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Abstract

Aims: Coenzyme Q,,(CoQ10) is well known for its beneficial effects in cardiovascular
disease (CVD); however, reported evidence has not been precisely synthesized to
better inform on its impact in protecting against cardiovascular-related complications
in diabetic patients.

Materials and Methodology: The current meta-analysis included randomized con-
trolled trials published in the past 5 years reporting on the effect of CoQ10 on meta-
bolicand CVD-related risk profiles in individuals with diabetes or metabolic syndrome.
We searched electronic databases such as MEDLINE, Cochrane Library, Scopus and
EMBASE for eligible studies. In addition to assessing the risk of bias and quality of evi-
dence, the random and fixed-effect models were used to calculate the standardized
mean difference and 95% confidence intervals for metabolic parameters and CVD
outcomes.

Results: Overall, 12 studies met the inclusion criteria, enrolling a total of 650 patients.
Although CoQ10 supplementation did not statistically affect all metabolic profiles
measured, it significantly reduced CVD-risk-related indexes such as total cholesterol
and low-density lipoprotein (LDL) levels in diabetic patients when compared to those
on placebo [SMD = 0.13, 95% CI (0.03; 0.23), Chi? = 43.62 and I* = 29%, P = .07].
Conclusions: The overall results demonstrated that supplementation with CoQ10
shows an enhanced potential to lower CVD risk in diabetic patients by reducing total
cholesterol and LDL. Moreover, the beneficial effects of CoQ10 in lowering the CVD
risk are associated with its ameliorative properties against oxidative stress and im-

proving endothelial health.

Abbreviations: BMI, body mass index; CoQ10, coenzyme Qio? CVD, cardiovascular disease; FPG, fasting plasma glucose; GRADE, Grading of Recommendations Assessment
Development and Evaluation; HbA1c, glycated haemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NO, nitric oxide; PRISMA, Preferred Reporting Items for

Systematic reviews and Meta-Analysis; RCT, randomized controlled trials; ROS, reactive oxygen species; T2D, type 2 diabetes.
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1 | INTRODUCTION

Heart failure remains the leading cause of death in diabetic pa-
tients, when compared to their nondiabetic counterparts.1 A
combination of metabolic abnormalities is acknowledged to be
responsible for enhanced susceptibility of diabetic individuals to
myocardial damage. For example, in type 2 diabetes (T2D), the
predominant form of diabetes that is associated with dyslipidae-
mia and enhanced arterial atherosclerotic buildup has been di-
rectly connected with endothelial dysfunction and subsequent
increased risk of heart failure.™ The characteristic features
of diabetic dyslipidaemia include elevated plasma triglyceride
and low-density lipoprotein (LDL) concentrations, and reduced
high-density lipoprotein (HDL) levels. Such complications may
arise due to increased free fatty acid flux secondary to insulin
resistance and can greatly impair myocardial contractility, which
eventually leads to reduced cardiac efficiency.>® Currently, of
major concern has been the limited capacity of available thera-
pies to protect diabetic patients against the rising cardiovascular
disease (CVD)-related comorbidities.

Although currently used therapies like statins can control dys-
lipidaemic complications, their long-term use has been associated
with reduced endogenous levels of ubiquinone or coenzyme Q,,
(CoQ10).”8 In fact, it has been established that a diabetic heart
already displays significantly reduced endogenous CoQ10 levels,
when compared to the nondiabetic counterpart.” This may fur-
ther explain the continued rise in CVD-related deaths in diabetic
patients since CoQ10 is known to act as an important antioxidant
to protect against dyslipidaemia-induced oxidative stress and in-

flammation, 11!

some of the major consequences implicated in
enhanced diabetes-induced myocardial damage. Beyond its an-
tioxidant properties, CoQ10 remains a crucial component of the
mitochondrial electron transport chain that plays an essential role
in facilitating the production of adenosine triphosphate through its
involvement in redox reactions.? Consistently, administration of
CoQ10 has been correlated with improved endothelial function in
patients with and without established CVDs.*°

Despite an increase in the number of studies reporting on the
beneficial effects of CoQ10 supplementation in improving endothe-
lial function in humans,® available evidence remains inconclusive
regarding its impact on improving CVD outcomes in those with di-
abetes. Thus, this systematic review and meta-analysis updates our
current understanding on the cardio-protective effects of CoQ10,
using data from randomized controlled trials (RCTs) published in the

last five years.

cardiovascular diseases, coenzyme Q,, diabetes mellitus, heart failure, metabolic syndrome,

2 | METHODS

This systematic review and meta-analysis was prepared in agree-
ment with the Preferred Reporting Items for Systematic reviews
and Meta-Analysis (PRISMA) guidelines.13 Accordingly, File S1 pro-
vides a PRISMA checklist for this systematic review and meta-anal-
ysis. Furthermore, to deliver transparency in the review process
and avoid publication bias, this meta-analysis, the International
prospective register of systematic reviews (PROSPERO), was thor-
oughly searched and found no similar review registered on the cur-
rent topic.

2.1 | Strategy to search RCTs

For study inclusion, a comprehensive search was conducted using
electronic databases such as MEDLINE, Cochrane Library, Scopus
and EMBASE from inception up to 30 September 2019. This was
done independently by two reviewers, PVD and TMN, whilst BBN
as a third reviewer was consulted for arbitration. The primary
search was limited to RCTs, published in the past 5 years to cap-
ture recent development in the topic, reporting the use of CoQ10
supplementation in individuals with diabetes or metabolic syn-
drome. Within the same cohort, patients receiving placebo were
used as a comparative control. To optimize the search strategy,
Medical Subject-Heading (MeSH) and text words such as coen-
zyme Q,, diabetes mellitus, metabolic syndrome, hyperglycaemia,
heart failure and their respective synonyms and associated words
or phrases were adapted for each database used. Moreover, there
were no language restrictions applied in the search strategy, whilst
EndNote version 10 (Clarivate Analytics, Philadelphia, USA) was
used to manage the reference list, including removing study dupli-

cates, as previously reported.*

2.2 | Inclusion and exclusion criteria

The systematic review and meta-analysis included RCTs evalu-
ating the impact of CoQ10 on CVD-related outcomes in adults
(>18 years) with diabetes or metabolic syndrome. Briefly, included
studies were those that assessed the use of CoQ10 as an interven-
tion, contained the comparison group on placebo, and reported on
measurable CVD-related outcomes in individuals with diabetes or
metabolic syndrome. Animal studies were excluded since the main

objective was to establish the impact of CoQ10 supplementation on
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CVD outcomes in individuals with diabetes or metabolic syndrome.
Other exclusions included books, cohort or observational studies,
letters and case reports, whilst reviews were only scanned for RCTs.
Furthermore, studies not reporting on measurable CVD outcome or
contained limited information on the methodology or results from

the article were excluded.

2.3 | Data extraction and assessment of quality

Two investigators, PVD and TMN, independently evaluated all

pertinent articles and carefully selected those that were relevant.

& Metabolism

Incongruities were resolved by consulting a third investigator,
BBN. The main outcome of the study was to establish the impact
of CoQ10 supplementation on CVD-related outcomes in diabetes
or metabolic syndrome. Another important objective of the study
was to establish whether CoQ10 supplementation affected diabe-
tes and metabolic syndrome-related markers such as fasting blood
glucose (FPG) or insulin levels, glycated haemoglobin (Hb1Ac) and
body mass index (BMI). To accomplish this, relevant data items,
from each article, such as name and year of publication, the coun-
try where the study was conducted, sample and gender distribu-
tion, as well as CoQ10 dosage used and duration of intervention,

were extracted by two independent investigators (VM and KM).

)
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FIGURE 1 Anoverview of flow diagram showing study inclusion
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Furthermore, VM and KM evaluated the risk of bias using the
modified Downs and Black checklist, which is appropriate for both
randomized and nonrandomized studies.’>*¢ Any disagreements
were resolved by consulting the third investigator, TMN. The
overall total scores of each study was rated poor if the score was
(<13points), fair if (14-18 points), good if (19-23 points) and excel-
lent if the score was (24-27). The same investigators were also re-
sponsible for assessing the quality of evidence across the selected
studies by using the Grading of Recommendations Assessment

Development and Evaluation (GRADE) approach.’

2.4 | Statistical analysis

The meta-analysis and statistical analyses was performed using
RevMan software (version 5.0; Cochrane Collaboration, Oxford,
UK). The method established by Hozo and colleagues was used
to calculate each continuous effect measure.® Alternatively, to
test for statistical heterogeneity, Pearson's chi-squared test (Chi?)
and Higgin's I? statistics were applied.? Furthermore, to gener-
ate pooled effect estimates when substantial heterogeneity ex-
isted (1% > 50%), the random-effects model was used, as previously
discussed.?? Cohen's method was further used to interpret effect
sizes, whereby a standardized mean difference of 0.2, 0.5 and 0.8
was equated to small, medium and large, respectively.?! Likewise,
a P-value < .05 was considered statistically significant, whilst in-
terrater reliability was evaluated for both the included studies
and risk of bias by means of Cohen's kappa. Here, a kappa value
of <0.00 was taken as poor strength of agreement, 0.00-0.20 as
slight agreement, 0.21-0.40 as fair agreement, 0.41-0.60 as mod-
erate agreement, 0.61-0.80 as substantial agreement, and 0.81-
1.00 as perfect agreement.??

3 | RESULTS
3.1 | Study selection

A total of 49 studies were identified and screened for eligibility,
with 38 records selected through database searching, and 11 arti-
cles retrieved from other sources. Overall, 12 studies met the inclu-
sion criteria, as demonstrated in Figure 1. All included studies were
RCTs published within the last five years, reporting on the impact
of CoQ10 supplementation on CVD-related outcomes in individu-
als with diabetes or metabolic syndrome. A total of eleven studies
were excluded for lack of full-text availability, whilst 25 records were

2326 met the inclu-

omitted with reasons. For example, four studies
sion criteria but were excluded due to inconsistencies in data report-
ing. Other reasons for exclusion included reasons such as not having
a clear study design, some studies were published outside the five-
year inclusion criteria, and others were excluded for not reporting
on the impact of CoQ10 on individuals with diabetes or metabolic

syndrome.

3.2 | Study characteristics

Allincluded articles were published in peer-reviewed journals within
the last five years, and in detail characteristic features of encom-
passed studies are displayed in Table 1. Briefly, this study comprised
of a total of 650 participants with a mean age of 56.22 + 10.93 years,
with at least 50% of participants registered as males. Overall, 40%
of studies reported findings from T2D patients, whilst 20% had dia-
betic retinopathy, 15% metabolic syndrome, 14% diabetic nephropa-
thy, and 12% were prediabetic (Table 2). Treatment was distributed
evenly, with 50% individuals receiving CoQ10 supplementation in

included studies.

3.3 | Risk of bias assessment

The use of funnel plots showed perfect symmetry distribution
which is indicative of no publication bias in the included studies
(Figure 2). The risk of bias and quality of sixteen included stud-
ies was assessed by VM and KM, using a modified Downs and
Black's checklist.!® The overall median score range of the 12 in-
cluded studies was 19(14-23) with seven of the rated good (19-23
points) and the rest as fair (14-18 points). Furthermore, all included
studies had low reporting, internal and reporting bias with aver-
age median scores of 9(9-10) out of a possible score of 11 (overall
agreement 93%, kappa = 0, 87), 4(2-6) out of a possible score of 7
(overall agreement 76%, kappa = 0, 50) and 5(3-6) out of a possible
score of 6 (overall agreement 93%, kappa = 0, 86), respectively.
However, included studies scored poor on external validity with
a median of 0(0-3) out of a possible score of 3 (overall agreement
17%, kappa = -0,67).

3.4 | Data synthesis

3.4.1 | Theimpact of CoQ10 supplementation on
metabolic profiles

Atotal of 12 studies reported on glucose metabolism-related profiles of
included participants. Overall, the pooled estimates of metabolic pro-
files showed improved glucose metabolism in T2D patients on CoQ10
supplementation when compared to those on placebo ([SMD = 0.17,
95% C1(0.04; 0.31), Chi? = 73.37 and I? = 54%, P = .0001). Despite high
sources of heterogeneity, the test for subgroup differences indicated
no significant effect (P = .80), thus no subgroup analysis was performed
(Figure 3). Consistent with data of pooled estimates, qualitative data
analysis showed that CoQ10 therapy could substantially improve other
measured metabolic parameters when compared to those on placebo.
For example, a study by Mehrdadi and colleagues demonstrated the
positive effects of CoQ10 supplementation in reducing body weight
and adipolin levels.?” Table 1 shows that the majority of studies dem-
onstrated a positive outcome in controlling diabetes-related features
such as FPG and Hb1Ac.
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(Continued)

TABLE 1

CoQ dosage and

duration

Main findings

Age (years)

Male, n (%)

Study size

Country

Study

Although did not significant affect gene expression

100 mg per day for
12 weeks

62.5+31.82

Not reported

40 patients with diabetic

Iran

Heidari et al,
2018%

of oxidized LDL, lipoprotein(a), glucose transporter

(GLUT)-1, transforming growth factor-beta,

nephropathy (20 on CoQ10, 20 on

placebo)

CoQ10 markedly improved gene expression of

Endocrinology, Diabetes

peroxisome proliferator-activated receptor-gamma,
interleukin-1, and tumour necrosis factor-alpha

Increased antioxidant enzyme activity levels, reduced

100 mg per day for

12 weeks

31(66) 60.57 + 10.88

47 patients with type 2 diabetes (24

Taiwan

Yen et al,

HbA1c levels and maintained HDL-cholesterol levels
CoQ10 significantly reduced HOMA-IR no significant

CoQ10, 23 placebo)

2018°°

ILEY—& Metabolism

200 mg per day for

51.12+7.75
8 weeks

57(73.08)

78 patients with prediabetes (39 per

Korea

Yoo and Yum,
2018%7

changes in FPG, insulin, and glycated haemoglobin

group)

Did not change muscle GLUT4 content, insulin

2*200 mg per day
for 8 weeks

62.73+1.71

35 overweight and obese individuals 22(62.9)

Denmark

Kuhlman et al,
20188

sensitivity, or secretory capacity, but improved

hepatic insulin sensitivity

(18 on CoQ10, 17 on placebo)

DLUDLAET AL.
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3.4.2 | Theimpact of CoQ supplementation on
cardiovascular risk parameters

It is now well established that dysregulated levels of lipid profiles in
T2D or conditions of metabolic syndrome including LDL cholesterol,
HDL, total cholesterol and triglycerides are associated with the de-
velopment of CVDs. To establish a link between the lipid profiles and
CVDs, a total of eight studies met the inclusion criteria. Interestingly,
pooled estimates of cardiovascular risk effect measures showed a
significant risk reduction in T2D patients on CoQ10 supplementa-
tion when compared to those on placebo [SMD = 0.13, 95% Cl (0.03;
0.23], Chi? = 43.62 and I? = 29%, P = .07. The test for subgroup dif-
ferences suggested that there is an insignificant subgroup effect
(P = .24), hence no subgroup analysis was performed based on the
reported effect measures (Figure 4). It is of note that although the
meta-analysis supported the beneficial effects of CoQ10 on medi-
ating lipid profiles, some of the included studies did not show any
effect with CoQ10 supplementation on lipid profiles.!*%8%0 The
quality of included evidence as well as the meta-analysis summary
of findings is reported in Table 3.

4 | DISCUSSION

T2D and its interconnected metabolic complications such as obe-
sity are of clinical significance because of their epidemic prevalence
and contribution to the rapid rise of noncommunicable-related
deaths.®%*2 Dyslipidaemia remains the major characteristic feature
of T2D, and its prevalence among diabetic patients may be high as
70% in some populations.®® Even worse, enhanced lipid deposits on
the arterial wall in patients presenting with dyslipidaemia have been
associated with the development and worsening of atherosclero-
sis.>* The latter is known to be the causal factor for virtually 80%
of all deaths among diabetic patients.®® At present, complex mecha-
nisms implicated in the development of atherosclerosis in a diabetic
state have been described. For example, nonenzymatic glycosylation
of lipids can interfere with normal physiological function by promot-
ing the generation of oxidative stress, which is one of the major con-
sequences associated with deteriorated cardiac function.

Oxidative stress, through enhanced production of reactive ox-
ygen species, can affect endothelial nitric oxide (NO) availability,
and thus in the process compromise vascular function.®® NO is
broadly considered as one of the most vital molecules produced
in the human body, and its acts as an essential regulator in a vast
array of crucial physiological functions, especially the maintenance
of vascular tone.%%” Research over the years has led to the identi-
fication of several ROS generating systems that could potentially be
modulated in conditions of hyperglycaemia.®>%8%? However, thera-
peutic approaches currently being used to improve cardiovascular
function, including maintenance of vascular tone such as aspirin
and statins present with limited antioxidant properties to protect
against oxidative stress.*®*' Hence, exploration of antioxidant-rich

compounds such as CoQ10 remains a plausible strategy to improve
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TABLE 2 Summary of characteristic features of included studies

Characteristic features of included

studies Number %

Total patients 650 100
Patients with diabetic retinopathy 128 20
Patients with diabetic nephropathy 90 14
Patients with metabolic syndrome 95 15
Patients with prediabetes 78 12
Patients with type 2 diabetes 259 40
Coenzyme Q,, supplementation 323 50
Placebo 327 50

cardiac function in a diabetic state. In agreement, a previous me-
ta-analysis of randomized controlled trials has supported the ben-
eficial effects of CoQ10 supplementation on vascular endothelial
function in humans.!® Others have reported on the meta-analysis
data showing contradictory results on the effect of CoQ10 on gly-
caemic control, lipid profile or blood pressure in patients with diabe-
tes.*>** Thus, highlighting the importance of updated evidence on
this topic, especially understanding the impact of CoQ on metabolic
and CVD-related markers in the most vulnerable patients with T2D
or metabolic syndrome.

The current systematic review and meta-analysis summarized
published evidence from twelve RCTs that explored the impact
of CoQ10 therapy on metabolic and CVD-related risk markers
in patients with T2D or metabolic syndrome. Although did not
statistically affect BMI or insulin levels, the pooled estimates of
metabolic profiles showed that CoQ10 therapy could substantially
improve other measured metabolic parameters when compared to
those on placebo. The statistical significance results were espe-
cially seen with FPG and Hb1Ac. Overall, the current results sug-
gest an enhanced potential for CoQ10 to improve basic metabolic

parameters implicated in the deterioration of T2D. Moreover, the

- SE(EHD) [
I
i
i
|
i
02+t !
85&an,

1
OD |
0.4+ !
i
< i
I

| °a
06T I
i
|
i

i
nat !
I
1
i
I
1 ‘ . L ‘ . sMD
z 1 [ 1 2
Subgroups

O Body Mass Index
< Fasting plasma glucose

[] Glycated haemoglobin
Insulin

Endocrinology, Diabetes 7 0f 12
i —WILEY
& Metabolism T

outcome showing that CoQ10 could not improve BMI or insulin
levels is consistent with other reported findings elsewhere.*?
Nevertheless, consistent with other pharmacological compounds
like n-acetyl cysteine and resveratrol, although could not signifi-
cantly affect some metabolic parameters, their capacity to sub-
stantially enhance antioxidant capacity within the human system
is important for attenuating oxidative stress and in the process
show potential to protect the diabetic heart.*>**” Consistently, al-
pha-lipoic acid, an organosulphur compound derived from caprylic
acid that is increasingly explored for its beneficial effects as a di-
etary supplement with abundant properties, has been shown to
provide limited amelioration against metabolic disturbances, but
instead may protect against atherosclerosis and development of
CVD when used in combination with exercise.*® Further, suggest-
ing that perhaps the combination use of CoQ10 with exercise may
provide even better protective effects against heart failure and
associated complications, an aspect that is also increasingly ex-
plored elsewhere.*?>°

Nevertheless, presented data also showed that CoQ10 sig-
nificantly reduced the overall CVD risk with a small effect size,
with most studies reporting on the intervention between 8 and
12 weeks. In terms of effect measures for CVD, there was a signif-
icant reduction in only total cholesterol and LDL. It is important to
note that although a previous study showed an effect in CVD risk
measure such as systolic and diastolic blood pressure,25 the pooled
estimates in the current review revealed that CoQ10 supplementa-
tion did not affect these parameters. However, the results on this
CVD-related outcome, including ejection fraction, are inconclusive
due to the limitation of RCTs that have explored these important
CVD-related outcomes. Interestingly, although a formal analysis
was not done on the effect of CoQ10 on oxidative stress parameters
due to heterogeneous nature of reported data, it was evident that
CoQ10 supplementation consistently improved the antioxidant ca-
pacity in patients, thus resulting in reduced oxidative stress markers

like plasma malondialdehyde and advanced glycation end-product
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Placebo Coenzyme Q10 Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Body Mass Index
Fallah 2018 262 32 30 26.8 4 30 31% —0.16 [-0.67,0.34] T
Gholnari 2017 313 48 25 304 B 25 2.9% 016 [-0.39,0.72] -1
Hosseinzadeh-Attar 2015 29.52 KR 33 2911 3.07 31 3.2% 011 [-0.38, 0.61] -
Kuhlman 2018 288 0r a 276 0.6 14 1.3% 1.81 [0.76, 2.56]
Moazen 2015 256 246 26 2538 214 26 2.9% 0.09[-0.45, 0.64] T
Pek 2014 .z 6.1 20 282 3.8 20 2.5% 0.39 [F0.24,1.01] I
Raygan 2016 307 5.4 30 283 52 30 31% 0.44 [-0.07, 0.96] T
Yen 2018 273 34 23 28 43 24 2.8% -0.16 [-0.74, 0.41] T
Yoo 2018 263 34 38 267 a7 38 3.5% =011 [-0.56, 0.33] I
Young 2018 263 34 38 267 a7 38 3.5% =011 [-0.56, 0.33] i
Subtotal (95% CI) 273 278  28.7% 0.13 [-0.10, 0.36] &>
Heterageneity: Tau® = 0.06; Chi*= 1637, df=9 (P = 06);F= 45%
Testfor overall effect Z=1.11 {F = 27)
Fasting plasma glucose
Fallah 2018 1252 687 30 1238 406 30 31% 0.02 [-0.48,0.53] -
Gholnari 2017 1277 443 25 10648 358 28 2.8% 0.51 [-0.08,1.07] T
Hosseinzadeh-Attar 2015 1636 31.74 33 15612 36.34 2 0.8% 0.23 [-1.20,1.66]
Kuhlman 2018 58 0.1 3 549 0.1 14 1.8%  -0.96[-1.88,-0.04]
Mehrdadi 2016 1632 333 30 1601 358 30 31% 0.09 [-0.42, 0.59] o
Moazen 2015 19817 87.02 26 154.92 41449 26 2.8% 0.64 [0.08,1.200 —
Pek 2015 741 34 20 8.39 248 20 2.5% -0.32 [-0.95, 0.30] I
Raygan 2016 132 4862 30 1207 414 30 31% 0.23[0.28,0.73] -
Yoo 2018 1106 144 38 1067 134 39 35% 0.28 [F017,0.72] T
Young 2018 1106 144 38 1067 134 39 3.5% 0.28 F017,0.72] T
Subtotal (95% CI) 280 255  26.8% 0.17 [-0.05, 0.38] »
Heterogeneity: Tau®=0.04, Chif=13.15 df=9(P= 16), /= 32%
Testfor averall effect Z=1.48(F=14)
Glycated haemoglobin
Domanico 2015 56 113 18 58 21 15 2.3% -0.12 [-0.80,0.57] . E—
Fallah 2018 X 1.7 30 6.7 16 30 31% 0.42 [-0.09, 0.93] T
Gholnari 2017 7.4 1 25 6.7 049 25 2.8% 0.72[015,1.300
Hosseinzadeh-Attar 2015 818 204 33 8 28 kil 3.2% 0.07 [-0.42, 0.56] i
Kuhlman 2018 36.9 049 a 354 06 14 1.2% 2.01 [0.92,3.09
Mehrdadi 2016 8.3 21 30 A 21 30 31% 0.03 [-0.48, 053] -
Moazen 2015 .18 202 26 7.25 1.04 26 2.9% 0.&7 001,113 —
Yoo 2018 B 0.4 39 B 0.4 39 3.5% 0.00 [-0.44, 0.44] T
Young 2018 3 0.4 39 3 0.4 39 3.5% 0.00 [-0.44, 0.44] T
Subtotal (95% CI) 248 249 25.5% 0.30 [0.01, 0.58] <
Heterogeneity: Taur=0.11; Chi*=18.14, df= 8 (F= .01}, /*= 58%
Test for averall effect 7= 2.05 {F= .04)
Insulin
Fallah 2018 16.2 79 30 1249 5.1 30 31% 0.49 [-0.02,1.00] —
Gholnari 2017 166 121 25 122 a 25 2.8% 0.47 [-0.08,1.03] T
Mehrdadi 2016 752 442 30 923 388 30 31% -0.41 [-0.92,0.11] T
Raygan 2016 16 5.9 30 97 45 30 3.0% 0.81[0.28,1.34] -
Yoo 2018 108 5.3 39 134 1041 39 3.5% -0.36 [-0.80, 0.09] T
Young 2018 108 5.3 39 134 1041 39 3.5% -0.36 [-0.80, 0.09] /T
Subtotal (95% CI) 193 193  18.9% 0.09 [-0.34, 0.52] -
Heterogeneity: Tau?= 0.22; Chi*=22.24 df=5(F= 0005);/*=78%
Testfor averall effect Z= 043 (P = 67}
Total (95% CI) 994 975 100.0% 0.17 [0.04, 0.31] L2
Heterageneity: Tau® = 0.09; Chi*= 73.37, df= 34 (P = 0001);/*= 54% f f t f
Testfor overall effect Z= 2,47 (P =013 -2 -1 0 1 2

Favours Coenzyme @10 Favours Placebo

Testfor subgroup diferences: Chif= 0849, df= 3 (F= 800/ = 0%

FIGURE 3 Statistical analysis data reporting on metabolic in diabetic patients on coenzyme Q10 supplements versus those on placebo

levels. Of particular interest was also the reported ability of CoQ10

to enhance NO bioavailability by one of the included studies, con-

sistent with beneficial effects in improving the antioxidant status

of T2D patients.30 Further suggesting that CoQ10 exerts an en-

hanced effect in improving vascular tone as well as endothelial

function, as reported previously.*® This is especially important since

it is acknowledged that endothelial dysfunction is implicated in the

deterioration of cardiac function, especially in conditions of meta-

bolic syndrome.>! However, more studies are required to assess the

impact of CoQ10 supplementation of oxidative stress parameters,

in correlation to CVD risk outcomes in diabetic patients. Similarly,

long-term intervention with CoQ10 could be of interest to explore,

since except for one study,’” the majority of RCTs were done for a

period of three months or less.

5 |

CONCLUDING STATEMENT

CoQ10is a component of the electron transport chain that is vital in

aerobic cellular respiration. In addition, this lipophilic compound can
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Placebo Coenzyme Q10 Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Distolic blood pressure
Kuhlrman 2018 a4 2 a 86 2 14 1.2% —0.96 [-1.89, -0.04]
Pek 2014 782 121 20 788 102 20 2.6% —-0.05 [-0.67, 0.57] I
Yen 2018 816 1549 23 T84 1341 24 3% 0.21 [-0.36,0.78] i e—
Yoo 2018 T3 95 39 T3 11.2 39 5.1% 0.00[-0.44, 0.44] -
Subtotal (95% CI) 90 97 12.0% -0.05[-0.34, 0.24] e
Heterageneity: Chi®= 4 58 df= 3 {F= 213 1"=35%
Test for overall effect =036 (P= 72)
Systolic blood pressure
Kuhlrman 2018 135 4 a 137 4 14 1.3% -0.48 [-1.36, 0.40] —
Pek 2014 1307 162 20 12841 12.9 20 2.6% 017 [-0.45, 0.80] -1
Yen 2018 1357 137 23 1344 19.4 24 3% 0.07 [-0.50, 0.64] B —
Yoo 2018 1271 97 39 1288 10.6 39 5.1% -017 [F0.61,0.28] 71
Subtotal (95% CI) 90 97 12.1% -0.07 [-0.35, 0.22] 4
Heterogeneity: Chi*=1.83, df= 3 (F= B1);F=0%
Test for overall effect 2= 0.45 (F = §5)
Triglycerides
Fallah 2018 139 78 30 131 64 30 3.9% 0.11 [-0.40, 0.62] T
Gholnari 2017 188 854 25 1637 7a.1 25 3.2% 0.31 [-0.25, 0.87] [ —
Hosseinzadeh-Attar 2015 16615 80.72 33 15838 BB.28 31 4.7% 0.10[-0.39, 0.59] -
Kuhlman 2018 88.58 B8.847 g 106.28 8857 14 0.9%  -1.82 [-3.00,-0.88]
Pek 2014 152 1.1 20 1.71 2.61 20 2.6% -0.09 [-0.71, 0.43] I —
Raygan 2016 1851 782 30 12649 46.3 an 3.8% 0.43[-0.08, 0.95] T
Subtotal (95% CI) 146 150 18.7% 0.09 [-0.15, 0.32] »
Heterogeneity: Chi*=16.23, df= 5 {F = .006), /= 6%
Testfor overall efect Z=0.72 (F= .47)
Total cholesterol
Fallah 2018 148 44 30 138 36 30 3.9% 0.25[-0.26,0.749] T
Gholnari 2017 1656 321 25 1514 641 25 33% 0.27 [-0.29, 0.83] i a—
Hosseinzadeh-Attar 2015 18587 36.35 33 17735 3796 31 4.7% 0.23[-0.27,072] -1
Kuhlman 2018 3809 26.57 8 36315 17.714 14 1.2% 0.80[-010,1.71] y
Pek 2014 478 1.058 20 452 n.sz2 20 2.6% 0.27 [-0.35, 0.89] R E—
Raygan 2016 1498 305 30 14345 29.5 an 3.8% 0.21[-0.30,0.72] T
Subtotal (95% CI) 146 150 19.1% 0.28 [0.05, 0.51] &
Heterogeneity Chi*=1.42 df= 5 (F=.92), F=0%
Test for overall effect Z= 237 (F=.02)
High-density lipoprotein
Fallah 2018 33 7 30 il ] 30 3.9% 0.32[-0.18,0.83] T
Gholnari 2017 4345 6.7 25 434 5.1 25 33% 0.02 [-0.54, 0.57] I
Hosseinzadeh-Attar 2015 36.68 11.32 33 4087 1347 31 4.1% -0.34 [-0.54,0.19] T
Kuhlman 2018 58 3.867 g8 4414 3867 14 1.2% 0.96 [0.04, 1.88]
Pek 2014 121 0.3 20 1.18 0.25 20 2.6% 010[-0.52,0.72] I e—
Raygan 2016 491 8.8 30 471 7.3 an 3.8% 0.25[-0.26, 0.76] 1T
Subtotal (95% CI) 146 150 19.1% 0.12 [-0.11, 0.35] -
Heterogeneity Chi*=7.54, df= 5 (P= 18);/7= 34%
Test for overall effect Z=1.02 (F=.31)
Low-density lipoprotein
Fallah 2018 a7 39 30 g1 34 30 3.9% 0.16 [-0.339, 0.67] -1
Gholnari 2017 84.3 308 25 746 49.8 25 33% 0.23[-0.33,0.79] [
Hosseinzadeh-Attar 2015 1153 27.61 33 10851 2831 31 4.1% 0.35[-0.15, 0.84] T
Kuhlman 2018 1044 116 g8 96.67 T.734 14 1.2% 0.80-011,1.71] y
Pek 2014 308 075 20 2.57 0.58 20 2.4% 075 [0.10,1.39]
Raygan 2016 9.8 223 30 71 238 an 3.8% -0.05 [-0.56, 0.45] T
Subtotal (95% CI) 146 150  19.0% 0.29 [0.06, 0.52] &
Heterogeneity Chi*= 524 df= 5 (F= 39)=5%
Testfor overall effect 2= 2.43 (F=.02)
Total (95% CI) 764 794 100.0% 0.13[0.03, 0.23]

Heterogeneity, Chi®= 43.62, df= 31 (F = .07); /7= 29%

Test far overall effect: 7= 2 47 (P= 01}

Testfor subgroup differences: Chi*=6.78, df=5 (P= 241, 7= 26.3%

.

-2

-1

0 1 2

Favours Coenzyme @10 Favours Placebo

FIGURE 4 Statistical analysis data on cardiovascular disease risk profiles of diabetic patients on coenzyme Q10 supplements versus

those that received placebo

act as a strong antioxidant by blocking protein, lipid and DNA oxi-

dation. In turn, experimental data and clinical trials have increased

reporting on the impact of CoQ10 on CVD risk in patients with met-

abolic diseases. On the other hand, it is well understood that dietary

supplementation with CoQ10 leads to enhanced ubiquinol-10 levels

within circulating lipoproteins, and this consequence is essential for

blocking oxidative stress, especially the initiation of lipid peroxida-

tion.>% In support of this fact, the current systematic review and
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TABLE 3 Anoverview of the quality of included evidence as well as the meta-analysis summary of findings

Coenzyme Q,, compared to placebo

Patient or population: Adults patients with T2D

Intervention: CoQ10

Comparison: Placebo

Outcomes Anticipated absolute Relative effect 95% Cl) No of Certainty of the Comments

effects® (95% Cl) participants evidence (GRADE)
Risk with Placebo Risk with CoQ10 {studies)

Glucose metabolic profile - The SMD in the - 419 (9 Randomised DPEDD
measured using glycated intervention group was Control Trial studies) HIGH
haemoglobin (Hb1AC) 0.30 lower (0.01 lower

to 0.58 lower)

Cardiovascular disease - The SMD in the - 236 (6 Randomised DPODD

risk measured using total intervention group was Control Trial studies) HIGH

cholesterol

0.28 lower (0.05 lower

to 0.51 lower)

Note: Cl, Confidence interval; SMD, Standardised mean difference.
GRADE Working Group grades of evidence.

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is

a possibility that it is substantially different.

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of

effect.

#The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of

the intervention (and its 95% Cl).

meta-analysis demonstrated that in addition to improving impor-
tant metabolic profiles, CoQ10 supplementation could lower CVD
risk by reducing total cholesterol and LDL levels in patients present-
ing with diabetes or metabolic syndrome. Thus, more research is
needed exploring the clinical use of CoQ10 to maintain metabolic
diseases, which is important to prolong the lives of diabetic pa-
tients. This is consistent with the identified limitations, like assess-
ing its synergistic effect when combined with current anti-diabetic
agents, as well as testing its overall impact on broader spectrum of
CVD-risk-related outcomes such as ejection fraction.
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