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Efficacy and safety of coenzyme Q10 in heart
failure: a meta-analysis of randomized
controlled trials
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Abstract

Background The effectiveness and adverse effects of coenzyme Q10 for heart failure remain unclear owing to small
sample sizes and variations in the quality of existing studies in literature.

Methods The databases of EMBASE, PubMed, Web of Science, CINAHL databases, Scopus, Cochrane Central Register
of Controlled Trials, VIP, Wanfang, and CNKI were searched for randomized controlled trials on the coenzyme Q10-
assisted treatment of heart failure. Relevant literature was retrieved, data were extracted, and the risk of bias of the
included studies was evaluated by two investigators independently using the Review Manager 5.4 software and the
STATA 15 software.

Results In total, 33 studies were included in this meta-analysis, which showed that all-cause mortality [RR=0.64,
95% (I (0.48, 0.85), P=0.002; GRADE: moderate quality], hospitalization for heart failure [RR=0.50, 95% C/ (0.37,

0.67), P<0.00001; GRADE: moderate quality], New York Heart Association classification [MD=-0.29, 95% C/ (—0.39,
—0.19), P<0.00001; GRADE: low quality], and brain natriuretic peptide level [MD=-91.97,95% C/ (—103.11, —80.83),
P<0.00001; GRADE: low quality] were lower in the coenzyme Q10 group than in the control group. Meanwhile, left
ventricular ejection fraction [MD=0.51, 95% C/ (0.31,0.71), P<0.00001; GRADE: low quality] and 6-min walk test result
[MD=31.70, 95% (I (19.96, 43.43), P<0.00001; GRADE: moderate quality] were better than those in the control group.

Conclusions According to the existing evidence, coenzyme Q10 reduces all-cause mortality, hospitalization for heart
failure, New York Heart Association classification, and brain natriuretic peptide level and improves left ventricular
ejection fraction and 6-min walk test result in those with heart failure without major adverse effects.

Trial registration This study protocol was registered in the International Prospective Register of Systematic Reviews
(PROSPERO, http://www.crd.york.ac.uk/prospero), with the registration number CRD42023493184.

Keywords Heart failure, Safety outcomes, Coenzyme Q10, Meta analysis, Randomized controlled trial

?School of Nursing, Nanjing Medical University, 101 Longmian Road,
Nanjing, Jiangsu 211166, China
3Department of Nursing, Nanjing Drum Tower Hospital, 123 Zhongshan

fJiayi Xu and Luwei Xiang contributed equally to this work and
should be considered co-first authors.

*Correspondence: Road, Nanjing, Jiangsu 210008, China

Hongfang Ye “Department of Nursing, The First Affiliated Hospital of Nanjing Medical
13915969627@163.com University, Jiangsu Province Hospital, 300 Guangzhou Road, Nanjing,
Zejuan Gu Jiangsu 210029, China

jassicagu@163.com *Suzhou Medical College of Soochow University, 199 Renai Road, Suzhou,
'School of Nursing, Nanjing University of Chinese Medicine, 138 Xianlin Jiangsu 215123, China

Road, Nanjing, Jiangsu 210023, China

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.crd.york.ac.uk/prospero
http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-024-04232-z&domain=pdf&date_stamp=2024-10-22

Xu et al. BMC Cardiovascular Disorders (2024) 24:592

Introduction

Heart failure, a complex syndrome resulting from heart
abnormalities, impairs heart function and manifests in
symptoms like breathlessness and fatigue, along with
signs of fluid buildup [1, 2]. As a prevalent syndrome
affecting millions globally, it poses substantial health
and economic burdens, with costs projected to escalate
[3—6]. Characterized by impaired cardiac function and
recurrent exacerbations, it carries a significant mortality
risk, particularly for hospitalized patients [7]. The con-
dition involves disrupted ATP production and calcium
imbalance, leading to oxidative stress and mitochondrial
damage, further compounded by overactive sympathetic
responses [8—12].

In the past few decades, the treatment of heart failure
has mainly relied on -blockers, ACE inhibitors, and AT1
antagonists to reduce excessive neural and fluid activa-
tion and alleviate cardiac burden [13, 14]. Despite allevi-
ating symptoms, these interventions have limited success
in improving death and readmission rates [15]. The regu-
lation of cardiac energy constitutes a novel therapeutic
approach. Therapies that prevent myocardial energy con-
sumption may play a role in the treatment and manage-
ment of heart failure. As both an electron transporter
and antioxidant, coenzyme Q10 boosts mitochondrial
ATP production, which increases myocardial contractil-
ity [16, 17]. At present, it is used for heart failure treat-
ment in some studies.

According to meta-analyses of randomized controlled
trials (RCTs), coenzyme Q10 improves left ventricular
ejection fraction (LVEF) regardless of New York Heart
Association (NYHA) class [18-19]. In addition, two
systematic reviews of coenzyme Q10 in heart failure
reported a reduction in mortality rates [20, 21], whereas
one did not [22]. Despite not being the primary treat-
ment method for heart failure, coenzyme Q10 has been
proven safe and effective. In spite of this, its efficacy and
adverse reactions remain unclear due to small sample
sizes and variable quality of existing studies. Thus, the
present study conducted a meta-analysis to evaluate the
effectiveness and safety of using coenzyme Q10 to treat
patients with heart failure and provide evidence-based
guidelines.

Materials and methods

The study protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO,
http://www.crd.york.ac.uk/prospero), with the registra-
tion number CRD42023493184.

Search strategy
To identify RCTs investigating the effect of coenzyme
Q10 in patients with heart failure, the databases of
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EMBASE, PubMed, Web of Science, CINAHL, Scopus,
Cochrane Central Register of Controlled Trials, VIP,
Wanfang, and CNKI were searched. Next, coenzyme Q10
and heart failure concept groups were developed using
medical subject headings and keywords from PubMed.
Without applying any additional filters or limits, the
Cochrane RCT filter for PubMed was combined with
concept groups for coenzyme Q10 and heart failure. Up
to April 20, 2024, all the abovementioned databases were
searched by two researchers using the search strategies
listed in appendix 1, and disputed areas were referred to
a third researcher for resolution. To report this system-
atic review and meta-analysis, the recommendations in
the PRISMA statement were followed [23].

Inclusion and exclusion criteria

Study design Studies published in medical journals
on the effect of coenzyme Q10 on heart failure were
retrieved. In order to reduce the bias of interpretation,
only Chinese and English studies were included.

Participants Patients with heart failure aged >18 years,
regardless of their race, nationality, duration of illness, or
LVEF were included.

Interventions The experimental group that received
coenzyme Q10 as an adjuvant therapy with conven-
tional heart failure treatment was included. For control,
patients with heart failure who received only conven-
tional treatment with or without placebo were included.
In both groups, the relevant drugs were administered at
any dosage for a minimum period of 1 month.

Outcomes The primary outcomes were all-cause mor-
tality and hospitalization for heart failure. The second-
ary outcomes included LVEF, NYHA classification, brain
natriuretic peptide (BNP) level, 6-min walk test (6MWT),
and adverse events.

Exclusion criteria Non-Chinese and non-English
language studies and duplicate studies were excluded.
Moreover, studies without full text and with incom-
plete data were not considered. Finally, non-RCTs were
excluded. Studies in phasel, 2 and 3 trials, observational
studies, retrospective studies, reviews, and letters were
excluded.

Study selection

Two authors independently screened the titles and
abstracts of RCTs that used coenzyme Q10 treatment
for patients with heart failure. The shortlisted literature
was assessed by reading the title and abstract, and after
excluding irrelevant literature, the full text was read to
determine final inclusion. Any differences included in
the decision were discussed and resolved after reaching a
consensus. The kappa agreement index was used to eval-
uate the level of agreement between the two authors.
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Data extraction

A self-developed data extraction form was used to extract
the following data: basic information about the included
studies, baseline characteristics of the study participants,
specific information about the interventions, duration of
treatment, and outcome indicators.

Data analysis

Meta-analysis was performed using the Review Manager
5.4 software and the STATA 15 software. For count data,
the relative risk (RR) was used as the effect indicator and
for measurement data, the mean difference (MD) or stan-
dardized mean difference was used. Statistically signifi-
cant differences were assessed using the point estimates
and 95% confidence intervals (CIs). Meanwhile, hetero-
geneity among the included studies was analyzed using
the x2 test (test level: a=0.1), and I? quantification was
used to estimate its magnitude. If there was no statisti-
cal heterogeneity among the study results, a fixed-effects
model was used for meta-analysis. When statistical het-
erogeneity was detected between the study results, the
source of heterogeneity was further analyzed, and after
excluding the impact of significant clinical heterogene-
ity, randomization was performed. A subgroup analysis,
sensitivity analysis, or descriptive analysis was performed
when there was evident clinical heterogeneity. The meta-
analysis test level was set at a=0.05. The publication bias
was assessed according to the funnel plot, the Begg’s test
and the Egger’s test. To explore the robustness of the
pooled results, sensitivity analysis was carried out using
the leave-one-out method.

Risk of bias assessment

Two evaluators independently assessed the risk of bias of
the included RCTs using the Cochrane Handbook 5.1.0
risk of bias assessment tool [24]. A third party was con-
sulted when necessary to ensure the accuracy of the final
study results. Seven points were followed to assess qual-
ity: (1) random sequence generation, (2) allocation con-
cealment, (3) blinding of participants and personnel, (4)
blinding of outcome assessment, (5) incomplete outcome
data, (6) selective reporting; and (7) other biases. Accord-
ing to the criteria of “low risk of bias,” “unknown risk of
bias,” and “high risk of bias,” the quality of the included
studies was comprehensively assessed.

Certainty of evidence

GRADE (Grading Recommendations, Assessment,
Development, and Evaluation) was used to rate the
certainty of evidence for each outcome. The GRADE
assessment was carried out using the GRADEpro Guide-
line Development Tool. Through this approach, bias,

inconsistency, indirectness, imprecision, and other
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considerations (e.g. publication bias) are ranked as “high’,
“« 7« ” “«. ”
moderate’, “low;” or “very low!

Results

Search results

In total, 3961 relevant records were obtained through the
electronic search. Of these, 705 duplicate records were
removed using the Endnote X9 software. The remaining
3256 records were assessed based on the title or abstract,
resulting in the exclusion of 2814 ineligible records.
Ultimately, 32 RCTs were included after reviewing the
full-text of the remaining 386 records (Fig. 1). The two
authors had a high agreement in study selection and data
integration (kappa value=0.825).

Study characteristics

The 32 RCTs included 3763 patients with heart failure:
1,898 cases in the treatment group and 1,845 cases in the
control group. Among the studies, the maximum sample
size was 322 cases [25] and the minimum was 6 [26].
While 22 studies were conducted in Asia [27-48], 1 study
recruited participants from Europe, Australia, and Asia
[49]. In the intervention group, coenzyme Q10 was com-
bined with conventional treatment. In the control group,
conventional treatment was used, with placebo in addi-
tion to conventional treatment in 12 studies [25, 26, 28,
39, 44, 48-54]. Except one study [39] that involved nasal
drops, coenzyme Q10 was administered orally in all oth-
ers. The characteristics of the included studies are shown
in Table 1.

Risk of bias of included studies

Two investigators independently assessed the risk of
bias in the included studies. There was insufficient infor-
mation in most studies, which made a comprehensive
assessment of the risk of bias difficult. Of the 32 studies,
only 6 reported randomization methods [25, 32, 40, 48,
49, 53] and only 3 reported allocation concealment [44,
48, 49]. Meanwhile, 16 studies reported participant and
personnel blinding to random assignment [25, 26, 32, 33,
36, 39, 44, 48-56]. The total number of cases in one study
did not correspond to the number of grouped cases [29],
whereas multiple groups were analyzed in another study,
of which two data sets were used in this investigation
[43]. Figure 2A and B show the risk of bias of included
studies.

Meta-analysis results

Primary outcomes

All-cause mortality

Eleven studies, with 2070 participants (1035 in the
coenzyme Q10 group and 1035 in the control group),
reported all-cause mortality [25, 28-30, 33, 34, 36, 49—
51, 53]. Meta-analysis showed that all-cause mortality
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[ Identification of studies via databases

Records identified from™*:

Databases (n =3961)

* CINAHL (n=35)

» Cochrane Central Registry of
Controlled Trials (n=438)

* Embase (n=847)

* PubMed (n=88)

» Scopus (n=293)

*  Web of science (n=1494)

*  Wanfang (n=234)

* VIP (n=226)

* CNKI (n=306)

Identification

\ 4

Records screened
(n = 3256)

\ 4

Records removed before screening:
Duplicate records removed (n = 705)

\ 4

\ 4

Reports sought for retrieval
(n=442)

Records excluded based on title/abstract
(n =2814)

A 4

Screening

A 4

Reports assessed for eligibility
(n=374)

Studies included in review
(n=32)

Included

Fig. 1 Literature search flow diagram

Reports not retrieved
(n=68)

Reports excluded:

No full paper available or abstract only
(n=171)

Non-Chinese or non-English language
(n=23)

Insufficient data (n=34)

Repeat citations (n=17)

Animal study (n=32)

Participants were less than 18 years old
(n=2)

Review (n=45)

Ineligible intervention (n=50)
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Table 1 Characteristics of included studies
No. study Country  Sample Age(year) Baseline LVEF Intervention Control Inter- Out- Follow-up
size (EXP/CON)  (%)(EXP/CON) vention comes
(EXP/CON) duration
1 Perma- Germany  15/10 52+9 NR CoQ10(333mg,3 conven- 4months ® NR
netter et al. times/day) +con-  tional
(1992) ventional therapy therapy
alone
2 Moriscoet Denmark  319/322 2689/ NR coenzyme Q10 Place- 12months  ©®@ NR
al. (1993) 3088 50 mg twiceor3  bo+con-
times daily+con-  ventional
ventional therapy therapy
3 Morisco et Italy 6/6 498+6.7 29+11 CoQ10(50 mg,3  Place- Tmonth 12months
al. (1994) times/day)+con- bo+con-
ventional therapy ventional
therapy
4 Hofman- Denmark  79/79 61+10 22+10 CoQ10(100 mg, 1 place- 3months 060) 6months
Bang et al. time/day)+con-  bo+con-
(1995) ventional therapy ventional
therapy
5 Li&Li China 56/68 NR NR CoQ10(10+20mg, conven- 1month @ 12months
(1999) 3 times/ tional
day)+conven- therapy
tional therapy alone
6 Munkholm Denmark 11/11 4373/ 31+5/ oral coenzyme place- 3months (0©)] NR
etal 3975 26+6 Q10100 mg bo+con-
(1999) twice daily+con-  ventional
ventional therapy therapy
7 Watson et Australia 30/30 55+11 26+6 CoQ10(33mg,3  place- 3months ® NR
al. (1999) times/day) +con- bo+con-
ventional therapy ventional
therapy
8 Khattaet  America  28/27 67 27/30 oral coenzyme place- Tmonths  ©® 6months
al. (2000) Q10200 mg/ bo+con-
day+conven- ventional
tional therapy therapy
9 Keoghet Australia  79/79 62+7/61£9 NR oral coenzyme place- 3months 3months
al. (2003) Q10150 mg/ bo+con-
day+conven- ventional
tional therapy therapy
10  Belardi- Italy 21/21 59+9 37+7 CoQ10(100 mg, 3 place- Tmonth ® NR
nelli et al. times/day) +con- bo+con-
(2006) ventional therapy ventional
therapy
11 Adarshet India 46/41 244775 NR CoQ10(100 mg, 2 place- 14.5months @ 27.5months
al. (2008) times/day)+con- bo+con-
ventional therapy ventional
therapy
12 Fengetal. China 109/92 69+7/ 30.7+6.3/ CoQ10(10mg,3  conven- 24months  ©@® 24months
(2010) 68+9 312458 times/day) +con-  tional
ventional therapy therapy
alone
13 Peietal. China 62/66 6247+648  36+t4 CoQ10(10mg,3  conven- 12months @@ 12months
(2010) times/day) +con-  tional
ventional therapy therapy
alone
14 Bi(2012) China 27/27 4954125 25771259/ CoQ10(10mg,3  conven-  3weeks NR
26.33+1043 times/day) +con-  tional
ventional therapy therapy

alone
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Table 1 (continued)
No. study Country  Sample Age(year) Baseline LVEF Intervention Control Inter- Out- Follow-up
size (EXP/CON) (%)(EXP/CON) vention comes
(EXP/CON) duration
15 Yaoetal  China 50/50 62+8/61£9 368 CoQ10(100 mg, 1 conven-  3months 000 NR
(2012) time/day)+con-  tional
ventional therapy therapy
alone
16 Yang(2013) China 100/100 684+1385 NR CoQ10(10 mg,3  conven- 2months 0] 12months
times/day) +con- tional
ventional therapy therapy
alone
17 Mortensen Multicenter 202/218 62.3+12/ 31+10 oral coenzyme placebo  26.5months NR
etal. 623£11 Q10100 mg 3 with
(2014) times daily+con-  stan-
ventional therapy dard HF
therapy
18 Wu(2014) China 35/35 845+122/ NR CoQ10(10 mg, 3 Place- 2months (0@) NR
866+143 times/day) +con- bo+con-
ventional therapy ventional
therapy
19  Zhaoetal China 62/66 63+7/62+6 36+4 oral coenzyme conven- 12months  ©® NR
(2015) Q1030 mg/ tional
day+conven- therapy
tional therapy alone
20 Pingetal. China 61/61 583+4.7 36.82+853/ CoQ10(10 mg,3  conven-  3months NR
(2015) 37.19+7.96 times/day) +con-  tional
ventional therapy therapy
alone
21 Zhang China 28/28 654+104/ NR CoQ10(10mg,3  conven- 6months NR
(2015) 63.1+10.2 times/day) +con-  tional
ventional therapy therapy
alone
22 Zhang China 30/30 3883 29+7/ CoQ10(10mg,3  conven-  3months NR
(2016) 31+8 times/day) +con-  tional
ventional therapy therapy
alone
23 Mareev Russia 101/47 NR 393 coenzyme place- 6months ©6)] NR
(2017) Q10 nasal bo+con-
drops (90 mg/ ventional
day=equivalent  therapy
225 mg/day
for liposoluble
tablets) +conven-
tional therapy
24 Sobirinet  Indonesia  15/15 62+8 55/58 oral coenzyme conven-  Tmonth ® 14months
al. (2019) Q10100 mg 3 tional
times/day+con-  therapy
ventional therapy alone
25 Gan&Hu China 30/30 57.5+6.1/ 35.1+4.0/ CoQ10(30mg, 1 conven- 12months ® NR
(2019) 584+6.7 345+39 time/day)+con-  tional
ventional therapy therapy
alone
26 Jiang China 100/100 61.9+5.6/ 32.78+3.40/ CoQ10(10mg,3  conven- Tmonth ©00) NR
(2019) 61.3+£59 33.58+3.76 times/day) +con-  tional
ventional therapy therapy
alone
27 Wuetal China 34/33 55.28+12.53/ 31.86+6.53/ CoQ10(10 mg,3  conven- 2months ©60) NR
(2019) 55.12+12.12 31.86+6.38 times/day) +con-  tional
ventional therapy therapy

alone
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Table 1 (continued)

Page 7 of 14

No. study Country  Sample Age(year) Baseline LVEF Intervention Control Inter- Out- Follow-up
size (EXP/CON) (%)(EXP/CON) vention comes
(EXP/CON) duration
28 Kawashi-  Japan 10/10 70+9 345440 ubiquinol place- 3months [©00) 3months
ma et al. 200 mg twice bo+con-
(2020) daily (400 mg/ ventional
day) +conven- therapy
tional therapy
29  Liu(2020) China 59/59 5867+728/ 3347+3.82/ CoQ10(10mg,3  conven- 1month ©60) NR

5843+755  3267+359

30 Wanetal. China 30/30 63.52+3.76/ 3825+3.19
(2021) 6341+£3.70

31 Zhenget China 44/34 62.0+3.9/ 29
al. (2021) 62.8+35

32 Samuelet Israel 19/20 754+948 59.1+£6.1/
al. (2022) 59.3+6.1

times/day) +con-  tional
ventional therapy therapy
alone
CoQ1020mg,3  conven- 1.5months NR
times/day) +con-  tional
ventional therapy therapy
alone
CoQ10(10 mg,3  conven-  3months ® NR
times/day) +con-  tional
ventional therapy therapy
alone
Treatmentinthe  place- 4months ©) 4months
CoQ10arm con-  bo+con-
sisted of 100mg  ventional
three times therapy
daily +conven-
tional therapy

Note EXP, Experimental group; CON, Control group; NR, Not report; ®All-cause mortality; @Hospitalization for heart failure; ®LVEF (%); ®NYHA classification; ®BNP

(pg/mL); ®6MWT; @Adverse events

was significantly lower in the coenzyme Q10 group
than in the control group [RR=0.64, 95% CI (0.48, 0.85),
P=0.002; GRADE: moderate quality]. Figure 3A shows
that there was no heterogeneity among the included
studies (P=0.99, *=0%).

Hospitalization for heart failure

Three studies reported hospitalization for heart failure as
an outcome indicator [25, 38, 49]. A total of 1034 partici-
pants were included, 511 in the coenzyme Q10 group and
523 in the control group. As shown in Fig. 3B, there was
no significant heterogeneity among the included studies
(P=0.93, P=0%). The result showed that the coenzyme
Q10 was able to reduce the hospitalization for heart fail-
ure compared to the control group. [RR=0.50, 95% CI
(0.37, 0.67), P<0.00001; GRADE: moderate quality].

Secondary outcomes

Left ventricular ejection fraction (LVEF, %)

With regard to LVEF, 2339 patients from 24 RCTs were
included (1197 in the coenzyme Q10 group and 1142 in
the control group) [26, 29-32, 35, 36, 38—54]. Notably,
the LVEF of patients with heart failure included in these
studies was not statistically different at baseline. There
was significant heterogeneity among the included studies
(P<0.00001, >=80%), and a random-effects model was
used for the meta-analysis. Patients with heart failure in
the coenzyme Q10 group had a significantly better LVEF

than those in the control group [MD=0.51, 95% CI (0.31,
0.71), P<0.00001; GRADE: low quality]. In the subgroup
analysis by the baseline LVEF, 22 RCTs including heart
failure with reduced ejection fraction (HFrEF) demon-
strated that the coenzyme Q10 group had a significantly
higher LVEF than the control group [MD=0.55, 95% CI
(0.34, 0.76), P<0.00001]. (Fig. 4).

NYHA classification

Five studies were included in this outcome index, cover-
ing 269 patients with heart failure (138 in the coenzyme
Q10 group and 131 in the control group) [31, 32, 38, 55,
56]. The results showed that patients in the coenzyme
Q10 group had a significantly lower NYHA classifica-
tion than those in the control group [MD=-0.29, 95%
CI (-0.39, —0.19), P<0.00001; GRADE: low quality;
Fig. 5A]. Heterogeneity among the included studies was
low (P=0.10, I*=49%).

BNP (peg/mL)

Two RCTs reported BNP as an outcome indicator, includ-
ing 162 participants (106 in the coenzyme Q10 group and
56 in the control group) [39, 44]. There was no signifi-
cant heterogeneity among the included studies (P=0.94,
P=0%), and BNP was significantly lower in the coenzyme
Q10 group than in the control group [MD=-91.97, 95%
CI (-103.11, —80.83), P<0.00001; GRADE: low quality;
Fig. 5B].
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6MWT

In total, 12 studies evaluated 6MWT in 1184 patients
with heart failure, with 602 in the coenzyme Q10 group
and 582 in the control group [26, 29, 32, 35, 37, 38, 42,
43, 45, 46, 50, 55]. As the included studies were highly
heterogeneous (P<0.00001, *=82%), a random-effects
model was applied. Compared with the control group,
patients with heart failure taking coenzyme Q10 had
significantly longer 6MWTs [MD=31.70, 95% CI (19.96,
43.43), P<0.00001; GRADE: moderate quality]. After-
ward, based on the length of the course of treatment,
three groups were analyzed: <l-month group, 1-3-
month group, and >3-month group. Figure 5C illustrates
that regardless of the distances of the course of treat-
ment, 6MWT distances were longer in patients with
heart failure who received coenzyme Q10.

Adverse events

The incidence of adverse events was reported in nine
studies [27, 34, 37, 42—46, 49]. A total of 1125 patients
were included: 554 in the coenzyme Q10 group and

571 in the control group. Some of the adverse reactions
were deep vein thrombosis, stroke, myocardial infarc-
tion, and arrhythmia. According to Fig. 5D, heterogeneity
among the included studies was small (P=0.19, *=33%;
GRADE: moderate quality). Meanwhile, the results were
inconclusive for the risk of adverse reactions between the
CoQ10 and control groups [RR=0.85, 95% CI (0.46, 1.54),
P=0.58].

Publication bias assessment and sensitivity analysis
Funnel plots were analyzed to detect publication bias,
which indicated that the included studies were evenly
distributed on the left and right sides of the combined
effect value line, suggesting low publication bias. At the
same time, the results of both the Begg’s test and the Egg-
er’s test showed no significant publication bias (Appendix
2). A leave-one-out sensitivity analysis was performed on
the outcomes of meta-analyses. Exclusion of individual
studies did not lead to significant changes in the direction
or magnitude of the combined estimates, indicating that
the results were reliable (Appendix 3).
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Coenzyme Q10 control

Fig. 3 Forest plot of the effect of coenzyme Q10 on primary outcomes change. Note A. Forest Plot of the Effect of Coenzyme Q10 on All-cause Mortality
Change; B. Forest Plot of the Effect of Coenzyme Q10 on Hospitalization for Heart Failure Change

Discussion

This meta-analysis, incorporating 32 randomized con-
trolled trials and 3,763 heart failure patients, reveals
promising outcomes for coenzyme Q10 supplementation
in conjunction with conventional therapy.

This study has shown that coenzyme Q10 reduced
all-cause mortality and hospitalization for heart failure
as well as increased LVEF in patients with heart failure
[17-19], crucial for improving patient outcomes and
reducing healthcare utilization. Moreover, a previous
meta-analysis showed that coenzyme Q10 improved
the NYHA classification of patients with heart failure,
in line with a similar improvement found in the current
study [21]. Coenzyme Q10 is a cofactor in the mito-
chondrial enzyme complex and participates in oxidative
phosphorylation in the respiratory chain [57, 58]. In the
absence of coenzyme Q10, ATP production is reduced
and heart failure may be aggravated because of increased
myocardial wall pressure. This, in turn, increases energy
demand, resulting in imbalanced supply and demand
[59]. Previous research has shown that there is a negative
correlation between coenzyme Q10 level and the exacer-
bation of heart failure symptoms in patients with heart
failure [20]. Therefore, the supplementation of coenzyme
Q10 may reduce major adverse cardiovascular events and
improve heart failure symptoms.

In addition to being a biomarker of cardiac disease,
BNP is used as a surrogate marker for heart failure, acute

coronary syndrome, and myocardial infarction. Research
has shown that it plays a significant role in stratifying
heart failure severity. To some extent, the decrease of
BNP level reflects the improvement of heart function
[60]. The present study showed that coenzyme Q10 sig-
nificantly decreased BNP levels in patients with heart
failure, similar to previous research [44]. 6MW T, which
examines exercise tolerance, was chosen in this study, as
it is a simple and inexpensive test that is well tolerated
by patients with heart failure and is considered useful in
their management [61]. The results of this meta-analysis
suggested that no matter how long patients with heart
failure were treated with coenzyme Q10, 6MWT dis-
tances were longer and points to its utility in promoting
functional independence and daily activity among heart
failure patients. Despite the moderate quality of the evi-
dence supporting this conclusion, it deserves clinical
attention. Safety data, showing no increase in adverse
events, reinforces coenzyme QI0’s tolerability as an
adjunct therapy, important in the primary care setting
where patient safety is paramount, especially for those
with complex health conditions.

While recognizing the variable study quality and need
for more rigorous research, our findings offer primary
care physicians a basis for discussing coenzyme Q10
supplementation with suitable heart failure patients.
Incorporating shared decision-making, physicians can
weigh the potential benefits against the current evidence,
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Fig. 4 Forest plot of the effect of coenzyme Q10 on left ventricular ejection fraction (LVEF) change

tailoring recommendations to each patient’s circum-
stances. Ultimately, coenzyme Q10 emerges as a sup-
plementary option, warranting cautious optimism and
further exploration within the context of comprehensive
heart failure management strategies.

Considering the importance of nonpharmacologic
therapy for patients with heart failure, this study sought
to explore how more data on nonpharmacologic ther-
apy might affect outcomes. Unfortunately, few articles
described non-pharmacologic treatments during the
intervention, and even fewer reported whether surgi-
cally treated patients with heart failure were included.
For example, one study advised patients to follow a
low-fat diet during the trial, but no exercise program
was provided [55]. Some studies did not make baseline
comparisons related to non-pharmacological treatment
for heart failure patients, such as comparing only their
exercise capacity, while ignoring their exercise habits,
such as their duration and frequency [49, 50]. In light
of the important role exercise-based cardiac rehabili-
tation programs play in treating heart failure patients,
further refinement is needed. Patients with heart failure

were given coenzyme Q10 at doses ranging from 30 mg
to 400 mg per day in the studies included. There was no
determination of the minimum and optimal doses for
coenzyme Q10 use, and further dose-response analyses
will be required in the future.

This study significantly enhances knowledge on coen-
zyme Q10 (CoQ10) use in heart failure patients. By inte-
grating recent trials with a large combined participant
pool, we provide a robust update on CoQ10’s effective-
ness and safety, with broadened applicability of the
results. A key novelty lies in the inclusion of Chinese
RCTs, addressing a demographic gap in prior reviews and
deepening the global comprehension of CoQ10 benefits
across diverse populations. We meticulously examined
CoQ10 impact on vital clinical measures, presenting a
comprehensive view of its therapeutic prowess. These
outcomes reinforce CoQ10 potential as a safe and effi-
cacious supplement, accentuating its role in bolstering
cardiac function and mitigating the disease’s debilitating
effects.

To overcome potential limitations, rigorous actions
were undertaken. These included conducting a
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Fig. 5 Forest plots of the effect of coenzyme Q10 on NYHA classification, BNP, 6MWT, adverse events change. Note A. Forest Plots of the Effect of Coen-
zyme Q10 on NYHA Classification; B. Forest Plots of the Effect of Coenzyme Q10 on BNP Change; C. Forest Plots of the Effect of Coenzyme Q10 on 6MWT
Change; D. Forest Plots of the Effect of Coenzyme Q10 on adverse events Change
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comprehensive literature search focusing on high-quality
randomized controlled trials, implementing strict inclu-
sion and exclusion criteria, assessing risk of bias system-
atically, performing subgroup and sensitivity analyses
to address heterogeneity, and other measures. However,
there are still some unresolved limitations. First, hetero-
geneity among studies related to LVEF and 6MW T was
high among the outcomes included. Although subgroup
analysis based on the baseline LVEF and the length of
the course of treatment had been performed, the sources
of heterogeneity could not be identified. It was possible,
however, that heterogeneity arose from differences in
drug tolerance, different environments, and differences
in how the indices were measured in different patients
in addition to differences in the severity of their disease.
Unfortunately, additional subgroups could not be ana-
lyzed owing to the lack of relevant data. Moreover, the
dosage or duration of coenzyme Q10 administration was
not uniform across studies, which may have affected the
reliability of the results. In addition, accessibility issues
hindered the search for grey literature, which is one of the
limitations of this study. Finally, the risk of bias assess-
ment of the included studies revealed that most were of
low quality and methodologically flawed. To validate the
results of the present study, additional high-quality RCTs
are needed in the future.

Conclusions

In summary, current evidence suggested that adjuvant
coenzyme Q10 therapy in patients with heart failure not
only reduced all-cause mortality, hospitalization for heart
failure, NYHA classification, and BNP levels but also
improved LVEF and 6MWT. However, owing to the dif-
ferent severities of heart failure, long gap between stud-
ies, heterogeneity among the study populations, errors in
the test results of each unit, and differences in the treat-
ment dosages and courses, additional high-quality, large-
sample, long-term follow-up clinical studies are needed
to validate these conclusions.
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