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Background. Diabetes mellitus (DM) presents a signifcant global health challenge with considerable cardiovascular implications.
Coenzyme Q10 (CoQ10) has gained recognition for its potential as a natural antioxidant supplement in the management of
diabetes and its associated cardiovascular complications. Aim. Tis comprehensive review systematically examines the scientifc
rationale underlying the therapeutic properties of CoQ10 in mitigating the impact of diabetes and its cardiovascular conse-
quences. Te analysis encompasses preclinical trials (in vitro and in vivo) and clinical studies evaluating the efcacy and
mechanisms of action of CoQ10. Result & Discussion. Findings reveal that CoQ10, through its potent antioxidant and anti-
infammatory attributes, demonstrates signifcant potential in reducing oxidative stress, ameliorating lipid profles, and regulating
blood pressure, which are crucial aspects in managing diabetes-induced cardiovascular complications. CoQ10, chemically
represented as C59H90O4, was administered in capsule form for human studies at doses of 50, 100, 150, 200, and 300mg per day
and at concentrations of 10 and 20 μM in sterile powder for experimental investigations and 10mg/kg in powder for mouse
studies, according to the published research. Clinical trials corroborate these preclinical fndings, demonstrating improved
glycemic control, lipid profles, and blood pressure in patients supplemented with CoQ10. Conclusion. In conclusion, CoQ10
emerges as a promising natural therapeutic intervention for the comprehensive management of diabetes and its associated
cardiovascular complications. Its multifaceted impacts on the Nrf2/Keap1/ARE pathway, oxidative stress, and metabolic reg-
ulation highlight its potential as an adjunct in the treatment of diabetes and related cardiovascular disorders. However, further
extensive clinical investigations are necessary to fully establish its therapeutic potential and assess potential synergistic efects with
other compounds.
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1. Introduction

1.1. Diabetes Mellitus (DM). DM is a signifcant metabolic
disorder characterized by elevated blood sugar levels,
resulting from a complex interplay of genetic and envi-
ronmental factors. It has emerged as a major chronic
noncommunicable disease that profoundly impacts the
health and well-being of individuals worldwide [1].
According to the International Diabetes Federation (IDF),
the number of people living with diabetes was estimated at
536.6 million in 2021, and this fgure is projected to reach
783.2 million by 2045 [2]. Consequently, diabetes has
become an increasingly pressing concern both in clinical
practice and public health initiatives [3]. Diabetes is as-
sociated with various complications, including heart dis-
ease, nephropathy, neuropathy, retinopathy, cataracts, and
a range of other health issues [4]. Among these compli-
cations, cardiovascular disease stands out as one of the
most prevalent and severe consequences of diabetes, being
a leading cause of illness and mortality in diabetic in-
dividuals [5]. Te primary goal of diabetes treatment is to
manage and lower blood glucose levels in afected patients,
which is typically achieved through the use of antidiabetic
medications and lifestyle adjustments such as weight
management, healthy dietary choices, and increased
physical activity [6]. Presently, the mainstay of diabetes
treatment involves insulin and hypoglycemic medications,
which often entail side efects such as hypoglycemic epi-
sodes, headaches, dizziness, nausea, and hypersensitivity
reactions. Furthermore, these pharmaceutical in-
terventions often fall short in providing long-term relief
from diabetes symptoms [5, 7]. Hence, there is a growing
need to identify efective, natural compounds with fewer
adverse efects for the management of diabetes and its
associated complications [8]. In light of the rising preva-
lence of the diabetes epidemic, its social and economic
ramifcations, and the limitations of conventional phar-
maceuticals, increasing attention has been directed toward
the exploration of antioxidant supplements derived from
natural sources, which hold promise for the treatment of
diabetes and its complications [9]. Te present study aimed
to examine the antioxidant properties of COQ10 and its
potential benefcial efects on oxidative stress induced by
diabetes and associated cardiovascular complications.

2. Coenzyme Q10 (COQ10)

COQ10 is a notable supplement utilized in the management of
various health conditions, including cardiovascular diseases,
diabetes, neurological disorders, and metabolic irregularities
such as hyperlipidemia and hypertension, as well as mito-
chondrial diseases [10]. Extensive research has highlighted the
benefcial impacts of CoQ10 in safeguarding against diabetes
and its associated cardiovascular complications. Tese efects
are purportedly linked to its antioxidant properties, anti-
infammatory attributes, antihypertension, hypoglycemic ef-
fects, and the ability to counteract hyperlipidemia aimed at
ameliorating diabetes and its cardiovascular ramifcations
[11–13].

Tis review endeavors to elucidate the scientifc basis
supporting the therapeutic properties of CoQ10 as
a promising antioxidant in the context of managing diabetes
and its consequential cardiovascular complications. Re-
search has primarily ascribed the advantageous impacts of
CoQ10 to its well-documented bioenergetic and antioxidant
properties [14]. Although the vast majority of individuals
tolerate coenzyme Q10 without any side efects, it is possible
to experience mild adverse efects such as nausea, vomiting,
diarrhea, stomach upset, and appetite loss. It may elicit
allergic skin rashes in certain individuals. In addition, it may
cause a drop in blood pressure [15]. Furthermore, it seeks to
provide an overview of the specifc efects and underlying
molecular mechanisms through which CoQ10 may con-
tribute to the improvement of diabetes and its associated
cardiovascular issues.

2.1. CoQ10’s Benefcial Impacts on Diabetes and Associated
Cardiovascular Consequences. 2,3-Dimethoxy-5-methyl-
6-polyprenyl-1,4-benzoquinone, or CoQ10, is a lipophilic
substance that resembles a vitamin. It is found in many
diferent types of life and functions as a strong agent with
anti-infammatory, antiapoptotic, and antioxidant proper-
ties [16]. CoQ10 is made up of two key elements, including
a benzoquinone ring that aids in the transmission of elec-
trons to the mitochondrial membrane’s respiratory chain.
Tis aids adenosine triphosphate production, which helps
cells generate energy. Te other component is an isoprenoid
chain, which provides the molecule’s hydrophobic charac-
teristics (Figure 1). Isoprenyl chain lengths vary between
species. For example, humans contain CoQ10, which has 10
isoprenyl units, but rats normally have CoQ9 [17]. In human
cells, the quinone head of CoQ is joined to a chain of nine
(CoQ9) or ten isoprene units (CoQ10) to form CoQ. Al-
though coenzyme Q10 makes up a sizable component of
total CoQ and can rise in response to oral treatment, co-
enzymeQ9 is more prevalent inmice and rat tissues than it is
in human tissues. It was discovered that CoQ10 is absorbed
into the brain. Moreover, the exogenous lipid signifcantly
increases the amount of CoQ9 that is produced internally
[18]. CoQ10 is essential for protecting cells from oxidative
damage and increasing cellular energy. Furthermore, CoQ10
may be used as an adjuvant therapy in the management of
infectious disorders, according to certain research. It is
commonly known that oxidative stress and infammation
play important roles in bacterial and viral illnesses. CoQ10
works to prevent viral infections by acting as an antioxidant
and reduces infammation, either directly or indirectly. In
order to fght a disease, immune cells release reactive oxygen
species (ROS) and cytokines during an infectious process.
Te direct antioxidant efect of CoQ10 can prevent lip-
operoxidation, which is a product of these ROS. By sup-
pressing the expression of the nuclear factor kappa B (NF-
kB) gene, CoQ10 may have anti-infammatory properties by
lowering the synthesis of interleukin 1 (IL-1), IL-6, and
tumor necrosis factor α (TNF-α) gene expression [19]. It is
primarily prevalent in the heart, liver, kidneys, and pancreas
and is present in cell membranes throughout the body,
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particularly in the inner mitochondrial membrane [19, 20].
Despite the fact that the human body naturally produces
CoQ10, the synthesis of this vitamin-like substance de-
creases with age, which may result in defcits in elderly
people [21]. Coenzyme Q10 (ubiquinol) is present in the
cellular membrane and functions to prevent oxidation of
lipoproteins and the lipid membrane by being enzymatically
maintained in its reduced state. However, as people age, their
body produces less coenzyme Q10 [22, 23].Te human lung,
heart, spleen, liver, and kidney have the maximum con-
centration of CoQ10 around age 20, after which it pro-
gressively declines with more aging. CoQ10 is present in
small amounts in a variety of food sources and is also
produced industrially in labs for use as a dietary supplement
or medicine [24].

While diabetes can lead to a range of health issues, vas-
cular complications are primarily responsible for the majority
of morbidity and mortality rates in diabetic patients [25].
Research indicates that diabetes contributes to vascular se-
nescence, which is linked to persistent infammation and
heightened oxidative stress resulting from elevated blood
sugar levels. Tese factors play a pivotal role in the devel-
opment of endothelial dysfunction [26]. Type 2 diabetes, the
prevailing form of diabetes, is associated with specifc man-
ifestations including dyslipidemia, atherosclerosis, and hy-
pertension [27]. In the context of T2D, insulin resistance and
obesity collectively contribute to increased fasting triglyceride
(TG) and LDL cholesterol levels, while simultaneously causing
a decline in HDL cholesterol concentrations. Te accumu-
lation of lipids exacerbates the progression of diabetes, po-
tentially leading to complications such as heart failure,
myocardial infarction, stroke, or cardiovascular death [5, 12].

In cardiovascular diseases (CVDs), the prolonged use of
therapies such as statins, a prevalent class of lipid-lowering
medications, can efectively manage dyslipidemic compli-
cations but may concurrently lower serum levels of CoQ10
over time. CoQ10 is an essential component of

mitochondrial respiration and energy production within
muscle cells. Statins work by inhibiting the enzyme HMG-
CoA reductase, which is a crucial enzyme regulating the
synthesis of cholesterol as well as CoQ10. It appears that
gemfbrozil (Lopid) as a lipid-lowering drug may decrease
coenzyme Q10 levels and propranolol, and metoprolol may
inhibit coenzyme Q10-dependent enzymes. Tis inhibition
leads to a decrease in CoQ10 levels in both muscle tissue and
serum [28]. CoQ10 assumes a crucial role in addressing
diabetes and its associated cardiovascular complications
through a variety of mechanisms. Its advantageous efects in
managing these conditions stem from its potent antioxidant
and anti-infammatory properties, its capacity to counteract
abnormal lipid levels, and its essential role in maintaining
mitochondrial function [29]. In the following sections, we
will explore a diverse range of recent examinations, in-
cluding in vivo, in vitro, and clinical trials, to elucidate the
underlying mechanisms through which CoQ10 ofers pro-
tection against diabetes-related cardiovascular complica-
tions. Tese fndings are summarized in Tables 1 and 2.

2.2. Te Role of CoQ10 in Mitigating Oxidative Stress and Its
Impact on Diabetes-Induced Cardiovascular Complications.
Te heightened prevalence of diabetes and the consequent
increase in mortality rates prompted the World Health
Organization to issue a grave warning, particularly em-
phasizing its impact on developing nations [59]. Diabetes is
frequently accompanied with increased oxidative stress,
which contributes signifcantly to the onset and progression
of cardiovascular diseases. CoQ10, a powerful antioxidant,
has been studied for its ability to prevent oxidative damage
in diabetes patients [60]. According to research, CoQ10
supplementation may help decrease oxidative stress by
neutralizing reactive oxygen species and minimizing oxi-
dative damage to cells and tissues. CoQ10’s antioxidant
activity has been linked to protection against a variety of
diabetes-related cardiovascular complications, including
endothelial dysfunction, atherosclerosis, and myocardial
damage [61]. Furthermore, CoQ10 supplementation has
been proven to increase endothelial function, reduce in-
fammation, and boost mitochondrial activity, all of which
contribute to its potential cardioprotective benefts in di-
abetic complications [62]. Overall, previous research has
shown that CoQ10 is important in countering oxidative
stress and has a positive infuence on reducing diabetes-
induced cardiovascular complications. In this section, we
will examine how CoQ10 infuences cardiovascular com-
plications induced by diabetes by regulating oxidative stress.

Dyslipidemia, which is defned by elevated levels of
triglycerides (TG), total cholesterol (TC), low-density li-
poprotein cholesterol (LDL-C), and low levels of high-
density lipoprotein cholesterol (HDL-C), signifcantly in-
creases the risk of atherosclerosis and cardiovascular disease
in diabetic individuals. Atherosclerosis pathogenesis in-
cludes mechanisms such as hyperglycemia, nonenzymatic
glycosylation of lipids, activation of signaling pathways
leading to the generation of proinfammatory cytokines/
chemokines, and enhanced oxidative stress [63]. Oxidative

H3C
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Isoprenoid Side Chain
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Figure 1: Te chemical structure of coenzyme Q10 comprises
a benzoquinone ring bonded to an isoprenoid side chain that
consists of ten connected isoprenyl groups.

International Journal of Endocrinology 3



Ta
bl

e
1:

Pr
ec
lin

ic
al

tr
ia
ls
of

C
oQ

10
in

th
e
tr
ea
tm

en
to

fd
ia
be
te
s
an
d
its

ca
rd
io
va
sc
ul
ar

co
m
pl
ic
at
io
ns
.

St
ud

y
M
od

el
Tr
ea
tm

en
t(
po

w
de
r)

D
ur
at
io
n

O
ut
co
m
es

Re
fe
re
nc
e

In
vi
vo

ST
Z-
in
du

ce
d
di
ab
et
ic

ra
ts

10
m
g/
kg
/d
ay

C
oQ

10
1
w
ee
ks

↓F
BG

,a
th
er
og
en
ic

in
de
x

[3
0]

↓T
G
,T

C
,L

D
L,

V
LD

L
↑H

D
L
↓B

P
In

vi
vo

ST
Z-
in
du

ce
d
di
ab
et
ic

ra
ts

10
m
g/
kg
/d
ay

C
oQ

10
12

w
ee
ks

Im
pr
ov
ed

LV
pe
rf
or
m
an
ce

an
d
m
yo
ca
rd
ia
lr
el
ax
at
io
n

[3
1]

In
vi
vo

A
llo

xa
n-
in
du

ce
d
ty
pe

1
di
ab
et
ic

ra
ts

15
m
g/
kg
/d
ay

C
oQ

10
8
w
ee
ks

↓F
BG

,a
th
er
og
en
ic

in
de
x,

ca
rd
ia
c
ri
sk

ra
tio

[3
2]

↓T
G
,T

C
,L

D
L,

V
LD

L
↑H

D
L

In
vi
vo

M
ou

se
m
od

el
of

ty
pe

1
di
ab
et
es

50
an
d
15
0
m
g/
kg
/d
ay

24
da
ys

↓F
BG

,b
od

y
w
ei
gh

t
[3
3]

C
oQ

10
3
da
ys

↓L
ip
id

pe
ro
xi
da
tio

n

In
vi
vo

l-N
A
M
E-
in
du

ce
d
hy
pe
rt
en
siv

e
ra
ts

10
m
g/
kg
/d
ay

C
oQ

10
6
w
ee
ks

↓S
BP

,D
BP

,M
A
P

[3
4]

↓T
C
,L

D
L,

M
D
A
,T

N
F-
α

↑T
A
C

In
vi
vo

Ty
pe

2
di
ab
et
es

db
/d
b
m
ou

se
10

m
g/
kg
/d
ay

C
oQ

10
10

w
ee
ks

↓
Su

pe
ro
xi
de

ge
ne
ra
tio

n
[3
5]

↓C
ar
di
ac

hy
pe
rt
ro
ph

y
an
d
fb

ro
sis

↓D
ia
st
ol
ic

dy
sf
un

ct
io
n

In
vi
vo

M
ic
e
di
ab
et
ic

ca
rd
io
m
yo
pa
th
y

10
m
g/
kg
,3

tim
es
/w

ee
k
C
oQ

10
8
w
ee
ks

↓M
D
A

[3
6]

↓C
ar
di
ac

hy
pe
rt
ro
ph

y
an
d
fb

ro
sis

↓D
ia
st
ol
ic

dy
sf
un

ct
io
n

↓E
xp
re
ss
io
n
of

A
N
P

In
vi
vo

H
yp
er
te
ns
iv
e
ra
ts

w
ith

fr
uc
to
se
-f
ed

10
m
g/
kg
/d
ay

C
oQ

10
4
w
ee
ks

↓B
P

[3
7]

↓R
O
S

↑S
O
D

In
vi
vo

ST
Z-
in
du

ce
d
di
ab
et
ic

ra
ts

10
m
g/
kg
/d
ay

C
oQ

10
2
w
ee
ks

↑C
A
T,

G
Px

,G
R

[3
8]

In
vi
vo

Ra
ts

w
ith

m
yo
ca
rd
ia
li
nf
ar
ct
io
n

Pr
et
re
at
ed

w
ith

20
m
g/
kg
/d
ay

C
oQ

10
1
w
ee
ks

↓L
V

in
fa
rc
ta

re
a

[3
9]

↓T
N
F-
α,

IL
-6

↑S
O
D
,G

Px

In
vi
vo

ST
Z-
in
du

ce
d
di
ab
et
ic

ra
ts

10
m
g/
kg
/d
ay

C
oQ

10
1
w
ee
ks

↑E
ry
th
ro
cy
te

G
SH

,G
SH

-P
x
ac
tiv

ity
[4
0]

↑H
D
L

↓H
ea
rt

tis
su
e
lip

id
pe
ro
xi
da
tio

n,
FB

G
,T

C
,T

G

In
vi
vo

ST
Z-
in
du

ce
d
di
ab
et
ic

ra
ts

10
m
g/
kg
/d
ay

C
oQ

10
8
w
ee
ks

↓F
BS

,H
bA

1c
,T

C
,T

G
,L

D
L

[4
1]

↓O
xi
da
tio

n
pr
ot
ei
n
pr
od

uc
ts

↓D
N
A

im
pa
ir
m
en
t

↑N
O
,H

D
L

In
vi
tr
o

H
ig
h
gl
uc
os
e-
in
du

ce
d
EP

C
10

μM
C
oQ

10
24

ho
ur
s

↓R
O
S

[4
2]

↓C
as
pa
se
-3
,↑

Bc
l-2

↑M
ito

ch
on

dr
ia
lm

em
br
an
e
po

te
nt
ia
l

↑e
N
O
S
an
d
H
O
-1

ex
pr
es
sio

n

4 International Journal of Endocrinology



Ta
bl

e
1:

C
on

tin
ue
d.

St
ud

y
M
od

el
Tr
ea
tm

en
t(
po

w
de
r)

D
ur
at
io
n

O
ut
co
m
es

Re
fe
re
nc
e

In
vi
tr
o

ox
LD

L-
in
du

ce
d
ox
id
at
iv
e
st
re
ss

in
H
U
V
EC

20
μM

C
oQ

10
24

ho
ur
s

↓R
O
S

[2
2]

↓I
L-
8,

N
F-
κB

,C
O
X
-2

ex
pr
es
sio

n
↑C

A
T,

SO
D

↑e
N
O
S,
↓i
N
O
S

↑B
cl
-2
/B
A
X

In
vi
tr
o

A
ng

II
-in

du
ce
d
ox
id
at
iv
e
st
re
ss

in
H
U
V
EC

10
μM

C
oQ

10
24

ho
ur
s

↓R
O
S

[2
3]

↑N
O
,S

O
D
,G

Px
↓N

O
X
2,

IC
A
M
-1
,V

C
A
M
-1

A
N
P,

at
ri
al
na
tr
iu
re
tic

pe
pt
id
e;
A
ng

II
,a
ng

io
te
ns
in

II
;B

P,
bl
oo

d
pr
es
su
re
;C

O
X
-2
,c
yc
lo
ox
yg
en
as
e-
2;
C
A
T,

ca
ta
la
se
;e
N
O
S,
en
do

th
el
ia
ln

itr
ic
ox
id
e
sy
nt
ha
se
;E

PC
,e
nd

ot
he
lia
lp

ro
ge
ni
to
rc

el
l;
FB

G
,f
as
tin

g
bl
oo

d
gl
uc
os
e;
G
Px

,g
lu
ta
th
io
ne

pe
ro
xi
da
se
;G

R,
gl
ut
at
hi
on

e
re
du

ct
as
e;
G
SH

,g
lu
ta
th
io
ne
;H

D
L,

hi
gh

-d
en
sit
y
lip

op
ro
te
in
;H

U
V
EC

s,
hu

m
an

um
bi
lic
al
ve
in

en
do

th
el
ia
lc
el
ls;

IL
-8
,i
nt
er
le
uk

in
8;
IC

A
M
-1
,i
nt
er
ce
llu

la
r

ad
he
sio

n
m
ol
ec
ul
e
1;
iN

O
S,
in
du

ci
bl
e
ni
tr
ic
ox
id
e
sy
nt
ha
se
;l
-N

A
M
E,

N
-n
itr
o-
L-
ar
gi
ni
ne

m
et
hy
le
st
er
;L
V
,l
ef
tv
en
tr
ic
ul
ar
;L

D
L,
lo
w
-d
en
sit
y
lip

op
ro
te
in
;M

D
A
,m

al
on

di
al
de
hy
de
;N

F-
κB

,n
uc
le
ar

fa
ct
or

ka
pp

a
B;

N
O
X
2,
N
A
D
PH

ox
id
as
e
2;
N
O
,n

itr
ic
ox
id
e;
RO

S,
re
ac
tiv

e
ox
yg
en

sp
ec
ie
s;
SO

D
,s
up

er
ox
id
e
di
sm

ut
as
e;
TN

F-
α,

tu
m
or

ne
cr
os
is
fa
ct
or

α;
TA

C
,t
ot
al
an
tio

xi
da
nt

ca
pa
ci
ty
;T

G
,t
ri
gl
yc
er
id
e;
TC

,t
ot
al
ch
ol
es
te
ro
l;

V
C
A
M
-1
,v

as
cu
la
r
ce
ll
ad
he
sio

n
m
ol
ec
ul
e
1;

V
LD

L,
ve
ry

lo
w
-d
en
sit
y
lip

op
ro
te
in
.

International Journal of Endocrinology 5



stress, defned as an imbalance between the formation of
reactive oxygen species (ROS) and the body’s innate anti-
oxidant defense systems, causes protein and lipid perox-
idation, as well as DNA mutagenesis [12, 64, 65]. ROS plays
a key role in infammatory responses, vascular tone alter-
ations, and LDL-C oxidation. Diabetes and its consequences,
such as cardiovascular disease and dyslipidemia, cause an
increase in ROS generation inside the arterial wall [66].
NADPH oxidase, xanthine oxidase, mitochondrial enzymes,
and uncoupled endothelial nitric oxide synthase (eNOS) are
all important ROS generators in blood vessels [63]. NADPH
oxidases (NOX) are considered the principal ROS producers
in the cardiovascular system, contributing to the formation
of superoxide anions by transferring electrons fromNADPH
to molecular oxygen. NOX activity in macrophages en-
hances the development of oxLDL (oxidized low-density
lipoprotein), which then boosts ROS production [67].
Xanthine oxidase, which is released from the liver into the

circulation, binds to the endothelial cell membrane, causing
the production of superoxide anions and hydrogen peroxide
via the use of molecular oxygen. Its levels are shown to be
higher in human atherosclerotic plaque [68]. Furthermore,
mitochondrial enzymes normally create superoxide anions
under healthy situations, whereas mitochondrial malfunc-
tion or the failure of antioxidant systems can result in
pathological states defned by excessive ROS generation [69].

Several studies have shown that CoQ10 can efectively
reduce hyperglycemia, total cholesterol (TC), LDL-C, and
triglyceride levels in diabetic rats while increasing HDL-C
concentrations [30, 40, 41]. Furthermore, in a study of
hypertensive rats, a treatment with 10mg/kg of CoQ10 over
6weeks signifcantly lowered blood pressure, TC, LDL-C,
tumor necrosis factor α (TNF-α), and the lipid peroxidation
product malondialdehyde (MDA). It also raised the levels of
total antioxidant capacity (TAC) [34]. Tsai et al. demon-
strated that CoQ10 signifcantly mitigated the oxidative

Table 2: Clinical trial of CoQ10 in the treatment of diabetes and its cardiovascular complications.

Study group Number of
patients

Intervention
(capsule) Duration Outcomes Reference

Subjects with T2DM 37 200mg/day CoQ10 12weeks ↓HbA1c [43]↓SBP, DBP

Subjects with T2DM 56 200mg/day CoQ10 12weeks ↓HbA1c [44]↓Weight, BMI

Subjects with T2DM with LVDD 36 200mg/day CoQ10 25weeks ↓BP [45]↓TG

Subjects with CAD 51 300mg/day CoQ10 12weeks ↑CAT, SOD, GPx [46]↓TNF-α, IL-6

Subjects with T2DM 38 150mg/day CoQ10 8 weeks ↓FBG, HbA1c [47]↓TC, LDL, LPa

Subjects with hyperlipidemia and MI 52 200mg/day CoQ10 12weeks

↑HDL

[48]↓TC, LDL
↓LDL/HDL, TC/HDL
↓SBP, DBP

Subjects with diabetic neuropathy 62 200mg/day CoQ10 12weeks ↓HOMA-IR, CRP [49]↑Insulin sensitivity, TAC

Subjects with T2DM 64 200mg/day CoQ10 12weeks
↓HbA1c

[50]↓LDL
↓ADMA, nitrite and nitrate

Subjects with T2DM 52 100mg/day CoQ10 8 weeks ↓MDA levels [51]

Obese and T2DM subjects with CHD 60 100mg/day CoQ10 8 weeks ↓HOMO-IR, MDA [52]↑TAC, GSH
T2DM subjects with CHD 60 100mg/day CoQ10 8 weeks ↓IL-6 and protein carbonyl levels [53]

Subjects with T2DM 68 100mg/day CoQ10 12weeks ↓FBG [54]↑CoQ10, CATactivity, TAC, and QUICKI

Subjects with diabetic nephropathy 50 100mg/day CoQ10 12weeks ↓MDA and AGEs levels [55]↑QUICKI
Prediabetes subjects 80 200mg/day CoQ10 8 weeks ↓HOMA-IR and oxygen-free radical [56]

Subjects with T2DM 50 100mg/day CoQ10 12weeks
↓HbA1c, MES

[57]↑HDL
↑CAT, GPx

Subjects with T2DM 27 100mg/day CoQ10 12weeks ↓HbA1c [58]↓oxLDL
AGEs, advanced glycation end products; ADMA, asymmetric dimethylarginine; BMI, body mass index; CRP, C-reactive protein; CHD, coronary heart
disease; CAD, coronary artery disease; FMD, fow-mediated dilation; GSH, glutathione; HOMO-IR, homeostatic model assessment of insulin resistance; IL-6,
interleukin 6; LPO, lipid peroxidation; LPa, lipoprotein(a); MES, medication efect score; QUICKI, quantitative insulin sensitivity check index.
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stress induced by oxLDL, thus elevating the activity of eNOS,
catalase (CAT), and superoxide dismutase (SOD) enzymes.
Tis fnding suggests its potential to protect against ath-
erogenesis through NO-related pathways in human um-
bilical vein endothelial cells [22].

Khosrowbeygi et al. found that consuming 100mg/day of
CoQ10 raised TAC, catalase activity, and QUICKI, while
decreasing oxidative stress and fasting blood sugar (FBS)
levels in women with T2DM [54]. Similarly, Hosseinzadeh-
Attar et al. reported that giving 200mg/day of CoQ10 to
T2DM patients resulted in a substantial decrease in HbA1c
levels, indicating better glycemic management. Furthermore,
a signifcant reduction in serum LDL-C levels was detected,
which may provide protection against atherosclerotic plaques
and consequent cardiovascular problems in T2DM patients
[50]. Kadhim Mohammed-Jawad et al. discovered that
a 150mg/day of CoQ10 supplementation over 8weeks
resulted in a noticeable drop in blood cholesterol and LDL-C
levels, with a substantial infuence onHDL-C in 38 individuals
with T2DM [47]. Tese fndings support the fndings of
Kolahdouz Mohammadi et al., who provided 200mg/day of
CoQ10 to T2DM patients for 12weeks [70]. Emerging data
show that oxidative stress contributes to hyperglycemia, in-
sulin resistance, and beta cell dysfunction [71]. CoQ10 in-
sufciency is linked to beta cell dysfunction, as well as reduced
glucose and fatty acid metabolism in the liver, resulting in
diminished insulin activity. CoQ10 supplementation lowers
blood glucose levels and increases insulin sensitivity by
modulating the insulin signaling pathway, which includes the
phosphorylation of insulin receptor substrate (IRS) proteins
and glucose transporter 2 (GLUT2), as well as improving the
lipid profle and adipocytokines [72, 73]. CoQ10 promotes
fatty acid oxidation by activating AMPK and PPARα. As
a result, this mechanism boosts lipoprotein lipase and apo-
lipoprotein A-V (APO-AV) gene expression, potentially
lowering TG and VLDL levels [74, 75]. PPARα inhibits sterol
regulatory element-binding protein (SREBP)maturation, thus
reducing fatty acid and triglyceride production and increasing
the size of LDL-C particles. Tis size growth is especially
benefcial in preventing vascular problems in diabetic patients
[75]. Activating PPARα can decrease cellular infammation
and oxidative stress by inhibiting the AP-1 and NF-κB sig-
naling pathways [76]. Hodgson et al. found that daily treat-
ment with 200mg/day of CoQ10 over a 12-week period in
T2DM patients resulted in a substantial drop in both systolic
and diastolic blood pressure, as well as a reduction in HbA1c
levels [43]. CoQ10 supplementation has demonstrated ex-
cellent antihypertensive efects in coronary artery disease,
leading researchers to conclude that CoQ10 intake can ef-
fectively decrease blood pressure in hypertensive individuals
[77]. In clinical hypertension, CoQ10 appears to increase
coronary vasodilation and endothelial function [72].

Nitric oxide (NO), a critical vasoprotective element in
the endothelium produced by eNOS, may become dys-
functional under conditions of oxidative stress, potentially
leading to the inactivation of NO by an excess of superoxide
anions. CoQ10 may efectively reduce blood pressure by
decreasing peripheral resistance through the augmentation
of NO availability [78].

In addition, Lee et al. found that supplementation with
300mg/day of CoQ10 signifcantly improved the activities of
antioxidant enzymes and reduced infammation in patients
with coronary artery disease (CAD) during statin therapy
[46]. Yen et al. demonstrated that 100mg/day of CoQ10
supplementation led to a signifcant increase in catalase
(CAT) and glutathione peroxidase (GPx) activity in patients
with T2DM [57]. Moreover, a systematic review and meta-
analysis revealed that CoQ10 supplementation signifcantly
decreased malondialdehyde (MDA), while also increasing
total antioxidant capacity (TAC) and superoxide dismutase
(SOD) activity [79]. Te primary antioxidant systems in the
endothelial-vascular system involve essential antioxidant
enzymes such as SOD, CAT, GPx, and the nitric oxide
molecule [66]. SOD functions by converting superoxide
radicals into hydrogen peroxide, which are subsequently
broken down by CAT and GPx. Moreover, GPx facilitates
the reduction of various peroxides, including lipid peroxides
and oxidized phospholipids [63].Tese antioxidant enzymes
serve as the initial defense against ROS, and a decline in their
activities can lead to lipid peroxidation and oxidative
damage to cells, particularly in individuals afected by di-
abetes and coronary artery disease [60, 80]. Oxidative stress
has been recognized as a factor that plays a signifcant role in
the onset of diabetes and its associated complications [81].
Te nuclear factor erythroid 2-related factor 2 (Nrf2),
a critical transcription factor, plays a pivotal role in com-
batting oxidative stress. In normal conditions, Nrf2 is se-
questered in the cytoplasm through its binding to the
repressor protein Keap1 (Kelch-like ECH-associated protein
1), resulting in the ubiquitination and degradation of Nrf2.
Keap1 contains several cysteine residues that function as
sensors of oxidative stress and act as negative regulators of
Nrf2 [82]. Modifcation of cysteine residues in Keap1 leads
to the translocation of Nrf2 into the nucleus, where it forms
a heterodimer with a small Maf protein and binds to the
antioxidant response element (ARE), ultimately inducing
the expression of heme oxygenase 1 (HO-1) and other ARE-
regulated genes such as CAT, SOD, and GPx [83]. In a study
by Susana Siewert et al., a robust correlation between Nrf2
and HO-1 was demonstrated, with mRNA levels being
signifcantly lower in the diabetic group than in the healthy
control group. Te fndings of this study suggest a reduction
in genes associated with antioxidant defense mechanisms in
individuals with diabetes [84]. Given the close association
between T2DM and oxidative damage, the involvement of
the Nrf2/Keap1/ARE pathway in addressing this unresolved
clinical issue has become a topic of signifcant interest. It is
now evident that dysfunction of this pivotal antioxidant
pathway plays a central role in the pathogenesis of diabetes
and its diverse complications [85–87] (Figure 2).

Research fndings have revealed the potential of CoQ10
in enhancing various physiological aspects in the context of
diabetes. Specifcally, in diabetic rat models, CoQ10 treat-
ment led to a notable increase in Nrf2 expression and
catalase activity within the liver tissue, accompanied by
a signifcant reduction in MDA levels and considerable
improvements in the lipid profle. Tese results indicate that
the antioxidative efects of CoQ10 in diabetes might be
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attributed to the activation of the Nrf2/ARE pathway [88].
Moreover, Sun et al.’s study highlighted CoQ10’s role in
activating the Nrf2/Keap1/ARE pathway, consequently
improving mitophagy and reducing damage to the kidneys
in diabetic nephropathy [89]. Another study demonstrated
that CoQ10 prevents diabetic nephropathy via prohibited
mitochondrial dysfunction, proteinuria, and glomerular
hyperfltration [90]. In addition, Li et al. observed that
CoQ10 facilitates the nuclear localization of Nrf2, enhancing
cellular antioxidant defense and mitigating H2O2-induced
neurotoxicity in pheochromocytoma (PC12) cells [91].
Further research suggested that CoQ10 supplementation
signifcantly elevated Nrf2 and NQO1 expression in the
hearts of elderly diabetic rats, thereby enhancing the heart
function in elderly individuals with diabetes through the
augmentation of endogenous antioxidant enzymes [92].

Te reduction in Coenzyme Q10 concentration and
antioxidant capacity observed in diabetes and its related
cardiovascular complications underscores the signifcance of
supplementing with potent antioxidants. Numerous pre-
vious studies have demonstrated that various antioxidants,
including CoQ10, quercetin, curcumin, resveratrol, vitamin
C, and vitamin E, ofer preventive and therapeutic benefts in
the context of diabetes and its associated cardiovascular
complications [93]. Various studies have demonstrated
a signifcant reduction in cyclic adenosine monophosphate
(cAMP) and adenosine triphosphate (ATP) levels under
conditions of oxidative stress [94, 95].

Recent research suggests that CoQ10 supplementation
leads to an increase in cAMP production. cAMP serves as
a crucial intracellular second messenger that activates
AMPK, an energy sensor that, in turn, enhances the ex-
pression of sirtuin1 (Sirt1) [96]. Subsequently, Sirt1 aug-
ments the expression of Nrf2 by promoting its nuclear
translocation and facilitating its binding to the ARE region.
Nrf2, in turn, enhances the activity of mitochondrial elec-
tron transport chain complexes and upregulates the activity
of antioxidant enzymes [88]. In this manner, CoQ10 serves
to increase antioxidant activities through the induction of
the Nrf2/Keap1/ARE pathway, thereby potentially alleviat-
ing the impact of diabetes and its associated cardiovascular
complications [88, 92, 97, 98].

3. Conclusion and Future Perspectives

CoQ10 is recognized as a powerful antioxidant that dem-
onstrates protective efects against a spectrum of diseases,
including diabetes and associated cardiovascular complica-
tions. Current research suggests that CoQ10 operates through
mechanisms that include the reduction of oxidative stress,
anti-infammatory actions, and the regulation of glucose and
lipid metabolism. By modulating the Nrf2/Keap1/ARE
pathway, CoQ10 can ameliorate diabetes-induced oxidative
stress and subsequently stimulate the production of antiox-
idant enzymes. CoQ10 is generally considered to be phar-
macologically safe, exhibiting good efcacy with minimal side

CoQ10

Keap1

Nrf2Maf

ARE

Nrf2

Anti-oxidant genes
Detoxifying enzymes
Transport molecules

ROS

Nrf2

Nephropathy Cardiovascular disease

Glucose homeostasisNeurodegenerative diseases

Figure 2: Te Nrf2/Keap1/ARE pathway has a role in a wide range of tissues.
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efects. Te limitations of CoQ10 supplementation in clinical
trials include issues with absorption, bioavailability, and the
heterogeneity of study designs, which make it challenging to
identify its real impact. CoQ’s limited bioavailability continues
to be a signifcant obstacle to its application, despite extensive
research into novel formulation strategies and the direct
application of ubiquinol and ubiquinone, which is more
accessible to cellular compartments and does not require
cellular reduction. Despite these limitations, CoQ10 supple-
mentation has shown promising results in certain clinical
trials, which demonstrated a reduction in the relative risk of
cardiac-related deaths in heart failure patients. However, it is
important to acknowledge the conficting results and the need
for further research to elucidate the specifc efects of CoQ10
and its potential value in clinical applications, especially in the
context of oxidative stress. Future research should focus on
addressing the limitations of CoQ10 supplementation, such as
improving its bioavailability and conducting well-designed,
homogenous clinical trials to determine its efcacy in various
populations and disease conditions. However, additional
studies are required to verify the efectiveness of CoQ10 and to
elucidate the diverse mechanisms by which it can serve as
a promising alternative in the prevention and treatment of
diabetes and its associated cardiovascular complications. Te
disadvantage is that although studies on the efect of CoQ10
on the Nrf2/Keap1/ARE signaling pathway have been re-
ported in animal experiments, the efect of this compound on
the expression of genes involved in this pathway has not been
reported in clinical trials. Terefore, large-scale clinical trials
in this regard will contribute to a more comprehensive un-
derstanding of the full therapeutic potential of CoQ10. In
addition, considering the ability of CoQ10 in diferent cellular
signaling pathways to generate a stable cell condition, further
research studies on the potential synergistic efects of CoQ10
with other natural or synthetic compounds and the study of its
possible mechanisms can be one of the most interesting topics
for future studies.

Abbreviations

AMPK: AMP-activated protein kinase
AP-1: Activator protein-1
ARE: Antioxidant response element
ATP: Adenosine triphosphate
CAD: Coronary artery disease
cAMP: Cyclic adenosine monophosphate
CAT: Catalase
Co Q10: Coenzyme Q10
CVD: Cardiovascular disease
DM: Diabetes mellitus
eNOS: Endothelial nitric oxide synthase
GLUT2: Glucose transporter 2
GPx: Glutathione peroxidase
HDL-C: High-density lipoprotein cholesterol
HO-1: Heme oxygenase 1
IDF: International Diabetes Federation
IRS: Insulin receptor substrate
Keap1: Kelch-like ECH-associated protein 1
LDL-C: Low-density lipoprotein cholesterol

MDA: Malondialdehyde
NADPH: Nicotinamide adenine dinucleotide phosphate
NO: Nitric oxide
NOX: NADPH oxidases
Nrf2: Nuclear factor erythroid 2-related factor 2
PPARα: Peroxisome proliferator-activated receptor alpha
QUICKI: Quantitative insulin sensitivity check index
ROS: Reactive oxygen species
Sirt1: Sirtuin1
SOD: Superoxide dismutase
SREBPs: Sterol regulatory element-binding proteins
TAC: Total antioxidant capacity
TC: Total cholesterol
TG: Triglyceride
VLDL: Very low-density lipoprotein.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

Authors’ Contributions

S.D and F.S conceptualized the study. N.N and M.S curated
the data. F.S, N.N, and A.S-R wrote the original draft. SD
reviewed and edited the manuscript. M.S visualized the
study. SD and OA supervised the study. All authors have
read and agreed to the published version of the manuscript.

References

[1] D.-D. Huang, G. Shi, Y. Jiang, C. Yao, and C. Zhu, “A review
on the potential of Resveratrol in prevention and therapy of
diabetes and diabetic complications,” Biomedicine & Phar-
macotherapy, vol. 125, Article ID 109767, 2020.

[2] S. Damtie, L. Workineh, A. Berhan et al., “Te magnitude of
undiagnosed diabetes mellitus, prediabetes, and associated
factors among adults living in Debre Tabor town, northcentral
Ethiopia: a community-based cross-sectional study,” Heliyon,
vol. 9, no. 7, Article ID 17729, 2023.

[3] K. Nawata, M. Ii, and R. Kassai, “Over-and under-provision of
diabetes screening: making more efcient use of healthcare
resources,” Public Policy Review, vol. 19, no. 1, pp. 1–36, 2023.

[4] R. Singh, H. K. Rao, and T. G. Singh, “Advanced glycated end
products (ages) in diabetes and its complications: an insight,”
Plant Arch, vol. 20, no. 1, pp. 3838–3841, 2020.

[5] M. Su, W. Zhao, S. Xu, and J. Weng, “Resveratrol in treating
diabetes and its cardiovascular complications: a review of its
mechanisms of action,” Antioxidants, vol. 11, no. 6, p. 1085,
2022.

[6] R. A. DeFronzo, E. Ferrannini, L. Groop et al., “Type 2 di-
abetes mellitus,” Nature Reviews Disease Primers, vol. 1, no. 1,
pp. 15019–15022, 2015.

[7] A. Chaudhury, C. Duvoor, V. S. Reddy Dendi et al., “Clinical
review of antidiabetic drugs: implications for type 2 diabetes
mellitus management,” Frontiers in Endocrinology, vol. 8, p. 6,
2017.

[8] R. Azizi, A. Mohammadi, and A. Khajehlandi, “Te efect of
Aqueous extract of Barberry and Selected training on some
blood factors in men with Type2 diabetes (A Quasi-
experimental study),” Jorjani Biomedicine Journal, vol. 8,
no. 4, pp. 11–16, 2020.

International Journal of Endocrinology 9



[9] M. Rafeian-Kopaei, M. Ghasemi-Dehnoo, H. Amini-Khoei,
and Z. Lorigooini, “Oxidative stress and antioxidants in di-
abetes mellitus,” Asian Pacifc Journal of Tropical Medicine,
vol. 13, no. 10, pp. 431–438, 2020.

[10] F. Samimi, M. Baazm, E. Eftekhar, and F. Jalali Mashayekh,
“Efect of coenzyme Q10 supplementation on liver total ox-
idant/antioxidant status in streptozotocin-induced diabetic
rats,” Journal of Arak University of Medical Sciences, vol. 22,
no. 4, pp. 28–39, 2019.

[11] F. M. Gutierrez-Mariscal, S. de la Cruz-Ares, J. D. Torres-
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