzyme Q10 antagonism of NFkB through PPAR-g inhib-
its the proinflammatory cytokine expression of both IL-6 and
TNF-a (see Fig 2).TaggedEnd

TaggedPHowever, if CRP is a marker of inflammation, then the
anti-inflammatory benefits of coenzyme Q10 supplementation
are questionable, as fewer than half of the meta-analyses
showed statistically significant decreases in CRP concentra-
tions. C-reactive protein is a product of hepatic stimulation by



TaggedEndTable 1. Effects of Supplemental CoQ10 Intake on C-Reactive Protein

Meta-Analysis
Authors and Date

No. of Studies in
Meta-Analysis

No. of Participants
in Meta-Analysis

Media CoQ10
(intake )

Median Duration
(wk)

Main Findings of
Meta-Analysis
(mg/L) Q Test P Value I2 Statistic %

Egger or Begg
Test P Value

Quality
Assessment and
Outcome

Farsi et al 201913 5 208 150 m 12 # 0.02, NS .002 73 NS 1/5 high Cochrane

Jorat et al 201914 5 287 CAD 200 m 12 # 0.62, P < .01 .000 88 NS 5/5 high Cochrane

Aslani et al 201815 5 302 CAD 200 m 12 # 0.12, NS .000 86 NR 4/5 high Jadad

Mazidi et al
201716

7 385 200 m 12 # 0.25, P < .001 NS 42 NS 5/7 high Cochrane

Fan et al 201717 12 543 200 m 12 # 0.35, P < .022 NS 12 NS 7/12 high Jadad

Zhai et al 201718 7 331 200 m 12 # 0.21, NS NS 21 NS 6/7 high Cochrane

Bakhsh et al
201819

3 156 CKD 100 m 8 # 0.20, NS NS 0 NS 2/3 high Cochrane

CAD, coronary artery disease; CoQ10, coenzyme Q10; CKD, chronic kid ey disease; NR, not reported; NS, not significant.

TaggedEndTable 2. Effects of Supplemental CoQ10 Intake on IL-6

Meta-Analysis
Authors and Date

Number of Studies
in Meta-Analysis

Number of
Participants in
Meta-Analysis

Media CoQ10
(intak d)

Median Duration
(wk)

Main Findings of
Meta-Analysis
(pg/mL) Q TestP Value I2 Statistic%

Egger or Begg
Test P Value

Quality
Assessment and
Outcome

Farsi et al 201913 10 454 200 m 12 # 0.37, P < .05 .01 57 NS 3/10 high
Cochrane

Jorat et al 201914 3 129 CAD 150 m 12 # 1.63, P < .01 .000 95 NS 3/3 high Cochrane

Mazidi et al
201716

7 385 200 m 12 # 0.72, P < .001 NS 52 NS 5/7 high Cochrane

Fan et al 201717 8 402 200 m 12 # 1.61, P = .002 .000 83 NS 5/8 high Jadad

Zhai et al 201718 4 182 200 m 12 # 0.89, NS NS 84 NS 3/4 high Cochrane

CAD, coronary artery disease; CoQ10, coenzyme Q10; IL-6, interleukin 6 NR, not reported; NS, not significant
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TaggedEnd TaggedFigure

Fig 2. The mechanism by which coenzyme Q10 reduces inflam-
matory biomarker concentrations, as well as the potential for
reducing vascular endothelial inflammation. TaggedEnd
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IL-6, and so it may be that the proinflammatory marker IL-6
reflects the status of inflammatory reactions with more sensi-
tivity than CRP.14 In addition, TNF-a upregulates the produc-
tion of other cytokines such as IL-6, which in turn leads to
further inflammation.17 Thus, IL-6 and TNF-a reflect the sta-
tus of inflammatory reactions with more sensitivity than CRP,
and, moreover, both IL-6 and TNF-a are more strongly asso-
ciated with cardiovascular disease when compared to CRP.24TaggedEnd

TaggedPThe coenzyme Q10-PPAR-g complex also activates the
paraoxonase-1 (PON1) gene, and this increases the synthesis
and release of PON1 from the liver. Paraoxonase-1 plays an
important role as an antioxidant in preventing the oxidation
of low-density lipoproteins and therefore reducing the
inflammatory response in vascular endothelial cells.25 Cou-
pled to coenzyme Q10’s role in activating PON1, coenzyme
Q10 also possesses free-radical scavenging ability, which
can reduce the development of atherogenic oxidized low-
density lipoproteins, which play a significant role in the mul-
tifactorial development of cardiovascular disease.26 Coen-
zyme Q10 acting as an antioxidant reduces the levels of
reactive oxygen species that can cause mitochondrial injury
and induce apoptosis of cardiovascular cells.27 Moreover,
coenzyme Q10 promotes recycling of a-tocopherol, which
increases the protection against cardiac cell plasma mem-
brane peroxidation.28 And finally, limited cardiac ejection
fraction plays a role in the multifactorial development of car-
diovascular disease, and because coenzyme Q10 is an inte-
gral component of the inner mitochondrial membrane for
electron transport, coenzyme Q10 is required for augmenting
mitochondrial adenosine triphosphate energy production,
which is essential for ventricular myocardial contraction.26TaggedEnd

TaggedPAlthough coenzyme Q10 has been shown to be benefi-
cial for reducing the inflammatory markers observed in cor-
onary heart disease, coenzyme Q10’s anti-inflammatory
potential may be helpful for many other inflammatory con-
ditions, such as rheumatoid arthritis, osteoarthritis, nonal-
coholic fatty liver disease, multiple sclerosis, dermatitis,
ulcerative colitis, polycystic ovary syndrome, migraine,
bipolar disorder, and even after strenuous exercise.29-41 TaggedEnd
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TaggedPNo mention of adverse side effects associated with coen-
zyme Q10 supplementation was discussed in the 7 meta-
analyses included in this umbrella review. This is expected
since the long-term safety and tolerability of coenzyme
Q10 supplementation at doses of 100 to 300 mg/d has been
deemed safe.42 TaggedEnd
TaggedH2Limitations TaggedEnd
TaggedPThe statistically significant heterogeneity observed in these

meta-analyses may be due to differences in study design, pop-
ulation characteristics, the dosage and/or form of coenzyme
Q10 used, and the duration of intervention. The diversity of
the individual clinical trials combined in a meta-analysis rep-
resents a big limitation when pooling outcomes in a meta-
analysis. Most of the individual clinical trials used in the
meta-analyses were performed on small sample sizes of 20 to
60 participants of various population types (patients with cor-
onary artery disease, obesity, hypertension, diabetes, and
chronic kidney disease). The duration of the clinical trials
ranged from 4 to 36 weeks, and the coenzyme Q10 dosages
ranged from 60 to 400 mg. Finally, although data on the dif-
ferent forms of coenzyme Q10 supplementation (such as pow-
der, suspension, oil solution, or solubilized forms, as well as
oxidized versus reduced forms) were never extracted and pre-
sented by the 7 meta-analyses analyzed in this umbrella
review, it is possible that these different forms of coenzyme
Q10 can affect coenzyme Q10 bioavailability, thus increasing
heterogeneity and confounding the pooled effect.17TaggedEnd

TaggedPAdditional research utilizing large, well-designed ran-
domized controlled studies with homogeneous etiologies
and longer durations of time is required to confirm the effi-
cacy of coenzyme Q10 as an anti-inflammatory in heart
failure patients. And finally, as in all literature reviews, the
quality of this umbrella review is directly related to the
quality of the included meta-analyses, which are dependent
upon the design and reporting quality of the individual
meta-analysis itself, as well as on the quality of the individ-
ual studies used to conduct the meta-analysis. The majority
(70%) of the meta-analyses in this umbrella review were
appraised as having high methodological quality. TaggedEnd
TAGGEDH1CONCLUSION TAGGEDEND

TaggedPThe meta-analyses included in this study show that
coenzyme Q10 supplementation significantly decreases the
proinflammatory cytokines IL-6 and TNF-a. Because of
the heterogeneity observed in these meta-analyses, their
pooled effect sizes should be interpreted with caution. TaggedEnd
TAGGEDH1FUNDING SOURCES AND CONFLICTS OF INTEREST TAGGEDEND

TaggedPNo funding sources or conflicts of interest were reported
for this study. TaggedEnd
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TaggedP
Practical Applications
TaggedEndTaggedP� Supplemental coenzyme Q10 has been used
for many years as an adjunctive treatment for
heart disease, and its efficacy was touted as
being due to its cellular energy generation
and free radical scavenging ability. TaggedEnd

TaggedP� However, coenzyme Q10 may have anti-
inflammatory actions. TaggedEnd

TaggedP� This property has potential to address heart
disease, a disease of inflammation, but also
inflammatory conditions such as arthritis,
inflammatory bowel disease, and multiple
sclerosis. TaggedEnd
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